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I, OVERVIEW OF MOPADS

1-0 INTRODUCTION TO THE MOPADS PROJECT

The MOPADS (Models of Operator Peformance in Air Defense
Systems) Project has developed modeling tools to represent the
performance of human beings in complex man-machine air-defense
systems. The primary goals of MOPADS were to create an analysis
vehicle that is:

1. flexible in other w¢ords, able to model a
wide variety of system configu-
rations, human factors conditions,
and air defense scenarios,

2. expandable i.e., amenable to inclusion of
additional elements of air
defense systems and additional
human factors considerations with-
out disrupting previously exist-
ing features and with a reason-
able effort, and

3. user-oriented in other words, sufficiently easy
to use so that a professional
behavioral scientist can conduct
meaningful experiments without
performing programming or explicit
computer modeling activities.

Success in achieving these goals results in a modeling
tool that permits low cost analysis of human factors considerations
in complex air defense situations. The analyses will be low cost
to the behavioral scientist because the main expenditure of his/her
time will be in creating the experimental design and in selecting
the various input parameters for MOPADS. Expensive single purpose
models will not need to be developed for each new application. Also,
if the MOPADS system is expanded to provide new capabilities, the
analyst will not have to learn a new modeling framework or new data
requirements, formats, etc. Performing the experiments will be low
cost also, since only a few minutes of computer time will be required
for most MOPADS simulations.

I-1



2-0 10UN FACTORS r•ODELING IN MOPADS

Eince operators are the main focus of MOPADS, the way in which
human L'actors are represented in the models is central to +he
methodology. Human factors affect the simulation outcomes in
two ways:

1. by affecting activity performance times, and

2. by affecting operator task sequencing.

Three types of operator activities are represented in MOPADS.
The first is skill based behavior. This type of behavior involves
actions requiring one or more skills such as tracking, detection,
and fine manipulation. Skill based behaviors are simple control
actions. Examples in the Air Defense setting are pressing appro-
priate buttons, entering alphanumeric values on a keyboard, and
locating a symbol on a display. In MOPADS terminology, these
actions are called "task elements becawuie they are the components of
operator tasks. MOPADS task elements correspond to the lowest level
of instruction information found in Army documentation. For example,
when an AN/TSQ-73 operator performs a number hook, one of the actions
required is to enter a track identifier on a keyboard. This activity
obviously requires hand and arm motions, finger motions, eye motions,
and head motion. MOPADS does not explicitly represent these com-
ponents of the activity. Rather, the skills required for this
action are specified, and the human factors modules compute the
time required. The MOPADS model contains only a single modeling
symbol that represents the keyboard entry. This means that there is
a nearly one-to-one match between MOPADS model symbols and Army
system documentation. Also, data collection is restricted to values
which can be directly observed from operator actions.

The second type of behavior represented in MOPADS is rule
based behavior. This type of behavior is typified by the perfor-
mance of check lists. Much of the activity of air defense operators
can be classified as rule based behavior. Operator tasks (sumetimes ."

called "critical tasks") rre specified in Army documentation, and
they are, in effect, check lists which the operators memorize.
Operator tasks (or simply "tasks") involve-skill based actions (task
elements), and simple decisions. Examples include hooking a track, I
clearing alerts, and manually identifying a track.

Operator tasks are also obtained directly from Army documen-
tation, and there is a nearly one-to-one correspondence between
official documents and MOPADS representations of tasks. In the same
way that a single MOPADS modeling symbol reptesents a single
task element, a collection of such MOPADS symbols represents Ln
operator task.

1-2



The third type behavior repre.•entc4d in AOPADS is knowledge
based behavior. This type of behavior is atrategic in nature. Air
defense operators perform this type of lhetvlor in selecting which
tasks to perform in crder to accomplis)h tnhir mission. in particu-
lar, the oerators must decide which oieritor taesk to perform aM'
in what oider. The MOPADS ý.erm Cor this sctivity is "task
sequencing." MOPADS operepterp cre repreeired as joal seekers,
They evaluate th,. po ential imlect of arailable operator tasks an
their goals when select.ng the •iext task to per)'orm.

It is more diftficult to obtain Arzy dccumentatton references
for operator goals because they rtusult from co'muon practice,
standard operating procedures and individunl operator motivations.
The approach taken in MOPADS ha- been tn consult subject matter
"experts (in addition to Army documentption) to determine a suffi-
cient set of operator goals.

It is clear that the way human factors modeling is performed
* in MOPADS will be the central concern of behavioral scientists and

that no such methodology is sufficiently well establIshed so as to
elicit no controversy. Therefore, the human factors modules
developed for MOPADS are stand-alone -oftware modules. This means
that other researchers will be able t., experiment with the metho-
dologv in a context removed from the AJOPADS project. Furthermore,
"the modules are sufficiently well documented so that other

.�researchers can test alternate parameter values and even substitute
human performance equations.

This approach has benefits to MOPADS in that alternate hinan
fectors representations cen be readily tested within the MOPADS
system, and it will hopefully provide a useful tool for behavioral
scientists to evaluate theories in a Luified framework.

3-0 SIMULATION KMEHODOLOGY IN MOPADS

-* The simulation methodology selected for MOPADS is discrete
event simulation. This means that the computer explicitly repre-
sents each action and event ( to the level of detail selected by
the modeler) that occurs in the system. This is in contrast to
"algebraic or differential equation models which aggregate and
smooth individual events to obtain overall average performance
measures.

The advantages, in the MOPADS context, of a discrete event
simulation are:

1. An actual time history of events is produced by the
simulatior. This can be important for interfacing
"the simulation with real time hardware simulators or
field equipment, since the simulator events will more
closely approximate the events in the "live" systems.

1.



2. Discrete event modeling provides the potential for &
higher degree of fidelity than do more aggregated
techniques. The degree of detail can be determined by
the modeler, and judividual subsystems can be selecttvely
aggregated or disaggregated as required.

3. It allows the Ire-roduction of human factors considera-
tions at the level at vhich they naturally occur. In
other wordis, in•ividual operator actions can be affected
rather than sor* performance measure aggregated over
many actions.

The SAIiT simulation language has been selected as the host

language for the ROPADS operator models. SAINT is an acronym for
Systems Analysis of Integrated Netvorks of Tasks. It was initially
developed by Pritsker & Associates, Inc. for the U. S. Air Force to
model human performance ý-n man-machine systeam and has had numerous
applications including modeling of operators of remotely piloted
vehigles.

J.1

"The unique feature' of SAIMT Is that It provides a formal capa-
bility to introduce huisn factors considerations. This is done
using "moderator functions" vhich modify the nominal time to perform
tasks. The modification, of course, is based upon the operator's
ability to perform the task at that time. Thus, SA331T has features

F. which make it imnediately useful for constructing models in MOPADS.

i•-0 MOPADS T•XIOLGY

The remainder of this report discusses the above topics in
greater detail, ar.4 it vill be helpful if the reader familiarizes
himsel]/herself wLth the "Standred NOPADS Terminology" contained
in Table 1-1.

bIr *
I.:.
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I
Table I-I. Stazxdard MOPADS Terminology

AIR DEFENSE SYSTEM A component of Air Deiierse whicb includes
equipment and operators end for which
technical and tectical traiiiing arerequired.
Examples are DLVWK and the AR"SQ--73.

AIR DEFENSE SYSTEM Models of operaior actious and %qutpuent
MODULE characteristics ?or Ai;" Detenbe Systems in

the MOPADS softvare. Triese models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the
SAINT model and all data needed to com-
pletely define task elment times, task

sequencing requirements, an himan factors
influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scentrio Includes
aircraft tracks, safe corridors, E3C, and
other aircraft and airspace data. See
also Tactical Scenario.

BRANCHING A term used in the SAINT simulation lang-
uage to mean the process by which TASK nodesI are sequenced. At the completion of the
simulated activity at a TASte node, the
Branching from that node determines which
TASK nodes will be simulated next.

Ii DATA BASE CONTROL That part of the MOPADS soitware which
SYSTEM per all direct comunimation with the

- OPADS Data Base. All information transfer
to and from the data base is performed by
invoking the subprograms which make up the"• ~Data BAse Control System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Arny documentation and other data needed to

"prepare Air Defense System Modules.
a.

z6

S
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ENVIRONMENTAL An element of an Evironmental State
STATE VARIABLE Vector.

ENVIRONI•CLTAL An array of values representing conditions
STATE VECTOR or chexracteristicb that may affect wre

then one operator. Elements of Environmen-
tal State Vectors my change dynamically
during a NOPADS simulation to represent
changes in the environment conditions.

MODERATOR FUNCTION A mathemstical/logical relationship vhich
alters the nominal time to perform an opera-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability to perform the
activity based on the Operator's State
Vector.

NOPADS DATA BASE A computerized data base designed specifi-
cally to support the NOPADS softvare. The
NMOPAD Data Base contains Pimulation Data
"Set(s). It ccinmuicates Interactively with

"* MOFPADIS Vers diwing pre- and post-run data
specification and dynamically vith the SAlM
softvare during siaulation.

NOPADS MODELER An analyst who vii. develop Air Defense
System Modules and modify/develop the

"p NOPADS softvare system.

SMOPADS USER An analyst vho vill design and conduct sinu-
lation experiments vith the JOPADS softvare.

4.-

H MSAINT The variant of BA1l1r used in the NOPADS
(MOPADS/SAINT) system. The standard version of SAINT has

been modified for NOPADS to permit share-
able subnetvorks and more sophisticated
interrupts. The tV-,-s SAMIT and )SAINT are

*. tused interchangeabl-y when no confusion will
* result. See also, SAIN.
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OPERATOR STATE One element of an Oper.Atcr State Vector.
VARIABLE

OPERATOR STATE An array of a'"aupa repres( ating the vcnCI-
VECTUR tion and chararteristics of an •p•irator of

an Air Defense sýystem. Many values of trie
Operator State Vector vil chan~e dynnically
during the course of a JPADS sivulation to
represent changes in operator 3-ondition.

OPERATOR TASK An operator activity identified during
weapons system front-end analyses.

SAINT The underlying computer s0multtion language
used to model Air Defense Systems in Air
Defense System M4dules. 8AINT is an acronym
for System Analysis of Integrated Netvorks
of Tasks. It is a well documented language
designed specifically to represent human
factors aspects of nan/machine systems.
See also MUIM.

SIMULATION DATA SET The Tactical Scenario plus all requird
simulation initialization and other experl-
mental data needed to perform a MOPWAS
simulation.

SIMULATION STATE At instant in time of a MOPADS siaula-
tion the Simulation State is the set of
values of all variables in the 140PADS soft-
ware and the MOPADB Data Base.

, SYSTEM MODLES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of
criticel assets and the air defenst con-
figurution (number, type knd location of
wee.ons and the comand and control system).
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TACTICAL SCEWAI0 An element of a Tactical Scenario, e.g.,
COMPO•ENT if a Tactical Scenario contains several

Q-T3's, each one Is a Tactical Scenario
Cccponent.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions vhich, when
grouped appropriately, sake up operator
tasks. Task elements are usually repr-
sented by single SAINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used In the SAT simula-
tion language. A TASK node represento an
activity; depending up= the modeling cir-
cumstances, a TASK node ajy represent an
Individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathematical/logical relationship which
MODERATOR selects the next Operator Task vhich an
FUNCTION operator viii perform. The selection Is

based upon operator goal seeking character-
istics.
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I1. MOPADS HUMAN FACTORS MODELING

1-0 PYZiW Ov ZU FACTORS IN ))PADS

M0208 seli consist of netvorks of W.s, and eech task I-
a aetwcrk of task elements. The way in vhich the tasks are con-
nweted in the netvork represents potential operator decisions C1
sequencing of tasks. Hisman factors will affect this system ia tvo
ways:

1. The ti.. to perform task elements is affected
("moderated") by envirx e tal and operator conditions.
Thus, the values of independent variables such as lack
of sleep, hours of -:ntinuous duty, amount of
training, and tracking ability as vell as environmental
variables such as ambient temperature may affect the
tims reauired to perform tasks.

2. The order in vhich the operator performs operator
tasks vili be determined by the degree vhich a parti-
cular task vil1 help to satisfy the operator's goals.
When a task is completed, the operator vill evaluate
the state of each goal and estimate the impact on these
goals from the arius options at hand. A task will
be selected based on the operator's objective and his
estimates of the probable goal improvement.

2-0 TASK ELEKT MIODERATOR 7WJCTIONS

2-1. The MOPADS Ski]lis Taxonw.

As discussed earlier, task elements are generally the
lowest level of activity described in Arm documentation. Since
these actions are directly observable, it is relatively easy to
obtain estimates of the nominal time to perform them. Such times,
hovever, vill be estimates of the "nominal" time under average
conditions and by average operators. In order to systematic.ly
estimate the effect on operator perforrance of environmental and
scenario specific conditions, the task element performance times
must be known as functions of these variables.

MOPADS uwes the concept of a "moderator function* to accom-
plish this. The moderator functions accept the nominal task element
performance time and alter I4t ("moderate it") based on endogenous
abd exogenous environzental variables. In this way, an operator's
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performence is affected dynaa tally during the simulation by the
changing conditions of the smytem. A major activity of the MOPA. .
project has been the developmint of the moderator functions. Single
observations of operators is not a practical method to obtain such
functions because of the man4ý variables and conditions that would
need to be controlled.

Consider the action of un AN/TSQ-73 operator. There are
literally dozens of task elements which this operator performs. It
vould be a prohibitively expensive chore to dev-lop separate modera-
tor functions for each task element. To do so would require that
operators be observed performing each task element under controlled
conditions while varying the independent variables of Itterest. Then
the data would need ti be reduced to a functional form suitable for
use In MOPADS models.

A moderator function approach vas needed that would be generic
in nature. In other words, one that would be applicable to more than
one task element. The approach selected was to consider each task
element as an activity that requires one or more operator skills. The
hiuman factors literature contains a good deal of data on how skill
performance varies with a wide variety of independent variables. The
idea was to develop skill moderator functions for the skills required
by air defense operators, and then to combine these functions according
to the skills requiredfor a particular task element to obtain a ecm.
bined moderator tailored for th- task element. A skills taxonom simi-
lar to the one presented in Finley, Obermeyer, Bertone, Meister,
Muckler(1970) was selected since it includes skills required by air
defense operators. It is shown in Table 11-1.

Moderator functions for each of these skills have been
developed. Each of the operator task elements is considered to
require a combination of one or sore of the skills shown in
Table II-1. A moderator fUnction for a particular task element
is evaluated by combining the moderators for the compoent skills
as explained in Section 2-2 below. In this vay, moderators for a
wide variety of air defense operator actions are available rrcm a
relatively small set of skill moderator functions.

The skill moderator fumctions were developed from the open
human factors literature. The following five steps were performed
to develop them.
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Table 1I-1. MOPAIS Stills Taxonce.

Probability Estimation

2 Time Estimation

3 Long Term Memory-Sensory

Long Term Memory-Symbolic

5 Short Term Memory-Sensory

6 Short Term Memory-Symbolic

7 Numeric Manipulation

8 Recognition

9 Unused

10 Unused

11 Tizeshrring

12 Detection

13 Fine Manipulat ion

1i' Gross Manipulation

15 Unused .t

16 General Physical Effort

17 Re~ctior Time

18 Tracking

19 Tesa Coordination

1. Literature Reviev
2. Development of a Computer Data Base

3. Selecting Independent Variables

I•. Developing Moderator Functions
5. Cross-checking the Moderator Functicns with a

Structural Model of the Human

1
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Since the moderator functions are to refelct the current

state-of-the-Lrzt in quantitative hunan performance modeling, the
first step was to review the current literature. This was
completed and documented in Laughery (1981a). The iext step was
to organize this literature in a meaningful way. One tart of the
organization was already defined ty the skill categories. Each
human performance model in an article was categorized •y the skill
it modeled. In some cases the mod-.l grouped several saill categories
(e.g., detection and identification). In this event, •t was assigned
to multiple skill categories. Secondly, a model ithiI an article
could be characterized by the independent variables which moderated
performance of the skill. By compiling these "data" CIO the litera-
ture, it was possible to select all articles involvingI a particular
skill and examine the independent variables included ii the models.

To facilitate rapid analysis of the literature data base, a
set of computer progremi and files for data base mana nent were
prepared (Laughery, 1981•). As the literature was reviewed and the
data entered into the da base, no screening was performed on the
informatibu. Li other wvrds, each time a new independent variable
was encountered, it was added to the list of variablesi. The extent
of the literature view was constrained by resources and time avail-
able and by the skill: taxonamy which bounded the set of pertinent
literature. The entire data base and the data base programs have
been delivered to the government for further developefrt if warranted.

When the literature search was complete, it was necessary to
reduce the information collected to a coherent set of moderator func-
tions. Not all of the independent variables represented in the date,
base would be relevant to MOPADS, and the issue of "sufficiency"
needed to be addressed. In other words, was the set of independent
variables sufficient to udel air defense operators.

Some tyrpe of cross-check was required. Relying solely on the
literature to identify which 'ndependent variables affect skills
assumes that all relatioxships have been studied and reported in the
open literature. Since this is surely not the case, a conceptual
model of the human was developed from a slightly different perspective
(Laughery & Ditzian, 1981). Rather than treating the human as a
performer of different types of skills, a model was developed of the
human with respect to functionsL systas (e.g., visual, auditory,
memory). Those human systems involved in each skill category from the 66
taxonomy were then intuitively identified and arrayed into a "human
systems" by "skills" matrix. P.t the list of independent variables was
developed, those independent variables which were intuitively expected
to interact wi.th the hirnan systems were identified and documented in
a "human systems" by "independent variables" matrix. ýinally, a list
of hypothesized independent variables was linked to every skill by
crossing the "human systems" by "skills" matrix with the "independent
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variables" by "humsn systt.c" mLtrix, resulting in an "independent
variables* by. "skill cattgmzies' matrix. This matrix was compared
with the moderator functions for each skill category to see if all
theoretically relateA inderendent variables were included.

Promising articles ir the data base were examined in greater.
detail and thair performance mcdels compared with the iL tuitive human
function model. Two articles that significantly affected the final
model were Siegel, Pfciffer, Kopstein, Wilson,A&Ozkaptan (19r9) and
Pew, Barnn, S-'eh-er, & Miller (197T). The final set of independent
variables for MOPADS is shown in Table 11-2.

The three categories of independent variables specify the
scope of each category of variables. Operator variables constitute
the operator's state vector. Each operator has his own set of values
for these variables.

The environmental variables form the environmental state'
vector. These variables affect all operators in the same environ-
ment. For example, both operato! in an AN/TSQ-73 are affected by
the same environmental state vector. Finally, task variables apply
to any operator that performs the task, and each task has its own
set of values for each of the variables.

Obviously, some of the"independent variable. do not apply to
operators of the AN/TSQ-73 and IRAWK. They have been included,
however, because the objective in developing the taxonomy was to
characterize the skill requirements of most air defense operators. _
Thus, MOPADS can be expanded at a later time to include other air
defense systems such as Redeye, Vulcan, etc. All of the independent
variables shown in Table 11-2 have been implemented in the current
MOPADS software. Since only the AN/TSQ-73 and IHAWK are modeled,
however, not all of the variables are used. This causes no difficulty
in the present models, but it will greatly facilitate future
expansions.Tmas o

2-2. Computation of Combined Task Element Moderator Functions.
The curren~t Implementation of the MOPADS skill moderator i

functions affect only the mean task element time. The suftware has
been developed in such a way that, if at some time appropriate data
become available, then the standard deviation and distribution func-
tion can also be moderated.

Consider the operator task shown in Figure II-1 for the
AN/TSQ-73, and the aggregate SAINT task model shomn in Figure 11-2.
The trapezoids labeled • in Figure 11-1 corresponds to the SAINT
"task node" numbered •48(with LABL: NUMHOOK) in Figure 11-2. Task
node 48 in Figure 11-2 is the SAINT modeling symbol that corresponds
to the task elements "ENTER TRACK NlMMER, FIRE UNIT, OR SITE ADDRESS
ON A/N MEYBOARD" and "PRESS TASK FUNCTIONS-NUMBER HOOK". I
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Table 11-2. MOPADS Independent Variables.

OPERATOR STATE VARIABLES

I CORE TEMPERATURE
2 CIO VALUE
3 TIME ON TASK
4 DAYS OF DUTY
5 SEARCH DIMENSIONS
6 NI)MBER FIRE UNITS
7 PERCENTAGE RECOVERY
8 PREVIOUS WORK
9 PREVIOUS REST

10 FLASH INTENSITY
11 TARGET SPEED
12 TARGET TYPE
13 TARGET SIZE
14 TARGET COLOR
15 SEARCH AREA
16 BINOCULAR USAGE
17 SLANT RANGE TO TARGET
18 TARGET TRAJECTORY
19 TARGET BACKGROUND COMPLEXITY
20 NUMBER BACKGROUND CHARACTERS
21 MESSAGE BACKLOG
22 SIGNALS PER MINUTE
23 HOURS WORKED PER WEEK
24 DAYS WITHOUT SLEEP
25 DAYS OF NIGHT DUTY
26 SIMULTANEOUS TASKS
27 CONTRAST RATIO
28 AVERAGE HOURS SLEEP
29 OBJECTIVE FUNCTION
30 GOALS CONSIDEREC'
31 TARGET BRIGHTNESS
32 NIGHTS
33 SKY GROUND RATIO
34 AIRCRAFT ALTITUDE
35 METEOROLOGICAL RANGE
36 THRESHOLD CONTRAST
37 TARGET HEIGHT
38 TARGET WIlTH
39 TARGET DEPTH
40 HORIZONTAL RANGE
41 NUMBER OF RESOLUTION ELEMENTS
42 NUMBER OF SUSPECT AREAS
43 AIRCRAFT SPEED
44 FIELD OF VIEW
45 OBSERVER OFFSET
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Table 11-2 (continued)

46 DISPLAY TARCET LOCAfION
47 TARGET LOTI3N
48 DISPLAI RESOLUTION
42 DTSPLAY BACKGROUID HEIGHT
50 r)ISPLAY BACKGROUND WInTH
51 DISPLAY BACKGROUND DEPTH
52 DISTANCE TO DISPLAY
53 DISPLAY HEiGHT
54 DISPLAY WIDTH
55 TARGET NOISE LEVEL
56 TARGET DURATION
57 EXPERIENCE
58 SIGNAL PROBABILITY
59 REST PERIODS
60 DAYS SINCE PRACTICE •-i'u1
61 SENSE OF DIRECTION
62 SKIN TEMPERATURE
63 TIME IN TEMPERATURE
64 PREVIOUS SKIN TEMPERATURE

ENVIRONMENTAL VARIABLES

1 DRY BULB TEMPERATURE
2 RELATIVE HUMIDITY
3 AIR MOVEMENT RATE
4 NOISE LEVEL
5 WORK AREA ILLUMINATION
6 NUMBER ON DUTY
7 VIBRATION ii

8 AMI' ENT VAPOR PRESSURE9 NOISE PREDICTABILITY

TASK RELATED VARIABLES

1 KiLOCALORIES/MINUTE
2 NUMBER OF BRANCHES OUT
3 * STIMULUS MODE 1
4 STIMULUS MODE 2
5 * RESPONSE MODE
6 * OBSERVER TARGET POSITION
7 CONTROL DISTANCE
8 CONTROL WIDTH ,ý
9 NUMBER OF DISPLAYS

10 NUMBER OF ALTERNATIVES
11 NUMBER SHORT TERM MEMORY ITEMS

* See Legend
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Table 11-2 (continued)

Legend

Stimulus Mode I

A two-digit number
10's digit - 0 - no visual

I - visual
l's dig4t 0 - no auditory I

1 -auditory

Stimulus Mode 2
A three-digit number as above

100's digit - 0 - no olfactory
1 - olfactory

10's digit 0 - no kinesthetic
1 - kinesthetic

l's digit 0 - no tactile
1 -tactile

Response Mode
A two-digit number

10's digit - 0 - no vocal
I - vocal

I's digit 0 - no tactile
i - tactile

Observer Target Position

1 - ground to ground
2 - air to ground H
3 - ground to air
4 - air to air5 - at a display

n'-8



I WE A TRACK
NUMBER, WN KEYBOAND

START NUMBER FIRE unit, on SITE EWTAVAPKARS
NOOK ADDRESS oil IN AND NOW I

VN KEYBOARD COLUMNS 5744
(ITEM 5) (IT[AA 4

FORMATt
AIA 2MM" , A3 A 4 A 4UNN Olt MINIM ffAACXb

AjA2NMN 04 A3M1N1 WUb AIA2 Olt ININ ISITIP

AXA2 101" CATOL-1 TRACK Olt ATOW OR MOL FU)

PRESS AA2 IATOW $ITO

GEORIF YES A, -A THRUM, PONQ

POSITION A2 - A TWRU N

I ITEM 2) a - 0 THRU 7
A3 A 4 A 4NNN IMATO TRACIO

A3 - 4

lotlt A 4 . A . 1. C, H. J THRU U

GEOREF 01 - 0 THOU 7

COORDINATES NNUM ITADIL-B TRACK)

air SYMBOL ON *MR (TADIL-0 SITE)
A41M KEYBOARD ". 0 THRU 7

A 5 N 2 N I CrU DESIGNATOR USED TO ASSIGN
009 now NUMBER)

AS - A INNU 2

N - 0 THRU 9

A/11 Kat PRESS ?AS MOVES
ENTRY APPE S rl AS _KF-U N-E 1-1 o Mus I TO t WT9NEO
IN AND NOW

COLUMNS 57 COORDINATES

UTERI 31 DNA

POSITION *"Tggm 31
us

oil SWIM
TONS

MOUED
PRESS

VA
2 - TASK SELECTIONS

.WWI

"m SYMBOL
APPEARS A OUIM0 ER: :i1iM DESIGUAltDISYMDOL

3 ARO DATA FOR
TASK FUNCTIONS HOOKED IT fm Is

DISPLAYED

*-"A I'll 11-1
4 MrM

L POSM NOOK AND NUM11 A NOOK VALID
III ALL MODES EXCEPTTEST.

2. C9049F NOOK VALID ONLY in TRACKING
.!JKIW."ACTICAL WIDE.

3. F____NMDICAT9S EQUIPMENT

L

Fzimpe 4-14. Console 11tv;jm: Pmeedures - Number. CEOREF. and Posirkm Hwk

Figure II-1. AN/TSQ-73 Console Hooking Procedures.

11-9



c .

U.~ c GA

v V.

LU

'n.

Ln~c LA 3 -

Z.8 S.~ CL

='no
=C 2"

%A~~I- S.w01C

0~ 0.

~E-1

0z

. C -0 .oD.A
C: 0~5 . M- W UI

le f ,=
0I *Wo 4c.

= w .- c

aJL .1. z U E4V

_u J~I SI u w .0

.0 .c eftIAU

140

11-1H



SsmTle data ftr this task element &.e shown below:

Skills Required: Frine manipulationa 75%
Short-Tern Memory- 15%

Detection 10%

During a MOPADS sizulatitm, vhen an operator is to perform this
task element, MOPADS virl. call the mderator fumctions for the
three skills shown abofe. The moderator functions have azeess to
the information in the operator state vector, the environmental
state vector, and the task data. With this information, the moder-
ator functions viii each compute a change to the mean of 4..5 seconds.

Let D, D•, and D be the computed chAngeu from the moderator
functions f nr fe mani•lation, short-term memry-symbelLic, and
detection, respectively. See Laughery & Ditzian (1482)& Laugher7
(1981) for these skill moderator functious. The combined mean is
determined from

L'modr.ted * 1. (.75Dl +* .15D 2 + .10D 3

The obvious interpretation is that approximately T5% of the time
performing the task element is infine manipulation, etc., and min.tml

.., Interaction between skills ocem-s. In the absence of data, these
S.are relatively mild assuwptions to achieve computable moderators

"for a vide variety of activities.

The moderated mean •7 then be used in the simtlation to deter-
mine the time required for the operator to 1eforu the task eleawt.
MPADS allows several options in this regard:

1. Deterministic, ammoderat*d - alvays use the ncoinal
*eam time

2. Determfirtic, mod rafed - Iuse v for the

3. Stochastic, unmoderated mke a re nome drw frt

the specified distribu-
I tion function rhose
mean is the nominal
seen. Do not uae the
moderator functions.

k. Stochastic, moderated - make a rando• drev
Sfrom the specified

"distribution fimction
I,. UhCose mee. i derate4i

a-.n
• • 11-11
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)KPAB6 supports the following distribution functions:

Constant

Normal'

Uniform

Irlang -1 (Exponential)

.Logormal
Btet

The Gamea distribution in the default distribution, but the user can
select any of the above.

2-3. Software .mplementation.

As stated earlier, the human factors moderator ftmction
module has been developed in a way that allows it to be separated
from the rest of the MOPADS software and used independently. This
has been accomplished through the following design considerations:

1. Every moderator funct in subprogram has an
identical calling sequence.

2. Moderator functions request data from the
operator state vectors, environmental state
vectors, and the task data through standard
subprogram calls.

The implication of the above are that non-MOPADS software environ-
sients can use the moderator functions by calling them in their stan-
dard vay and by providing utility program that the moderator functions
will call to access operator, environmental, and task data. 14PADS docu-
ments L&ughery & Ditzien (1982) & Laughery (1981) contain the technical
details.
3-0 TA.Sw 32UCIXNG M hODOLGY

" ~~3-1. .Task Sequencing Co~nsiderations.

In order to adequstvly model the actions of an air
defense operator, the simulation must "perform" operator tasks in a
way that responds to the air defense scenario. In other vords, the
simulated operators must perform tasks that tend toward accomplishing
the mission of the air defense system. Developing a methodology that
will exhibit this behavior is more difficult than simulating the
operator tasks, because the simulation must represent the knovledge,
experience, and motivations of the operators.
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Furthermore, the simulation wthodo.oV nee6s to be accessible
to the user. In other words, input peramet•,rs for the task
sequencing algorithm should be intuittvely maningful and reasonably
easy to determine. With these ideas in Lind, the objectives in
developing a task sequencing protediure vert as folovs:

The procedure should be:

1. consistent vith the literature,

2. intuitively meaningful to that a MOPAIS analyst
can specify operator oriented parameters
rather than abstract parameters that aru
obtained from sane curve fitting procedure, and

3. relatively goal independent. This means that
the parameters associated with one operator
objective are nearly independent of the para-
meters associated with all other objectives.

Utility function and goal s;ting approaches vere considered.
The multi-attribute utility function procedure was discarded
because it did not satisfy objectives (2) and (3) above. A goal
seeking approach, on the other hand, can be implemented in a way
that satisfies (2) and (3) above and is consistent with the Newell &
Simon (1972) view of hunans as goal seekers. The principal advantage
of the goal seeking approach is that the utility or "goal priority"
of each goal can be computed independently of all other goals (this
of course, is an asswaption but a relatively mild one).

In particular, goal priority functions can be defined that are
ordinal in nature, so that changes in parameters for one goal do not
affect the paremeters of other goals. The priority, or degree of
goal satisfaction, for each goal can then be compared. This is in
contrast to a multi-attribute utility approach in which a cardinal
utility value is computed as a function of all goal states. The
usual approach in utility theory is to develop a utility function
of several variables (the goal states) from a curve fitting pro-
cedure. This is a cumbersome method for use in MOPADS because changes
to individual goals for individual operators cannot be easily incor-
porated into the model.

3-2. The Task Sequencing Procedure.

The goal soeking behavior of the operators is charac-
terized by the following:

.1. The operators have a set of goals which they desire
to satisfy simultaneously. They are capable of
determining the value or state of each goal. For
example, the operator may desire to maximize the
distance from a critical asset to any hostile air-
craft. The goal state is the minimum distance to

* any hostile track.

11-13
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2. The operators can rank tne Importance of their
goal states. In other words, they can assign
priorities to their goals based upon their
current states. For example, an AN/TSQ-T3
operator can determine whether an uncleared
alert message or a hostile aircraft within 30
miles of o critical asset should be attended
to next.

3. The opera'.ors are capable of estimating the
changes tiat will occur in their goal states if
a particular task is performed.

k. Operators are limited in their ability to
satisfy their goals. They may not be able to
consider all of their goals at once.

These concepts are implemented Lu the following ways. For
each operator goal, the goal state (denoted GS) must be explicitly
specified in a ray that alloys GS to be assigned a unique value
(e.g., GS ,, the number of unassigned hostile tracks). Then a goal
priority function, GP, is specified for the goal that assigns a
non-negative value to each value of GS. Figure 11-3 shove an
hypothetical example. The goal is satisfied when the goal state,
GS, is between m and 4. This is signified by OP a 0 vhen
a < GP < X. If the goal state is less than m or greater than N,
then the priority of the goal (I.e., its degree of dissatisfaction)
increases linearly.

nhe meaning of the particular goal priority function in
Figure 11-3 is that the operator is satisfied and indifferent to any
value of the goal state between m and M. Dcvnside deviations (i.e.,
values of GS less than a) are more important than mpside deviations
(i.e., values of GS greater than N) since the slope for downside
de~vations is greater than the slope for upside deviations.

Each goal that an operator has may have a different priority
function. See Figure nl-4 for examples. The values of the goal
priorities for each goal are compared in an ordinal fashion during
task sequencing to determine the most dissatisfied goal or goals.
This scheme allows the parameters for a goal priority fumction to
be specified or changed vw"hout affecting the priority functions
for othe• goals. Of coirsa-, complete independence in not obtained
because the modeler must always be aware of the priority functions
of the rest of the goals.

Determination of the goals and the goal priority functions
must be accomplished vith close coordination with subject matter
experts since no open literature is available. Recall that the
operators will select tasks in order to improve their goal states.
Therefore, the modeler must specify one or more goals whose states
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are affected by each task. Goal priority furnctions may be eeter-
mined by giving pairwise comparisons to subjett matter experts
(e.g., given state& for tvo goals, vhich ,oal vould have thL highest
priority?). Since the scale of the goal priority is artitrary, the
modeler can ordinally rank the responses to achieve correct rankings
of the goals. In the current MOPADS implementation. r. goal priority
of 10 has been uLed t- imply an extreme emergency, Po coal priority
values general]) fall in the range zero to 10.

The operators seek to achieve ore of the fo loving tvo
objectives vhen selecting the next task.

1. Maximize the expected reduction in the average goal
priority of the IG largest goal priorities.

2. Maximize the expected reduction per unit time of the
average goal priority of the NG largest goal
priorities.

GS - Goal State
GP- Goal Priority
GP-O Implies that

the goal is
satisfied.

GP

m N

GS

Figure 11-3. Example Goal Priority Function.
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In the first case, the operator computes th2 average goal
priority of the NG most dissatisfied goals. NG is a parameter of
the operator which may be set by the MOPADS usez. Note that if
NG is one, the operator "puts out the biggest fire first." As NG
increases, the operator is modeled as being able to take a more
and more global view of his tasks. At the present tire, NG
remains fixed for each operator during the entirc simulation. If
relevant data were available, it would be possible to dynamic'lly vary
NG in response to operator work load or other conditions during the
simulation.

The second objective function is similar to the first, but,
in addition, the operator estimates the time it will take to per-
form each option available. With this information, the operator
estimates the change in average goal priority that will occur per
unit time and selects the one which gives the most rapid improvement.

Finally, a last-in-first-out task stack is maintained for
each operator. Some options available to the operator may involve
perforrmia ieveral operator tasks before re-evaluating goals again.
For such a case, the tasks which will be performed in sequence are
loaded in the rperator's task stack. When one task is completed,
the: operator will immediately perform the next task on his stack.

QOal evaluatici is performed only when the stack is empty or a high
priority alert message has been received. In the case of a hignl
priority message, a complete goal evaluation occurs.

The procedure for goal evaluation and task selection is shown
in Figure 11-5. The special weighted average of the goal priorities
is computed as follows (here assume that the goal priorities have
been arranged in decreasing order).

Gi
AVNGU V GPI)

where GPI

~GP
fii

Thus, the maximum weight is given to the most dissatisfied goal
(i.e., the one with the largest goal priority). This method pre-
vents certain distortions in task selection that might result
from the use of a simple average. For example, suppose the two
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1. If th- task stack is not empty and no
higher-priority message is pending,
then select the next task from the
task stack and exit.

2. Otherwise,

a) evaluate each goal state,
b) evaluate each goal priority function

c) compute the weighted average goal priority
d) For each alternative task selection -

i) compute the expected goal states,
if the task is performed

il) compute the expected goal priorities
iii) compute the expected average goal

priority
e) select the task that best Improves the

operator's objective function

f) load the task stack if necessary, and

g) exit

FGo I:

Figure 11-5. Goal Evaluation Procedurc.
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moat dissatic•.ed goals (with NG - 2) are (GP1 , GP2 ) = (10,5). The
simple average goal priority, T, is 7.5 vhile AVNG-= 8.33.
(v = .67, v. a .33). Suppose there are two options vhose expected
relults are shown below (the vi are not recomputed).

GPI GP2  X AVH(G

Option 1 10 1 5.5 7.0

Option 2 6 5 5.5 5.67

The simple average of the goal priorities is indifferent to the two
options since they both result in a reduction of four in the sum
of the goal priorities. Option 1, however, makes no improvemernt in
the most dissatisfied goal. Selection of option 1 would represent
an operator who attempts to improve the second most dissatisfied
goal when there is an available option that improves the most
dissatisfied goal. Using the special weighted average AVNG ensures
that the operator will always pay most attention to the most dis-
satisfied goals even though he is attempting to consider more than
one goal simultaneously.

Finally, note that the goal seeking procedure explained above
is a simplified special case of utility theory. The utility func-
tion is simply a composition of the univariate goal priority func--
tions which are combined through the AVNG function to a single
value for each set of goal states. It would be a simple matter to
recast the mathematical expression of the procedure in a utility
theoretic framework. The goal seeking method simply assumes that
a utility surrogate(the goal priority) can be expressed as a function
of a subset of the set of the goal states (i.e., the priority of a
goal is a function only of its own goal state).

3-3. Operator Goals for the AN/TSq-73 and IRAWK.

The goals identified for the operators of the AN/TSQ-73
and the IHAIK arise from the basic goals of self preservation and a
desire to accomplish their mission. The translation of these basic
goals to operative goal statements results in goals that lead the
operators to attack aircraft that present threats to themselves and
the sites they are assigned to protect and to follow standard pro-
cedures to accmplish their missions. The statements of the goals
for the AN/TSQ-73 and IHAWK operators are shown in Tables 11-3 and II-4,
respectively._""

3-4. Software Implementation of Task Sequencing.

As is the case in all of the MOPADS software designs, the
structure is intended to allow for future expansions (see Figure 11-6).
The common programs include those parts of the task sequencing

11-19
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*type. This includes statistics collection branching and

certemn outlet proramsettig. Enathi arne system module dsg~es canMV

be added by "plugging in" the task sequencing programs without
disturbing existing system modules.

OPERATOR 1 OPERATOR 2 OPERATOR 3

Figure 11-6. Schematic Structure of MOPADS Task Sequencing
Software.
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III: MOPADS AIR DEFENSE MODELS

1-0 DEMVELPI•,hT MWTODOLOGT FOR AIR DEFENSE SYSTEM MOILE8

)4GPADS is intended to be a long lived software system that
will evolve as new system modules are developed. Since the develop-
ment of system modules is the most complex maintenance activity that
wiii be performed on MOPADS and since it is likely that many indivi-
duals vill be involved in developing the modules, it is essential
that a systematic development and documentation methodology be
followed. Procedures for these activities have been created
(Walker & Polito, !g82a,b).

The procedure for developing system modules is summarized in

* Figure III-1. Steps 1, 2, and 3 are data collection functions in
which the MOPADS analyst and those who aid him/her collect informa-
tion and systematically characterize operator and equipment model-

Sing requirements. In steps 4, 5, and 6, task sequencing considera-
* tions and constraints are identified and formalized. Human factors

are minimally or nominally represented at this stage. The purpose
i% is to ensure that infeasible or unrealistic sequencing does not

occur.

At step 31, the MOPADS modeler enters data for the new system
module into the MOPADS data bise. The MOPADS user interface has
facilities to support this activity. At step 12, the MOPAD6 simu-
lations are performed with a minimal set of existing MOPADS models
to test the new system module. When this is completed, the new
system model is integrated with the full set of existing MOPADS
models and tested. These are steps 13 and 11.

-*, Step 15 is the final documentation effort. A systematic pro-
cedure for documentation has been specified to aid in module develop-
ment and to ensure that adequate documentation of system modules is
maintained. This is crucial because it is certain that when a new
module is developed, the analyst will have to refer to the documen-
tation of other system modules. This will be necessary or desir-
"able in steps 4, 9, 10, 12, and 13.

Each document describing a system model will be organized in
the same way. Figure 111-2 is a typical table of contents. Stan-
dard forms have been provided to aid in modeling which will be
included in Section III of the documents. Examples of these forms
are shown in Sections 2-0 and 3-0 below.

Strict adherence to these documentation standards will Tesult
in a maintainable analysis tool with a long useful life.

.4 ,1-
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I. SYSTEM IESCRIPTON

II. OVERVIEW OF THE SAINT MODEL

III. MODEL DESCRIPTION FORMS
1-0 Entities
2-0 Resources
3-0 Variables
4-0 Monitors
5-0 Task Descriptions
6-0 Statistics
7-0 User Functions
8-0 Moderator Functions

IV. USER WRITTEN SUBPROGRAMS
1-0 Index
2-0 Subprogram Descriptions
3-0 Subprogram Listings

V. LISTING OF SAINT NETWORK DATA INPUT

VI. NON-SAINT DATA REQUIREMENTS
1-0 Data Requirements
2-0 Data Source and Description

VII. OUTPUT REPORTS
1-0 Output Options
2-0 Sample Output

Figure 111-2. Table of Contents for MOPADS System Module
Documentation.
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2-0 THE AN/TISQ-T3 SYSTN4 MODULE

2-1. AN/TSQ-73 Operator Tasks.

Table III-1 contains the operator tasks that are repre-
sented in the AN/TSQ-73 system module. An important part of
developing MOPA)S operator models is to determine which operator
tasks are required to be represented. Many tasks are Irrelevaat to
the air battle scenario. These include, for example, tasks related
to the set-up, take-down, and transportation of the equipment.
Furthermore, there may be duplication of task informaicc vw the
task descriptions in official system documentation. Also, occs-
sionaly it xsy be necessary to add a task to account for standard
or comon procedures that are not explicitly discussed in the
official documentation.

Development of the task lists is a substantial activity that
requires the MOPADS modeler to become familiar with all of the tasks
in the official documentation so that informed decisions can be made
in selecting those that must be modeled. Official documentation for
the AN/TSQ-73 (U. S, Army Technical Manual, TM9-1l30-652-10-3),
Change 6, 1981) contains flow charts for the operator tasks. An
example for hooking is shown in Figure 111-3. These or similar
representations must be obtained from the pertinent Army documenta-
tion and a preliminary task list determined. This activity is step 3
of Figure 111-1. Since MOPADS involves models of combat operations,
the operator tasks describing set-up &Ld routine maintenance of equip-
ment can usually be excluded at this point from further censideration.

For systems that have more than one operator, it smy be
necessary to develop task lists for each operator. An example of
this case will be seen in Section 3-0 for the IIAWK system module.
For the AN/TSQ-73, all tasks can be performed fres each console,
although it is customary for the operators to perform separate tasks
based on their authority. For the AN/TSQ-73, this task split Is
represented structurally in the models rather than by developing
separate task lists for each operator.

An important objective in developing the task list is to select
the minim'm set necessary to represent the operator interaction with
the system to the required detail. Considerable effort Is expended
in expanding each operator task into an MAINT representation. There-
fore, the task list must be examined with a critical eye to ensure
that unnecessary effort is not expended. As an example, consider the
AN/TSQ-73. The usual operator configuration is to have a Tactical
Director (TD) who has authority to order engagements and a Tactical

iii-•i



Table lU-i. Ax/TSQ-73 Oprator Tskz eVse-ntd in MoPADS,

K3CRIPTIIN

Idlo Tint Mean the Displays)

Coaced Seconadry Assilse.et

Send Terissate Coanads

Clear sold Fire, Effective, Status

Perform Hooking Procedure

Enter I1 and IFF Data

lIterrogate a Target or Sector

$*ad Cmemand Ressage

Assign OUipons/littalions

Receive Commands

Clear Alerts

Receive miscellaneous messages

Director Assistant (TDA) who does not have isuch authority.. The
TDA will perform tracking and identification tasks, and the TD
will order and monitor engagements. It is possible, however, to
ccnfigurate the system with-two operators that each have engagement
authority (two "TD's"). In this case, each operator can perform all
tasks. The modeler must decide which configuration(s) will be
included in the model and specify task lists accordingly.

I1l-5



2-2. AN/TSQ-73 Messages.

Step 2 in Figure 11I-1 is to "jdentify C2 Data.*
Essentially, this step involves deteraini i how operators of this
equipment comunicate with superior, 4uborinate, and lateral
unilts. The communications occur through v~ice and Uats link messages.

MDPADS models of air defense systems (cuapaents) mimic this
structure by comnticating with messages •ent through the MOPADS
data base. It Is necessary for the MOPADS modeler to explicity
identify all caumunications between the aWT defense system being
modeled and all other systems already modeled. For the current
implementation, this means that the communication between the group
and battalion AN/TSQ-73 and the IhAWK battery must be identified.
Once again, 3udicious elimination of messages that are not needed
"in the MOPAD• lontext will greatly reduce later work.

The messages used in the current implementation are
shown in Table 111-2. For each such message, the sender, receiver,
message characteristics, and message contents must be specified.
A form has been developed to facilitate specification and documen-
tation of this data. An example is shown in Figure III-4.

2-3. AN/TSQ-73 Operator Goals.

Once all of the messages and tasks for the operator
have been determined, initial development of the task sequencing
procedures forg the operators can begin. The goals for the
Ai/TSQ-73 operators have been shown already in Table n-3.

The particular parameters used for each goal priority

function re lspecified in Goodin & Polito (1983b).

2-4. I/TSQ-73 Operator Task Models.

A SAINT task node model analogous to Figure 11-2 has
ben developed for each of the operator tasks shown in Table II1-1.
Ttis procedure involves defining the "entities" that will flow
ti.rough the networks. In this case,the entities are operators.
Z:.ch entity has a list of characteristics called attributes that
identify it. Each of the operators is defined on a form as in
Figure 111-5. The attributes of the operators have been defined.
These attributes are used in branching decisions to determine
vich Task Node will be performed next and in FORTRAN programs
,, ýtten by the MOPADS modeler to reprerint the operators' actions.

iiI-E•



INTf a Tw= PRESS
VKS ULNUR. "M aysom 17ASK FUNCT

S7A IRIMIUM on". an SM IMTRYAPKARS
ADDRIMS on IMARDn"I Rug=

Alm KICYNIUM COLUMM 516" 1 No" I

Ae2MK.A3A4%ýGOOMMMM

"IM On Asliilý Wilk Aez 04 RUN! 9M.
0. IMTDLýl TRAM 04 ATOL-1 04 MW rLS

PRUS tATOL-1 srM

C90" A, -ATMUN. POGO
POSSITT fTrAc ^,.^7mwn

"no v 0 -GTMW7
I A3 A,%MMC"TOTRAM

A3-11

911M A A-A.LC.06jMwv
c9aw 6-09 1

OWN (TAMpS TRAM
IV so Run CIADIL-111 SRO

AM CZVBSAM b-OTMI
AKR, IrVIDESOMATOMMOTBASIM

on MW NUMUMAS-A7Mz

AM XV11410" Pan TA2 MIMICS
MIT APPEARS PUN--..T;;Q To 9WMftMM ARD FAW 9 coommano57-"

VA PRIM
2 TASK StUCTIONS 

UTtw U

AP"Alts APAHM
Vtlr-rACD SW

3 AID "M ron
TASK FUNMONS smuts

M
4ý1

CýDi www I9 J! - I BE
4 amm

L PDSWMD0 AND OMNI MOIR VALID

2. aALL MWES gXctPT TEST.
oncr "Oft VALID ONLY M TMArx"C

09 TRACCU:CnACTCAL MOOLb r----- ns ovowc ITE I nt==

Figure 111-3. Example AN/TSQ773 Operator Task Flow Chart.
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Table 111-2. Messages for the AP/TSQ-73 and IH K.

Command Nessages

I .eid Fire
2 Cease Fire
3 Cease Engagenent
4 Engage
5 Cover As track already assigned
6 Engage Ripple I

Engage Noe Track Assignment
I Cover Nov Track Assignment
9 Engage Ripple Assignment
IS lnvestigate/Assign Assignment
11 Cancel Alert
12 Track Assignment Status
13 Change Targets
14 Nethod of Fire
is Order No Kill
16 Order break Lock

Request tor Imtormatlos huisages

I Request Cancel of TCC Alert

Reporting Status Nessages

I FU Out of Action
2 FU Expended Hot Missiles
3 FU Effective/Not Effective
4 FU Engaging Pap-up Target
SoNew ASO Target
6 INIPIR Lock Status
7 Raid Size Report
I Temporary No Kill

Acknowledgement Messages

I gill Comply
2 Nave Complied battalioan 9-73 to Group
3 Can't Comply
4 Vill Comply
5 Can't Comply [ INAUK tc Battalion 9-73
6 Acknowleige ASO Target
7 Accept t30 Target

----8 w-
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WASS MESSAGE DESCRIPTION

MESSAGE IS ELEMENT Paloe of -1

Elementon Vlu

I Receiver CNN

2 Operator Type 1 or 3
3 Functional Type 1
4 Message Subtype 8
3 Message Priority

MESSAGE DATA LINK ELEMENT

I Comnunication Netuork 2
I-Voice 2-ATDL

2 Acknouledgement Required 1
I - Ies 2 - No

3 Unused '
4 ATDL Code (Unused) -
S 0 Tine Message Sent -
6 a Message Number -
7 * Sender CRN -
I3 Sender Operator Type 1

Sender System Module Type 2 or 3
I, Task Node Number Sent From -

m Must be set at the tine the message is sent

VARIABLE MESSAGE FORMAT

Elmn Desclrintiol

1 I Words 2
2 Which Fire Section - 0 Either

"1 A
2 B

3 Track Column Number

MESSAGE SUBTYPE DESCRIPTION

Cover nev target coand. Obtain a HIPIR lock an a new
target but do not fire.

Manes Jack Walker System Module: Q-73

Date: 8/3/83 Projects MOPADS

From To From Tm
GRP(15) BN(20) GIP15) RAWK 33)

BN(15) HAWK(33)

Figure III-4. Example Message Sent From the AN/TSQ-73.
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When operator characteristics are specified, the task net-
works like Figure 11-2 are expanded to describe each Task Node.
Figures 111-6, T, 8, and 9 are examples. On these forms are
specified the skill and skill weight requirements (see Table lI-1),
the task related variable data (see Table 11-2), and the mean,
standard deviation And distribution type of the nominal per-
formance time. Any resource requirements are also specified.

The MOPADS operator task number is also givcn, so a cross-
reference is possible between SAINT task nodes and operator tasks. V.
Given a task node number, it is possible to find the operator task
that contains it by looking at the forms in Figures 111-6 to 9. Con-
versely, all of the task nodes that make up an operator task model
can be found in the forms shown in Figure 11-2.

Specii.cation and verification of all of the data in

Figures 111-5 through 111-9 completes steps 7 to 10 in Figure
I11-1. This leaves step 11 which involves entering data inter-
actively into the MOPADS data base to support the system module.
SAINT task models have been developed for each operator task, and
nominal task performance times aud skill requirements have been J,..-V

determined for each task node.

3-0 THE IHAWK SYSTEM MODULE

3-1. IHAWK Operator Tasks,

The IHAWK operator tasks that are represented in
MOPADS are shown in Table 111-3. A separate task list has been
prepared for each IHAWK operator, because, in contrast to the
AN/TSQ-73,the various operators perform substantially different
functions. By far, the most complex activities are performed by the
Tactical Control Officer (TCO). All communications to other air
defense components are represented as passing to and from the TCO.

The other operators perform relatively straightforward tasks.
In other words, the task sequencing for these operators is
relatively simple. Their activities are primarily rule-based.

The process of developing the IhAWK task lists was analogous
to that for the AR/TSQ-73. It was somewhat more difficult to
develop the lists and network models, however, because the Army 4
documentation (U. S. Army Technical Manual, TM9-1430-1526-12-1,
June 30, 1979) does not contain task flow charts analogous to
Figure 111-3. The activities are described in text that needed to
be examined and put into network form.

1
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Table 111-3. ImAWK Operator Tasks Represented in MOPAD8.

Description

&SO TASKS

ABC Standby, Uait for Action
Detect Now Target at CUTIC
Establish Target Priority
Preempt Lover Priority Target
TCC Alert
lark Target as Accepted by TCC

SFCO A FCO 3 TASKS

FCC Standby, Ugit for Actionp Track target
Obtain Lock oa Target lawuallv
Put Fire Section out of Action
Estimate laid Size
Select Launcher
Fire lissiles
Evaluate Target Intercept
Process Change Targets
Put Fire Section back in Operation

TCA TASKS

TCA Standby, gait ?or Action
Accept CUT3C Target Fron ASO
IFF Challenge
"lark on Reflection Plotter (friend, Nostilet Unknovn)

. TCO TASKS
'd

TCO Standby, gait for Action
Detect IPAR AlP Target
Manually AssignTargets
IHIPIR Tracking
TCO-IHIPIR Does not Acquire Lock
Higher Priority Target to be Assigned to Firing Section
Process a Hostile Target

* Assigned Target Determined Friendly
I • Process Friend

Evaluate Uhether More Missiles Are To Be Fired
Sive AS5 Permission to Cancel Alert

111-17
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"Table 111-3. (continued)

TCO MESSAGE TASKS

Accept 0-73 Target (ENGAGE MODE)
Accept 0-73 Target (COVER MODE)

, Accept Change Targets Command
Receive *HOLD FIRE* Conmand
Receive "CEASE FIRE" Comnand

•" Receive "CEASE ENGAGE* Command"Issue "PRIORITY, PRIORITY" CALL T0 0-73
Receive *ROGER ENGAGEW Connand

Send Cannot Conply Message to 0-73

3-2. I1uWK Messages.

The messages used in the current implementation were
shovn in Table 111-2. This zable includes IHAWK messages. MOPADS
uses the message concept to represent voice ccumunication within a
component an well as data link and voice between units. This mech-

mnisa is, then, used in a uniform way to represent all direct conmu-
nication between individuals in the MOPADS models. Figure 111-10 is
an example of a voice message specifying the method of fire which is

* sent between operators of an IHAWK unit. This particular message is
sent by the TCO to the Fire Control Officer (FCO) to specify the
method of fire for attacking a particular track.

In all other vwys, specification of the messages for the

MAUX is analogous to the process discussed in Section III, 2-2.

3-3. IHAWK Operator Goals.

* The IRAWK operators' goals were chown in Table 11-3.

I



OMANS iUSADE ISCRIPTION

NISSAGE 13 ELEMENT hg. 2f 1o

Element * h M

1 * Receiver CRN -

2 Operator Type 6 or T
3 Functional Type 1
4 Nessage Subtype 14
3 Message Priority -

MESSASE DATA LINK ELEMENT

Elmn Description L]I

I Communication Network 1
1-Voice 2-ATIL

2 Acknowledgement Required 2
I - Toe 2 - No.

3 Unused -
4 ATDL Code (Unused) -
5 e Tine Message Sent -
A # essage Number -

7 * Sender CRN -

A Sender Operator Type 3
SSender System Module Type k

10 Task Node Number Sent From -

H Mutt be set at the time the message is sent

VARIABLE MESSAGE FORMAT

1 # Words a 2
2 Track Column Number
3 Method of Fire a 1 Shoot-Look-Shoot

a 2 Ripple Fire

MESSAGE SUBTYPE DESCRIPTION
Method of Fire Command. Shoot-Look-Shoot means shoot one

then evaluate before shooting another. Ripple means shoot tvo
issiles.

Names Jack Walker I yte Nodules flLAWK
Dates 8/4I/83 J Project: MOPADS

From To From To
TCO(27) FCO

Figure III-10. Example IHAWK Message.
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3-4. IHAWK Operator Task Models.

Task models for the IHAWK have been developed in the
same way as those for the AS/TSQ-73. Figure II-ll1 is the operator
definition for the TCA. Each of the operators, tasks, and task
nodes has been specified in the same way as for the AN/TSQ-T3.

All of the careful data collection and noclel develop-
ment information for the AN/TSQ-73 and IRAWK system modules have
been delivered to the Army in four volumes (Goodin & Polito (198.a,b;
Goodin & Walker, 1983a,b).

4-o AIR SCaUMIOS

In addition to representing the air defense system,,MOPA6
must have a model of the air battle that the air defense system
fights. The MOPADS software has facilities to represent the
salient features of the air battle environment.

The data required for the air scenario representation wae
the following.

1. The coordinate sy3ten reference point.

2. The locations of all air defense units and protected
sites (critical assets).

3. The assignments of critical assets to the fire units
who are to protect them.

Il. The characteristics of each radar or observer that
acquires information about aircraft.

5. The characteristics and flight ;aths of all aircraft.

i.- The Coordinate System.

MOPADS assumes a flat earth and uses rectangular co-
ordinates. The coordinates, (x, y, z), of all points in the sys-
tea are given with respect to a user specified reference point.
This point may be specified as a longitude and lati"'ude if a
specific terrain syste is to be specified. Once the reference
point is chosen, all other coordinates are specified vith refer-
ence to it. The units of the x and y coordinate are nautical
miles, and the units of z are feet. The +x axis is east, the
+y axis is north, and +z is up.
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I,

)1.2. Locations of Air Defense Units, Critical Assets. and
Asset-Fire Unit Assignments.

?Fg4ur 111-12 shows an example layout of the reference
point and of protected assets. With this basic configuration, a
variety of sir defense configurations and air battles can be simu-
lated. One possible configuration is shown in 'itgure 111-13. This
figure shows a group AN/TSQ-73 with two battaliors. The battalions
each have two IHAWK fire units. The critical asuets are assigned
to fire units as follows: IHA1WK 1 protects site 1, IRAWK 2 protects
site 2, and IEAMKS 3 and 4 both protect site 3. The circles around
the units represent their area of radar coverage.

Hany possible configurations could be arranged to protect the
three critical assets, and MOPADS allows the MOPADS user to specify
the location and assignments of the air defenise components.

4-3. Characteristics of Viewers.

Each air defense unit may "own one or more "viewers.*
Viewers are usually radars (and in the c-rrent implementation, they
are always radars), but in the case of PDEYE or VULCAN, for
example, the viewer might be a himan ob'aerver.

Fach viewer has the following ctAracteristics.

1. udxinuz range
2e minim-m and meaJym altitude
3. probability of detection
4. barriers to vi ew
5. a sector of :'Qterest

The characteristics above serve to restrict a viewer's abil-
ity to detect aircraft. The maxim= range and altitude restric-
tions are self explanatory. !?.ie probability of detection is the
probability that the viewer v 4 ll detect an aircraft that is other-
vise in its field of viev. "'!PADS assuaes that once an aircraft
is detected it remains det, .-ced so long as it is in the viewer's
field of view.

The •OPADS usr: &ey specify barriers-to--iew that block out
part of a viewer's abilityj to detect aircra-t. The barriers approxi-
site terrain and other limitations that preclude a radar or observer
from seeing everything '•ithin range. Figure III-14 shows how barriers
my be specified. Two types of barriers may be specified: line
barriers and wedges.
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COORD I NATE A D ASSET
DATA

As T A

A II IIil I IIII 'ASSETSJ

REFERENCE POINT

Figure 111-12.Example Critical Asset Configuration.
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A IR D EF E NSE C 0N F IG UR AT 1I0N

1 GROUP (G) 2 Q-73's(a) 4 II4AWKS(H)

HII
G11

H44

Figure 111-13. Example Air Defense Configuration
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PLAN VIEW

"INI
-BARRIER TO VIEW

SE4 TOR OF INTEREST

SIDE VIEW

FIELD OF VIEW

'*ýSHADOW OF BARRIER

VIEWER

Figure 111-14.. Viewers andi Barriers-to-Viev.
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In the plan view of Figure III-14, two line barriers are
shown to the east eid southeast of the viewer. Everything
farther away from the viewer than the line barrier is hidden from
view if it is in the shadow of the barrier. The side view in
Figure I1-14 demonstrates this. The area to the east of the
barrier and below the shadow, is hidden from the viewer (note, the
side view does not show a complete detail of the viewer in the plan
view).

Line barriers may be positioned anywhere in tie maximum range
of the viewer and the end points may have different altitudes.
MOPADS assumes a linear variation of altitude from one end of the
barrier to the other. Using multiplt Jine barriers, it is possible
to create complex viewing areas that approximate actual radar
viewing patterns.

Wedge barriers are simply pie shaped sections in which
nothing is vibible. An example is shown in Figure II1-1h in the
plan view to the west of the viewer. The user specifies the start.
wnd end compass headings of the wedge.

The system of restricting the field of view described above
is not a perfect representation of radar vision limits, but it b

permits a reasonable approximation for modeling purposes.
I;:'. '.-.

The IHAWK permits the operators to specify a "sector of
interest" which is a pie shaped segment of its viwing area. The
IHAWK computer will automatically process tracks in this sector.
The sector of interest has no effect on the radar's ability to
acquire aircraft. It serves only to delineate a high interest area
to the computer. MOPADS has a facility to specify a sector of in-.'
terest for each viewer. In the current implementation, the sector
of interest is used only by IHAWK.

4-4. Characteristics and Flight Paths of Aircraft. I" *

Aircraft flight paths are represented as sequential
piece-wise linear segments. The start and end coordinates for each %
segment are specified along with the speed of the aircraft -on the
segment. The x, y, and z velocities are computed by MOPMDS and
assumed constant along the segment. The MOPADS modeler may specify
as many segments for an aircraft as desired, and as many aircraft
as desired may be included in an air scenario. Curvilinear tracks
may be approximated as sequences of linear segments. [ -
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The following data are sp-cifted fc- each jircraft:

a. Category A track my be "hostile,"

"friendly," or "other." An

"other" track is a track that
€wimot be classified as friendly.

b. Identifying The user W. specify a unique
Number nunmbe for each track.

C. Multiplicity The namber of aircraft in the
airflight.

d. Aircraft Type Code values for a variety of
aircraft types are provided.
"See Table Il-u.

e. Whether The (for hostile tracks only) - This
End Point Of item specifies that the end point
The Segment of a flight segment is an air
Is A Target defense unit or a critical asset

that the air defense system is
attempting to protect.

f. Probability of (for hostile tracks oily) - If
Destruction the end of the segment Is a tar-

get, the hostile track vill
attack it. This item is the

.. probability that the site is
destroyed.

g. Jimmaing On The user my specify that a hos-
A SBeent tile track is employing EM4 on a

segment. This information is
currently not used by IOPADS.
It is provided for future
enhancements.
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Table III-L. Aircraft Type Codes.

TARGET TYPE CODES

CODE NO. NANE COUNTRY MISSION

I F4C USA
2 F104 USA
3 T33 USA
4 OTHEk JET
5 VIA USA
6 U6A USA
7 OTHER PROP
I 01A USA
9 ON23 USA
1i OTHER HELICOPTER
1f TANK
12 JEEP
t3 TROOP
14 APC
"Is TRUCK
16 ZERO
17 NALFTRAC1
t1 F14 "84

S19 FIS VGA

20 F16 USA
21 rig USA
22 "1021 ISSR
23 41823 USSI
24 n1125 3m
25 SOLDIlER(FOOT) Amy
26 n10-27 5s3
27 St-17 us"

G2 SlAND Ji-S PC 6rouad Attack
2? *-2359 FRANCE Military survoillance
#30 NIRAG 3E FRANCE Fight*?
it I[RASE F1 FRANCE Fighter
52 n1RAS[ 2000 FRANCE F3ghter
33 nIRoE 4000 FEANC[ righter
34 MIRAGE 4 FRACKE babe,
is NIRAO[ 5 FRAMCE $rouvd Support
36 MIRAGE so FRANCE Fighter
37 AN.660 WEAT IRITAI[I nilitarv Transport
33 190 UEAT IRITAIN leaker
3. NS740 PEAT DRITAIN Military irawsport
g40 IS.730 MEAT 3R1TAIN Mlitary Transport
41 P.1I99 MEAT DRITAI[I $rovd Attack
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Table II1.-4. (continued)

42 IA1202 ISRAEL Nilitary Transport
43 HIRAGE 3C ISRAEL Figl~ter
44 NfirC2 ISRAEL Fiq'iter
45 6.222 ITALY Military Transport
46 F1045 ITALY Interceptor
47 M3.326K ITALY Strike
48 S.t. 1019E ITALY NMlitary 57OL
49 F-I JAPAN Fighter

.1 50 C.207A SPAIN Military Transport
"" 51 SF-5A SPAIN Fighter

"52 HA-220 SPAIN Ground Attack
53 353X SUEDEN Ground Attack
54 JA37 SUEDEN Fighter
55 J-I YUGOSLAVIA Strike
56 Light (e.g.blinkiaa)
57 Digit (digit oa a display)
538 RIG-17 uSSR
59 HI-19 USSR
60 SO-7 USSR
61 1U-gPN USSR
62 SU*-11 USSR
63 SU-15 USSR
64 SU-19 USSR
65 SU-20 USSR
66 YAK-28P JSSt

. 67 YAK-36 USSR
63 TU-28P USSR
69 IL-21 USSR
70 1-4 USSR
71 1T--16 USSR
72 TU-2; USSR
n7) TV-22 ISSR
74 TU-26 USSR
75 IL-31 USSR
76 TU-126 USSC
77 N1G-I3 USSR
?7 L-21 USSR
79 1-3? USSR
3f0 J5 USS1
,1 1J-6 Uisl
12 J-7 USit

14 N-S USSIR
"Is 0-6 USSR

' 36 CJ-6 USSR
37 1-I lUSSR
3, NIAGE III FRANCE

,.1



The organization of scenario information in the data base is
shown in Figure 111-15. A directory is created called
CRITICAL-ASSEf-CONFIGURATION which contains the specification of the
coordinate reference point and the location of all critical assets.
This information is contained in an entry COORDINATE-AND-ASSET-DATA.
Then one or more air scenarios (which consist of aircraft tracks)
can be specified. Each air scenario contains records for hostile,
friendly, and other tracks. Thus, for a single configuration, the
HOPADS modeler can create a menu of air scenarios that attack it
(see Figure III-16). The MOPADS user then selects from this menu,
the scenario that he desires to simulate.

Similarly, more than one CRITICAL-ASSET-CONFIGURATION can be
created in the data base, so the user also has a menu of such con-
figurations to choose from. When a simulation is designed, the
MOPADS user vill select the CRITICAL-ASSET-CONFIGURATION aud the
air scenario within the asset configuration that he desires to
simulate.

'.-5. The Control System Module.

Every MOPADS simulation wvil autmatically contain a
system module that does not represent an air defense unit. This
system module, called the Control System Module, is a SAINT model
that drives the air scenario. This mall SAINT model initiates
the tracks at the proper time and simulates their flight paths to
their termination points. It also ;erforms statistics collection
aud information management on all track data.

SThe control system module also ends the simulation at the
time specified by the user. The module consists of six SAINT task
nodes and appropriate FORTFAN support progrms.

.9'
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I - COORDINATE-AND-ASSET-DAT*

ai ceai

Figure *111-15. Data Base Orgsniizatfon of Air Scenario noiao.

At113



CoflFIGURATION

IAI
Ii

SAIR SCENARIO 1 AIR SCENARIO 2 AIR SCENARIO 3

p
5

vigu•w Mee-16. 8ction of Air SenLrios.

* nl-32



IV$ MOPADS PROGRAM IMPLEMENTATION

1-0 iEAINT

The SAINT simulation language needed to be modified to accom-
modate the IIPADS requirement for "run-time configurable" air
defense systems. In other words, it must be possible for the MOPADS
user to specify the number of air defense units to be simulated and
their hierarchical structure. As has been discussed, the logical
issues related to this requirement were resolved by mod-ling the
intercmication among components xs messages which are sent
through the NOPADS data base. At the computer programing level,
however, several issues still needed to be addressed.

Since the H)PAD6 modeler cannot know in advance how many
copies of, say, the IHJ= system module may be required by a MOPADS
user, a softvare scheme is needed to replicate the system modules
an arbitrary nmber of t:aes. SAINT task nodes are numbered (e.k1 .,
1, 2, 3-... ), so that merely duplicating the task networks would
result in duplicate node numbers which are unacceptable to the
SAINT processor. Th. most straightforward approach to this pro-
bles is to develop a preprocessor that would renumber the nodes as
the network duplicates are created. On the surface, this appears
to be an acceptable solution, but it has several drawbacks:

a. Large mounts of computer memory are used for network
storage- Replicating essentially identical information will require
large cempting resources to run MOPADS models.

b. Technical problems result in matching data base informa-
tion (much of which is keyed to individual nodes) to the (now un-
predictable) node number of replicated networks.

C. Complex cross-indexing schemes would have to be
developed for the FORTRAN insert programs that are an tntegral part
of each system module so that it would be possible to know which
coy was being processed at any given time.

d. Problems (b) and (c) above are compounded when more than
one system module type are included in the network.

Using the approach just described would have required a complex
programing activity, complex indexing designs for the data base,

Sand complex program• ng in the FORTRAN inserts. Also, it would
have heavily taxed the computing resources.
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An alternative wchiae Is to modify BA3NT to "share" a single
network representatirn sang multiple realizations of "copies" of
the network (Polito & Walker (1982)). This saves substantial com-
puting resources and allows the saw node numbers to be used for
each cipy. This approach ha, been implemented, and, in fact, the
node numbers for eacbh system module may be selected independcntly
of the node numbers of all other system modules. The programuing
to perform this task was, of course, complex, but this task will
',,t performed kinly one time, and it greatly simplified the design
and programing of virtually all other software modules. In parti-
cular, the development of air defense system modules is made much
simpL-er because: -

a. node numbers may be selected freely without knowledge
of node num'ers used in other system modules,

b. FORTRAN insert programs do not have to cross index
node numbers to determine the copy, and

c. complex cross-indexing of data base information is
not required.

This scheme represents the multiple copies of system modules in an
elegant manner that simplifies model development and substantially
reduces requirements for computing resources.

2-0 MOPADS DATA BASE

The MOPADS software must maintain a great deal of information
about a variety of subjects:

a. data which describes the Air Scenario to be simulated,

b. data which describes the tactical scenario which in-
eludes location and characteristics of air defense
units, the ccomand and control system, and the co-
ordinate reference system, o

c. data which describes the characteristics of the ope •

tors of air defense systems and the environment in
which they function,

d. data which describes the dynamic relationships of
operator tasks, and

e. data which represents statistics collected during
simulations.

All of this information must be maintained in an easily accessed
and edited form, and it must be addressed in a way that permits
multiple data 3ets to co-exist without confusion.

IV-2



The most effective way to accomplish this is with a unified
data management system or a data base. The Data Base Control
System (DBCS) module of the MOPADS software performs this function.

The DBCS is a non-traditional data base manager. However, the
organizatior of the MOPADS data base file most nearly resembles a
hierarchicnJ data base. It is non-traditional in the sense that
rapid access of datum elements is needed during MOPADS simulationp.
The DBCS utilizes a data address that is passed into and out -! the
DBCS which permits rapid access of required data. The addr .. ; pre-
cludes most hierarchical searches in the data base file trý locate
data; thus, it eliminates many disk accesses. Further-:d., the
DBCS dynamically retains the most frequently accessed data (not
merely the most recently accessed) in main memory, so disk reads
are minimized. These features make the DBCS a r,-asonably fast tool
for storage and retrieval of data.

The DBCS is a collection of subprogrrins which any application
program may use to create and manipulate a data base file. The DBCS
has no main program, so it has no stand-alone capability. It was
designed to provide rapid access to data for the MOPADS system. The
DBCS can be used in settings other than MOPADS, because it has no
built in structure that is unique to MOPADS. It does not, however,
have many traditional data base features because of its specialized
target environment. It also liposses a somewhat greater burden on
application programs than other similar data base systems. The
DBCS requires the application program to remember data base address
information which is usecl by the DBCS to implement fast data access.

The DBCS provides capabilities to perform the following func-
tions on data base files:

1. Open/Close DB Files

2. Add/Delete/Rename Directories

3. Add/Delete/Extend/Shorten Data Lists

4. Read/Write Data Lists

5. Set/Change the Data Base Protection ML&de

6. Search Directories for Particular Data Lists or
Directories.

T. Set/Access/Change Labels of Data Lists and Data
Liat Elements

8. Read/Write External Format Data Files for
Portability of Data Base Files

9. Set/Access Various DBMS Options

10. Print Contents of Data Lists and Directories.

IV-3



In order to reduce the nimber of disk accesses, the DBCS
computes an access frequency for each record, and then keeps the
most frequently accessed records in core. Since patterns of record
accessing may change over the life of a data base, an exponentially
smoothed access frequency (SAF) is calculated and used as the basis
for core residence decisions.

Every record in main memory (whether it has been resident for
some time or has Just been read) has a SAP value which is approxi-
mately comparable. In other words, it represents the smoothed access
frequency of the record based upon nearly the same criteria. The
DBCS uses these values to determine which records will have a
tendency to be retained in main memory.

A set of data base application programs (DEAP) have been
written to implement the particular data base used by MOPADS. As
mentioned earlier, DBCS is generic and has no structural elements
that reflect the details of the contents of the MOPADS data base.
The DBAP, however, is specialized to MOPADS and utilizes the DBCS
to manipulate and manage the data. The DMAP provides many high level
data base access functions for the other MOPADS software modiules. A
schematic of the software structure is shown in Figure IV-1. In
particular, DBAP programs are provided for the Human Factors Modera-
tor Functions to access operator characteristics, so the moderator
functions do not need to "know" structural information of how MOPADS
stores data.

PAIN

-Css

Figure IV-1. DCS and MOPADS.
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Examples of M.^B Programs are:

1. Create a MOPADS data base on a new data base file.

2. Copy portions of one MOPADS data base to another.

3. Store/retrieve elements of an operator's state vector.

h. Generate MOPADS error messages related to the data base.

5. Locate all air defense components in a specified
simulation data set.

The DBCS is documented in Polito (1983d). The MAP is
docuaented in Polito (1983e).

3-0 THE MOPADS USER INTERFACE

3-1t Organization of the MOPADS User Interface.

The MOPADS user interface has five subprocesses which
are shown schematically in Figure IV-2. Each of the subprocesses
provides facilities for using and modifying the MOPADS data base.

ib

HSAIN

r iER INTERFACE

Subrocesses:

I - treat@ Simulation Data Set
2 - Set up Simulation ftm Data

3 - Playback Statistics

4 - Crtate/Edit Air Scenario

S - Cre•t/Edit leferuice Systm IObdule

Figure IV-2. Structure of the MOPADS User Interface.
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Thre. of the subprocesses are for use primarily by the MPAD6
user. These are the first three: Create Simulation Data Set,
Set Up Simulation Run Data, and Examine Statistics. The remaining
two subprocesses, Create/Edit Air Scenario and Create/Edit Reference
System Module, are primarily for the use of the MOPADS modeler. The
functions of the subprocesses are:

1. Create Simulation This subprocess allows the MOPADS
Data Set user to specify a command and con-

trol configuration with indivi-
dually edited copies of reference
air defense system modules.

2. Set Up Simulation This subprocess allows the MOPADS
Rim Data user to specify data for a MOPADS

simulation. The user specifies a
simulation data set (previously
constructed with subprocess one
above), selects the air scenario
which will be used, and assigns
critical assets to air defense
units tc be defended.

3. Examine Statistics " This suoprocess allows the user
to review and selectively print
outputq from a MOPADS simulation.

3. Create/Edit This subprocess provides facili-
Air Scenario ties for the MOPADS modeler to

create new air scenarios for the
•.-PADS user to simulate.

5. Create/Edit Reference . This subprocess provides facili-
System Module ties for the MOPADS modeler to

create new system modules for the
use of MOPADS users. This process
allows the menu of available &tr
defense system modules to be
expanded.

Each subprocess is an interactive, command-driven processor.

3-2. Create Simulation Data Set.

Using this subprocess, the MOPADS user can create an air
defense configuration tbat may be simulated. Figure IV-3 shows a
schematic of the data base operations performed in this subprocess.

p.
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CIEATE/9iT SIMULATION DATA SET

REFERENCE SYSTEM MODULE
0-73

INAWI
~SIMULATION DATA SET1

GP 0-73

G-73
A, D A•E I

SAMC HANTG DELETE INSE QUIT REMOVE

Figure IV-3. Data Base Functions of the "Create .,imulation Data
Set" Subprocess.
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The menu of reference system modules is created by MOPADS
modelers using the Create/Edit Reference System Module process.
The result is a set of complete system specifications for anAN/TSQ-73, IHAWK, etc. The reference systemn module contains de-
fault values for all human factors and system parameters.

When using the Create Simulation Data Set, the user issues
commands that cause copies of the reference system module to be
placed in the ccemand and control structure devised by the user.
Thus more than one IHAWK or AN/TSQ-73 may be represented in the
command and control structure. Each of these copies is called a
working air defense system module. The working system modules can
be individually edited to reflect differences in human factors para-
meters or system options.

The commands unique to this subprocess are shown below: p
ADD - Create a new simulation data set

CHANGE - Edit the parameters of a working system module

DELETE - Delete an entire simulation data set and all
of its working system modules

INSERT - Copy a reference system module to a specified
position in the simulation data set

REMOVE Delete a specified working system module and all
of its subordinate units

QUIT - Leave this subprocess of the user interface

Multiple simulation data sets can be created and stored
simultaneously in the MOPADS data base. This provides a capability
to create a menu of air defense configurations that can be simulated.

3-3. Set Up Simulation Run Data.

With this subprocess, the user completes the informa-
tion needed to perform a simulation. Figure IV-4 shows the data
basic operations. An entry called a Tactical Scenario is created
that belongs to a particular Simulation Dato. Set. The user
selects a particular critical asset configurution and air scenario
for that asset configuration. Furthermore, ht. assigns critical .
assets to fire units for defense and specifies certain technical -
parameters such as the start and end times of the simulation. Once .
this information is stored in the data base, it ,.s necessary only
to specify the simulation data set and the tactical scenario
identifiers to MOPADS in order to perform a simulation.

IV-8
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'The camtnds unique to this subproce are:

AM - Create a Tactial kenawo entry a

DEW2 - Delete a Tactical Scenario entry

EDIT - Set/revise paruoeters specified in the
* Tactiecl Scenario entry

t"R - Select a Simulation Dita Bet

WIT - Leave this subprocess

More than oe Tactical Scenario entry may exist in ane Simu-
lation Data Set. Also, the statistics produced by a simulation
are stored in the Tactical Scenario entry, so the output of &
simalstion is always stored with the data specificavion that pro-

duced it.

3-4. kamine Statistics.

This subprocess is used by HOPADS users to previev and
print the results of MOPADS simulations. MSAINT writes row statis-
tical data to the data base after each simulation run. It is

iphysically stored in entries of the Tactical Scenarios. This sub-
process has commands that permit the user to selectively print sta-
tistics. For example, it is possihle to print task node statistics
for a particular IHAWK or for all IHAJKs. Similarly, the user can
print all operator statistics for one Q-73 or operator statistics
for one type (e.g., TD) for all Q-73's.

"The c ands unique to this subprocess are:

"DISPLAY - Print the labels of all Operators and all
Working System Modules.

PRINT - Print statistics.

SHOW - Print the Current Simulation Data Set Number,
Tactical Scenario Number, and Run Number.

USE - Change the Current Simulation Data Set,
Tactical Scenario, and/or Run Number.
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*' 3-5. Create/Edt Air Scenario.

This subprocess i, used by the HOPADS modeler to createh now air scenarios for the HOPArA3 user. Ftgz* ne I-15 is a schematic

of the organizatiou of the dut4 base information for Air Scenario
* data. A Critical Asset Conf L4ration entry contains the basic data

such as the coordinate reference point and the locations of all
critical assets. Then one jr more air scenarios can be createdvith
"reference to this coordinate and asea, system. Each air scenario
my contain tracks classified as hosti'.•., friendly, and other.

Commnds unique to this subprocess are:

A=D-AIR - Creates a nev air scenario entry vith tracks

ADD-ASSETS- Creates a new critical asset configuration tntry

DELTE - Deletes a single air scenario or an entire
Critical Asset Configuration entry

GET - Copies an air scenario or an entire Critical
Asset Configuration from a reference data base
to the working data base.

RIAME - Renames an air scenario or Critical Asset
Configuration

SAVE - Copies an air scenario or an entire Critical
Asset Configuration from the working data base
to a refezence data base.

The user interface contains provisions to maintain reference
type information such as scenario data in a reference data base so
that it is not subject to accidental loss. It can be copied into
working data base files as needed. The GEr and SAVE commands per-
form this function. Use of this subprocess is described in
"Polito (1983a).

3-6. Create/Edit Reference System Module.

This subprocess is %sed by the MOPADS modeler to enter
data for new models of air defense systems into the data base.
Figure IV-5 shoWL uhe organizat:.on of the reference system module
information ir_ the data base. When a new system module is being
created, ar. all of the data have been prepared, then this sub-
process "s used to enter default human factors and system option
param-ters for the module. This effectively increases the menu of
system modules available to the MOPADS user f(,r performing
simulations.
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OEATE/EDIT lEFOICE AIR l FElSE UM MM MODW

* 06 MIrsQ73

AVTSO-73

ETC.

ADD CHANGE DEL.ETE GET QUIT RENAME SAVE USE

• 1.

Figure IV-5. Data. Base organization for the "'Create/Edit
Reference SYsta" Module" Subprocess.
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The commands unique to this ,ubprovess are:

* ADD - Create a noy reference air defense systa modtale

CHANGE - Edit the parameters of a reference system module

DELflE - Delete a reference syJtm module

SGET - Copy a reference system nodule from a reference

data base to the varking data base

SREME - Rename a reference system module

. SAVE - Copy a reference system module from the working
data base to a reference data base

USE - Specify a particular reference systen module
as "current"

* QUIT - Leave the subprocess

Use of this subprocess is described in Polito (1983b).

3-7. Basic Data Base Comnands.

In addition to the commands discussed for each subpro-
* 0cess, there are several basic commands that can be entered from any

subprocess. Those commands provide low level editing or data base
handling services for the user. The basic data base commands are

* discussed belo•.

CLOSE - The CLOSE command will close either the working
"or reference data base. It can be used to
switch to a new data base file.

CURRINT - The CURRENT command will display the label, ID
"or both of the current directory and/or data list

* -. on either data base.

DEPOSIT - DEPOSIT is a low level editing command that allows
any element of the current data list to be
changed. DEPOSIT interactively requests element
num6ers and new values.

DIRECTORY - DIRECTORY shows the contents (all owned direc-
tories and/or data lists) of the current direc-
tory on either data base. It shows the labels,

* - ID's, and directory positions of the contents.
This information is useful for the SELECT
command.
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AXNE - AKn3 will dispnlay selet*ed coatents of the
current data list to the terminal or to the
NOPADS non-interactive output file. If the latter
is selected, the data list label and other infor-
mation vill also be printed.

HW - HELP will print the prompts and options for the
prmpts for the specified comand.

lEWU - NEU has no proupts. It will print all emsands
available in the current subprocess.

OPE - OFP will open a data base file as either the
working or reference data base. OPEN will not
automatically close the current data base. CLOSE
must be used explicitly before OPEN to tch data
base files.

PLIMK - PLINK will change the current direct to the
owner of the directory which was current when

i PLINK u-" issued.

SELECT -SELECT changes the current directory or data list

to one that is owned by the directory that is
current when SELM,. is issued. The desired direc-
tory or data list is selected by specifying mne
"(and only one) of the following: 1 - its directory
position, 2 - its label, or 3 - its ID. This
information is obtained with the DIRECTORY command.

TERMIXATE -TERMINATE has no prompts It will close'all open
data bases and terminate execution. This is the
normal way to end a User Interface session.

3-8. Conversing With the MOPADS User Interface.

The User Interface is primarily a coimmand driven pro-
cessor that waits for the user to issue instructions. It does,
however, have aspects of menu driven systems in that some commands

* result in menus being presented to the user. Also, the command
p rocessor (FFSP described in Goodin & Polito (1983a))permits menu-like
presentations of co-mands.

The regular mode for entering co ands is shown below.

-r* connand,promptl=responsel/prompt2=response2/...

Iiv.14
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Mhe comands and proupts are keyvords recognized by NOPADS. The
responses are particular values for the prompts. For exmple,
consider this:

OPUi ,YFID-NPADS. DEF/STATUSaOLD

OPEU Is the comand. FILE and STATUS are prompts recognized by
)(PADS and 3OPAD6.DBF and OLD are values for the prcspt .

Certain prompts for a cimand m7y have default values that
will be used if the prompt is not entered. In the ezxple above,
another prompt, DB, specifies vhich data base is to be associated
with the file. Its default is WOKIG, so by not entering it on the
command line, WORKIMG is automatically selected. If the default
value is not desired, then the prompt must be explicitly entered on
the mmand line.

If the user fails to enter responses to all required prompts,
MOPADS will interactively prompt for them. For example,

OPDI,STATUS-OLD

FILE(NO DEFAULT] a HOPADS.DBF

While processing the OPEN command, MOPADS found that the required
prcmpt, FILE, was not entered. It printed "FILE(NO DEFAULT]". to
prompt the user for a response. If the last non-blank character on
a comand line is a dash (-), MOPADS will interactively prompt for
all unentered prompts, even those with defaults. For example,

OPEN, STATUS=OLD -

DB [WORKING] - REFERENCE
'4

FILE[NO DEFAULT] * MOPADS.DBF

The dash caused "DB [WORKING] =" to be printed. The value between
"the brackets is the default for the prompt. The default caui be
selected by typing "DEF" as the response. DEF can also be entered
on the command line; e.g.,

OPEN, DB=DEF/STATUS=OLD/FILE=MOPADS .DBF

r

The above demonstrates that the prompt-response groups can be
entered in any order.

P

" ~IV-15



Also, a cmmand can be cancelled at any time j typing "CAXC"
as a resp"ws or a prompt. For exw ple,

OPEN ,CANC

OPIX, FIrLD-CANC

Note that DV7 and CANC are essentially reserved words. The user
interface treats coma, blanks, and equal signs as interchange-
able separators. Also, multiple separators are treated as a single
separator. This means that the coeias in the previous ixanples
could be replaced by any combination of one or more blanks and
cmmas. The same is true of the equal signs, but their use is
recommended to make the command lines easy to read. The slashes are
required separators between prompt-response groups, but they can
be preceded or folloved by blanks or comas.

A response may include separators (i.e., commas, blanks,
equal signs, and slashes) if it is enclosed in quote marks (").
For example, on some computers file names contain embedded blanks,
e.g.,

OPEN FILE-"NOPADS DBF"

Without the quote marks above, MOPADS will consider MOPADS 3F as
two responses when only one is desired. (NOTE: A single prompt
may have more than one response if the programmer specified it that
way. In such a case, each response would be separated by a blank
or comma. In the case above, however, where a single response is
required, the quote marks must be used to embed the blank in the
response.)

Any response may be enclosed in quotes, although there is no
advantage in doing so unless a separator is to be embedded. Blank
responses can be entered with " " where at least one blank appears
between the quotes.

A generalization of entering only some of the prompts is to
enter only the command name:

OPEN

DS [WORKING] =DEF

FILE [NO DEFAULT] =MOPADS. DBF

STATUS [OLD] =DEF
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The User Interface will prompt for an1 responses. This method can
be selected if the user does not remember the pronpts.

For comands vhich the user issues frequently, a concise mode
can be selected by preceding the coumand with "C-.. In this case,
the prompt- part of the syntax may be omitted. For exmp'.e,

C-OPZ DEF/I(PADS .1

Responses must be entered in the same order as they are prompted in
the cosmand-name-only form. No response my be skipped, except that
if all remaining responses have defaults and the defaults are
desired, then the command line may be terminated (e.g., the STATUS
response was omitted above since OLD was desired). The dash works
in the concise mode in the same way as in other modes.

The following rules viii formalize the previous discussion of
how syntax is processed by FFSP.

1. The comand-name-only form of a command may be used at
any time by typing only the command name.

2. Blank responses and responses containing separators may
be entered by enclosing them in quotes. To enter a
blank response,type " " (including the quotes). At
least one blank must be entered between the quote marks.

3. A command may be cancelled at any time by typing CANC
for any prompt or response. You can not abbreviate CAOIC.

4. The usef my elect to use the default value(s) by
typing DEF for any response in a response list up to one
field past the last response in the list.

5. Slashes (M) must be used to separate one prompt-response
group from another. Blanks or commas may be used to
separate all other fields. The equal sign should be
used to separate prempts from their responses; however,
it is not required.

6. Command and prompt names may be abbreviated to any non-
ambiguous string of characters. For example, if there
are two commands, DESIGN and DESCRIBE, they can be
abbreviated DESI and DESC respectively. The commands
may be abbreviated in longer forms. For example, the
user may enter DESC, DESCR, DESCRI, DESCRIB, or DESCRIBE
for the command DESCRIBE.

7. If a command line in regular or concise mode is ended
with more than one dash, the last dash will signify to
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the system to prompt the user for all the umentered
responses. Other dashes vill then be considered as
part of a response.

8. Any multiple combination of commas and blanks is treated
as a single separator. For exmple,

NAME a BILL WOLF and NAME BILL ,WOL

are equivalent (here the response is a list of two
character strings).

9. If the user enters an incorrect response or misues the
syntax, FFSP viii explain the error and prompt inter-
actively for all remaining responses.

10. Concise mode is signified by preceding the comand name
vith "C-" (without the quotes).

The user interface is designed to be easy to use and to
support novice, intermediate, and expert users. The HELP and MENU
commands and the command-name-only form provide extensive help for
novice users. Conversely, the concise mode allows frequently used
coands to be entered without excessive typing. Furthermore, the
ability to use abbreviations for comands and prompts permits
experienced users to reduce typing effort in even the regular mode.
Examples of User Interfare co=nand3 and terminal sessions are given
in Pelito (1983a,b).

4-0 UTILITuIS AND SUPPORTING SOFTWARE

4-1. WOPADS Utilities.

A set of utility programs have been developed to support
the rest of the MOPADS software (Polito & Coodin, 1983). These
programs provide standard services in loading and copying arrays,
managing auxiliary array storage, opening tiles, and encoding/
decoding character strings in a machine independent scheme. These
low level services are used by virtually all other MOPADS software
modules.

4-2. FFSP and FFIN2.

Two software modules are used to provide interactive
terminal functions for the user interface. FFIN2(Polito, 19 8 3c) is a
set of format free input programs that predate MOPADS. FFIN2 pro-
vides extensive error checking for input entered from the terminal,
and it protects the user from abnormal termination due to mistyping.
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"FFSP (Free Fobrat Syntax Process) uses FF1N2 to erpret the
synta of the user interface described in Section -,- abbve. The
"FFSP is general in nature in that is it entirelydata driven. Thb.s
allovs the set of coands nov recognized by MOPADS to bý expandea
easily if the need requires. Indeed, FFSP can be used to interpret
comads in a setting entirely ra ved from MOPADS.

All form, content, and uyntax error checking is performed at
the lovest level ia FFI7 2 or FFSP. This relieves the us r inter-
face software which implements the ccmnands from the cho~e of per-
forming these checks for each separate comand type. The user
interface programs can avoid duplication end concentrate an detec-
tion errors in meaning rather than form.
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V. GUIDE TO MOPADS DOCUMENTATION

S1.-0 HOPADS VOLUME 1

This report comprises MOPALX3 Volumze 1.1. It is the final
report for the project and provrides an intiLvduction to the
concepts used in MOPADS. Subsequent MOPADS volumes contain user
and refernece material for the MOPADS modeler.

1-1. Volume 1 Contents.

Volume Title and Descrittion,

1.1 MOPADS Final Report

This report describes, in a
non-technical manner, the .
MOPADS modeling system and
the MOPADS software. The
methodology is described
and a simplified description

of the software implementation i.
is given..,

2"-0 MOPADS VOLUME '4

There are no documents in MOPADS Volume 22.

/A
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3-o HOPADS 10LUM0 3

mOPADS Volume 3 contains reports that provide user doctlenta-
tion. They are war latory reading fur individuals Who Vill de-ign,
perform, and analyze, simulations using MOPADS. These documents
provide sufficient information for a MOPADS user to exercise the
models that exist in MOPADS.

3-1. Volume 3 Contents.

Volume Title and'Description

3.1 User Guide for the AN/TSQ-73
System Module

This document describes the AN/
TSQ-73 model. It provides infor-
mation required by a MOPADS user
such as a) the number and type
of operators, b) the default
human factors and system para-
meters, c) the operator goals, d)
other data requirements, and 3) a
discussion of the implementation.

3.2 User Guide for the IRAWK System
ModAle

This document is analogous to
Volume 3.1 except for the IRAWK
system.

3.3 Performing MOPADS Simulations

This document contains user in-
structions on how to use the
MOPADS User Interface to set up
and perform MOPADS simulations.
It also contains information on
analyzing the outputs from simu-
lation. It's intended audience
is the MOPADS user.

4-0 MOPADS VOLUME 14

MOPADS Volume 4 is a collection of documents for the MOPADS
modeler who will design and develop MOPADS models of new air defense ,
systems and integrate them with the rest of the MOPADS system.
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4-1. Vo.lume 4 Contents.

Volume Title aw.4 Description

4.1 MOPADS Architecture Manual

This do,.ument contains a descrip-
tion of the modeling framework
and the software structure of
MOPADS. It is prerequisite
reading for the MOPADS modeler.

4.2 FORTRAN Style and Documentation
Requirements

All new FORTRAN code written for
the MOPADS project has been
written following the standards
specified in this document. It
is reconmended that kll follow-on
developments also use this
standard.

4.3 Documentation Requirements and
Development Guidelines for MOPADS
Air Defense System Modules

This document describes the docu-
mentation procedures that have been
used to develop the AN/TSQ-73 and
IHAWK system modules. It is
recmmended that the procedures in
tLis report be used for all follow-
on developments also.

4.4 Development Methodology for MOPADS I
Air Defense

This document describes a step-by-
step methodology for developing
air defense system modules. It has
been used for the AN/TSQ-73 and
IHAWK system modules. It is
recommended that these procedures
be used in all follow-on
developments.

4.5 MSAINT User's Guide: Changes and
Additions to the SAINT User's
Manual
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TA.i• document describes changes
mad.! to the SAINT simulation
lnuV~nge to support MPADS. It
id written as a supplement and
addendum to existing SAINT docu-
menta.-ion. Therefore, the reader
must be fmLimliar with the SAINT
language.

Creadnp Reference Air Defense
System Yzdules

This document describes the pro-
cedures for using the MOPADS user
interface to enter data for a new
air defense system module into the
MOPADS data base.

14.7 Creating MOPADS Air Scenarios

This document describes the pro-
cedures for using the MOPADS user
interfrce to enter new air scenario
and critical asset configuration
data into the MOPADS data base.

;.1*

5-0 MOPADS VOLUME 5

MOPADS Volume 5 is a collection of reference documents that
describe the methodology and software modules of MOPAID. They are
intended as reference reports of primary interest to the MOPADS
modeler, although MOPADS users may find some of them interesting.

*'i 5-1. Volume 5 Contents.

Volume Title and Description

5.1 A Summary of the Literature on
Quantitative Human Performance
"Models

This document contains summary
sheets of the literature search
conducted of the human perfor-
mance literature for MOPADS. It
is comprised primarily of raw
data used for the data base
described in Volume 5.2.

5.2 A Data Base for Quantitative
Human Performance Modeling
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This document describes s, ccpu-
terized system for organizing theI information described in Volume
5.1 and the use of the computer
program to identify relevant
literature to develop the MOPADS
skills taxonomy.

5.3 Selected Operator Functions and
Tasks for the AN/TSQ-73 Missile
Minder

This working document contains raw
task flow chart data extracted from
AN/TSQ-73 system documentation.

5.4 Selected Operator Functions and
Tasks for the Improved HAWK
Missile Battery

This document is analogous to
Volume 5.3 except for the IRAWK.

5.5 The Underlying Person Model Behind
HOMO (Human Operator Model)

This document describes the skill
taxoncmy for modeling air defense
operators.

5.6 HOMO Establishment of Performance
Criteria for Non-Decision Making
Tasks

This document describes the
moderator function approach
developed for MOPADS, and the way
in which task times are moderated
by breaking tasks down into com-
"ponent skills.

5.7 MOPADS Task Sequencing Structure

This document describes the metho-
dology used for o,,erator task
sequencing. Operators are repre-
sented in MOPADS as goal seekers.
This report describes the proce-
dures used to model the goal
seeking behavior.

Vv-
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5.8 PADS ro eatation Style ManualI
This repor-t ds3cribca the documen-
cation st:*le used fe~r writing andS~tyn.ia MOrADG reltxes..I

5.9 MOPAA)S Ut•.iity Programs

This eeport o•-•umtnts the MOPADS
sonftvare uodille W7IL vh' ch con-
tains gencral prcgrvu utilities.

5.10 Humn Factors !%oderator Functions

This 'epo--%, docunrents the MOPAD6
software module which implements
the human factors moderator
functions.

5.11 MOPADS Free-Format .Syntex Pro-
cesnor (iOPADS/FFSP)

d This report docwuents the MOPADS
softvace module wihch interprets
the MOPADS user- inte.Tface omoand
syntax.

5.12 MOPADS User Interface (MOPADS/UI)

A This report documents the MOPADS
software module that implements
the user interface.

5.13 The MOPADS Data Base Control9 System (MOrADS/DBCS)

SThis report documents the MOPADS
'[ software module that manipulates

the MOPADS data base file.

r5.1h MOPADS Free-Format Input
Program (MOPADS/FFIN2)

This report documents the MOPADS
software module that perfo'rms low
level format free input for FFSP
"(see Volume 5.11) and the user
interface.

"5.15 Documentation Manual for the
AN/TSQ-73 System Module
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This report contains detailed docu-
mentation of the AN/TSQ-73 system
module. Complete SAINT subnetworks
for each operator task are shown
with cross references between
SAIMT task node numbers, operator
task numbers, and references to
Army documentation. Also, all
SAINT user FORTRAN inserts are
documented.

5.16 Documentation Manual for the IHAWK
System Module

This document is analogous to
Volume 5.15 except for the IHAWK
system module.

5.11 The 140PADS Data Base

This report specifies the contents
and format of the MOPADS data base
file.

5.18 The MJPADS Data Base Application
Programs (MOPADS/PEAP)

This report documents the MOPADS
software module that contains
utilities that interact with the
MOPADS data base through the DBCS
(Volume 5.13).

5.19 Documentation Manual for the MOPADS
Control Module (MOPADS/CNTEL) and
The MOPADS Common System Module
Module Programs (MOPADS/CSMP).

This document is analogous to
Volumes 5.15 and 5.16 for a system
module called the Control System
Module. This module is not an
air defense system module. Rather
it is a special SAINT subnetwork
which manages aircraft tracks and
drives the software that updrtes
track position and ATDL information.
In addition, ceretain programs coamion
to all system modules are documented.
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XOPADS Terminology

AIR DEFENSE SYSTEM A component of Air Defeuse which includes
. equipment and operators and for which

technical and tactical training arerequir-!d.
Examples are IhAWK and the AN/TSC-73.

/ AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE (ADSM) characteristics for Air Defense Systems in

d .the MOPADS software. Tht.se models are pre-"* ppared with the SAI11T simulation language.
Air Defense System Modules include the
SAINT model and all data needed to corn-

* pletely define task element times, task
sequencing requirements, and human factors
influences.

n AIR SCENARIO A spatial and temporal record of aerial
activities and characterisnics of an air
defense battle. The Air Scenario includ.s
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
also Tactical Sc.enario.

BRANCHING A term used in the SAINT simulation lang-
uage'to mean the process by which TASK nodes
are sequenced. At the completion of the

S 'i'A aimulated activity at a TASK node, the
Branching from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOPADS software which
SYSTEM performs all direct communication with the

MOPADS Data Basa. All informaticn transfer
to and from the data base is performed by
invoking the subprograms which make u ) the
Data Base Control System.

DATA SOURCE A specialist in obtaining and interpreting
" SPECIALIST Arvy documentation and other data needed to

* "prepare Air Defense System Modules.
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ENVIRONMENTAL An element of an Environmental State
STATE VARIABLE Vector.

ENVIRONMENTAL An array of values representing conditions

STATE VECTOR or characteristics that may affect more

than one operator. Elements of Envirom=en-
ta.l State Vectors may change dynamically
during a MOPADS simulation to represent
changes in the environment conditions.

"MODERATOR FUNCTION A mathematical/logicel relationship which
alters the nominal time to perform an opera-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability to perform the
activity based on the Operator's StateVector.

MDPADS DATA BASE A computerized data base designed specifl-
cal3y to support the MOPADS soft-wrare. The
.MOPADS Data Base contains Simulation Data
"Set(s). It communicates interactively with
MOPADS Users during pre- and post-run data
specification and dynamically with the SAIVT
software during simulation.

"MOPADS MODELER An analyst who will develop Air Defense
System Modules and =o&ify/-'evelop the
MOPADS software system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

MSAINT The variant of SAINT used i-A the MOPADS
* (MOPADS/SAINT) system. The standard version of SAINT has

been modified for MOPADS to permit share-
able subnetworks and more sonhisticated
interrupts. The terms SAINT and YSAINT are
used interchangeably when no confusion will
result. See also, SAINT.
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OPERATOR STATE One element of an ator State V( ctor.
VARIABLE

OPEqATOR STATE ,n arrsy of values re resenting tht co-ldi-
VECTOR tion and ch-racteriet.es of an operatcr of

an Air Defense System. Many values of the

Operator State Vectoý ill chmn~edynamical'1ty
during the course of a MOPADS simulation tj
represent changes in operator condition.

OPERATOR TASK An operator activity lidentifiete. duringveapons system froat end analyses.

"SAINT The underlying cmputer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SALT is an acronyM
f.3r Systems Analysis of Integrated Netvorks
of.Tasks. It is a well documented language
designed specifically to represent human
"factors aspects of man/machine systems.
See also J4SAIN1T.

SIMULATION DATA SET The Tactical Scenario plus all required
simulation initialization aud ,ther experi-

.men:tal data needed to perform a MOPADS
simulation.

t SIMULATION STATE At any instant in time of a NOPADS siXula-
.I tion the Simulation State is the set of

values of all variables in the MOPADS soft-
ware and the MOPALS Data Base.

- SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of
critical assets and the air defense con-
figuration (n=iber, type and location of
"vearjns and the co-and and control system).
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TACTICAL SCENARIO An element of a Tactical Scenario, e.g.,
COMPONENT if a Tactical Scenario contains several

Q-T3's, each one is a Tactical Scenario
Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when
grovped appropriately, make up operator
tasks. Tay~k elements are usually repre-
sented by siiile SAINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used in the SAINT simula-
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUEN CING A mathematical/logical relationship which
MDDERATOR selects the next Operator Task which an
FUNCTION operator will perform. The selection is

based upon operator goal seeking character-
, istics.

Additional Terminology and Abbreviations

BN Battalion

Q-73 AN/TSQ-73

TD Tactical Director
TDA Tactical Director Assistant

TDI. TD2 The operator of a Battalion AN/TSQ-73

A-8



-), INTRODUCTION

1-D PURPOSE

Th1is document is a user manual for the AN/TSQ-T3 aystem module.
I It contains details of tho implementation of the MOPADS model of the

AN/TSQ-73 systei. This information is found nowhere else in the
lo, MOPADS documentation. Actually, two system modules exist for the

AN/TS"Q-73: one for Battalion operators and one for Group operators.
Both are described in this report.

*. The contents of the operator state vectors, environmental state
vectors, and task data are given in this report. Section II contains
a brief description of the AN/TSQ-T3 system. Section III presents
the contents of the operator state vectors. The. environmental state
vector is described in Section IV. The operator tasks and task
sequencing assumptions are given in Section V. Finally, Section VI
describes assumptions used in developing the module.

2-0 INTENDED AUDIEICE

MOPADS users and MOPADS modelers should read this report. The
language and level of detail used in the discussion is oriented to
the MOPADS user, however. Programming and implementation details
are not included here. This information is discussed in detail in
.. flPADS volumes four and five.

3-0 OTHER READING

The reader is presumed to be familiar with the MOPADS sy3tem.
This implies that he/she should have read the final reort, Polito
& Laughery 1983, prior to reading this document. In addition, the
reader should be familiar with the main MOPADS user manual, Polito
(1983a). More technical data on the AN/TSQ-73 system module is
found in Goodin & Walker 1983.

*A.-
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II, SYSTEM DESCRIPTION

The AN/TSQ-73 (Q-73) is the command center for all the air
defense systems in MOPADS. The primary mission is to protect vital
assets such as ai~rfield., and am-inition supply centers from enemy
air attacks. The Q-73 performs this mission by controlling various
fire units so that the missior is carried out effectively and as
efficiently as possible. The Q-T3 has the ability to detect, iden-
tify, track and direct engagements against aircraft flying at
various altitudes.

MOPADS can represent two echelons of command in the Q-73's.
The highest level is the Group Q-73 which may control cne or more
Battalion Q-73's. The Battalion Q-73 may havze several IHAWK fire

* "units under its control. The Group Q-73's serve as checks on the
actions of the Battalion Q-73's so that two Battalion do not engage
the same aircraft.

During an air scenario the Battalion Q-73 will work with its
fire units in detecting and identifying aircraft. The Battalino
may assign the aircraft to different fire sections depending on
which one is the most capable of handling the engagement. The
Battalion will always have the final word on whether or not to fire
at a target it assigned to a fire section.

There are two operators manning the Group and Battalion Q-73.
The MOPADS Q-73 system modules represent these operators. The
operators are described in the following forms. On the forms the
MOPADS operator type is shown in the column labeled OPERATOR NUMBER,
and the MOPADS label for each operator is shown in parentheses in
the column labeled OPERATOR TITLE.

A1
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SIII. OPERATOR DATA

1-0 TACTICAL DIRECTOR (TD)

1-1. Human Factors Parameters.

Table 111-1 shows the deftult values for the himan factors
parameters of the Battalion Tactical Director (TD). This data is
part of the operator state vector for the TD. Discussions of these

Svariables are contained in Poiito & L 'w her7 1983. Laughery 1983,
&Polito (1983b).

The last elements of this list, X-SCREEN-CENT, Y-SCREEN-
CE , and SCREEN-RANGE, are set when the system module is copied
into a command and control configuration.

.1

Table III-1. TD Einan Factors Parameters,

"37*00000 CORE-TEMPERATURE
.1.000000 CIO-VALUE
0.O)000000E+00 TIME-ON-TASK
CO000000E+00 DAYS-OF-DUTY

16.00000 SEARCH-DIMENSIONS
0.O000000E+00 NUMBER-FIRE-UNITS

100.0000 PERCENTAGE-RECOVERY
8.0S0000 PREVIOUS-WORK
16.00000 PREVIOUS-REST

0.O010000E+00 FLASH-INTENSITY
O.OOOOOOOE+00 TARGET-SPEED
5700000 TARGET-TYPE

. OOOOOOOE+00 TARGET-SIZE
"6.000000 TARGET-COLOR
360.0000 SEARCH-AREA
O,000000E+00 BINOCULAR-USAGE

0.0000000E400 SLANT-RANGE-TO-TARGET
0.O000000E+O0 TARGET-TRAJECTORY

10000000 TARGET-BAKGRND-COMPLEXITY
0.OOOOOOOE+00 NUM-BACKGROUND-CHARACTERS
0.•000000E+00 MESSAGE-BACKLOG

5.000000 SIGNALS-PER-MINUTE
40.00000 HOURS-WORKED-PER-WEEK

0.0000000E+00 DAYS-WITHOUT-SLEEP
0O°000000E+00 DAYS-OF-NIGHT-DUTY

"1.000000 SIMULTANEOUS-TASKS
1.000000 CONTRAST-RATIO
8.000000 AVE-HOURS-BLEEP
1o000000 OBJECTIVE-FUNCTION
6.000000 GOALS-CONSIDERED
1.000000 TARGET-BRIGHTNESS
2.000000 NIGHTS
1.000000 SKY-GROUND-RATIO

0.O000000E+00 AIRCRAFT-ALTITUDE
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Table 111-1 (continued)

44)00000 METEOROLOGICAL-RANGE
1.1P00000 THRESHOLD-CONTRAST

0.2P80000E-01 TARGET-HEIGHT
0,2080000E-01 TARGET-WIDTH
0.0000000E+00 TARGET-DEPTH
OOOOOOOOE+00 HORIZONTAL-RANGE

1o100000 RUM-OF-RESOLUTION-ELEM
1 00000 NUM-OF-SUSPECT-AREAS

O.0OOOOOOE+00 AIRCRAFT-SPEED
360.0000 FIELD-OF-VIEW
0 00000E+00 OBSERVER-OFFSET
00OOOOOOE+00 UNUSED

5.000000 DISPLAY-TARGET-LOCATION
O.OOOOOOOE+00 TARGET-LOCATION.

800.0000 DISPLAY-RESOLUTION
0 05 OOOOOE-01 DISPLAY-BACKGROUND-HEIGHT
0#5000000E-01 DISPLAY-BACKGROUND-WIDTH
0.50000OOE-01 DISPLAY-BACKGROUND-DEPTH
1.330000 DISTANCE-TO-DISPLAY
1.000000 DISPLAY-HEIGHT
1*000000 DISPLAY-WIDTH
10400000 TARGET-NOISE-LEVEL
1 000000 .TARGET-DURATION

201,00000 EXPERIENCE
0.1000000 SIGNAL-PROBABILITY
1.000000 REST-PERIODS

So.O0080OE÷O0 TASK-ERROR-FACTOR
,O000000E÷O0 TASK-ELEMENT-ERROR-FACTOR

0.0000000E+O0 DAYS-SINCE-PRACTICE
1.000000 SENSE-OF-DIRECTION
20.00000 SKIN-TEMPERATURE
240.0000 TIME-IN-TEMPERATURE
20.00000 PREVIOUS-SKIN-TEMPERATURE.

-9999.000 X-SCREEN-CENTER
-9999.000 Y-SCREEN-CENTER
-9999.000 SCREEN-RANGE

1-2. Goals, Goal Priority Functions, and Objective Parameters.

There are eight goals defined for the AN/TSQ-73 operators.
Figure III-I explains the goals and the goal states. Not all oper-
ators have all goals. The TD has goals 1, 2, 3, 6, 7, and 8.

Goals one and two reflect the operator's desires to protect
himself and defend the critical assets. For the TD, the critical
assets that he is trying to protect are those assigned to his fire
units.

Each Track is evaluated to calculate its time to arrive at the
AN/TSQ-73 location and at each of the protected sites. The minimum
of these times is the track's threat. Thus, the most threatening
track I-as the smallest value for its threat. Goal three motivates
the TD to atf-ck enemy aircraft even if they do not pose an imme-
diate high threat.

A-14



11 74 H 0

1 0. 0 It

* 0 041 0

4- 4,1 *4 toV 4 W4

-Hk ýU4 1 $4' .14 V
O4)4-at 0 w1

3W 0 W .~0 $4 V U)
Dt 44l m

~~0 +3 'C.4 -U) .*4

4) 4) 90 b904J 4)4)

0; 4 1 0 A4 1 U

~~4 0 0 cca t H w c-

-H 0 4- $40 $4 +3 k
cc~U 41 01 M14 441 41 U

.0 +) 0)4

.41 4 0 14 01

* ) -4i.. Il

* 41'. 4) 41-Hj Il

*~a ~~ 4  )1 us

4-1 4J 4)-

rq4- 4)

0 -P -H

4.) 4.) (D 4

-, 4 ~ 4) -U 0~ - aý I $4

-a VH4~ ) $4o 0t0o 0

0) m 43 -H
4)04 U) +). H* r.* 04 -

Na '0 ' 3v k
kI) C 4.) E4)

$442 -H 4 ý4 ;4 9
-A4 03 c,4U t) a)04 6 $

0~U *0 4$4X:4)1 P
41AI 01a. . 0-

4 U aUd44

*4-1 4) t- '

+) 4-)U

40 N) to$ 0 U)*i2\

*1 ' 0 40

HI - a ta I~

A-1-4



bo .5

S N
* I

g 14 a I

, 0 0 I

LS I >

, +)U

.,-4 I

0 0~ (v k

H 4 M I*4

-' • ,w ~- at- 5.3
o -- I ) 14 S

*j 00ý 4 .) 5 -i

" ed bo V. ' .

0 I

h.US

=.,, .. .

-'I 4.)4 W ..

14 S

too

-IS 0 0J . .I I

• .I I IWS~-

4-I

XQ) u 6 "-I

0f+ .rv a) US\

to cli

rX4•
A-165



Goals four and five cause the TDA to initiate and identify
tracks. Goal six will motivate the TD to prevent more tLa one of
his fire units from simultaneously engaging the same track. Goal
seven causes the operators to respond to communications irom within
their own unit and from other units. Goal eight will caitse engage-
ments against friendly aircraft to be terminated. The situation can
arise if a friendly track appears to be a high threat befor e it can
b! identified.

Goal priority functions must be specified fur the goals which
specify how the goal priority changes with differir3 values o' the
goal states. As discussed in Polito & Laughery i•5. and Polito
(1983c), this is done by specifying two points on the goal priority
function above and below the range of satisfaction. This data for
the TD is shown in Figure 111-2.

Table 111-2 ahows how this data appears in the operator state
vector. Each goal is represented by 15 values. The first of
which is the goal number. If this nukber is negative
then the operator does not have that goal. The data shown in
Figure 111-2 is given in the elements LITTLE-M, BIG-M, and elements
GOAL-STATE-LOW-l through PRIORITY-HIGH-2. The values of LITTLE-A,
LITTLE-B, BIG-A, and BIG-B are calculated. See Polito (1983a) for
warnings on changing these numbers. Infinity is represented in the
operator state vector by the number 1010.

Objective function parameters for the TD are contained in his
operator state vector, Table III-1. The objeftive function is speci-
fied as V'one" which means that the TCO selects the task which offers
the greatest improvement in his goal state. If objective function
two is specified, the TCO attempts to obtain the greatest goal
improvement per unit time. Finally, the TD considers all of his
goals when selecting his next task (i.e., GOALS-CONSIDEM is six).

Table 111-2. TD Goal Priority Function Parameters.

1,000000 GOAL
90.00000 LITTLE-M

0.1000000E+11 BIG-M
0,9290031E-30 LITTLE-A

15*93882 LITTLE-B
O.OOOOOOOE+O0 BIG-A
O.OOOOOOOE+O0 BIG-B

1 • 500000 GOAL-STATE--LOW-1
10.00000 PRIORITY-LOW-1
10.00000 GOAL-STATE-LOW-2
2.000000 PRIORITY-LOW-2

0.O000000E+00 GOAL-STATE-HIGH-1
0.0000000E+00 PRIORITY-HIGH-1
O.O000000E+O0 GOAL-STATE-HIGH-2
O.OOOOOOOE+00 PRIORITY-HIGH-2
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Table 111-2 (continued)

2.000000 GOAL
90.00000 LITTLE-M

0.1000000E+1i BIG-ti
0,8003029E-31 LITTLE-A
16,47427 LITTLE-B

0.0000000E400 BIG-A
0.OOOOOOOE+00 DIG-BFL
1 *500000 GOAL-STATE-LOW-i
9.500000 PRIORITY-LOW-i
10.00000 GOAL-STATE-LOW-2
1.800000 PRIORITY-LOW-2

0.OOOOOOOE+00 GOAL-STATE-HIGH-i
0#0000000E+00 PRIORITY-HIGH-I
0#0000000E+00 GOAL-STATE-HIGH-2
0.OOOOOOOE+00 PRIORITY-HIGH-2
3.000000 GOAL

-0#1000000E+11 L.LTTLE-ti
0.OOOOOOOE+00 BIG-ti
0.OOOOOOOE+00 LITTLE-A
0.0000000E+00 LITTLE-B
2.000000 BIG-A

0.7195524E-02 BIG-B
0.OOOOOOOE+00 GOAL-STATE-LOU-i
0,0000000E+00 PRIORITY-LOW-i
0.OOOOOOOE+00 GOAL-STATE-LOW-2
0.OOOOOOOE+00 PRIORTTY-LO'J-2
1.000000 GOAL-STATE-IHIGH-1
2.000000 PRIOiRITY-HIGH-i
2.000000 GOAL-STATE-HIGH-2
2.010000 PRIORITY-HIGH-2

0.OOOOOOOE+00 PRIORITY-LOW-i
0.0000000Eý00 GOAL-STATE-LCW-2
0*0000000E+00 PRIORITY-LOW-2
0.OOOOOOOE+0) GOAL-STATE-HIGH-I
0#0000000E+00 PRIORITY-HIGH-i
0*OOOOOOOE+00 GOAL-STATE-HIGH-2

0.QOOOE+00 PRTflUTY-HIGH-2
6.8000"000 GOAL

-0.iOOOOOOE+ii LITTLE-N
0.0000000E+00 BIG-ti
0#0000000E+00 LITTLE-A
0#0000000E+00 LITTLE-B.
2.500000 BIG-A

0.1659562 BIG-B r
0.OOOOOOOE+00 GOAL-STATE-LOW-i
0#0000000E+00 PRIORITY-LOW-i
0.OOOOQOOOE+00 GOAL-STATE-LOIJ-2
0eOOOOOOOE+00 PRIORITY-LOW-2
1.000000 GOAL-STATE-HIGH-i
2.5003000 PRIORITY-HIGH-i
3.000000 GOAL-STATE-HIGH-2
3.000000 PRIORITY-HIGH-2
7.000000 GOAL -

0#0000000E+00 LITTLE-N
0.OOOOOOOE+00 PIG-ti

1.000000 LITTLE-A
1.000000 LITTLE-B
1.000000 BIG-A
1.000000 BIG-B

-i10000000 GOAL-STATE-LOW-i
1.000000 PRIORITY-LOW-I

-2e000000 GOAL-STATE-LOW-2
2,000000' PRIORITY-LOW-2
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Table 111-2 (continued)

1.000000 GOAL-STATE-HIGH-1
1.000000 PRIORITY-HIGH-1
2.000000 GOAL-STATE-HIGH-2
2.000000 PRIORITY-HIGH-2
8.000000 GOAL

-0.1000000E+11 LITTLE-M
O.O000000E+00 BIG-l
O.OOOOOOOE+00 LITTLE-A
0.OOOOOOOE+00 LITTLE-B

9.000000 BIG-A-
0,1602134E-02 BIG-B
O.OOOOOOOE+00 GOAL-STATE-LOW-1
0.OOOOOOOE+00 PRIORITY-LOW-1
0o0000000E+00 GOAL-STATE-LOW-2
0.OOOOOOOE+00 PRIORITY-LOW-2

1.000000 GOAL-STATE-HIGH-1
9.000000 PRIORITY-HIGH-1
•.000000 GOAL-STATE-HIGH-2

s.010000 PRIORITY-HIGH-2

1-3. Display Data.

Table 111-3 is the display data for the TD. The first
L element is the currently hooked item if one exists. The other

"elements are explained below.

VECTORS (0 - no vectors, 1 - velocity vectors on, 2 - Time
to go vectors on)

I SCRE-ALPHA (0 - Off, 1 - On)

ENGAGL11T-MAR1kS (0 - Of-, 1 - On)

PAIRING-LINES (0 - Off, 1 - On)

l"MAP (0 - Off, I - On)

SCREEN-RANGE (default is 100 nautical miles)

Tatle 111-3. TD Displey Data.

.ObOOOOOOOE+0O HOOKED-rTEM
1.000000 VECTORS

0,000OOO0E+00 SCREEN-ALPHA
10000000 ENGAGEMENT-MARKERS
"1,000000 PAIRING-LINES
"1.000000 MAP

S100.0000 SCREEN-RANGE
-9979.000 SCREEN-X
-9999.000 SCREEN-Y

OO000000E+00 UNUSED.
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The coordinates of the center of the screen &re not specified
=.t .1 the system module is copied into a comand and control cen-
figuration. At that time, the user may specify the positikn of the
center of the TD's viewing area. If the user fails to tpeify thisdata (by editing the operator state vector), then MOPADS will set
it equal to the position of the AN/TSQ-T3.

2-0 TACTICAL DIRECTOR ASSISTANT (TDA)

2-1. H=an Factors Parameters.

oil Table 111-4 contains the human factors parameters for the
Tactical Director Assistant (TDA). The e-ents in Section i1-
Sapply equally to the data for the TDA.

S2-2. Goals, Goal Priority Functions, and Obiective Parameters.

The TDA has goals four, five, and seven from Figure III-i.
A •Goals four and five causes the TDA to initiate and identify tracks,

and goal seven causes him to attend to conuni_'ý.-ýns. The gEal
priority data for the TDA is shown in Figure !- i. Table 111-5
shows how this data appears in the operator state vector.

Table 111-4. TDA Human Factors Parameters.

n,

37900000 CORE-TEMPERATURE• 1.000000 CIO-VALUE
M I1OOOOOOOEE00 TIME-ON-TASK0N•0000000E+O0 DAYS-OF-DUTY

1 .000000 SEARCH-DIMENSIONS
O.OOOOOOOE+00 NUMBER-FIRE-UNITS

100.0000 PERCENTAGE-RECOVERY8.000000 PREVIOUS-WORK"16.00000 PREVIOUS-REST
" 9.O000000E+O0 FLASH-INTENSITY0605 •000000_0 TARGET-TSPEE5 0 TARGET-TYPE

"0.0000000E400 TARGET-SIZE6.000000 TARGET-COLOR
360.0000 SEARCH-AREA, .OOOOOOEo00 BINOCULAR-USAGES,.•.0*•0000000E+O0 SLANT-RANGE-TO-TARGETS0.0000000E+0 TARGET-TRAJECTORY
1.0000000 TARGET-BAKGRND-COMPLEXITY
-.OOOOOOOE+00 NUM-BACKGROUND-CHARACTERS

-• 0.0000000E+00 MESSAGE-BACKLOG
5.000000 SIGNALS-PER-MINUTE
40.00000 HOURS-WORKED-PER-WEEK
0.OOOOOOOE+00 DAYS-WITHOUT-SLEEP
0#0000000E+00 DAYS-OF-hIGHT-DUTY

% 1.000000 SIMULIANEOUS-TASKS1.000000 CONTRAST-RATIO
8.000000 AVE-HOURS-SLEEP"d 1.000000 OBJECTIVE-FUNCTION
3 1.000000 GOALS-CONSIDERED
.'1000000 TARGET-BRIGHTNESS

*-" A-21
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Table I7I-l4 (continued)

2.000000 NIGHTS
-! 1*000000 SKY-GROUND-RATIO

O.O000000E100 AIRCRAFT-ALTITUDE
4.000000 METEOROLOGICAL-RANGE
10000000 THRESHOLD-CONTRAST

0.2080000E-O1 TARGET-HEIGHT
0.2080000E-01 TARGET-WIDTH
0.O000000E+00 TARGET-DEPTH"
0.OOOOOOOE+00 HORIZONTAL-RANGE

10000000 NUW-OF-RESOLUTION-ELEN
10000000 NUM-OF-SUSPECT-AREAS

0.OOOOOOOE+00 AIRCRAFT-SPEED
360.0000 FIEL)-OF-VIEW
O.OOOOOOOE+O0 OBSERVER-OFFSET
O.OOOOOOOE+00 UNUSED
5.000000 DISPLAY-TARGET-LOCATION

0.O000000E+00 TARGET-LOCATION
800.0000 DISPLAY-RESOLUTION

0.50000OOE-01 DISPLAY-BACKGRUUND-HEIGHT
0.5000000r'-01 DISPLAY-BACKGROUND-WIDTH
0.50000OE-01 DISPLAY-BACKGROUND-DEPTH

.330000 ISTANCE-TO-DISPLAY" .000000 PISPLAY-HEIGHT
1.000000 DISPLAY-WIDTH
10.00000 TARGET-NOISE-LEVEL
1.000000 TARGET-DURATION

t 20.00000 EXPERIENCE
0.1000000 SIGNAL-PROBABILITY

1.000000 REST-PERIODS
09.O000000E+00 TASK-EPROR-FACTOR
0#0000000E+00 TASK-ELEMENT-ERROR-FACTOR
O.O000000E+00 DAYS-SINCE-PRACTICE

1.000000 SENSE-OF-DIRECTION
20.00000 SKIN-TEMPERATURE
240.0000 TIME-IN-TEMPERATURE

S20.00000 PREVIOUS-SKIN-TEMPERATURE
-9999.000 X-SCREEN-CENTER
-9999.000 Y-SCREEN-CENTER
-9999.000 SCREEN-RANGE

Table 111-5. TDA Goal Priority Function Parameters.

4.000000 GOAL
-0.1000000E+11- LITTLE-N

0.O000000E+00 BIG-M-0.O000000E+O0- LITTLE-A
"0".000000E+00 LITTLE-B
0,5110644 BIG-A
0.6690068 BIG-B
O.0000000E+00 GOAL-STATE-LOW-1
0 OOOOOOOE+00 PRIORITY-LOW-i
0.000000E+00 GOAL-STATE-LOW-2
0.O000000E+00 PRIORITY-LOW-2

5.000000 GOAL-STATE-HIGH-1
1.500000 PRIORITY-HIGH-I
50.00000 GOAL-STATE-HIGH-2
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Table 111-5 (continued)

7.000000 PRIORITY-HIOH-2
5.000000 GOAL

-O1808000E+1t1 LfTTLE-I
O.OOOOOOOE+O0 LITTLE-A
0.OO0OOOOE+00 LITTLE-B
0*4463566 BIG-A8*6642079Eo BIG-9

.O00000EO0 GOAL-STATE-LOW-I
OOOOOOOOE+00 PRIORITY-LOW-1
O*O000000E+00 GOAL-STATE-LOW-2
O.OOOOOOEi00 PRIORITY-LOW-2

5.000000 GOAL-STATE-HIGH-I
1.300000 PRIORITY-HIGH-i
50.00000 GOAL-STATE-HIGH-2
6.000000 PRIORITY-HIGH-2
7.000000 GOAL

O.O000000E400 LITTLE-H
O.OOOOOOE+00 BIG-t

10000000 LITTLE-A
1.000000 LITTLE-B
1.000000 BIG-A
1.000000 BIG-B

-1.000000 GOAL-STATE-LOW-I
10000000 PRIORITY-LOW-i

-2.000000 GOAL-STATE-LOU-2
2.000000 PRIORITY-LOW-2
1.000000 GOAL-STATE-HIGH-1
1.O000CO PRIORITY-HIGH-1
2.000000 GOAL-STATE-HIGH-2
2.000000 PRIORITY-HIGH-2

The TDA has objective function one as does the TCO, and he

considers all three goals in task sequencing.

2-3. Display Data.

The TDA has the same display data as does the TD. See
Table III-3.

3-0 GROUP AN/TSQ-73 OPERATORS (TDI and TD2)

3-1. Human Factors Parameters.

Table 111-6 contains the human factors parameters for the
Group AN/TSQ-T3 (these operators are labeled TD1 and TD2. The
comments in Section 1-1 apply equally to the data for TDI and TD2.
These operators are identical and each have authority analogous to
the Battalion TD.
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Table =II-6. TD1 ard TDI Human Factors Parameters.

J37.00000 CORE-TEMPERATURE
1.000000 CID-VALUE

0 O000000E+00 TIME-ON-TASK
OO000000E+00 DAYS-OF-DUTY

1.000000 SEARCH-DIMENSIONS
OO000000E+00 NUMBER-FIRE-UNITS
100.0000 PERCENTAGE-RECOVERY
8.000000 PREVIOUS-WORK
16.00000 P;EVIOUS-REST

0,O000000E+00 FLASH-INTENSITY
O.OOOOOOOE+00 TARGET-SPEED
57.00000 TARGET-TYrE
OOOOOOOOE+00 TARGET-SIZE
6.000000 TARGET-COLOR
"360.0000 SEARCH-AREA

"O.OOOOOOOE+00 BINOCULAR-USAGE
"".OOOOOOOE+00 SLANT-RANGE-TO-TARGET
O.OOOOOOOE+00 TARGET-TRAJECTORY

1*000000 TARGET-BAKGRND-COMPLEXITY
0.O000000E+00 NUM-BACKGROUND-CHARACTERS
0"OOOOOOOE+00 MESSAGE-BACKLOG

5.000000 SIGNALS-PER-MINUTE
40.00000 HOURS-WORKED-PER-WEEK
"O.OOOOOOOE+00 DAYS-WITHOUT-SLEEP
S0OOOOOOOE+00 DAYS-OF-NIGHT-DUTY

1.000000 SIMULTANEOUS-TASKS
1.000000 CONTRAST-RATIO
8.000000 AVE-HOURS-SLEEP
"1.000000 OBJECTIVE-FUNCTION

"- 3000000 GrALS-CONSIDERED,.1.000000 TARGET-BRIGHTNESS
2*000000 NIGHTS
1.000000 SKY-GROUND-RATIO

0.O000000E+00 AIRCRAFT-ALTITUDE
4.000000 METEOROLOGICAL-RANGE
1.000000 THRESHOLD-CONTRAST

0.2080000E-01 TARGET-HEIGHT
0.2080000E-01 TARGET-WIDTH
O.OOOOOOOE+00 TARGET-DEPTH
O.OOOOOOOE+00 HORIZONTAL-RANGE

1.000000 NUM-OF-RESOLUTION-ELEM
1.000000 NUM-OF-SUSPECT-AREAS

O.OOOOOOOE+00 AIRCRAFT-SPEED
"360.0000 FIELD-OF-VIEW

O.OOOOOOOE+00 OBSERVER-OFFSET
"O"OOOOOOOE+00 UNUSED
5.000000 DISPLAY-TARGET-LOCATION
O.OOOOOOE+00 TARGET-LOCATION
600.0000 DISPLAY-RESOLUTION

0.5000000E-01 DISPLAY-BACKGROUND-HEIGHT
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Table 111-6 (continued)

0.5000000E-01 DISPLAY-BACKGROUND-WIDTH
0.5000000E-01 DISPLAY-BACKGROUND-DEPTH

1.330000 DISTANCE-TO-DISPLAY
1.000000 DISPLAY-HEIGHT
1.000000 DISPLAY-WIDTH
10.00000 TARGET-NOISE-LEVEL
1.000000 TARGET-DURATION
20.00000 EXPERIENCE

0.1000000 SIGNAL-PROBABILITY
1.000000 REST-PERIODS

0.OOOOOOOE400 TASK-ERROR-FACTOR
O.OOOOOOOE+00 TASK-ELEMENT-ERROR-FACTOR
0.OOOOOOOE+00 DAYS-SINCE-PRACTICE

1.000000 SENSE-OF-DIRECTION
20.00000 SKIN-TEMPERATURE
240.0000 TIME-IN-TEMPERATURE
20#00000 PREVIOUS-SKIN-TEMPERATURE

-9999.000 X-SCREEN-CENTER
-9999.000 Y-SCREEN-CENTER
-9999.000 SCREEN-RANGE

3-2. Goals, Goal Priority Functions, and Objective Parameters.

TD1 and TD2 have goals six, seven, and eight from Figure
III-1. These operators respond to messages because of goal seven
Just as do the Battalion operators. They also perform a coordina-
tion function for the Battalior3 due to goals six and eight Just as
the Battalions perform a coordination function for their fire units.
The goal priority function data for TD1 and 7D2 is shown in Table
III-7 and Figure TII-4. TDI and TD2 use objective function one and
consider all goals in task sequencing.

3-3. Display Data.

The TDI and TD2 have the same 4isp] -,y data as does the
TDA. See Table 111-3.

Table 111-7. 'DI and TD2 Goal Priority Function Parameters.

&.600000 GOAL
-0.1OOOOOOE+l1 LITTLE-H
O.O000000E*00 BIG-K
0.O000000E+00 LITTLE-A
O.OOOOOOOE+00 LITTLE-B

2.500000 BIG-A-
0.1659562 BIG-B
O.OOOOOOOE+00 GOAL-STATE-LOW-1
O.OOOOOOOE+00 PRIORITY-LOW-1
O.O000000E+00 GOAL-STATE-LOW-2
0.O000000E+00 PRIORITY-LOW-2
1.000009 GOAL-STATE-HIOH-1
: 500000 FRIORITY-HIGH-1
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Table 111-7 (continaed)

3*O0000O GOAL-STATE-MIGH-2
3.0003000 PRIORITY-KIGH-2
.04-900000 GOAL

0 0000O300+00 LITTLE-K
060000000E+00 BIG-K

.0000000 LITTLE-A
1.000000 LITTLE-B
1.000000 DIG-A
1.000000) DIG-B

-1.000000 GOAL-STATE-LOW-i
l.00000) PRIORITY-LOU-i

-2.000000 GrJAL-STATE-LOW-2
2#000v00 PRIORITY-LOW-2
10000000 GOAL-STATE-HIGH-I
.000000 PRIORITY-HIGH-I

A.*000000 GOAL-STATE-HIGH-2
2.000000 PRIORITY-HIGH-2
8.000000 GOAL

-0.i000OOOOE+11 LITTLE-M
0*OOOOOOOE+00 DIG-K
0.00O0000E+00 LITTLE-A
0#0000000E+00 LITTLE-B
9.000000 DIG-A
0 1602134E-02 DIG-B
0.OOOOOOOE+00 GOAL-STATE-LOU-I
0.OOOOOOOE+00 PRIORITY-LOU-i
0,0000000E+00 GOAL-STATE-,LDW-2
0.OOOOOOOE+00 PRIORITY-LOW-2
1.000000 GOAL-STATE-HIGH-i
9.000000 PRIORITY-HIGH-I
2.000000 GOAL-STATE-HIGH-2
9.010000 P.RIORITY-HIGH-2
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IV, ENVIROINMENTAL DATA

Table IV-l contains thf AN/TSQ-T3 environmental state vector.
1ne various parameters in this vector are explained in Polito (1983a).
The user should note that the default sampling option is three
(deterministic, modurated). The Battalion and Group AN/TSC-T3 system
modules have identical default envi-onmental state vectors. The x,
y, and z positions are set when -he module is copied into a parti-
cular comand and control structure.

Table 1V-l. The Ervironmental State Vector.

23.00000 POTIITER-TO-HF-DATA
0.0O0000=0+00 SYSTEM-MODE0,000000E+00 OPERATOR-MODE
0.O000000E+00 UNUSED
1.000000 METHOD-OF-CONTROL
2.000000 WEAPONS-CONTOL-STATUS

0.O000000E+00 UNUSED
O.OOOOOOOE+00 INITIAL-AMMUNITION-HOT
O.OOOOOOOE+00 INITIAL-AMMUNITION-COLD
OOOOOOOOE+00 UNUSED
O.OOOOOOOE+00 UNUSED
O.OOOOOOOE+00 UNUSED
0.O000000E+00 UNUSED
O.OOOOOOOE+00 UNUSED
O.OOOOOOOE+00 UNUSED
0.O000000E+00 UNUSED
0.O000000E+00 UNUSED
O°OOOOOOOE+00 UNUSED0.O000000E+O0 X-POSITION
0,000000CE+O0 Y-POSITION
O.OOOOOOOF+00 Z-POSITION
3.000000 SAMPLING-OPTION
22.00000 DRY-BULB-TEMPERATURE
50.00000 RELATIVE-HUMIDITY
6.000000 AIR-MOVEMENT-RATE
45.00000 NOISE-LEVEL
50.00000 WORKING-AREA-ILLUMINATION
2.000000 NUMBER-ON-DUTY

0O.000000E+00 VIBRATION
10.00000 AMBIENT-VAPOR-PRESSURE

0.O000000E+00 NOISE-PREDICTABILITY
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V. OPERATOR TASKS

AN/TSQ-73 operator tasks are giver below. Each task is number-
ed and has a title. A brief description of each task is given here.
and the operator that performs tne task is iCentified. Complete
descriptions and MSAIVT models of the tasks are contained in
Goodin & Walker (1983).

Task.Number Title or Description Operator

1 Scan the screen, displays, etc. - TD/TDA
TD and TDA monitor action on
displays and the CRT for new
targets or tasks to perform.

2 Cancel Sceondary Assignment (BN TD
only) - The TD cancels a secon-
dary assignment made to a fire
unit.

3 Send Terminate Commands - The TD TD
of the Group or Battalion Q-73
sends a CEASE ENGAGED or HOLD
FIRE command to a lower echelon
of command.

4 Clear, Hold Fire, Effective, or TD
Status (BN only) - The Battalion
Q-73 receives information from the

P IHAWK fire unit concerning status
(active or inactive), engagement
effectiveness, etc.

5 Perform Hooking Procedure - The TD/TDA

opera.,.r will number hook all s.tes
and fire units and will position
hook all tracks.

7 Enter ID Data (BN cnly) - The TDA TDA
enters the results of the IFF pro-
cedure (see Task 8).

8 Interrogate A Target (BN only) - The TDA
TDA performs the procedure to identify
a target as friend, foe, or neutral.
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Task Title or Description Operator

10 Send Command Message (BN only) - TD
Tha TD gives permission to fire on
a target assigned to a fire unit
by the Q-73.

15 Assign Weapons (BN only) - The TD TD
assigns a high threat target to
one of the fire units.

20 Receive Command (BN only) - The TD/TDA
operators receive a CEASE ENGAGED
command from a higher echelon of
command.

22 Clear Alerts (BN only) - The TD TD
will perform the actions necessary
to clear the alert in question..

26 Receive Miscellaneous Messages - A TD
zero time task used to receive any
miscellaneous messages.

30 Task Sequencing TD/TDA

OF
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VI,. OHER FEATURES

1-0 IF?

FUNCTION IF`F (Goodin & Walke 1983) determines the out-
come of an IFF challenge. Cuxr-ntly ic is assumed that the IFF
is 100% accurate. This can easily be changed by re-writing IFFQ.

FUNCTION IFMODQ (Goodin & Walier 1983) determines what
IFF mode is selected by the TDA. C2rrently, mode 2 is always
selected. More complex selection processes can be represented

* !by reowriting IFMODQ.

2-0 HOOKING

! he current model assumes thal tracks are always position
hooked and that sites (e.g,, firt units) are number hooked. This
assumption is manifested by setting' information attributes at the
nodes prior to performing the hooking task. More complex selec-
tions can be represented by re-writing these programs (e.g., Tl3W).

".* •".3-0 ASSIGNING TRACKS TO FIRE UNITS (TASK 15)

The current model assumes that the TD selects tracks to "sign

himself. He does not use track assignments from the ADP. See the
network and user code for Task 15 (Goodin & Walker 1983 ).

4-0 TRACK INITIATION AND IDENTIFICATION

The current model assumes auto-initiate and manual identi-! fication modes. Thus goal five is not operative. SUBROUTINE GEV5Q
(Goodin & Walker 1983) which evalrates the goal state for this
goal isimulates the auto-initiate activity.

i.A,
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Vill STATISTICS

Figure VIII-I shows the statistics maintained by the
SAN/TSQ-T3 system module. Th~ese statisticL are in addition to
the task traction statistics colleez by MOPABS for all system
modules.

A. -3

i i

, I
iA .3.5

% - "

C. b

F-



~~ca

~-I :

Laig II

a I a
80 c

-tr

Ac 0 03

m ) 4. -* I 1

~.. 'a co

U) I ES) ca U

~AI g .5. ~ ~ J4JA-36



I

SV111. REFERENCES

Goodin, J. R. & Polito, J. Documentation manurl for the MOPADS
control module (MOPADS/CTTPL) and the MOPADS common system module
troarams (MOPADS/CSMP) (MOPADS Vol. 5.19). Pri-.sker & Associates,
inc., prepared for the U. S.. Army Research lnstitute Field Unit,
Pt Bliss, TX, 1983

Goodin II, J. R. & Walker, J. L. Documentation manual for the
Afl/TSQ-73 system module (MOPADS Vol. 5.15). Pritsker & Associates,
Inc., prepared for the U. S. Army Research Institute Field Unit,
Ft. Bliss, TX, 1983.

Laughery, K. R. HOMO establishment of rerformance criteria for non-
ndecision making tasks (MOPADS Vol. 5.6). Pritsker & Associates,inc.,

prepared for the U. S. Army Research Institute Field Unit,
Ft. Bliss, TX, 2983.

Polito, J. Performing MOPADS simulations (MOPADS Vol. 3.3).
Pritkser & Associates, Inc., prepared for the U. S. Army
Research Institute Field Unit, Ft. Bliss, TX, 1983 (a).

Polito, J. MOPADS data base (MOPADS Vol. 5.17). Pritsker & Assoc-
iates, Inc., prepared for the U. S. Army Research Institute Field

1w Unit, Ft. Bliss, TX, 1983 (b).

Polito, J. MOPMDS task secuencing structure (MOPADS Vol. 5.7).
"Pritsker & Associates, Inc., prepared for the U. S. Army Research
Institute Field Unit, Ft. Bliss, TX, 1983 (c).

Polito, J. & Laughery, K. R. MOPADS final renort (MOPADS Vol. 1.1).
"Pritsker & Associates, Inc., prepared for the U. S. Army Research
Institute Field Unit, Ft. Bliss, TX, 1983.

"A-37

,o



A-38



IX. DISTRIBUTION LIST

• ~Dr Mi....ke Str-b (5)
F=-33.I
"-S. _-Amy Research Institute Field Unit
P. O. Box 605T
It. B1 ssT79916

P:±tsker & Associates, Inc.
P.O. Box 2413
Wesn Lafayette, IN h7906

ACO-Loretta Mciztire (2)
mCAS~m (S31501A)Bldg. #I, Fort Benjamin Ba.--r-is=

1n iian.•=o1is, 33 k6249

S", •--.M. Whitaker (1)

Defense Su-p.y Serrice-Washington
Room 1:-245

. The Pentagon
Washingtoz, DC 20310

.3 ~D. K. R. Lanshery(2
"Calspan Ccrporation
1327 Spruce St.. Rom 108
Boulder, CO 80301

A--

S~A-39



A-40



X8 CHANGE NOTICES

A
I,%

I"

Mo

A-

I L



I

APPENDIX AA

MOPADS FINAL REPORT:

DOCUMENTATION MANUAL FOR THE MOPADS CONTROL
MODULE (MOPADS/CNTRL) AND THE MOPADS COMMON

SYSTEM MODULE PROGRAMS (MOPADS/CSMP)
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Standard MOPADS Terminology

AIR DEFENSE SYSTEM A compon,=t of Air Defense which includes
equilient and operators and for which
tecbnital and tactical training arerequired.
Examples are INAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE charactaristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules int'lude the

.AIRD model and all data needed to com-
pletely define task element tines, task
sequencing requirements, and human factors
inf•u.ences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
also Tactical Scenario.

BRNCHING A term used in the SAIT simulation lang-
uage to mean the process by which TASK nodes
are sequenced. At the completion of the
simulated activity at a TASK node, the
Branching from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOP 1DS software which
SYSTEM performs all direct co=runication with the

MOPADS Data Base. All information transfer
to and from the data base is performed by
invoking the subprograms which make up the
Data Base Control System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

prepare Air Defense System Modules.
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ENVIRONMENTAL An element of an Environmental State
STATE VARIABLE Vector.

ENVIRONMENTAL An array of values representing conditions
STATE VECTOR or characteristics that may affect more

than one operator. Elements of Environmen-
tal State Vactors may change dynamically
during a MOPADS simulation to represent

* changes in the environment conditions.

MODERATOR FUNCTION A mathematical/logical relationship which
alters the nominal time .to perform an opera-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability'to perform the
activity based on the Operator's State
Vector.

SMOPADS DATA BASE A compUterized data base designed spe-ifi-
cally to support the IOPADS software. The
MOPAI8 Data Base contains Simulation Data
"Set(s). It conmmicates interactively with
MOPADS Users dtring pre- and post-run data
"specification and dynamically with the SAINT
softvare during simulation.

MOPADS MODELER An analyst vho will develop Air Defense
System Modules and modify/davelop the
MOPADS suftuare system.

MOPADS USER An analyst who ,i,11 design and conduct simu-
lation experiments with the MOPADS software.

MSAINT The variant of SAINT used in the MOPADS
(MOPADS/SAINT) System. The standard version of SAINT has

been modified for MOPADS to permit share-
able subnetworks and more sophisticated
interrupts. The terms SAINT and MSAINT are
used interchangeably vhen no confusion will
result. See also, SAINT.
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OPERATOR STATE One element of an Operator State Vector.
'VARIABLE

OPERATOR STATE An array of values representing the condi-
VECTOR tion and characteristics of an operator of

an Air Defense System. Many values of the
Operator State Vector vil change dynamicaUy
during the course of a MOPADS si=lation to
represent changes in operator condition.

OPERATOR TASK An operator activity identified duringweapon3 system front-end analyses.

SAINT The underlying computer silation l .e
used to model Air Defehse Systemns in
Defense System Hodules. SAflIT is an a ronym
for Systems Analysis of Integrated Retvorks
of Tasks. It is a veil doceeted language

* designed tpecifically to represent human
fa•..tors aspects of man/machine systems.
See also HSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required
siCmflaation initialization and other experi-
mental data needed to perform a NOPADS
simulation.

SIMULATION STATE At asly instant in time of a MOPADS s3ula-
tion the Simulation State is the set of
walues of all variables in the WFMAD4 soft-
vare and the MOPADS Data Base.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus snecification of
critical assets and the air defense con-"
figuration (number, type and location of
veapons and the c--nand and control system).
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TACTICAL SCENARIO An e.lment of a Tactical Scenario, a.g.,

COMPONENT i/f a Tactical Scenario contains several
Q-73 'a, each one is a Tactical Scenario
Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions ihich, vhen
grouped appropriately, make up operator
tasks. Task elements are usually repre-
sented by single SAINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used in the SAINT sizula-
tion language, A TASK node represents an
activity; depending upon the modeling air-
cumstances, a TASK node any represent an
individual activity such as a Task Element,
or it may re•resent an aggregated activity
such as an entire Operator Task.

* TASK SEQUENCING A axtheutichl/logical relationship vhich
"MODERATOR selects the next Operator Task vhich an
FUNCTION operator vill perform. The selection in

based upon operator goal seeking character-
istics.

iMOPADS Abbreviations

CSMP Common bystem Module P'rograms
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I, SYSTEM DESCRIPTION

1-0 THE CONTROL SYSTEM MODULE

The control srstem module is a SAINT network model similar in
structire to Air Defense Systeam Modules. It is included automaticallyI . in every MOPADS simulation by the MOPADS software, and its purpose is
to control the movement of aircraft in the simulation. There are no
operators in this system module. The small network which makes up
this module is used solely to schedule aircraft arrivals, checkpoints
and depar.ures from the simul.ation. It also schedules the end of the
simulation.

2-0 THE COMMON SYSTEM MODULE PROGRAMS

The Cmon System Module Programs (CSMP) software module is a
collection of utility programs used by all of the MOPADS systemmodules. These programs perform high level functions, so they are

not included in the MOPADS utilities, see Polito & Goodin (1983), and
many of them do not involve the MOPADS data base directory, so they
are not included in the Data Base Application Program (DBAP), Polito
(1983a). These programs are described in Section VIII of this
document.

-.
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II. OVERVIEW OF THE SAINT MODEL

The need for the control system module arises from the way
tracks are handled by MOPADS. Aircraft flight paths are represented
as piece-wise linear segments. Each segment represents a portion of
the flight path along which the aircraft parameters (speed, direction,
etc.) remain constant. The transition points between segments are

- called checkpoints.

All of the aircraft tracks are stored in the MOPADS data base
"prior to the simulation, Polito (1983b). There may be many tracks,
"and it is impractical to provide array storage to hold all segments

Sof all tracks in main memory simultaneously. The control system
module performs two functions to mnnage the aircraft track data.

1. It periodically scans the track information in the
data base for tracks which will initiate in the
near future. For each such tra-k it finds, it

I schedules its initiation checkpoint.

2. When a track reaches a checkpoint, it reads the
"data for the next segment from the data base and
schedules the next checkpoint.

14.,.. Between checkpoints the positions of the aircraft are updated
automatically by the continuous modeling capbility of SAINT. The
"equations of motion of the aircraft are represented by difference

.- , equations. This is adequate since aircraft parameters are constant
between checkpoints.

N In addition to aircraft data management, the control system
•.9 module also schedules the end of the simulation. The end time

specified by the user is used in a small subnetwork to cause a
S" SAINT sink node completion at the appropriate time.

I
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INi. MODEL DESCRIPTION FORMS

1-0 ENTITIES

The control system mrdule createi an entity that periodically
examines the data base for aircraft that will initiate in the next
period. It also creates an entity for each track that it finds.
These track entities complete a task each time the aircraft reaches
a checkpoint. Finally, one entity is created to end the simulation
at the appropriate time.

2-0 RESOURCES

I No SAINT resources are iised.

• " 3-0 VARIABLES

The control system module has no internal COMMON variable.

4-o MONITORS

The control system module has no Monitor.
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5-0 TASK DESCRIPTIONS

There are six task nodes in the Control System Module.
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6-0 STATISTICS

User time persistent statistics and count statistics are
collected in the control system module.
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7-0 USER FUNCTIONS

Three execution time user functions are used in the control
system module. No initialization (input) user frnctions are used.

8-0 MODERATOR FUNCTIONS

No moderator functions are used by the control system module.
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IV. USER WRITTEN SUBPROGRAMS

1-0 DATA STRUCTURE

The control system module has no internal data structure that
is common over subprograms. All data is passed to and from sub-
programs by formal parameters.

S2-0 FLOW OF CONTROL

The entry point to the user written programs for the control
system module is through the MSAINT user function, USERF. USERF
calls the user function for the control system module, USERFC.

For user function one, USERFC calls SUBROUTINE CHKTRC Which
schedules the next checkpoint for a track. For user function two,
USLEFC calls SUBROUTINE INTTRC which checks for new tracks to enter
from the data base.

No initialization of the control system module is needed, and

no processing with SUBROUTINE UTASK is performed. Therefore,I; SUBROUTINE INITC and UTCNLC are present but have no executable code.

Some of these programs are called by SUBROUTINE STATE between
S•- checkpoints to determine if a track is visible to any of the air

defense system's viewers (radars). More discussion of this topic is
given in Section 5-0 below.

3 .0 FILES

The Control System Module does not open or close any external
file. Certain error messages are written directly to the MOPADS
line printer output file, and the MOPADS data base is indirectly
accessed with data base application programs, Polito (1983a).

4-0 SUBPROGRAMS

Internal documentation for the subporgrams that make up the
Control System Module is shown on the following pages.
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-- ---------- - -- -------------

SUBROUTINE CHKTRC (UF)
C--NODULE: NOPADS CONTROL SYSTEM MOD~ULE
C--REFERENCE: MOPADS VOLUME 5.19

1* - C
C**PURPOSE: THIS SUBROUTINE IS CALLED BY FUNCTION USERF TO DETERMINE
C THE TINE THAT WILL ELAPSE BEFORE THC NEXT CHECK~POINT FOR
C AN AIRCRAFT IN THE AIR SCENARIO.
C
C**OUTPUT PARAMETERS: UFsTIHE TO FLY TO NEXT CHECKPOINT
C

-- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -

SUBROUTINE CKSVC(NTCOL,X,IYN)
C--NODULE: NOPADS CONTROL SYSTEM NODULE

A C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C CKSVC VILL CHECK TO SEE IF THE SAME VIEWER W'HICH PREViOUSL7
C COULD SEE A TRACK CAN STILL.SEE IT
C--INPUT PARAMETERS:
C NTCOL-TRACK COLUMN IN NTRACK
C XC3)-CURRENT POSITION OF THE TRACK
C--OUTPUT PARAMETERS:
C IYN-YES/NO
C 1-YES, THE SAME VIEWER CAN STILL SEE THE IRACK
C 2-NO, IT CAN'T
C IF THE TRACK UAS PREVIOUSLY NOT IN ANY VIEWER'S VIEU,
C IYN lULL ALUAYS BE 2.

SUBROUTINE CKUUC(NCOL,X,IYN,ALT,5ECTOR,PROB)
C--NCDULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C GIVEN A VIEUER AND A POINT, CKVUC WILL DETERMINE IF THE
C VIEUER CAN SEE THE POINT.
C--INPU7 PARAMETERS:
C NCOL-COLUMN4 IN THE NSITE/XSITE ARRAY OF THE VIEWER
C X(3)-X,Y,Z POSITION OF THE POINT THE VIEWER IS TO SEE
C--OUTPUT PARAMETERS:
C IYN-YES/NO
C 1-YES, THE VIEUER CAN SEE THE POINT
C 2-NO, IT CAN'T SEr THE POINfT
C ALT(2)-MIN AND MAX ALTITUDE THE VIEWER CAM SEE
C SECTOR(2)-COMI"ASS AZIMUTH OF THE SECTOR OF INTEREST OF THE

-ft AA-32



C VIEWER. IYN IS NOT RELATED
C TO SECTOR IN ANY UAY. SECTOR IS PROVIDED AS
C INFORMATION ONLY.
C PROS-PROBABILITY THAT THE VIEWER UILL ACQUIRE A NEW TARGET.

SUBROUTINE CNREC (KODE)
C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C
C**PURPOSE: THIS SUBROUTINE MAY BE USED FOR SPECIAL OUTPUT FOR
C CONTROL SYSTEM MODULE ERRORS.
C
C**INPUT PARAMETERS: KODE=ERROR CODE VALUE (8000-8999)
C

SUBROUTINE EOSPC(ICOLNTRKCLNTRASCENNASC)
C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C EOSPC WILL PERFORM END-OF-SEGMENT PROCESSING FOR TRACKS.
C EOSPC CHECKS TO SEE IF THE END OF SEGMENT IS A TARGET
C AND IF THE TRACK IS HOSTILE. IF SOp IT WILL CHECK THE
C PROBABILITY OF DESTRUCTION TP SEE IF THE TARGET IS
C- DFSTROYED. IF SO, IT WILL SET THE STATUS AS INACTIVE.
C--IIJPUT PARAMETERS:
C ICOL-COLUMN IN NTRACH OF THE TRACK
C NTRKCL(NTR)-CONTENTS OF COLUMN ICOL OF NTRACK
C ASCEN(NASC)-CONTENTS OF CURRENT ROW OF THE DATA BASE FOR
C THE SEGMENT JUST COMPLETED.

I
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SUBROUTINE FDVUC(NTCOLNVCOL)
C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C FDVUC UILL FIND A VIEUER THAT CAN SEE A SPECIFIED TRACK IF SUCH
C A VIEUER EXISTS.
C--INPUT PARAMETERS:
C NTCOL-TRACK COLUMN NUMBER IN NTRACK
C--OUTPUT PARAMETERS:
C NVCOL-VIEUER COLUMN NUMBER IN NSITE THAT CAN SEE THE TRACK.
C ZERO IF NONE. IF THE TRACK UAS PREVIOUSLY SEEN BY A
C PARTICULAR VIEUER ON INPUT THEN NVCOL UILL BE THE SAME
C VIEUER(ASSUMING THAT IT CAN STILL SEE THE TRACK)
C FDVUC DOES NOT CHANGE ROU 10 OF NTRACK TO INDICATE
C THE VIEUER UHICH SEES THE TRACK.

SUBROUTINE INITC(NRUN)

C--MODULE: MOPADS CONTROL SYSTEM MODULE

C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C INITC IS THE INITIALIZATION PROGRAM FOR THE CONTROL SYSTEM
C MODULE.
C--INPUT PARAMETERS:
C NRUN-RUN NUMBER
C 0-INITC IS BEING CALLED AT THE START OF THE SIMULATION
C PRIOR TO ANY RUNS
C N-NRUN IS BEING CALLED PRIOR TO THE BEGINNING OF
C RUN N

SUBROUTINE INTTRC (UFý'
C--MODULE: MOPADS CONTROL SYISTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C
C**PURPOSE: THIS SUBROUTINE IS CALLED BY THE USERF FUNCTION TO
C SCHEDULE TRACKS INTO THE AIR SCENARIO.
C INTTRC EXAMINES THE TRACK DATA IN THE DATA BASE
C AND ENTERS TRACKS THAT UILL INITIATE IN THE
C NEXT DELT TIME UNITS.
C
C**OUTPUT PARAMETERS: UF=THE RESULTING VALUE OF THE USER FUNCTION
C VARIABLE
C O-A TRACK HAS BEEN FOUND THAT WILL
C INITIATE BETUEEN TNOU AND TNOW+DELT
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C DELT-ALL TRACK IN THE NEXT DELT TIME INT
C INTERVAL HAVE BEEN PROCESSED.
C SCHEDULE THE NEXT CALL TO INTTRC
C DELT TIME UNITS IN THE FUTURE.
C

----------------------- ---------------------------------

SUBROUTINE UTCNLC(NTNPLACE)
C--NODULE: NOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C UTCNLC WILL PROCESS CALLS FROM UTASK FOR THE CONTROL SYSTEM
C MODULE.
C--INPUT PARAMETERS:
C NT-TASK NODE NUMBER
C NPLACE-TASK NODE OCCURANCE TIME(SEE UTASK)

FUNCTION USERFC (IP)
C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C
C**PURPOSE: THIS SUBROUTINE IS USED TO CALCULATE THE VALUE OF USERFC
C DEPENDINS ON THE VALUE OF IP.
C
C**INPUT PARAMETERS: IP=THE FUNCTION NUMBER
C 1 IS AN AIRCRAFT CHECKPOINT
C 2 IS AN AIRCRAFT INITIATION
C 3 IS THE TOTAL TIME TO BE SIMULATED
C
C**OUTPUT PARAMETERS: USERFC=THE VALUE OF THE PARTICULAR USER FUNCTION
C CALLED
C

FUNCTION USERHC(ICODE)
C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C USERNC EVALUATES THE INPUT USER FUNCTION FOR THE CONTROL
C SYSTEM MODULE
C--INPUT PARAMETERS:
C ICODE-uSER FUNCTION CODE
C--OUTPUT PARAMETERS:
C USERNC-VALUE OF THE USER FUNCTION

A
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5-0 USER INSTRUCTIONS

As discussed earlier, same of the programs in the User
Written Programs are called primarily from SUBROUTINE STATE. These
programs are concerned with determining which viewers (radars) can
"see" the tracks:

CKSVC This program determines if the same
viewer which could previously see a
track can still see it.. Use of this
program is more efficient than doing
a complete examination of viewers.

CKVWC Checks one viewer and one track to
determine if the viewer can see the
track.

FDVWC Finds a viewer which can see a parti-
cular track.

Finally, at the end of each segment, SUBROUTINE EOSPC is
called from CHURC to perform end-of-segment processing.

6-o ERROR PROCESSING

The Control System Module writes a few informative warning
messages directly to the MOPADS line printer output file. These
are non-fatal warnings that have to do with anomolies detected in
the air scenarios.

Other errors are processed with the MSAINT error processing
program, SERR. Error codes 8000-8999 are reserved for the Control
System Module. The error codes defined at this time are shown below.

Error Code Error Conditions SUbprogram(s)

8000 Track Storage Arrays Full INTTRC

(NTRACK, Ss, SSL)

8001 NTRID and NTRID2 arrays full INTTRC

8002 A Track from the data base is CHKTRC
not of the correct type (i.e.,
Hostile, Friendly, Other)

8003 Invalid User Function Code USERFC,USERNC
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Finally, some errors that involve data from the data base are
processed with the DBAP, Polito (1983a),. error processing program,
ERRORA. These errors have a text. message displayed and print out
the offending data base entry. See Polito (1983a) for a description
of ERRORA.

7-0 COMMON VARIABLE DEFINITIONS

The Control System Module has no variables in COMMON areas.

ir
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V. LISTING OF SAINT NETWOR( DATA INPUT

GEN,CONTROL,5. 12,1983,1000*
POP,0,0,10,4,20$
DIS,I,CO,.00ls
DlS;2,CO,0.0s

UTI,1,AVGNHUST,0.0*I UTI,4,AVGNTRKS,0.04

*TRACK HA DLING TASKS

1AS,1,STA TTR,0,9999,DS,2,(10)SO*
DET,1,2a

TAS,2, INITIATE, 1,1,UF,2s

CAL,2,2,AEV,O.O,3,IA, ,2,ALV.0.0,3,1A,.3,ýLV,0.0,3,IA*'4 *~TAS,3,CHXPOINT,1 ,1,UF,1 ,*
V CFI,3,3,AGY,0.0,3,IA,,4,AEV,0.0,3,liA*

5< ITAS,4,KILLTRK,I,91,DS,2*

*CONTROL NETWORK FOR ENDING THE SIMULATION AT TIME !FINK-ISTRTK

TAS,5,CNIRJkTIM,0,9999,DS,2,(10)SO*
DEl ,5, 6*

TAS,6, ENDTIME,1 ,1 ,UF,3,(1O)Sl*

FIN*
$
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Vi. NON-SAINT DATA REQUIREMENTS

1-0 DATA REQUIREENTS

The Control System Module requires datp. on the tracks which
make up the air scenario. It also operates on the viewer informa-
tion. The track informaticn is used to schedule tracks into the
MOPADS simulations, and to schedule each track's checkpoints. The
viewer data is used through calls from SUBROUTINE STATE to determine
which radars can see the tracks.

2-0 DATA SOURCE AND DESCRIPTION

"Aircraft track information is obtained from the MOPADS data

base. The contents and method of specifying this information is
discussed in Polito (1983b).

Data for the viewers (radars) is specifying by the tier when
the simulation data set is created. A discussion of this information
can be found in Polito (1983c).
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V

VII. OUTPUT REPORTS

The Control System Module produces no separate output
reports.
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V111.. COMMON SYSTFM MODULE PROGRAMS

1-0 PURPOSE

As discussed earlier, the Common System Module Programs (CSMP)
contain programs used by all of the system modules. The MOPADS
suffix for the CSMP is "Y" so all of the programs written for this
software module end in "Y." The MSA"T' user written programs are
also incluced in this module, so some of the programs described here
do not end in `Y." For example, the MSAINT programs ENDIT, INTLC,
MODRF, PRIOR, STATE, UACCPT, UERR, UINPT, USCOND, USERF, USERIN,
USTART, and UTASK are contained in the CSMP.

2-0 DATA STRUCTURE

The CVMP has very little internal data structure since it is

comprised mainly of programs each of which performs a separate
function. It does, however, contain storage arrays for MOPADS
count statistics and operator task fraction statistics. Those
arrays are described in Section 8-0 below.

3-0 FLOW OF CONTROL

The CSMP has no internal structure of its own and, therefore,'
Shas no flow of control that needs desoription. The programs are

called primarily as utilities from other modules.

4-o FILES

The CSMP does not open or close any external files. Indirect
access is made to the Data Base Applicatio,; Program (DBAP), Polito
(1983a), and the Data Base Control System (DBCS), Polito (1983d),
thorugh subprogram cells.

5-0 SUBPROGRAMS

The following pages contain descriptions of all subprograms
that are part of the CSMP. Each program description contains an
explanation of its purpose, parameters, and alternate returns.
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BLOCK DATA BLOCKY
C--NODULEt HOPADS COMMON USER CODE
C--REFERENCE: HOPADS VOLUME 5.19
C--PURPOSE:
C BLOCKY IS USED TO I ITIALIZE COMMON FOR THE COMMON SYSTEM MODULE
C PROGRAMS. IN PARTIC LAR, THE COUNTER STATISTICS FOR EACH
C SYSTEM NODULE MUST PE LOADED IN THIS 1OGRAM.

--------------------------------------------------- ----

SUBROUTINF CCOSSY(NT NPLACE)

C--hODULE: MOPAOS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C
CS*PURPOSEt THIS SUBROUTINE, CALLED BY UTASK FOR EACH TASK NODE.
C AT EACH TASK OCCURRENCE TIME, FIGURES OUT IF THE

I C OPERATOR TASK CUMULATIVE TIME STATISTICS NEED TO BE
C MARKED OR RECORDED. IF SO THE APPROPRIATE ACTION
C IS TAKEN.

C*oINPUT PARAMETERS: NT -CURRENT TASK NODE NUMBER
C/ NPLACE - TASK OCCURRENCE TIME

SUBROUTINE CHTDY(NPTRKICOLVAL)
C--MODULE: MOPADS COMMON USER CODE
C-REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C CHTDY VILL CHANGE ONE ELEMENT OF TRACK DATA FOR A SPECIFIED
C TRACX IN THE TRACK DATA DL'S OF ALL ADSM'S
C--INPUT PARAMETERS:
C NPTRK-COLUMN IN NTRACK OF THE TRACK IN QUESTION
C ICOL-ELEMENT OF THE TRACK DATA LIST FOR TRACK NPTRK TO
C CHANGE
C VAL-NEU VALUE FOR ELEMENT ICOL
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-. SUBROUTINE CLMEMY(IDOP)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C CLNEMY UILL CLEAR AN OPERATOR'S STACK OF ALL BUT THE
C CURRENT TASK. THIS IS USEFUL TO DESTROY AN OPERATOR'S
C MEMORY AFTER HE HAS DEEN INTERRUPTED.
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID

SUBROUTINE COMEY(KODE)
C--MODULE: IIOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C COMEY UILL PERFORM SPECIALIZED ERROR OUTPUT FUR
C ERRORS GENERATED BY THE COMMON SYSTEM MODULE
C PROGRAMS. COMEY IS CALLED FROM UERR.
C--INPUT PARAMETERS:
C hODE-ERRGR CODE. CODES FOR THE COMMON SYSTEM
C MODULE PROGRAMS ARE IN THE RANGE
C 7000-7999

SUBROUTINE CSTATY(NCOP,ISTAT,XINC)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C CSTATY UILL RECORD OBSERVATIONS OF COUNTER STATISTICS.
C COUNTER STATISTICS ARE SIMPLY ACCUMULATIONS OF VALUES
C (USUALLY COUNTS) THAT OCCUR DURING A SIMULATION RUN.
C THEY ARE REPORTED THROUGH THE MOPADS DATA BASE AT THE END
C OF EACH RUN. NO STATISICAL MEASURES ARE GIVEN (E.G.
C STANDARD DEVIATION) BECAUSE ONLY THE TOTAL VALUE IS
c AVAILABLE FOR THE RUN.
C EXAMPLES ARE A) NUMBER OF AIRCRAFT SHOT DOUN DURING A RUN,
C AND B) CUMULATIVE IDLE TIME DURING A RUN. SEE ALSO
C BLOCKY,INITY,AND STDBY.
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C--INPUT PARAMETERS:
C NCOP-COPY ROU NUMBER OF THE COMPONENT TO RECORD AN
C OBSERVATION FOR.
C ISTAT-INDEX OF THE STATISIC TO BE RECORDED.
C XINC-OBSERVATION TO RECORD. ESSENTIALLY, CSTATY
C ACCUMULATES THE XINC'S AS FOLLOUS:
C COUNT(ISTAT,NCOP)aCOUNT(ISTAT,NCOP)*XINC
C AND REPORTS COUNT(ISTATNCOP) AT THE END OF EACH
C RUN.

SUBROUTINE CVTKY(NCOPI,NCTRK,IYN)
C--MODULE: HOPADS COMMON USER CODE

,4 C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C CVTKY UILL CHECK TO SEE IF THE VIEUERS OF A SPECIFIED AD
C UNIT CAN SEE A PARTICULAR TRACK.
C--INPUT PARAMETERS:
C NCOPI-COPY ROW NUMBER OF THE UNIT
C NCTRK-COLUMN IN NTRACK OF THE TRACK
C--OUTPUT PARAMETERS:

S-C IYN-YES/NO
C 1-YES, THE TRACK IS IN VIEU OF ONE OF THE UNITS VIEUERS.
C 2-NO, IT ISN'T

SUBROUTINE DELTRYINPTRK)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C DELTRY WILL DELETE A TRACK FROM THE TRACK DATA LIST OF
C EVERY WORKING ADSM
C--INPUT PARAMETERS:
C NPRTK-COLUMN NUMBER IN NTRACK OF THE TRACK TO DELETE

SUBROUTINE ENDITINRUN)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C ENDIT IS CALLED AT THE END OF EACH ITERATION TO PERFORM
C ALL END OF RUN PROCESSING.
C--INPUT PARAMETERS:
C NRUN-RUN NUMBER JUST COMPLETED
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FUNCTION FLTY(t'rCOLNTCOL)
C--NODULE: MOPADS COMMON USER CODE

N C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C FLTY WILL COMPUTE THE FLIGHT TIME OF THE IHAUK MISSILE
C (MINUTES). FLTY DOES NOT CHECK TO SEE IF EITHER NFCOL OR
C NTCOL IS VALID.
C--INPUT PARAMETERS:
C NFCOL-NFSTOR COLUMN OF THE FiRE UNIT
C NTCOL-NIRACK COLUMN OF THE TRACK

SUBROUTINE GEVALY(IDOPNADSMNCOPINGSIOPRGS,NN()
"C- -MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C GEVALY WILL EVALUATE AN OPERATOR'S GOAL STATE VECTOR
c
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID
C NADSM-SYSTEM MODULE TYPE

* C NCOPI-COPY ROU NUMBER
C NGS-ArTUAL LENGTH OF GS
C--INPUT/OUTPUT PARAMETERS:
C IOPT(2)-DBAA OF THE OPERATOR STATE VECTOR
C--OUTPUT PARAMETERS:
"C GS(NGS)-GOAL STATE VECTOR
C NNG-THE NUMBER OF GOALS THE OPERATORS OF THE SYSTEM HAVE.
C (I.E. ONLY THE FIRST NNG ELEMENTS OF GS HAVE MEANINGFUL
C INFORMATION). IF THE OPERATOR DOES NOT HAVE GOAL I,
"C THEN GS(I)=-I.EIO.

SUBROUTINE SPRIY(IDOP,NADSMNCOPIG$SNNGIOPRGSP)
. C--MODULE: MOPADS COMMON USER CODE

C--REFERENCE: MOPADS VOLUME 5.19
C--FURPOSE:
C GPRIY WILL EVALUATE GOAL PRIORITIES GIVEN THE GOAL STATES

FOR AN OPERATOR.
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID
"C NADSM-SYSTEM MODULE TYPE
C NCOPI-COPY ROW NUMBER
C GS(NNG)-CURRENT GOAL STATE VECTOR
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C--INPUI/OUTPUT PARAMFTEkSi
C lOPR(2)-J8AA OF THt CERATOR STATE VE'TOR
C--OUTPUT PARAME7TEW
C 6SP(NNG)-GOAL PRIORITY VECTOR. I' THE O'ERATOR DOES NOT
C HAVE GOAL It THEN 6SW(1.O.

A: $UbROUT1K7 GSOURY(IDOP,NSVODE)
C--MODPtLEzMQPFiS CIMHON USEk CODE
C--WEERENCEZ SOPAD: VOLHIE 1.19

-• C--?UR'OSE:

C OSOURY UILL RETURN THE SGURCE NODE UHERE A PARTICULAR
C OPERATOR IS CREATED.
C--INPUT PARAMETERSt
"C IDOP-OPERATOR 19
C--OUTPUT PARAMETERS:
C NSNODE-SOURCE NODE NUMBER UHERE THE OPERATOR IS CREATED

SUDROUTINE INITY(NRUN)
C--NODULE: HOPADS COMMON USER CODE
C--REFERENCE: NOPADS VOLUME 5.19
C--PURP3SE:
C INITY UILL INITIALIZE THE COMMON SYSTEM 3ODULE PROGRAMS.
C
C--INPUT PARAMETERS:

i ( C NRUN-RUN NUMBER ABOUT TO BEGIN
C O-INITY 'S BEING CALLED PRIOR TO PERFORMING ANY RUN.
" C M-INITY IS BEING CALLED PRIOR TO RUN N.

.9- - - --------- m------------------------C - -

SUBROUT!NE INTLC
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: HOPADS VOLUME 5.1?
C--PURPOSE:
C INTLC IS THE STANDARD SAI MT UER INPUT PROGRAM FOR DOING
C ANY REQUIRED USER INITIALIZATION. IT IS NOT USED BY
C MOPADS. THIS IS A DUMMY PROSRAM. SEE SUBROUTINES
C USTART AND INITY IN THIS SECTION.

A-.
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4.

SUBROUTINE IROQIY
V C--NODULE: MOPADS COMMON USER CODE

C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C IROVlY VILL INITIALIZE ALL DATA LISTS IN UORKING ADSM'S OF
C THE SINULATION DATA SET THAT HAVE UORKNG AND INITIAL VALUE
C ROUS. IN OTHER UORDS, SOME DL'S (E.G. OSV'S) HAVE THEIR
C INITIAL VALUEM STORED IN ROU 2. PRIOR TO EACH SIMULATION
C RUN, THE VALUFS ARE COPIED TO ROU 1. ROU 1 IS USED DURING
C THE SIMULATION AND NAY BE CHARGED.

SUiROUTIPE IROU2Y(IADSM)
C--NODULE: MOPADS LOMMON USER CODE
C--REFEReNCEt #OPADS VOLUME 5.if
C--PURPOSEs
C IROU2Y UILL INITIALIZE ALL 2 ROY DAVA LISTS IN A VORKING
C ADSM. SEE IROUIY FOR FURTHER DETAILS.
C IROU2Y ALSO INITIALIZES THE RESOURCE DATA LIST.
C--INPUT/OUTFUT PARAMETERSt
C IADSN(4)-DRAA OF THE APSM TO INITIALIZE.

SUIROUTINE MODRF(MFN,NNODE)
C--MODJLE: POPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C NODRF IMPLEMENTS THE SAINT MODERATOR FUNCTIONS FOR NOPADE.
C THE NODRF CODES ARE NOT RENUMBERED FOR EACH SYSTEM MODULE.
C IN OTHER UORDS, ONLY ONE STREAM OF NODW' CODES IS USED FOR
C ALL SYSTEM MODULES.
C--INPUT PARAMETERS:
C MFN-MODRF CODE
C CODE I IS RESERVED FOR THE HUMAN FACTORS MODERATOR
C FUNCTION MODULE
C NNODE-CURRENT NODE NuMBER
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SUVROUTLNE NODRFY(NNODE)
C--NODULEs NOPADS COMMON USER COdF
C-REFERENCEs NGPADS V9LULE 1.19
C-PURPOSEs
C NODIFY INPLiNENTS l'E NOPADS IOOEWAT2S FOR TihE-TO-PERFORN
C OPERATUR TASX ELENEATS T BY .LLIA6 THE APPROPRIAIE HUMAN
C FACTORS NODULE PgOGmAnS.
C--INPUT PARANETERS:
C UNOlE-CURRENT 00,E

SUDROUTINE NXNSSY(HSIDNCDLIUDNCOL)
C--NODULEs NOPADS COeNON USER CODE
C--REFERENCE: MOPADS VOLUME 5.1?
C-PURPOSEs
C NXNSOY VILL FIND THE HIGHEST PRIORITY MESSAGE WHOSE PRIORITY
C IS LESS THAN IUD. THUS, NXNSIT CAN DE USED TO FIND THE
C SECOND, THIRD, ETC. HOST IMPORTANT MESSAGE.
C-INPUT PARANETERS:
C NSIt(5,NCOL)-ID'S OF MESSAGES
C 1UD-UPPER SOUND ON NESSAGE PRIORITY. AMY MESSAGE UITH
C PRIORITY .UE. 103 VILL DE IGNORED IN THE SEARCH.
"C--OUTPUT PARAMETERS:
"C HCOL-COLUNN NUMBER IN NSID OF THE HIGHEST PRIORITY MESSAGE.

---- --- -- ----------------------------------.......

SUDROUTINE NEUTKY(NPTRK)
C--nODULEs NOPADS COMMON USER CODE
C--REFERENCE: NOPASS VOLUME 5.1?

9 €C--PURPOSE:
C NEUTKY VILL PUT A NEU TRACK E9TRY INTO EVERY UORK3Nrd ASSN'S
C TRACK DATA DL. IF THE TRACK IS NOT IN RADAR COVERAGE,
.L RETURN UITH NO ACTION.
C-INPI T PARAMETERS:
C € PTRK-COLUNN IN N7RACK WHERE THE TRACK IS STORED

---- -------------------------
SUBROUTINE OEVALY(IOPgNADSM,NCOPI,GSNNB,JTASKIOP'tROSJTJ,.I

C--NODULEs NOPADS COMMON LSER CODE
C--REFERENCE: NOPADS VOLUME 5.19
C--PURPOSE:
C OEVALY VILL COMPUTE THE EXPECTED OOAL 3YATE VECTOR FOR A
C C PARTICULAR OPTION FOR A SPECIFID OPERATOR
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C--INPUT PARAMETERS:
SC IDOP-OPERATOR I1

C NADSN-SYSTEA NODUIA TYPE
C ,NCOPI-COPY ROU NUMBER
C OS(NNG)-CURRENT GOAL STATE VECTOR
C 'JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OEVALY VILL
C EVALUATE EXPECTED GOAL STATES GIVEN THAI THE
SC OPERATOR PERFORMS TASK JTASK.
C--INPUT/OUTPUT PARAMETERSs
C IOPR(2)-DOAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C SSJ(NNB)-EXPECTED GOAL STATES RESULTING FROM PERFORMING
C TASK JTASK
C TJ-EXPECTED TINE (MINUTES) TO PERFORM IASK JTASK. IF THE
C OPERATOR CANNOT PERFORM OR DOES NOT PERFORM TASK JTASK,
C THEN TJ=-1.
C--ALTERNATE RETURNS:
C I-JTASK IS GREATER THAN THE OAXINUM TASK NUMBER THAT THE OPERATOR
C PERFORMS. DEVALY VILL BE CALLED REPEATEDLY UITH GREATER
C VALUES OF JTASK UNTIL THIS CONDITION OCCURS.

SUDROUTINE OPREY(IOPP)
C
C--MODULE: NOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C
C**PURPOSE: ERROR CHECKING TO ASSURE THAT NON-OPERATORS ARE
"Cts NOT PROCESSED AS OPERATORS

.J. C
"C**INPUT PARAMETER: IOPP - ENTITY ID
C

"FUNCTION PRIOR(ITASK)
C--NODULE: POPADS COMMON USER CODE
C--"EFERENCEs MOPADS VOLUME 5.19
C--PURPOSE:
C PRIOR IS URITTEN TO SATISFY CALLS BY SAINT. IT IS NOT
C USED BY NOPADS. THIS FUNCTION IS A DUMAY.
C--INPUT PARAMETERS#

e. C ITASK-TASK NODE NUMBER

lo

4%"
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SUBROUTINE PSHNTT(IOPTtI3OPTSKNEULE[)
C
C-NODULE: fOPADS CONMON USER CODM
C--REFERENCE: ROPADS VOLUME 5.19

SC**PURPOSEs THIS SUDROUTINE IS USeD TC RENOVE (#OPW THE CURRENT TASK
C FRON T71E OPkRAT3R T.SK ITACK.IT THEN FLACES A SET OF
C TASKS TO BE PERFORMED UNTO THE TASK STACK.Thi TASKS Of
C THE TASK STACK UILL BE PEkFORMEb ACCO"OINO TO THE LIFO
C SERVIN6 DISCIPLINE.
C
C**INPUT PARAMETERS8 IOPTuOPTION TO CLEAR THE OPERATOR'S HENORY
C (IuCLEAR NENORT,@=30 NOT CLEAR MEMORY)

SC 1DOPsOPERATOR ID
* C TSKNEU(5,LEN)*ARRAY CONTAININO TASK DATA
C LEN-NUNIER OF TASKS TO ADD TO TASK STACK
€

FUNCTION PSY(PSCN--F)

S€*C--ODOLE: NOPADS COMMON USER CODE
C--REFERENCEs NOPADS VOLUME 5.1?
C-PURPOSE:
C rIT VILL CONPUTE THE SUCCESS PRODADILITY FOR A TASK OR
"C A TASK ELEMENT.
C--INPUT PARAMETERS:
C PSCN-NOMINAL PROBABILITY OF SUCCESS
C TF-OPERATOR'S TASK ERROR FACTOR OR TASK ELELHENT ERROR
c FACTOR
C--METHOD
C LET DELTAu(I-PSCN)*TF

eI
: C THEN PSYmflAX(.IpPSCN+OELT)

- ------------------------------ --------..

SUBROUTINE RNBT(NTCOLIDOPRANGEIYN)
C--"ODULEs MOPADS COMMON USER CODE
C--REFERENCEE NOPADS VOLUME 5.19
C--PURPOSEI

* C RNGY VILL DETERMINE IF A SPECIFIED TRACK IS 1 IVIDLE TO AN
C OPERATOR, IN OTHER VORDS IT VILL CHECK IF IT IS VITHIN

SC HIS SCREEN RAPGE. 1N0T DOES NOT CHECK TO SEE IF THE
"L TRACK IN ALSO VISIBLE TO A VIEVER.
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C--INV'UT PARAMETERS:
,OýC N7COL-THE COLUMN NUMBER OF THE TRACK IN NTRACK

C IDOP-THE O0'ERAT'OR'S ID
C RANGE-THE SCREEN RANGE OF THE OPERATOR
C--OUTPUT PARAMETERS:
C JYN-YES/NO
C 1-YES, THE OPERATOR CAN SEE THE TRACK
C 2-NO, HE CAN'T

SUBROUTINE SHELLY(N,DATA,NIJEX)
C--NODULE: MOPADS COMMON USER CODE
C--REVERENCE: NOPADS VOLUME 5.19
C--PURPOSE:
C SHELLY WILL SORT DATA LARGEST TO SMALLEST WITH A SHELL SORT.
C DATA IS NOT ACTUALLY DISTURBED. NDEX IS MADE INTO A CROSS
C REFERENCE TO DATA IN THE CORRECT SORTED ORDER.
C--INPUT PARAMETERS:
C *-LENGTH4 Oi DATA AND NR)EX
C OATA(N)-ARRAY TO BE SORTED
C--OUTPUT PARAMETERS:
C NDEX'N)-INDEX ARRAY TO DATA. ON OUTPUT THE I-TH LARGEST
C ELEMENT OF DAA N. 61LL DE DATA(NDEX(I))

SUBROUTINE SMSGY(MROUL,NI'EC,NOPR,IDIST,NVAR,MSNO)

C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C
C.*PURPOSEs TO NA4DLE SENDING OF ALL MESSAGES FROM USER CODE. ALSO
Cos STORES IN A LOCAL ARRAY ALL STATIC MESSAGE CHARACTERISTICS.

Cos THIS ARRAY, NNMSG, MUST BE CHANGED IF ANY OF THESE
Cos NESSASE CHARACERISTICS ARE CHARGED BY AN ANALYST OR IF
Cos ANY NEW MESSAGES ARE ADDED.
C
C**INPUT PARAMETERS: RROUL - MESSAGE RCYI NUMBER (ROU IN NNMSS)
C NREC - RECEIVER COPY ROW NUMBER
C NOPR - RECEIVER OPERATOR T.PE (UNUSED IF COLUMN
C I OF NNNSB IN ROW MROUL IS NOT 0)
C IBIST - MESSAGE DISTRIBUTION CODE (FOR CODE
C DEFIRIJTIONS SEE SUBROUTINE SNDMSA)
C NVAR - ARRAY OF LtNGTH 3 CONTAINING THE VARIABLE
C MESSAGE. COLUMNS 11-13 IN NNMSS CONTAIN
C THE CODES DEFINING THE VARIADLE MESSAGE.
C
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C**OUTPUT PARAMETERS: MSNO - THE MESSAGE SEC NJMBER ASSIORNIE TO 7HE AESS
BY SUBROUTINE SNDBSA

C**LOCAL VARIADLES: NNMSB(5O,15) - THIS ARRAY COITPINS 3TATIC
C INFORMATIJN FOR EACH MFSSA(E iYPI.
C EACH FUNC T IOPAL TYPE - S'JPTYrE
C COIBINATICK HAS A ROP 19 THE ARRAY.
C IH MESSAGE E3V NUMYER THEN PEFERS
C TO A UNIQUE MESSAGE TYPE AND 1IVES
C THE ROU CONTAIIKMI INFO FOR THAT
C MESSAGE. COLUMN DEFiNITIONS ARE
C GIVEN DELOM.
C
C COLUMN DEFINITIONS FOR THE NNMSO ARRAY
C ---------------

C I - RECEIVER OPERATOR TYPE tO IF MUST DE CALCULATED)
C 2 - FUNCTIONAL TYPE
C 3 - MESSAGE SUBTYPE
C 4 - MESSAGE PRIORITY
C S - COMMUNICATION HETUORK (I-VOICE, 2-ATDL)
C 6 - ACKNOULEDSHENT REQUIRED (1-YES, 2-NG)
C 7 - AT2L CODE (UNUSED)
C I - UNUSED
C 9 - UNUSED
C 10 - NO. OF UORDS IN THE VARIADLE MES3AGE (NOT COUNTING 1T
C 11-13 - VORIADLE MESSAGE TYPE CODES (FOR NVAR UORDS 1-3)
C (THESE CODES ARE USED TO CHECK THE VALUES OF
C #VAR TO ASSIIRE THAT LEGAL VALUES MERE PASSED IN.
C THE CODES ARE DEFINED DELOV VITH LEGAL VALUES
C SHOPN IN PARENTHESES)
C
C CODES FOR NNMS6 COLUMNS 11-13
C------------------------------------------
C 1 - UHICH FIRE SECTION (O-EITHERI-A,2-B,3-DOTH)
C 2 - TRACK COLUMN POINTER (1 TO NCOLS)
C 3 - MESSAGE NUMBER ACKN4ULED6ING (1 70 LASTM)
C 4 - FU EFFECTIVE STATUS (I-KILL,2-NO KILL)
C 5 - IHIPIR STATUS (I-LOCK,2-NO LOCK)
C 6 - RAID SIZE (1-ONE,1-FEU,3-MANY)
C 7 - IHIPIR LOCKING METHOD (1-MANUAL,2-AUTO)
C I - METHOD OF FIRE (1-SHOOT-LOOK-SHOgT,2-RIPPLE FIRE)
C

C 14 - TASK NODE NUMBER SENT FROM (0 IF VYRiADLE, BECAUSE
C THIS INFORMATION IS NOT REALLY NEEDED TO SEND THE
C MESSAGE)
C 15 - USAGE STATUS 1l MESSAGE CURRENTLY BEIHO USED BY AT LE
C ONE SYSTEM NODULE
C -1 MESSAGE NOT BEINO USED
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SielOUUINE STATE
C--NODUL7; MOPADS COMMON USER CODE
C--REFE~i!lCE: ROPADS VOLUME 5.19
C
C**PURPOSEs THIS IS SUBROUTINE STATE FOR THE HOPADS PSAIAT SV!(FARE.
C 1T IS W'~Er TO UPDATE THE POSITIONS OF THE AIRC~aF( IM THE

AIR SCENA!11J.

SUBROUTINE STDOY(NRUN)
C--MODULE: MOPADS CONMOR 9JSE'l CJDE
C--REFERENCE: NOP'.DS VOLUME 3.19
C--PURPOSE:
C STDlY VILL DUMP COUNTER STATISTICS o- iHE NOPADS PATA BASE
C AFTER A RUN. STDBY DOES NO1T RE-IN171ALIZE THE COUNTER
C STATISTICS ARRAYS AFTER A PUMP.
r--INPUT PARAMETERS:
C NRUN-RUN NUMBER JUST COMPLETED

SUBROUTINE THRIYIIPOP,NCOPI,KTRKXL3,TOA,KPTRK,IST)
C--MODULE: IOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUML 5.1?
C--PURPOSE:
C
C TWRiT VILL LOCATE THE TRACK THAT IS MOST THREATENING TO AN
C AIR DEFENSE COMPONEKT. TPIS SUBPROGRAM It USED TO EVALUATE
C THE SELF DEFENSE GOAL. TNRiT VILL ALSIr EVALUATE
C A SINGLE TRACK BASED ON THE VALLE OF KTRK.
C--INPUT PARAMETERSt
C IDOP-THE OPERATOR ID
C NCOPI-COPT ROM NUMBER OF THE COMPONENT
.C KTRK-TRACK COLUMN NUMBER IN NTRACK
C 0-EVALUATE ALL TRACKS
C K-EYALUATE TRACK K ONLY
C XL3-LOVER BOUND ON TOA. THE TRACK MYTH THE MINIMUM TIME
C OF ARRIVAL BUT GREATER THAN XLl MILL BE RF.TURNED. XA1.GT.0
C IS USED TO EXCLUDE THE MOST THREATENING TRACK UHEN
C ESTIMATING THE IMPACT ON GOALS OF ASSIGNilIG THE MOST
C THREATENING TRACK T'1 AN FU.
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C--PUTPUT ýARAMETERSt
c, TOA-TINE OF ARRIVAL OF THE MOST THREATENING TRACK
C KPTRK-NTRACK COLUMN OF THE MOST THREATENING TRACK
C IUT-TRACK STATUSSO-NO TRACKtI-UNIDENTIFIED,2--DENT:FiE1 Al HGSTIL
C OR UNKNOUN,3--2NDART ASSIGNED)

SUBROUTINE THR2Y(IDOPNCOPIKTRK,XLBTOAKP7RK•ICT)
C--NODULE: NOPADS COMMON USER CODE
C--REFERENCEs NOPADS VOLUNE 5.19
C--PURPOSEs
C
C THR2Y VILL LOCATE THE TRACK THAT 18 MOST IHREATENING TO AN
C AIR DEFENSE COMPONENT'S PROTECTED SITES. !HIS SUBPROGRAM 1S
C USED TO EVALUATE THE GOAL OF PROTECTING CRITICAL ASSETS.
C THR2Y VILL ALSO EVALUATE ONLY ONE TRACK BASED CN THE
C VALUE OF KTRK.
C--INPUT PARAMETERSs
C IDOP-THE OPERATOR It
C NCOPI-COPY ROY NUMDER OF THE COHPONENT
C KTRK-TRACK COLUMN NUMBER IN NTRACK
C O-EVALUATE ALL TRACKS
C K-EVALUATE TRACK K ONLY
C XLD-LOUER DOUND ON TOA. THE TRACK UITN THE MINIMUM TINE
C OF ARRIVAL PUT GREATER THAN XLJ VILL BE RETURNED. XLS.ST.O
C 18 USED TO EXCLUDE THE MOST THREATENING TRACK UHEN
C ESTINATING THE IMPACT ON GOALS OF ASSIGNING THE MOST
C THREATENING TRACK TO AN FU.
C--OUTPUT PARAMETERSs
C TOA-TIME OF ARRIVAL OF THE MOST THREATENINO TRACK
C KPTRK-NTRACK COLUMN OF THE MOST THREATENING TRACK
C 1ST-TRACK STATUS(O-NO TRACKp1-UNIDENTIFIED,2-IDENTIFIED AS HOSTIL
C IR UNKNOUN,3-2NDARY ASSIONED

SUBROUTINE TOAY(POSNTRETA)
C--MODULE: MOPADS DATA DASE APPLICATION PRO6RAMS
C--REFERENCE: 4OPADS VOLUME 5.13
C--PURPOSEs
C GIVEN A POINT AND A TRACK, TOAY VILL COMPUTE THE GROUND
C DISTANCE BETUEEN THEM AND THE TIME TILL THE AIRCRAFT
C ARRIVES AT THE POINT IF IT TURNS IMMEDIATELY TOMARD IT
C (USING THE AIRCRAFT'S CURRENT SPEED). IF THE AIRCRAFT IS
C OUTBOUND, AN INFINITE TINE VILL BE RETURNED.
C--INPUT PARANETERS:
C POS(3)-XYZ OF THE POINT CZ-FEETt X AND Y-N.MZ.)
•C NTR-COLUMN IN NTRACK OF THE TRACK
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C--OUTPUT PARA~iTERSs
C ETA(2)-(1)*TIPE TILL ARRIVAL. IF THE CURRENT HEADINGOUF THE
C TRACK IN OUTBOUND FROM THE POINT, THEN ETA(I)w
C I.E10.
C (2)GROUND DISTANCE(N.MI.) FROM THE POINT TO T HE
C TRACK.

SUBROUTINE TOTT{IDOP)
C--MODULE: MOPADS COMMON U3ER CODE
C--REFERENCE: NOPADS VOLUME 5,19
C--PURPOSE:
C TOTY VILL COMPUTE THE TIME-ON-TASK FOR AN OPERATOR AND VPDATý
C HIS OSV. TOTY IS COMPUTED AS (TNOU-TSTRTK)/6O+(THE INITIAL
C VALUE OF TIME ON TASK)
C--INPUT PARAMETERS:
C IDOP-THE OPEJRATOR'S ID

SUBROUTINE TSEGY(IDOP,NXTAS,KASE)
C--MODULE: ~IOPADS COMMON USER CODE
C--REFERENCEt HOPADS VOLUME 5.01
C--PURPOSE:
C TSEGY VILL SELECT THE NEXT TASK FOR AN OPFRATOR. IT IS
C CALLED TO INITIATE THE TASK SEOUENCING PROCEDURE.
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID
C--OUTPUT.PARAMETERS:
C NXTAS-NUMBER OF THE NEXT OPER&73R TASK 70 PERFORM. IF NO
C TASK VILL REDUCE THE OPERATUR'5 OBJECTIVE FUNCTION,
C NXTAS2Q
C KASE-OUTPUT CONDITION
C 1-NXTAS IS THE NEXT TASK ON THE STACK.
C 2-NXTAS IS NOT FROM THE S(ACK. THE CALLING PROGRAM
C NEEDS TO LOAD THE STAIC 111TH APPROPRIATE TASK
C Nu1MIER(S).

SUBROUTINE UACCPT
C--MODUlLEz MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C UACCP7 IS NOT USED BY MCPADS. THIS PROGRAM IS A
C DUOMY TO SATISFY SAINT EXTERNAL REFERENCES.
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WSP~OUr1NE I!ERR(KODE)
C--r.CDULI-: 9P"Dý COMMON USER CODE
L--FFEREtMtE: MOPADS VOLUME 5.19
C--FURPOSSg
C UE.RR 910. PERFCRA ADDITIONAL MOPADS ERROR ?rV"ESSING 09

4 A SYSTEM MODULE SPECIFIC BASIS.
!PI~TI'RAMETERSt

t YOD¶-ERROR CODE GENERATED FROM SYSTEM MODULE SOFTUARý

SUBROUTINE UINPT
C--MODULE3 MOPADS COM~MON USER CODE
C--REFlFRENCEt MOPW1 VOLUME 5.19
C--PURPOSE:
C UIRPT IS CALLED ONCE PRIOR TO ~THE SThRl LV A MOPAD~3
C SIMULATION~ TO COMIPLETE 101's1 L11%l W" ~~ PAD3 ARRAYS
C ANID THE DlATA BASE.
C

SUBROUTINE USCOV'1tMN)
C--hOPtJL~i MOPADS COMMON USER CODE

C--P AVflL: IOADS VOLUME 5.19

C-FOPL'P SEs
c USCOND IS NOjr USED BY MOPADS. THIS PROOA1AM IS A DUMMY

FUNCTIý: ',I';RFCICODE)
C- -tlODULE:. MOPA)S COMMON USER CODE
C--REFERENCE: KOPADS VOLUME 5.15
C--PURPOSE:
C * VA'ýUAfE. THE 'WAPS~ F USER FUNCTION',
C I h1t¶ul p F; Iý3
C ICODE-USIt- f J'W
C--OUTPUT PARAMETE.i~
C USERF-VALUE Or l I!Jt i' V UNCTION
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FUNCTION USERINCICODE)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C USERIN EVALUATES THE MOPADS INPUT USER FUNCTIONS
C--INPUT PARAMETERS:
C ICODE-USER FUNCTION CODE
C--OUTPUT PARAMETERS:
C USERIN-VALUE OF THE USER FUNCTION

SUBROUTJNE USTART(NRUN)
C--hODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19

C--PURPOSEs
C USTART IS CALLED AT THE START OF EACH SIMULATION RUN BY
C HSAINT TO PERFORM AWY INITIALIZATION NEEDED.
C--INPUT PARAMETERS:
C NRUN-RUN NUMBER ABOUT TO BEGIN.

SUDkOUTIRE UTASK(NTNPLACE)
C--MODULE: MOP(uS COMMON USER CODE F
C--REFERENCE: MOPADS VOLUME 5.19
C
C
C**PURPOSE: TO BE THE MASTER PROCESSOR OF USER CODF FOR ALL
Cs* SYSTEd MODULES. CALLS A ROUTINE FOR EACH SYSTEM
C** MODULE, UHICH CALLS TASK NODE-SPECIFIC ROUTINES A.%"
C** FOR ALL TASKS REOUIRING UNIQUE PROCESSING.
C

C**INPUT PARAMETERS: NT - TASK NUMBER -•

C** NPLACE - TASK OCCURANCE TIME
Cs* 1FIRST PREDECESSOR CUMPLETION
C** (ONLY IF DIFFERENT FROM THE RELEASE t.'
C** TIME. THIS 4ORMALLY UON'T BE THE CASE)
C** a 2 RELEASE TIME
C** = 3 START TIME (SAME AS RELEASE TINE IF
C** THE TASK RSOUIRES NO RESOURCES)
c,, a 4 COMPLETION TIME
C,' a 5 CLEARING TIME A TASK CANNOT BE
C** BOTH COMPLETED AND CLEARED)
C
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SUBROUTINE UNTIDY (NECrOUN)
e % , C

C--MODKU;E: KnflPADS COMMON USER CODE
C--REFEEENri. NOPADS VOLUME 5.19
C**PURPPS.' IHIS SUBROUTINE IS USED TO ASSIGN OPERATOR ID NUMDERS 4O
C CONTbL FNTITIES CREATED DURING THE SIMULATIUN.

1. C
C**OUTPUT PARANETERSt NESNUMzNEGATIUV OPERATOR ID REPRESENTING THE
C CONTROL ENTITY
C

AA5
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6-0 USn DMsrx OS

The subprogras in the CSW fall into seiwral asins
based on their functions:

1. Track Processing.

CHLTY - changes elements of the Track
Data. data list in the data base

CVTKY - checks if an air deWense unit
viewers can see a track

•-TRY deletes a track from all Track
Data data lists

NEWTRY - inserts a new track into ell
Track Data data lists

RI GY- determines if a track is visible

to an operator

FLTY - ecuputes missile flight time

2. Task Sequencing.

GEVALY - evaluates an operator's goals

G GPRIY - evaluates goal priority functions

MXMSGY - finds an operator's highest
priority outstandin6 messages

OEVAL- computes expected goal states

for various operator tasks

THR1Y,THR2Y - locates high threat tracks

TOAY - ccurates a track's threat

TSEQY - selects next task for an operator

• 3. Statistics. -

CCOBSY - marks time for MOPADS Operator
Task Fraction Statistics.

"CSTATY records observations of count
statistics
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-~dumps coamt statistics -to the
" ~data base

mBLOmC - block data

GSOUR! - find source node for an o!,erator

1ROw2 - initialization of arzras

' 5. Operator Processing.

"C"J1ff - clear an operator's emory

MODwFT han factors wodersator function

access

PS.TY - manage an operator's meuory stack

PSY - eapute success probability for

a task

dG - send mssages

TOT? cwspiate operator's time-on-taak

6. MSAIRT User 'Cvled Progras.

MDIT. IDTLC... - see Walker (1983) for details
MODRE. PRIOR,.
STAT-, UACCT,
UERR, U5,
USCOND, USE7,
USERIN, USTART,
"and MfASI

1. Mis cellaneous.

CCOqET - error processing

"OPREY - error checking

SELLT perform a shell sort on an array

W"TIDT - suign an rD to a control entity
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7-0 EROR PROCESSING

Wlhen appropriate, CMP programs use the MAP error Irocedsing,
ERRORA, for error processinG. At other times, the strndard MSAIU•
progru SERR is used. Error codes 7000 to 7999 have been reserved
for use by the S£CP. Defined rodes are as follows:

Error Code .rror Conditions Subprogram(s)

7000 Invalid System Module Type USMMUSERIN

7001 Invalid Copy Row Nmber CSTATY

7002 Invalid Count Statistics Index CSTATY

7003 Screen range evaluation reqiested RNGY
for an operator for vhom that
information is not defined

7004 Action requested for an o~er.-tor RNGY
in an inactive unit

7005 I'TRI)/WRID2 arrays full NMS3A,NCOPYA,
IF"T2A

7006 W-STTE a.rray full NFST3A,NCOPYA,
IFST2A

700T NFSTOR full IICOPYA

7008 A system module type that cannot be INITYNCOFYA,
classified as a fire unit or a non- NFST3.%,THR2Y
fire unit has been encountered

7009 iIDAD array full NCOPYA,NFWS2A

7010 too many operators NCOPYA

7011 too many operators in one system NCOPYA
module

7012 local array IDATA must be increased NFST2A
to YWRW

7013 too many protected vites for IHAWK NFST2A

7014 too many display parameters INITY

7015 Invalid System Module type GEVALY,OEVALY
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TO06 Attempt To evaluate operator goals G!VALI,OEVALY

7017 Variable ING in greater than the GPRIT
numLer of opirator goals

7018 JTwAK.I.E.0 OEVALY

7019 Invalid moderator function tide NDDRF

7020 Inc:;rrect distribution type for KODR.FY
maderator function

7021 Invalid skill number MODBFY

"7201 Invalid message row number SSGY

7202 Illegal receiver copy rov number SMSGT

7203 Illegal receiver operator ID SMSGY

720A Illegal variable message value SMSGY

7205 Non-operator passed as operator various

7207 Attempt to send an inactive mestage SMSGY

7208 SAill weights do not sum to 1.0 or 100 HODEFY
8-0 COM4)N VARIABLE DEFINITIONS

.4. •Two labeled COMMON areas are used by the CSMP. /COMlY/ con-
tains numeric data and /COM2Y/ contains CHARACTER data. In addition,
certain FORTRAN 77 PARAMErER's are used with these COMI4MN areas.

Variable Definition Value COMMO4N,

MrASKY Maximum number of operator 40 PARAMET
tasks for any operator

"?MXSTAY Maximum number of count 50 PARAMET
statistics for any system
module

CLABY Labels of count statistics CLABY /COM2Y/
r.-" (STAY,4) (1,J) is the label of statistic

25 I for system module type J
S

COUNT Storage for count statistics /COMlY/
(MxSTAY, COUNTY(I,J) - count for statistic
30) I, copy J
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I
DYVY Maximin time betwq.en general 0.25 /CXmNl!/

viewer updates of tracks

AIN.MA T N3im rae dimension of GTrM 34 C/llYI
NIW in SBUROMTINE SSGY-

MAXDPY Maxiuum operator type 9 /CON1Y/

MXBTY(i() Number of count statistics - /CoCXIS~defined for each system

mnodule type

TASKY(150, TASKY(I,J) is the cumulative /COMNY/
SMUMASK) time operator I spends doing

tick J

TTM'(3) End time for each copy to epWPute /(X'KJY/
task fraction statistics. Usually
end of run time, but may be
earlier if the unit vas destroyed
by enen action

TYWNY Time of the next general viever /Ca1y/
update of tracks

S

A.-
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IMPADS Terminologr

AIR DEFENSE SYSTEM A component of Air Defense vhiid includes
equipment and operaters and ior which
technical and tactical. trzainr3 rrxequired.
Examples are IHAWK and the AN/TS•-T3.

SAIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE (ADSM) characterist-ics for Air Defense Systems in

the MOPAS software. These mokels are pre-
pared with the SA3flT simulation language.
Air Defense System Modules include the
SAIVT model and all data needed to com-
pletely define task element times, task
sequencing rejuirements, and bu an factors
influences.

AIR SCENARIO A spatial and temporal record of aerial
"activities and characteristics of an air
defense battle.' The Air Scenario includes
aircraft tracks, safe corridors, ECM, and

S -. other aircraft and airspace data. See
"*" also Tactical Scenario.

BRANCHING A term used in the SAINT simulation lang-
uage to mean the process by which TASK nodes
are sequenced. At the completion of the

* ,- - simulated activity at a TASK no&e, the
..r~nchin& from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That Inrt of the MOPADS softw e which
SYSTEM Pe7-frM3s all direct co=-micat 6n with the

MOPADS Data Base. All information transfer
"to and from the data base is performed by
invoking the subprograms uhich make up the
Data Base Control System.

DATA SOURCE A specialist in obtaining and interpreting
SPrLIALIST Army documncritation and other data needed to

"prepare Air Defense System Modules.
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ENVIRONMENTAL An element of an Environmental State
STATE VARIABLE Vector.

ENVIRONMENTAL An array of values representing conditions
STATE VECTOR or characteristics that may affect more

than one operator. Elements of Environmen-
tal State Vectors may change dynamically

Sduring a NOPADS simulation to represent
changes in the environment conditions.

MODERATOR FUNCTION A mathematical/logical relationship %hich
alters the nominal time to perform an opera-

.. tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability to perform the
activity based an the Operator's State
Vector.

MOFPADS DATA BASE A computerized data base designed specifi-
cally to support the MPADS software. The
-OPADS Data Base contains Sirmlation Data
Set(s). It commmicates interactively with
J4OPADS Users during pre- and post-rum data
specification and dynamically with the SAINT
software &dring simulation.

"MOPADS MODELER An analyst who will develop Air Defense
ISystem Modules and modify/develop the
)YAPADS software system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

" MSAINT The variant of FAINT used in the MOPADS
(MOPADS/SAINT) system. The standard version of SAINT has

been modified for MOPADS to permit share-
able subnetworks and more sophisticated
interrupts. The terms SAINT and HSAINT are
used interchangeably when no confusion will
result. See also, SAINT.
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OPERATOR STATE One element of an Operator State Vector.
VARIAPLE

OPERATOR STATE An array of values repre-entý_ng the condi-
VECTOR tion and characteristics of an operator of

an Air Defense System. Many values of the
Operator State Vector il change dynamically
during the course of a MOPADS simulation to

Srepresent changes in operator condition.
!I. •

OPERATOR TASK An operator activity identified during-. weapons system front-end analyses.

. SAINT The underly~ng computer sinulation language

useri to rael Air Defense Systems in Air
. Defen.ýt System Modules. SAINT is an acronym

S4 fir Systems Analysis of Integrated Nqetvorks
of Tasks. It is a well documented language
designed specifically to represent human
"factors aspects of man/machine systems.
See also MSAIfT.

4.

SIMULATION DATA SET The Tactical Scenario plus all required
simulation inWtialization and other exp.eri-
mental data needed to perform a MOPADS
simulation.

SIMULATION STATE At any instant in time of a MOPADS simula-
V. .tion the Simulation State is the set of

values of all variables in the MOPADS soft-
ware and the MOPADS Data Base.

a.
-, SYSTEM MODULES See Air Defense System Modules.

.:,TACTICAL SCENARI'O The Air Scenario pl.us specification of
critical assets and the air defense con-

"figuration (number, type and location of
I- weapons and the command and control system)

.B-,'.!
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TACTICAL SCENARIO An element of a Tactical Scnazrio, e.g.,
COMPONENT .f a Tactical Scenario contains several

Q-73's, each one is a Tactical Scenario
Component.

TASK S.,e Operator Task.Xi

TASK ELEMENTS Individual operator actions which, when
grouped appropriately, make up operator
tasks. Task elements are usua3ly repre-
sented by single SAfINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol ased in the SAINT si=ula-
tion language. A TASK nole represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
indiHvidual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathezmatical/logical relationship which
SMODERATOR selects the next Operator Task which an
FUNCTION operator will perform. The selection is

based upon operator goal seeking character-
istics.

Additional Terminology and Abbreviations

ASO Azimuth Speed Operator

8CC Battery Control Central

FCO Firing Console Operator

PCP Platoon 'oimi'and Post

TCA Tactical Control Assistant

TCO Tactical Control Officer

~J.
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I. INTRODUCTION

1-0 PURPOSE

This doc--nent is a user manual for the IHAWK system module.
It contaens dtails of the implementation of the MOPADS model of
the IHAXIC system. This information is found nowhere else in the
MOPADS documentation.

In pnrticular, the contents of the operator state vectors,
environmental state vectors, and task data are given in this report.
Section II contains a brief descripticn of the IHAWK missile System.
Section III presents the contents of the operator state vectors.
The environmental state vector is described in Section IV. The
operator tasks and task sequencing assunptions are given in
Section V. Finally, Section VI describes assumptions used in
developing the module.

2-0 INTE=DED AUDIENCE

MOPADS users and MOPADS modelers should read this report. The
language and level of detail used in the discussion is oriented to
the MOPADS user, however. Programming and implementation details
are not included here. ThAt information is discussed in detail in
MOPADS volumes four and five.

3-0 OTHER READI7G

The reader is presumed to be familiar with the MOPADS system.
This implies that he/sho should have read the final report,
Polito & Lauuhery(2983). prior to reading this document. In
addition, the reader should be familiar w-rith the main MOPADS user
.maual, Polito (!9e3a). More technical data on the IHAW' system
nodule is found in Goodin & Walker 1983.
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11, SYSTEM DESCRIPTION

The IFAWK missile battery is comprised of the the BCC, IF
equipment, zevertC. radars (IPAR, IHIPIR,CWAR) and missiles and
leunchers. The prima-y mission of the IHAWK missile battery is
to protect vital assets such as airfields, ammunition supply
centers, etc., from enemy air attacks. The fHAWK has the ability
to detect, identify, track, and engage aircraft flying at various
altitudes.

The various radars serve different operations for the IHAW.K.
The IPAR is used to detect medium to high altitude aircraft. The
CWAR is used to detect high-speed low flying aircraft. The IHIPIR
tracks targets that are being engaged. The IHAWK battery has two
firing sections (A and B), each with its own set of three launchers.
Each iatmcher is capable of holding three missiles that are ready
to launch. Additional missiles are kept on pallets near the
launchers so that they may be reloaded once they have expended all
e•f their "hot" missiles. The launchers are capable of firing one
missile at a time.

The BCC is responsible for control of the IHAWK missile
"battery's firing operations. There are five operators manning the
BCC. The following forms describe these operators, their missions,
and their duties.

The IHAWK :! ystem module represents the operators of the Improved
Battery Control Central (IBCC) unit. In the following forms, the
MOPADS operator type is shown in the column labeled OPERATOR NUMBT,
and the MOPADS label for each operator is shown in parentheses in
the column labeled OPERATOR TITLE.

IL
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III OPE RATOR flATA

1-0 TACT'ICAL C0NT,'OL OmcIC (Tr!O)

3 -1. Human Factors Parameter s.

Table I11-1 shovs the default valrss for the human
factors parameters of the Tactical Cov.off5ýter (TCO). This
data is nart of the operator state vwector for the TCO. Discus-
sions of these variables ars contained in Polito & Laughery
(1983 ), Laughery P19Mý'O,and Polito (1983b).

Tt,- last elements of this li-st , X-SCREM,-CENTEF, Y-SCPZM~-
CZ"'R and SCR=E-RANGGE, are set when the system module is
copied into a command and control configurattion.

Table 111-Kt. TCO Human Factors Parameters.

37.00000 CORE-TEMPERATURE
1.000000 CIO0-VALUE

0.OOOOODOOE+00 TItlE-ON-TASK
0.0O0OO0OEf00 DAYS-OF-DUTY
16000000 SEARCH-rIIMENs IONS

0.OOOOOOOE+00 NUMBER-FIRE-UNITSr
100.00000 PERCENTAGE-RECOvERY
8.000000 PREVIOUS-WOF:1
16,00000 PREVI0US-REST

0900000D0E400 FLASH-INTENSITY
0.0000000E+00 TARGET-SPEED
57600000 TARGET-TYPE

0.OOOOOOOE+00 TARr3EI-SIZE
3.000000 TARGET-COLOR
360.0000 SEARCH-AREA

0.0000000Ei00 BINOCULAR-USAGE
0.OOOOOOOE+00 SLANT-RANGE-TO-TARGET
0.OOOOOOOE+00 TARGET-TRAJECTORY
1.000000 TARCET-E'AKGRND-COMPLEXITY

0.OOOOOOOE+00 NUti-BACKGROUND-CHARACTERS
090000000E+00 MES:AGE-EBACKLOO
1.000000 SIGNALS-PER-MINUTE
40.00000 HUURS-L3ORKED-PER-WEEK

0.OOOOOOOE+00 i'AYs-UITHOUT-SLEEP
0.OOOOOOOE+00 T;AYS-OF-NIGHT-1iUTY

1.000000 SIMULTANEOUS-TASKS 1Y
1.000000 CONTRAST-RATIO
8.000000 AVE-HOURS-SLEEP
1.000000 ')IJECTIVE-FUNCTION
6.000000 GOALS-CONS IPERED
1.000000 TARGET-B4RIGHTNESS
2.000000 NIGHTS
10000000 SKY-GROUND-RATIO
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Ta~ble 111-1 (continued)

0.0000000E+00 AIRCRAFT-ALTITUI'EI
4.000000 l1ETEOROLOGICAL-RiANGE
1.000000 THRESHOLD'-CONTRAST

0.6250000E-01 TARGET-HEIGHT
0.62500OOE-01 TARGETr-WIDTH
0*.OOO0000E+00 TARGET-E'EPIH
0.OOOOOOQOE+00 HORIZONTAL-RANGE

~ 000000 IJUM-OF-F:ESOLUTION-ELEfl
1.000000 NUM-0F-SUSPECT-AREAS

0.OOOOOOOE+00 AIRCRAFT-SPEED
360.0000 FIELDi-OF-VIEU
8.OOOOOOE0~+0 OB'SEFIJER-OFFSET.*000000CE+00 UNUSED
5.000000 DISPLAY-TARGET-LUCATION

0*000000+00TARGET-LOCATION

0.10000~00 H'SPLAY-IiACtKGROUNE'-HEIGHT
0.1000000 DISPLAY-D;.CKGROUNII-WIDTH
0.1000000 ttISPLAY-iiACtKGROUND&-DEF7H

1.330000 D13TANCE-TO-DISPLAY
1o000000 DISPLAY-HEIGHT
1.000000 F1ISPLAY-uIrTH
10.00000 7ARGET-NDISE-LEVEL
1.000000 TRE-"RTO
20.00000 E-XPEKIEHCE
0.1000000 5P3?JAL-PROPABILITY

1.000000 Rr3T-rEF:IOI1S
0.0000000=+00 TA-SK*-=RLERiENT-ROR-AC
0.0000000t+00 TASI(-E=RROR-ERAC R-FCTO
0.0000000E+00 II'S-SiJCE-RACTICE

16*000000 SENSE-OF-DIRECTI ON
20.00000 SKIN-TEMPERATURE
240.0000 rIME-IN-TEMPERATURE
20.00000 IPREVIOUS5SK10-TEMPEFRATURE

-9?~96000 X-SCF:EE11-CENTER
-P799oo0 Y-SCREEN-CENTER

-?999,000 SCREEN-RANGE

1-.Goals, Goal Priority Functions. and Ob~ective
Paramet ers.

There are eight goals defined for the TMAWK operators.
Figure 111-1 explains the goals and the goal states. Not all o-pera-
tors have all goals. The TCO has goals 1, 2, 3, 5, 6, and 7. The
first thrue goa~s involve assessing the threat priority of~ tracks
according to the criteria specified in Table III-!. Goal one is
effective only if the IHAWK is working with a Battalion AIN/TSQ-73
wxj,.ch is assigning tracks to it.

Eachi track is evaluated to calculate its 'time to arrive at
the MlA'rKt and at the n~rotected-site. The minimum of these two
tim~es is thF! threat for the track. The TCO may elect to attack a L) .

track other than the one assigned by the Bat'ýalion if it becomes a
high enoug'i threat.
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Goal five represents the action of the operators to respond to
, co•nmications from other memners of .he THAWX battery and from

Bat-a.1ion. The MOPADS software uses "messages" to represent these
co=munications. and each message has ar associated priority.

The IHAWK will not attack low thrcat tar•,ets if it is 1oW on
b 4 missiles. Goal six provides this tisincentiv. to to engage when

the threat is not high.

SPop-up targets that appear as high threat targets on CMAR may
be engaged before being identified. Goal seven will cause the TCn
to break off an engagement if a currently engaged target is detei
mined to be friendly.

Goal priority functions must be specified for the goals which
specify how the goal priority changes with differing values for
"the goal states. As discussed in Polito & Laugheri (1983b) and
Polito (1983c), this Js done by specifying two points on the goal
priority function above and below the range of satisfaction. This
data for the TCO is shown in Figure 111-2.

Table 111-2 shows how this data appears in the overator state
41 e. vector. Each goal is revresented by 15 values the first of which

r is the goal number. If this number is negative (e.g., goal four)
then the operator does not have that goal. The data shown in
Figure 111-2 is given in the elements LITT=E-M, BIG-M, and elements
GOLL-STAE-LOW-l through PRIORITY-HIGH-2. The values of LI7'72E-A,
LITMlE-B, BIG-A, and BIG-B are calculated. See Polito (1983a) for
warnings on changing these numbers. Infi.nity is represented in the
operator state vectory by the nuxber 1010.

Objective *unction parameters for the TCO are contained in his
"operator state vector, Table 111-1. The objective function is
specified as '"". which means that the TCO selects the task which
offers the greatest improvement in his goal state. if objective
fun.ztion"2" is specified, the TCO att__'mts to obtainr the greatest
goal improvement per unit time. Finally. the TýO considers all of
his goals when selecting his next task (i.e., Gd2-CC=':SIDm- is

* six).

1-3. Pisnlan Data.

- Table 111-3 is the display data for the TCO. As can be
seen from the table, only three elements of display data are used
by the current model. Screen range is L3 miles. The coordinates
of the center of the TCO's screen are not specified until the system
module is copied into a command and control configuration. At that
time, the user may specify the position of the center of the TCO's
viewing area. If the user fails to specify this data (by editing the
operator state vector), then MOPADS will set it equal to the position

.-. ' of the IHAWK.

3-21
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L Table 111-2. TCO Goal Pricrity Function Pp~rbe.ters.

1.000000 GOAL
4.000000 LITTLE-K

N0.1000000E+il HIG-K
3.099663 LITTLE-A
1.179249 LITTLE-B

0.OOOOOOOE+00 BIG-A
0.OOOOOCOE+00 BIG-0

10.00000 FRICRITY-LOW-1
2.500000 GOAL-STATE-LOU-i

5.000000 PRIORITY-LOW-2*1<000000000E+00 GOAL-STATE-HIGH-i
0.OOOOOOOE+00 F'RIORITY-HIGH-1
0.OOOOOOOE+00 GOAL-STATE-HIGH-2
0.0000000=+00 PRIORITY-HIGK-2~. i.4 .000000 COAL,
1.000000 LITT?..E-K:

041000000E+il HIG-Kii11002522 LITTLr-A2.309685 LITTLE-B
0.OOOOOOOE+00 HIG-A

k 0*00O00O0E+00 BIG-S

10.000000 PRIORITY-LOW-i
11.000000 GOAL-STATE-LOW-2
5.000000 FRIORITY-LOW-ý'
0.OOOOOOOE+00 GOAL-STATE-HIGH-i
0*0OO0O0OE+00 PRIOPITYHIGH-'

0.OOOOOOOE+00 PRIORITY-HIGH-2

008011135 LITTLE-A
2.489846 LITTLE-9

090000000E+00 1.I1G -A
0 OOOOOOOE+00 PIG-B
i.300000 GOAL.-STATE-LOW-i

*., ~*9.500000 PRIORITY-LOW-I
2.000000 GOAL-STATE-LOU-2
4.500000 PRioRrTY-LOU-2

0.0000000E+00 GOAL-STATE-HIGH-i
0,0000000E+00 PRIORITY-HIGH-I
0.OOOOOOOE+00 GOAL-STATE-HIGH-2
0.OOOOOOOE+00 PRIORITY-HIGH-2
-49000000 GOAL
0#0000000E+00 LITTLE-M
0.OOOOOOOE+00 BIG-K
.0.0000000E+00 LITTrLE-A
0,0000000E+00 LITTLE-B* 0#0000000E+00 PI'3-A
0 :OOOOOOOE+00 BIG-?
0 OOOOOOOE+00 B3OAL-STATE-LOW-1r1I~0#0000000=+00 PRIORITY-LOW-1O00OO000E+00 GOAL-STATE-LOW-2
0.OOOOOOOE+00 FRIORITY-LOUi-20.0000000E+00 GOAL-TTATE-HIGH-1
0:0000000E+00 GOAL-STATE-HlC3H-2
0.OOOOOOOE+00 PRIORITY-HIGH-2
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.1 Table 111-2 (continued)

9j .000000 GA

1.000000 LITTLE-B
1.000000 kiGs-A
i.000000 BIG-B

-14o00000 SOAL-STATE-LOU-1I
1.0000000 FRIORITY-LcJW-1

-2.CCOCOO GOAL-STATE-LOU-2
20000000 FRlOF:ITY-LOW-2
1.CCOOCO GOAL-STATE-HIGH-I
1.000000 FR IORI TY-H I GH- I
2.OOC0OOO GOAL-STATE-HIDiH-2
120000000 PRIORITY-MIGH-2
6.000000 GA

0.1000000=+Il LHG-M
5.000000 LTi-LE-;A
0.OOOOOOOE+00 LITTLE-B
0.OOOOOOOE+00 BIG-A
0.OOOOOOOE+00 PIG-B
2.500000 GOAL-STATE-LOU-i
5.000000 PRIORITY-LOW-I

0.0000000E+00 GOAL-rTATE-LOW-2
5.0,00000 F-RO.RITY-LOW-2

0,0000000E+00 GOAL-STATE-HIGH-i
P0.0000000E+00 FRIORITY-HIGH-i

0.OOOOOOOE+0O GOAL-STATE-HIGH-2
0.oOOOOOOE+oO FRIORITY-HIGH-21
7.000000 GOAL

-0.1000000E+ii LITTLE-K
0.0000000E+O0 BIG-M
0*0~00G00E+00 LVTTLE-A
0.OOOCOO0E+00 LITTLE-B
9.600000 1.10-A

*0.1464670E-01 BIG-R
0.0000000z+00 GOAL-STATE-LOW-i
0.0O0O0O0F+00 .FRIORITY-LOW-I
0.0000000=+O) GOAL-STATE-LOU-2
0.0000000r+00 PRIORITY-LOW-2
1 .000000- GOAL-STATE-HIGH-i
9.900000 PRIORITY-PIGH-1
9.000000 FFOI0RITAT-HIGH-i
9.000000 PRIAL-STYT-HIGH-2

Table 111-3. TCO Disoplay, Data.

0.OOOOOOOE+00 UNIUSED
0.OOOOOOOE+O0 UNUSEDI
0.OOOOOOOE+00 UNUS3ED
0-0000000E+00 UNU3ED
O.0000)OO=E+00 U14USED
O.0000000E+00 UNUSED
43.00000 SCREEN-RANGE

-?999.000 s C KEII- x
-?979.000 SCREEN-Y
0.OOOOOOOE+00 UNUSETI
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ZZ-0 TACTICAL CONTROL ASSISTANT (TCA)

2-1. Hum~an Factors Parameters.

Table 111-14 contains the hl-nn factors parameters for the
T"acticml Control Assistant (TCA). The co~ents in Section 1-1 apply
equally to the data for the TCA.

2-2. Goals, Goal 'Priority Functions, and Ob~iective "aramnetern.

The TCA has goals four and five from Figure 1-.Goal
four causes the TCO to identify unknown tracks, and goal five causes

Table TII-I4. TCA HiPtr Factors Pa~rameters.

37.00000 CORE-TEMPERATURE
1.000000 CID-VALUE
0.OOOOOOOE400 TIMrEON-1ASK0.OOOOQOOOE+0o DA)S-, -UT
1.000000 SEARCH-PI'MENSIONS
0.OOOOOOOE+00 tJUMBIER-FIRE-UNITS
100.0000 F-ERCENTAGE-RE:OVEF~Y
8.000000 PKEVIOUS-WORK
14.00000 PREVIOUS-REST
0.OOOOOOOE+00 FLASH-INTENSITY
0.OOOOOOOCE+00 TARGET-SPEED
57.00000 TARGET-TYPE
0.0000000E+00 TAkGET-SIZE
36000000 TARGET-COLOR

*360.0000 SEARCH-AREA
O.OOOOOOOE+00 B~INOCULAR-USAGE
0.OOOOOOOE+00 SLANT-RANGE-TO-TARGET
0.OOOOOOOE+00 TARGET-TRAJECTORY
1.000000 TARGET-EIAKGRND-COMF'LEXTTY

* -0*OOOOOOOE+00 NUM-iBACKGROUNDI-CHARIACTER3
0.OOOOOO0OE+0O MESSAGE-BACKLOG
10000000 SIGNALS-PER-MINUTE
40.00000 HOURS-UDRKED-PER-UEEK

O-OOOOOOOEJ 00 DAYS-WITHOUT-SLEEP
0*OOOOOOOE+oo DAYS-OF-11IGHT--DUTY
1.000000 SIMULTANEOUS-TASK~S
1.000000 CONTRAST-RATIO
89000000 AVE-HOURS-SLEEP
1.000000 OBJECTIVE-FUNCTION
2.000000 GOALS-CONSIDERED
10000000 TARGET-E4RIGHTNESS
20000000 NIGHTiS*1.000000 SKY-GROUND-RATIO
0.0000000E+00 AIRCRAFT-ALTITUDE
4.000000 METEOROLOGICAL-RANGE
10000000 THRESHOLD-CONTRAST

*0#6250000E-01 TARGET-HEIGHT
O.6250000E-O1 TARGET-WIDITH
0.0000000E+00 TARGET-IIEFTH
0. 0000000E+00 HORIZONTAL-RANGE10*000000 NUM-OF-RESOLUTI ON-ELEM1.000000 NUM-OF-SUSPECT-AREAS_
0-0000000c+00 AIRCRA:FT-SPEED
3-60.0000' FIELD-OF-VIEW

0.OOOOOOOE+00 OBSERVER-OFFSET
0.OOOOOOOE+00 UNUSED
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Table 11-4- (continued)

5.000000 DISPLAY-TARGET-LOCATION I
O.OOOOO0E+00 TARGET-LOCATION

480.0000 DISPLAY-RESOLUTION
0.1000000 DISPLAY-bACKGROUND-HEIGHT
0.1000000 DISPLAY-BACKGROUND-UIDTH
0o1000000 DI'SPLAY-BACKGROUND-DEPTA

1.330000 DISTANCE-TO-DISPLAY
1.000000 DISPLAY-HEIGHT
1.000000 DISPLAY-WIDTH
10,00000 TARGET-NOISO-LEE I
1.000000 TARGET-NIURATLON
20.00000 EXPERIENCE

0.1000000 SIGNAL-PROBABILITY
1.000000 REST-PERIODS

O.OOOOOOOE+00 TASK-ERROR-FACTOR
O0OOOOOOOE400 TASK-ELEMENT-ERROR-FACTOR
O.0000000E+00 DAYS-SINCE-PRACTICE

1.000000 SENSE-OF-DIRECTION
20.00000 SKIN-TEMPERATURE
240.0000 TIME-IN-TEMPERATURE
20.00000 PREVIOUS-SKIN-TEMPERATURE

-?999.000 X-SCREEN-CENTER
-?999.000 Y-SCREEN-CENTER
-9999.000 SCREEN-RANGE

him to attend to co=unications from the TCO and the Azimuth-Speed

Operator (ASO). The goal priority data for the TCA is shown in
Figure 111-3. Table 111-5 shows how the data appears in the opera-
tor state vector.

The TCA has objective function one as do-es the TCO, and he
consio!ers both goals in task sequencing.

2-3. Display Data

The TCA has the same display data as does the TC0. See
Table 111-3.

-"
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Table 111-5. TCA Goal Priority Function Parameters.

4.000000 GOAL
-0.1000000E411 LITTLE-i
"O.OOOOOOOE+00 BIG-Mf

O.O0000000E+00 LITTLE-A
O.OOOOOOOE+00 LITTLE-B

2.000000 BIG-A
0.5693234 BIG-B
OOOOOOOE+00 GOAL-STATI-LOW-I
0.0000000E+O0 F-RIORITY-LOW-1

.000000E+O0 GOAL-STATE-LOU-2
SOOOOOOOE+00 PRIORITY-LOW-2
10000000 GOAL-STATE-HIGH-i
2.000000 PRIORITY-HIGH-1
5.000000 GOAL-STATE-HIGH-2
5.000000 PRIORITY-HIGH-2
5.000000 GOAL
O.OOOOOOOE+00 LITTLE-M
O.O000000E+00 BIG-M

1.000000 LITTLE-A
1.000000 LITTLE-B
1.000000 BIG-A
1.000000 BIG-B

-1.000000 GOAL-STATE-LOU-1
1.000000 PRIORITY-LOW-1

-2.000000 GOAL-STATE-LOU-2
2.000000 PRIORITY-LO'-2
1.000000 GOAL-SIATE-HIGH-1
1.000000 PRIORITY-HIGH-1
2.000000 GOAL-STATE-HIGH-2
2.000000 PRIORITY-HIGH-2

3-0 AZIMUTH-SE OPERATOR (AgO)

3-1. Human Factors Parameters.

Table 111-6 contains the human factors parameters for the
Azimuth Speed Operator (ASO). The comments in Section 1-1 apply
equally to the dat r the ASO.

3-2. Goals, Goasl Priority_ Functions, and 0biective Paraeters.

The ASO h.s goals five (receive messages) and eight from
Figure M11-1. Goal eight causes the ASO to pass low altitude targets
to the TCO and TCA io be identified and engaged. The goal priority
function data for the AS) is shvon in Figure 111-4 and Table III-T. K.
The ASO uses objective function one and considers both goals in task
sequencing.
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Table 1:1-6. ASC Human Factors Par~ameters.

37*00000 CORE-TEMPERATURE
1.000000 CIO-VýALUE

0.0000000E+00 TIME-ON-TkSK
').000000C'E+0O EiAYS-OF-IiUTY
1.000000 SEARCH-T'IMENSION4S

090000000E+00 NUMBtER-FIRE-UtlITS
100.0000 PERCENTAGE-RECOVERY
8.000000 PREVIOUS-UORK
16.00000 PREVIOUS-REST

0*0000000E+00 FLASH-INTENSITY
O.OOOOOOOE+00 TARGET-SPEED
57,00000 TARGET-TYPE
0*00j00O0E+00 TARGET-SIZE
3.000000 TARGET-COLOR
360.0000 SEARCH-AREA

0.OOOOOOOE+00 BINOCULAR-USAGE
0.OOOOOOOE+00 SLANT-RANGE-TO-TARGET
0.OOOOOOOE+00 TARGET-TRAJECTORY

A 1.000000 TARGET-ItAKGRIID-COMPLEXITY
0.0000000E+00 NUM-BACKGROUND-CHARACTEFRS
0.OOOOOOOE+00 MESSAGE-BACtKLOG

1.000000 SIGNALS-PER-t1INU',E
40.00000 HOURS-UORKED-PER-WEEK

0.OOOOOOOE+00 PAYS-WITHOUT-SLEEP
0.OOOOOOOE+00 DAYS-OF-NIGHT-DUTY
10*000000 SIMULTANEOUS-TASKS
1.000000 CONTRAST-RATIO
3.000000 AVE-HOURS-SLEEP
1.000000 OBJECTIVE-FUNCTION
2.000000 GOALS-CONSIDERED
10000000 TARGET-BRIGHTNESS
2.000000 NIGHTS
1.000000 SKY-GROUND-RATIO

0.OOOOOOOE+00 AIRCRAFT-ALTITUDE
4.000000 METEOROLOGICAL-RANGE
10000000 THRESHOLD-CONTRAST

0.2080000E-01 TARGET-HEIGHT
0.2080000r-01l TARGET-WIDTH
0*OOOOOOOE+00 TARGET-DEPTH
0.OOOOOOOE+Q0 HORIZONTAL-RANGE

1.000000 NUM-UF-RESOLUTIOI!-ELEEM
10000000 NUM-OF-SUSF'ECT-AREAS

0.OOOOOOOE+00 AIRCRAFT-SPEED
360.0000 FIELte-OF-'JIEIJ

0.OOOOOOOE:+00 OBSERVER-OFFSET
0.O000000EN00 UNUSED
5.000000 DISPLAY-TARGET-LOCATION
0.0000000E+00 TARGET-LOCATION
240.0000 DISPLAY-RESOLUTION
0.1000000 DISPLAY-I4ACKGF:OUNIr-HEIGHT
0. 1000000 DI SPLAY-BACKGROUND-U ID[TH
0.1000000 DISPLAY-BACKGROU141-DEPTH

-1.330000 DISTANCE-TO-DISPLAY
1.000000 DISPLAY-HEIGHT
1.000000 DISPLAY-UIDTH
10.00000 TARGET-NOISE-LEVEL
1.000000 TARGET-DURATION
20000000 EXPERIENCE

$011000000 SIGNAL-PROBAB1LITY
1.000000 REST-PERIODS

0.0000000E+00 IASK-ERROR-FACTOR
0.OOOOOOOE+00 TASK-ELEMENT-ERROR-FACTOR
0.0000000E+00 11AYS-SINCE-PRACTICE
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Table 111-6 (continued)

240.0000 "INE- N-TE8FERATURE
20*00000 PF:EMIUS-SKCIf-TEMPERATUFRE-9999.000 X-SCREEN-CENTER

-9999.000 Y-SCREEN-CENTER
-9999.0C0 SCREEIý-RANGE

Table 111-T. ASO Goal Priority Function Parameters.

5.000000 COAL
0.OOOOOOOE+00 LITTLE-fl
0.OOOOOOOE+00 BIG-M
1.000000 LITTLE-A
1.000000 LITTLE-? .

1.000000 BIG-A
1.000000 F:IG-p

-1.000000 GOAL-STATE-LOW-I
1.000000 PRIORITY-LOW-1

-2.000000 OOAL-STATE-LOW-2
2.000000 PRIORITY-LOW-2
1.000000 GOAL-STATE-HIGH-1
1.000000 FRIORITTY-HIGH-1
2.000000 GOAL-STATE-HIGH-214lo
2.000000 PRIORITY-HIGH-2.
8.000000 GOAL

-0.1000000E+1I LITTLE-M
0*0000000E400 BIG-N £.
0.OOOOOOOE+00 LITTLE-A
0,0000000E+00 LITTLE-B
2.000000 PIG-A
0.3219281 BIG-B
0.0000000O=+00 GOAL-STATE-LOW-1
0.OOOOOOOE+00 PRIORITY-i-OW-1
0.OOOOOOOE+00 GOAL-STATE-LOW-2 .

O.')OOOOOOE+O(% FRIORITY-LOW-2
10000000 GOAL-STATE-HIGH-I
2.000000 PRIORITY-HIGH-I
2.000000 GDAL-STATE-HIGH-2
2.0i00000 PRIORITY-HIGH-2
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3-3. Display Data.
The ASO has the same dizplay data as does the TCO. See

Table 111-3.

L-O FIRING CONSOLE OPEATOR (FCO)

4-1. Human Faztors Parameters.

Table 111-8 contains the human faztors narameters for
both of the Firing Cousole Operator (FCO). Each FCO has his/her own
operator .ate vector, but, in the default case, they are identical.
The comments in Sec t ion 1-1 apply equally to the data for the FCO.

L-2. Goals, Goal Priority' _unctions, and Ob.ective Paramct,2rs. .- ,

The FC0's have only goal five from Figure !II-I. The
FCO's resnond to communications from the TCO. The goal priority
function data is shown in Table 111-9 and Figure IIL-5. The FCO's
also usz objective function one, and they consider their one goal
in task sequencing.

Table 111-8. FCO Human Factors Parameters.
•6

37.00000 CORE-rEMPERATURE
1.000000 CIO-VALUE
.0000000-S+00 TIME-ON-TASK k",

0.OOOOOOOE+00 DAYS-OF-riUTY
1.000000 SEARCH-DIMENSIONSO.000000E+00 NUMBER-FIRE-UNITS
100.0000 FERCENTAGE-RECOVYRY
8.000000 PREVIOUS-WORK
16.00000 PREVIOUS-REST0"O00CO00E+oo0 FLASH-INTENSITY

O.0O00O00E+00 TARGET-SPEED
57.00000 TARGET-TYPE

O.00000O0EO+0 TARGET-SIZE
3.000000 TARGET-COLOR
360.0000 SEARCH-AREA

0.000000rE+O0 BINOCULAR-USAGE
O.OOOOOOOE+00 SLANT-RANGE-TO-TARGET "
O.O000000E+00 TARCET-TRAJECTORV

1.000000 TARGET-BAKGRND-COMPLEXITY 
*'O.OOOOOOOE+O0 NUM-Fr CKGROUND-CHARACTERS rAv

O.OOOOOOOE+O0 MESSAGE-BACKLOG
1.000000 SIGNALS-FER-MINUTE
40.00000 HOURS-WORKED-PER-W-..

0.000000--+00 DAYS-WITHOUT-SLEEP
0.0000000r+O0 DAYS-Or-NI GHT-t|UTY1.000000 SIMUL.,JNEOUS-TASKS
1.000000 CONTRAST-RATIO
8.000000 AVE-HOURS-SLEEP
1.000000 OBJECTIVE-FUNCTION t -1.000000 GOALS-CONSIDEREDE

B-32 J

*., :,*,

ft.

/"p'



Table 111-8 (continued)

-1.000000 TARGET-BRIGHTNErSS
10000000 NI%3HTS
10*000000 SKY-GROUND-RATIO

0.OOOOOOOE+O0 AIRCRAFT-(ALTITUDE
4.000000 METEOROLOGICAL-RANGE
1.*000000 THRESHOLDt-CONTRAST

0.62'50000E-01 TARGET-HEIGHT
0*626O00OE-01 TARGET-WIDTH
0.OOOOOOOE+00 TARGET-DEPTH
0.OOOOOOOE+00 HORIZONTAL-RANGE
1.000000 14UM-OF-RESOLUTION-ELEM
1.000000 NUM-OF-SUSPECT-AREAS

0.0000000E+00 AIRCRAFT-SPEED
360.0000 FIELD-OF-VIEW

O.OOOOOCOOE400 OBSERVER-OFFSET
0 OOOOOOOE+00 UNUSED
i.000000 DISPLAY-TARGET-LOCATION
0.OOOOOOOE+00 TARGET-LOCATION
480.0000 -DISPLAY-RESOLUTION
0.1000000 DISPLAY- ACKOROUND-HEIGHT
0.1000000 DISPLAY- ACKGROUNI'-WII'TH
0.*1000000 DISPLAY- I'ACKGROUND-BEF TH
1.330000% DISTANCE TO-DISPLAY
1.000000 D'ISPLAY: EIGHT
1.000000 DISPLAY-WIDTrH.
10.00000 TARGET-NOISE-LEVEL

* -10000000 TARGET-DURATION
20000000 EXPERIENCE

1.000000 REST-PERIODS
060000000E+00- TASK-ERROR-FACTOR
0*OOOOOOOE+00 TASK-ELEMENT-ERROR-FACTOR
090000000E+00 DAYS-SINCE-PRACTICE
1.000000 ScNSE-OF-DIRECTION
20.00000 SKIN-TEMPERATURE
240.*0000 TIME-IN-TEMPERATURE
20.00000 PREVIOUS-SKIN-TEMPERATURE
-9999,00 X-CEE-ETER
-9999.000 X-SCREEN-CENTER
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Table 111-9. FCO Goal Priority Functicm Parameters.

5.000000 GOAL
0.0000000E+00 LITTLE-K
0.OOOOOOOE+OQ BIG-ji
1.000000 LITTLE-A
1.000000 LITTLE-9
1.000000 BIG-A
-1.000000 COAL-STATE-LOU-1
J000000 PIRT-O-

;0000000 GOALITATE.LOW-2.000000 FRIORITY-LOW-2
1.0000000 GOAL-STATE-HIGH-1
1000000 FRIORITY-HIGH-1

2:000000 GOAL-STATE-HISH-2
2.000000 PRIOR ITY-HIGH-.2

L-3. rispiky Data.

The FCO has the same display data as does the TCO.
See Table 1:-1-3-
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IV, ENVIRONMENTAL DATA

Table IV-l contains the =AWK environmental state vector.
The various parameters in this vector are explained in Polito
(1983a). The user should notL that the default s..aling option is
three (deterministic,-moderated), and that each fire section has
Line hot and nine cold missiles.

" -Table IV-I. User Statistics for the IHAWK.

O.O000000E+00 SYSTEM-MODE
O.O000000E+O0 OPERATOR-MODE
"0-OOOOOOOE+00 UNUSED
"0.O000000E+00 IiETHUD-OF-CONTROLi 0.O0000000E+00 WEAF'ONS-CONTOL-STATUS
O•0000000E+00 UNUSED9.000000 INITIAL-AMMUNITION-HOT

P.000000 INITIAL-AMMU1iTION-COLD
0.O000000E+00 UNUSED
0-O000000E+00 UNUSED•" " .O0•OOO0E÷O0 UNUSED
0.OOCOOO00O E+O0 UNUSED
0.O0000000E+(0 UNUSED
O.OOOOOOOE+O0 UNUSED
000000000=E+00 UNUSED
00 .O000OE+0 0 UNUSED;10 .0000000E+00 UNUSED
0.OOOOOOOE+00 UNUSED
0.O000000E+00 X-POSITION
O.0000000E+00 Y-POSITION

,.: O.OOOOOOOE+00 Z-POSITION
S"" 3.000000 SAMPLING-OPTION

"11.00000 DRY-PULP-TEMF'ERATURE
16000000 FELATIVE-HUMIDITYg 6.000000 AIR-MOVEMENT-RATE
45.00000 NOISE-LEVEL
"50.00000 WORKING-AREA-ILLUMINATION
5.000000 NUMBER-ON-DUTY
#O.000000E+00 VIDRATION
10.00000 AMBIENT-VAPOP-PRESSURE

O.O000000E+O0 NOISE-PREDICTADILITY

p ,-•
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94 V. OPERATOR TASKS

XHAWK operator tasks are given below. Each task is numbered
and has a title. A brief description of each task is given here
and the operator that performs the task is identified. Complett
descriptions and MSAINT models of the tasks are contained in
Goodin & Walker 1983.

9Task
Task Title or Description Operator
Nimber

1 ASO Standby Wait For Action - ASO ASO
monitors CWAR radar video for new

.• Ytargets.

S2 Detect Target on CWTDC - ASO observes ASO
, •. target video on CRT and hears target

doppler in headset.

*'3 Establish Target Priority - ASO ranks ASO
"the priority of the current target
verses outstanding alerts and other
target video.

4 Preempt Lower Priority Alert - ASO ASO
asks permissiov from TCO to cancel
the current TCC alert because he has

? •a higher threat target.• k

5 TCC Alert - ASO alerts TCA of the highest ASO
threat CWAR target that has not been
previously alerted.

6 Mark Target As Accepted by TCC - After the AS0
ASO alerts TCA in Task 5 and the TCA
accepts the target the ASO will mark the
target on the CRT as accepted.

7 FCO, Standby Wait For Action - FCO monitors FCO
"CM• and control panel and awaits assign-
ment or engage commands from the TCO.

* 8 Track Target - FCO follows the action of the FCO
ADP as it tracks the target and attempts to
"acquire a IHIPIR lock.
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TackTuaber Title or Description Operator

9 Obtain Lock On Target Manually - FCO FCO
performs the actions required to F

acquire an IHIPIR lock manually.
(NOTE: This task is performed for
targets that are assigned by the C-73,
or are out-of-sector, or Are CWAR
only targets.)

10 INt Fire Section Out-of-Action - li FCO
hot missiles have been expended so
FCO places the fire section out-of-action.

11 Estimate Raid Size - The FCO monitors FCO
dopp)er and video returns and makes an
estimate as to the size of the raid
(one, rew, or many).

12 Select Launcher - The FCO manually selects FCO
a launcher to fire the next missile
(A, B, or C).

13 Fire Missiles - The FCO fires the nunber FCO
of missiles indicated by the TCO's fire
command.

li Evaluate Target Intercept - The FCO moni- FCO
tors doppler and video returns and deter-
mines tbe outcome of the engageent.

15 Put Fire Section Back in Action - FCO FCO
returns the fire section to active after
missile reloading.

16 Proc ss Change Targets Command - FCO FCC
breats the IHIPIR lock on the target
according to orders from the TCO.

17 TCA Monitor CRT, Controls, Indicators - TCA
The TCA monitors the TCC screen and IFF
returns awaiting target classification
(friend, foe, neutral) or a new CWAR
target from the ASO.

18 Accept CWTDC Target From ASO - The TCA TCA
accepts control of a high threat t~rget
picked up by the ASO on the CWTDC.;1
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Task
Number Title or Description Operator

19 IFF Challenge - The TCA monitors IFF TCA
returns and determines the IHAWK
batteries identification of thetarget.

20 Mark on Reflection Plotter - The TCA TCA
indicates the batteryt s identification
of the target on the reflection plotter.

21 TCO Monitor CRT, Controls, Indicators - TCO
The TOO monitors his CRT to locate new
high threat targets. The TCO also mori-
tors communication with the Q-73 and
other operators in the BCC.

22 Detect and Assign IPAR Target - TCO will TCO
assign an in-sector IPAR target to a fire
section.

23 Manually Assign Targets - TCO performs a TCO
manual assignment of a track to a fire
section. (NOTE: This is used to assign
Q-73, out-of-sector, and CWAR-only targets
to a fire section.)

S24 IHIPIR Tracking - TCO learns information TCO
concerning raid size and fire section
readiness and determines which fire
command to issue.

25 Send Cannot Comply to Q-73 - TCO has TCO
deterr4 ned that IHAWK cannot act on
target as instructed by the Q-73.

"26 Higher Priority Target To Be Assigned - TCO
The TCO has located a target with a
higher threat than a currently assigned
target.

27 Process A Hostile (Give Fire Command) - TCO
The TCO orders the FCO to fire missiles
at a target.

28 Assigned Target Determined Friendly - The TCO
TCO orders the FCO to break lock on the"currently engaged target because it has

been identified as friendly.
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serk Title or Description Operator

29 Process A Friend - The TCQ sends infor- TCO
mation along the ATDL specifying a
target to be a positively identified
"true" friend.

30 Evaluate Whether More Missiles Are To Be TCO
Fired - The TCO determines whether or not
to continue an unsuccessful engagement.

31 Give ASO Permission To Cancel Alert - TCO TCO
allows the AS0 to cancel the cu.'rent TCC
alert so a higher threat target may be
alerted.

32 Receive Message - Task to allow TCO to TCO
receive messages from the Q-73 and the
other IHAWK operators.

35 Process "HOLD FIRE" command - TCO per- TCO
forms necessary actions so IHAWK will
comply to the HOLD FIRE ccmmand issued
by the Q-73.

3T Proce. s "CEASE ENGAGED" Comnand - TCO per- TCO
forms necessary actions so IHAWK will
comply to the CEASE ENGAGED command 4
issued by the Q-73.

4 Task Sequencing ALL K

;-A
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VI. OTHER FEATURES

1-0 MISSILE FLIGHT

Missile flight times are calculated using the distance between
the IHAWK and the aircraft at time of launch. A constant missile
speed of approximately 2000 miles per hour. Missile flight time is
calculated in SUBROUTINE FLTY (Goodin & Polito 1983). More complex
flight time considerations can be obtained by re-writing this
program.

"FUNCTION KILLTW (Goodin & Walker 1983) determines whether or
"not a missile destroys its target. The current implementation
assumes that missiles are always effective. This can be changed
by re-writing KILLTW.

2-0 RADAR LOCK

Whether the IHIPIR obtains a lock on a particular track is
determined by FUNCTION IDLCKW (Goodin & Walker 1983). Currently
it is assumed that radar lock is always obtained, but this can be
changed by re-writing IDLCKW.

3-0 ESTIMATION OF RAID SIZE

FUNCTION IRDSZW (Goodin & Walker 1983) determines the FCO's
perception of the track multiplicity. Currently, it is assumed
that the FCO is 100% accurate. This can be changed by re-writing
"IRDSZW.

4-o IFF

FUNCTION IFFNW (Goodin & Walker 1983) determines the accuracy
of an IFF challenge. Currently, it is assumed that IFF is 100%
accurate. This can be changed by re-writing IFFNW.

5-0 TARGET SELECTION

The TCO uses the following procedure in selecting targets.
First there must be three hot missiles available and one fire
section ready.
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Most Threatening Track Is: Then

Greater than 2 minutes awty Select assigned Track from
(approx. 30 Km) Battalion if one exists.

Otherwise, do not engage.

Between 1.3 and 2.0 min. a) If the track is CWAR, select
away (approx. 20-30 Kim). it over a track assigned by

Battalion.
b) If the track is IPAR only,

select the track assigned by
Battalion if one exists.
Otherwise, engage the track.

Less than 1.3 min. away Engage it instead of a track
(approx. 20 Kim) assigned by Battalion.

-4

:~I

p..

NOW
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VII, STATISTICS

Figure VIl-I shows the statistics maintained by the fHAWK
system module. These statistics are in addition to the task
fraction sta istics collected by MOPADS for all system modules.
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MOPADS Terminololp,

AIR DEFENSE SYSTEM A component of Air Defense which includes
equipment and operators and for which
technical and tactical training arerequired.
Examples are IHAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE (ADSM) characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the
SAIDT model and all data needed to com-
pletely define task element times, task
sequencing requirements, and himan factors
influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
also Tactical Scenario.

BRANCHING A term used in the SAINT simulation lang-
uage to mean the process by which TASK nodes
are sequenced. At the completion of the
simulated activity at a TASK node, the
Branching from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOPADS software which
SYSTEM performs all direct communication with the

MOPADS Data Base. All information transfer
to and from the data base is performed by
invoking the subprograms which make up the
Data Base Control System.

DATA SOURCO A s'npecialist in obtaining and interpreting
SPECTALIST Army docurentation and other data needed to

prepare Air Defense System Modules.
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ENVIRONMENTAL An element of an Enviror.aental State
STATE VARIABKE Vector.

ENVIRONMENTAL An array of values representing conditions
STATE VECTOR or characteristics that may affect more

than one operator. Elements of Environmen-
tal State Vectors may change dynamically
during a MOPADS simulation to represent
changes in the environment conditions.

"MODERATOR FUNCTION A mathematical/logical relationship which
alters the n=.inal time to perform an opera-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capab lity to perform the
Nctivity based o4 the Operator's State
Vector.

MOPADS DATA BASE A computerized data base designed specifi-
cally to support the MOPADS software. The
MOPAPS Data Base contains Siwlation Data
Set(s). It conmlnicates interactively with
MOPADS Users during pre- and post-run data k
specifi cation and dynamically with the SAINT
software during simulation.

MOPADS MODELER An analyst who will develop Air Defense
System Modulen and modify/develop the
MOPADS software system.

MOPADS USER An analyst who w'll design and ccnduct simu-
lation experiments with the MOPADS software.

MSAINT The variant of SAIi-T used in the MOPADS
(MOPADS/SAINT) system. The standard version of SAINT has

been modified for MOPADS to permit share-
able subnetworks and more sophisticated
interrupts. The terms SAINT and M1SAINT are
used interchangeably when no confusion will
result. See also, SAINT.

C-8
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OPERATOR STATE One element of an Operator State Vector.
VARIABLE

OPERATOR STATE An array of values representing the condi-
VECTOR tion and characteristics of an operator of

an Air Defense System. Mary values of the
Operator State Vector -;il change dynamically
during the course of a MOPADS simulation to
represent changes in operator condition.

OPERATOR TASK An operator activity identified duringweapons system front-end analyses.

SAINT The underlying computer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated Net.works
of Tasks. It is a well documented language
designed specifically to represent hmian
factors aspects of man/machine systems.
See also.MSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required
simulation initialization and other experi-
mental data needed to perform a MOPADS
simulation.

SIMULATION STATE At any instant in time of a MOPADS simula-
tion the Simulation State is the set of
values of all variables in the MOPADS soft-
ware and the MOPADS Data Base.

%'

SmrJEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of
critical assets and the air defense con-,
figuration (number, type and location ol,
weapons and the command and contro)l system).
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TACTICAL SCEKARIO An element of a Ta.ctical Scenario, e.g.*
COMPONENT if a Tactical Scenario contains several

Q--3's, each one is a Tactical Scenario
C•pm nt.

TASK See Operator Task.

(ASK ELEMENTS Individual op~erator actions vhich, vhen
Trouped appropriately, make up operator
asks. Task elements are usually repre-

sa-s ' rd by single SALT: TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used in the SAILT simula-
tion language. A TASK node represents an.
activity; depending upn the wideling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Elemento
or it may represent an aggregated activity
such as an entire uperator Task.

"*'TASK SEQUENCING A mathematical/logical relationship which
MODERATOR selects the next Operator Task which an

FUNCTION operator vill perform. The selection is
based upon operator goal seeking character-
istics.

Additional Terminology and Abbreviations

ACN ADSM Component Number.

ADSM Air Defense System Module

Reference System A code 11 directory in a MOPADS data base
Module which contains default values for operator

and system parameters. It is the "baseline"
model for an air defense system.

C-1O
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.S Data base.

ID Au identifier. ID's of WEPAflS data base
entrties are lists of integer numbers.

ACC AD character code. A single character
"value xmiqualy assigned to a reference

system module.

D0CC Data List Character Code. A one, tvo, or
three character mnemonic assigned to cer-
tain types of data lists. For example,
operator state vectors have a DLCC of "OP.'

NECC Number Equivalent of a Character Code. An
integer number that corresponds to a short
character string. The capital letters,
A-Z, correspond to the integers 1-26 and
the digits 0-9 correspond to the numbers
27-36. Thus the scring PM has an NECC of
162902 ("P" corresponds to 16, "2" to 29,

* and "B" to 02).

DL Data List. A list of values.

DR Directory. An index of other directories
and/or data lists.

.9-1
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"I, INTRODUCTION
1-0 PL-POSE

This document is a user manual for the 1OPADS user. It
introduces all of the concepts and pro,.edurer needed to execute
NOPADS simulations. The 40PAD- user iteracts with the MOPADS
software through the MOPADS User Interface. This interface stores
and retrieves information from the )CPADS data base. Section II
of this report explains the concepts related to the data base that
the MOPADS user must know. Section III explains the procedures
needed to execute MOPADS. Such things as data cards, Job control
language, and input/output files are discussed.

Section IV explains the proceaures and conventions used in
issuing comm~ds to the User Interface. The MOPADS User Interface
is an interactive program that combines aspects of menu driven
and command driven orientations. Section IV explains the basics of
hav to interact with this processor.

Sections V and VI explain the contents and purpose of those
data base entries that contain reference data on air defense units
and air scenarios, respectively. Detailed discussions on how to
create and edit this information in contained in Polito (1983a,b).

Section VII explains how to use the User Interface to set up
"MOPADS scenarios to be simulated. Section VIII contains instructions
for specifying particular parameters for use during a simulation.
Section IX explains how to examine the statistics produced by a
MOPADS simulation.

2-0 INTENDED A JDIENCE

MOPADS users and MOPADS modelers should read this report.
The language and level of detail used in the discussion is oriented
to the MOPADS user, however. Programming and implementation details
are not included here. This information is discussed in detail in

* MOPADS volumes four and five.

3-G OTHER READING

The reade., is presumed to be Ifamiliar with the MOP DS system.
This implic. that he/she should have read the final report, Polito &

0 Laughery 1983,prior to reading this document. Specific instructions
"about the details of the implementation of the AN/TSQ-73 and IHAWK
MOPADS model are contained in Goodin & Polito (1983a,b). These
reports should be read after this document.

C-13
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II. MOPADS CONCEPTS

1-0 THZ ST JCfrURE OF THE J4OPABS DATA BASE

The )4PADS data base contains virtually all of the informa-
tion required to set up. run, and reuiew W)PADS simulations.
During initial phases of development, a MOPAD6 modeler uses the
User Interface (Polito, 1983a) to create reference air defense
system.modules (ADSM's) und air scenarios (Polito, 19M3b). This
information is stored in the MOPADB data base.

With the above building blocks, the MOPADS user creates simu-
lation data sets that contain a specific comand and control struc-
ture involving (perhaps) multiple copies of the reference systeu
modules and specifying a particular air scenario. When this simu-
lation data set is executed, the resulting statistics are stored in
the data base. The MOPADS user can later examine these statistics
and select those he/she desires to be printed.

The data base may contain one or more simulation data sets, so
multiple analyses can bh performed with one data base file. Also,
the data base files provide ideal vehicles for archiving MOPADS
data, because the data base contains all of the required data to
duplicate a simulation.

The MOPADS data base is really a file of information organized
in a systematic way. Collections of related data are called "data
lists." Data lists (DL's) can be thought of as one or two-dimensional
arrays of real, integer, or character data. Collections of data lists
are called directories (DR's).

Directorf.es are the highest level of organization in MOPADS data
bases, and they 're arranged in a hierarchical ftshion. Figure II-1
"shows the strtucture of the diiectories in the MOPADS data base. The
"DI1" in the bcxes indicates a directory as opposed to a data list
(dE.ta lists are not shown on this figure). Directory labels are
shcwn in capital letters in the larger portions of the boxes. If the
label section has an entry in lower case letters, it indicates that
an arbitrary number of these directories may exist with user assigned
labels. The numbers over the upper right corners are directory codes
which are discussed in Section 2-0 below.

The data base is divided into three main types of information:
scenarios, reference ADSM's, and simulation data sets. All of the
scenario data is "owned" by a single directory labelled "SCENARIOS."
The contents and structure of this information is discussed in
"Section 3-1 below.

C-15
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Reference Air Defen e System Modules (See Section 3-2 below)
are baseline models of the air defense units. At this writing,"models exist for the AZ•/TsQ-73 and the IHAWK. These reference

models are copied into f imulation Data Sets (Section 4-0) to form
"a cocmand and control s. cture .hat is owned by a "COWJJrD-AN,.-
CCI.'TTOL" directory. Thi •, a simulation data set with one Battalion
A/I/SQ-73 and two IHAWK *ire units could be created v.ing the
building blocks iii the RZFERECE-ADSM directory.

Specific data concerning a simulation data set and the
statistics resulting from a simulation are stored i-n a fTACTICAL-
SCMIARIO" directory. These DR's are discussed in Section 5-0,
below.

It is essential that the MOPADS user understand the structure
of the data base because! many of the User Interface ccmzands are
concerned with editing the data base contents. Sections V, VI, VII,
VIII,IX, and the remainder of this section are concerned with
teachiing the user what data is in the data base and how to mani-
pulate it.

2-0 DIRECTORIES AND DATA LISTS

Directories and data lists (DIR's and DL's) are the two organi-
zational structures that comprise a MOPADS data base. A data list
is exactly what its name implies; it is an ordered list of data.
DL's are physically where information is stored in the data base.
Data lists may be designated as being of type real, intpger, or
character. Abbreviations for each type are RDL (real), IDL (integer),
and CDL (character). RDL's and IDL's may be one or two dimensional.
CDL's may have only one dimension. Every data list has a label which
gives its name, and every element of a data list may have a label.

Furthermore, each user created directory and data list has an

identifier (ID) which is a-list of integer numbers. The ID's provide
another way to locate and organize data in the data base.

Directories are collections of data lists and other directories.
Directories are said to "own" DL's and other directories which belong
to it. Thus a hierarchy of directories is formed in which each
directory is owned by another directory and which may own still other

* directories. This hierarchy is a tree since no directory is owned by
more than one directory.

Figure II-1 is a schematic of the MOPADS data base which shows
the tree structure of the hierarchy. Various data lists may be owned
by each directory. For example, the operator state vectors of the
operators are represented as data lists that are owned by the system
module directories. In 'Figure II-1, suppose that there is a reference
system module for the AN/TSQ-73. It's directory would be owned by
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the "REEMCE-ADSH" directory. The directory for the AN/TSQ-T3
"* vill own the operator state vector ML's for each operator (i.e.,

the Tactical Director (TD) and the Tactical Director Assistant (TDA)).
The contents of these DM's vill be the baseline or default condi-
tions for these operators.

When a simulation data set is constructed, the AN/TiSQ-73
directory (and all of the DL's it owns) vill be copied to its

• .. appropriate position In the concand and control structure (vhich
* descends from the "COMKAN-ANID-C0NTROL" directory). The operator

state vector DM's in these copied AN/TSQ-T3's viii represent the
operators during a simulation, and their contents can be individually
edited with the user interface to simulate operators with character-
istios that differ from those of the default case.

The NOPAIS User Interface is used to accomplish all of this;
therefore, It is obvious that the MOPADS user must be familiar with
the structure of the data base. Table I-1 contains a description
of the contents of each directory shown in Figure II-1. Directories
are specified by their "directory codes" which are integer numbers
between zero and thirteen. Each type of directory has a unique code.
The directory codes are shown in Figure II-1 above the upper right
corner of each directory rectangle.

3-0 SCENARIOS AX* .•EFERENCE SYSTEM MODULES

3-1. Air Scenarios.

Air Scenarios contain a record of the movements of air-
craft. Air Scenarios are created by MOPADS modelers using the pro-
cedures in Polito (1983a). Each Air Scenario is defined within a
coordinate system and attacks a set of protected or critical assets.
The MOPADS modeler specifies the coordinate system and the location
of each critical asset. This information is stored in a "CRITICAL-
ASSET-CONFIGURATION" directory.

The MOPADS modeler may then develop one or more Air Scenarios
within a Critical Asset Configuration. Each Air Scenario is a
directory which contains data lists representing aircraft movements.
The coordinates of the aircraft movements are specified with respect
to the coordinate system of the Critical Asset Configuration. Further-
more, the flight paths of the aircraft in the Air Scenario represent
an attack scenario against the critical assets of the Critical Asset
Configuration. As will be seen, when performing a MOPADS simulation,
the user must specify which Critical-Asset-Configuration directory
"and which Air Scenario directory to use. Section VI below describes
the contents of Air Scenarios and Critical-Asset-Configuration direc-
tories in more detail.
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3-2. Reference Air Defense System Modules.

HOPADS modelers develop MSAINT models of air defense
systems. The collection of such modeln represents a "menu" of
models that the MOPADS user can choose from in creating WOPADS
models of air defense configurations. The models that make up this
menu are called Reference System Modules, because they contain the
baseline or default values of operator and system parameters.

All Reference Systea Modules belong to the "REFERE)NCE-ADSM"
directory in the data base (see Figure I1-1). The Reference System
Modules contain (ta lists with the following information:

1. Operator State Vectors
2. Environmental State Vectors
3. Optrator Labels
4. MSAINT Task Node Data
5. Resource Data

•-ll of this information can be edited with the user interface when
the Reference System Modules are copied into a Command-and-Control
structure to bLcomc System Modules for simulation. Section V
describes the conteuts of System Modules in more detail.

4-o SIMULATION DATA SErS

When a MOPADS user begins to create a MOPALS model of an air
defense system, he/she first needs to ensure that a MOPADS modeler
has created a Critical Asset Configuration and tt least one Air
Scenario for the area to be simulated. Also, Reference System Modules
of each type of air defense unit to be included must be present in
the data base. The user then creates a Simulation Data Set in the
data base (using commands in the User Interface). The Simulation-
Data-Set directory will contain a Command-and-Control directory. The
user will copy the Reference System Modules into correct positions

& descending from the Conmmand-and-Control directory. An example of an
"air defense configuration (showing only the System Module directories)
is shown in Figure 11-2. This figure shows a configuration with a
Group AN/TSQ-73 that has two subordinate Battalions. One of the
Battalions has two IHAWK batteries and the other has only one IHAWK.

The analogy of the data base structure and the command-and-control
structure is obvious: a unit is subordinate to another unit if its
directory is owned by the directory of the superior unit. Thus by using
the appropriate User Interface commands, the user can construct an
air defense configuration that represents the command hierarchy uncd.er
study.
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( COWAN D-AN D-COt•TROL

GROUP AN/TSQ-73

EATiow AN/TSQ-73 BATTALION AN/TSQ-73

Figure 11-2. Example Air Defer.se Configuration.

In addition to the, air defense configuration, the Simulation-
Data-Set also cor.tains a Tactical-Scenario directory that owns
information concerning the simulation to be performed. For example.
the Tactical Scenario contains a specification of which Critical
Asset C "ufiguration and which Air Scenarios are to be used. Also,
output statistics are saved in the Tactical Scenarios during a
simulation. Sections VII, VIII, and IX contain detailed discussions
of these aspects of the data base.
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III. GETTING STARTED WITH MOPADS

1-0 DATA CARDS

The MOPADS software reads one or more data cards whenever it
is executed. This is true even when a User Interface session is
ruM. This section describes these initial data requirements.

MOPADS has two execution modes: "User-Interface" and "Run."
The User-Interface mode initiates an interactive user interface
session. This allows the user to create, edit, and examine entries
in the data base. MOPADS must be executed in the Run mode, however,
to perform a simulation. The usual sequence of events for the user
is as follows:

1. Execute one or more User Interface sessions to create
a complete Simulation Data Set that contains all data
necessary to perform a simulation.

2. Execute MOPADS in the Run mode to perform the simulation.
In this mode, MOPADS can be executed as a batch Job
because no interactive input or output is required.

3. Execute a User Interface session to examine the outputs
from the simulation performed above.

The data cards discussed below must be placed on the "MOPADS
Batch Input File" (Polito, 19 8 3c). The data cards are read with
FORTRAN 77 list directed input, which means that the column spacing
in which the datA appears is not significant. Table 11-2 shows the
contents of the data cards.

For a User Interface session, only one data card is required.
It must have the characters 'USEtR-INTERFACE' typed on it. The
apostrophes must be included. This is true of all of the data card.s
shown in Table III-1.

To perfcrm a MOPADS simulation, the first data card must be

'RUN' (data card 1 in Table 11-2). This must be followed by addi-

tional data cards to specify the data for the simulation. Data card
2 specifies the name of the data base file. The user assigns integer
numbers to Simulation Data Sets and to Tactical Scenarios when they
are created with the User Interface. Data cards 3 and 4 require the
user to specify which of these are to be used in the simulation since
more than one of each may exist.
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Table Ill-l. MOPADS Data Cards.

USER INTERFACE MODE:

CARA) LABEL FIELD DATA FIELD

1 'USM-INTERFACE' (not used)

*

RUN MODE:

CARD U.BEL FIELD DATA FIELD

1 *RUN' (not used)

2 'DATA BASE FILE NAME' 'file name'

3 'SIMULATION DATA SET' integer nimber

4 'TACTICAL SCENARIO' integer number

5 'N', 'P', or 'C' 'file name'

Repeat card 5 as needed

Apostrophes must be typed wherever sho, in the data cards.
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Finally, when a Reference System Moaule is rraa'ed by a
MOPADS modeler, it is necessary to create an MSAINT network data
file that contains MSAINT data cards thai define the network model.
One such file is created for each Referezce System Module, and the
MOPADS software must have access to all ef them. Therefore, a
type 5 data card must be included for each Reference System Module
known to MOPADS. At this writing, there are four Reference System
Modules inccrporated into MOPADS. A type 5 data cerd raust be
included for each of them, even if not all types are represented in
the Simulation Data Set to be simulated, e.g., a data card must be
included for the Group AN/TSQ-73 even if the Simulation Data Set con-
tains only Battalion AN/TSQ-73's and IHAWK's.

The label field for type 5 data cards is the echo option for
that system module type. The meanings of the options are as follows:

'P' The MSAINT network data cards are echoed to
the MOPADS line printer output file as they
are read. Also, input error messages are
printed. 'P' stands for "Partial."

'C' In addition to 'P' above, a. formatted summary
of the MSAINT network is printed. 'C' stands
for "Complete."'

'N' No input data is echoed. Input errors are
printed, however. 'N' stands for "None."

Examples of MOPADS data cards are given below. Example file
names are hypothetical, but they are valid file names for Digital -

Equipment Corporation's 'AX computers with the vAS operating system-
on which MOPADS was developed. OtLer computer systems may use
different file name conventions. Consider the following:

' RUN'
'DATA BASE FILE NAME', ' [PROJ.M1PADS]MOPADS.DBF'
'SIM1JLATION DATA SET', 3
'TACTICAL SCENARIO', 2
'N', 'CNTRL.NET'
'N', 'GROUP73.NET'
'N', 'BATT73.NET'"
'P', 'IKAWK.NET'

A MOPADS execution in the Rur. rode is to be performed. The MOPADS
data base is on file [PROJ.MOPADS)MOPADS.DBF. Simulation Data Set
number 3 is to be used with its Tactical Scenario numbered 2.

MOPADS modelers must a9sign a number to Reference System
Modules, and the type 5 data cards must be ordered to agree with
this numbering. For the present izmlemcntation, the order
shown above is mandatory. The first system module type is the
Control System module which is a defaiult MSAlN model -that is

C-25



//

autwaticelUj included in every simulation. Tts function is t)
control tle eimu'.a ed flights of aircraft in the Air Scenar].o.
The Control System Module is not present in tbe "REFERENCE-AD1•41'.
directory and need not be explicitly copied into the Simulation
Data Set by the ustr. The network data files for the Group
AN/TSQ-73, Battalion AN/TSQ-73, and the IHAWK must follow in
that order.

In the example above, the Control System Module network :s to
be foumd on file CVTROL.NEr, and no echo of the data cards aze
to b• echoed. Similarly, the Group and Battalion AN/TSQ-73 and the

,L IHAWK network data are on files GROUP73.NET, BATT73.NEI, and
IHAWK.BEW, respectively. The data cards for the IHAWK are to be

echoed. Finally, the comas that separate the label and data
fields in the example can be replaced by (me or more blanks.

2-0 OTHER FILES

In the User Interface mode, the MOPADS software will access
several other files. It must have access to any MOPADS data base
files which will be accessed during the session. The software
opens these files with FORTRAN 77 OPEN statements and interkally
assigns a unit number to them. Input from and output to the
User's terminal is performed with the MOPADS interactive input and
interactive outpat files. These files must be associated with the
User's terminal by Job control language, Polito (1983c).Furthermore,
some options in the User Interface will write information to the
MOPADS line printer output file. This file must also be assigned
with Job control language.

In the Run mode, tle interactive input and output files are not
* used. However, several others are. MOPADS reads the system module

network files and writes a composit network file on the MSAINT
Network Input File. The DEC VAX name assigned to this file is
MOPADS.NET and it is assigned by the software. Similarly, a scratch
file is created as a temporary file which will be deleted when execu-
"tion terminates. Finally, if a trace is produced, it will be written
to a file named TRACE.DAT.

S

V.
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IV. USING THE USER INTERFACE

S 1-0 WORKING AND REFERENCE DATA BASES

With the User Interface it is possible to have two MOPADS data
base files open simultaneously. They are referred to as the
"working" and "reference" data bases. The working data base fileI is the one which is affected by editing comuands issued by the user.

"* The reference data base is used only to store and retrieve back-up
or reference material.

For example, when a MOPADS modeler creates a new reference air
i defense system module, the data base directory for this model will

contain parameters specific to the operators and environment for the
air defense system represented ly the model. The MOPADS modeler
should create this model in a data base file that contains no other
information. Then this data base file should be archived to insure
that it is not inadvertently lost or damaged.

* When a MOPADS user desires to use this new system module, he
"should obtain a copy of the data base information in his own personal
SMOPADS data base file. This can be accomplished with the User Inter-
"face by designating the archive file as the reference data base and
the User's data base as the working data base. Conmands are avail-
able to copy the system model information from the REFERENCE-ADSM
directory of the reference data base to the REFEBENCE-ADSM directory
of the working data base. Procedures for performing these operations
are described in Polito (1983a&,b)

Normally, only a working data base is opened by the user,
since saving and retrieving data base information is needed only to
preserve or access reference type data.

2-0 CURRENT DIRECTORIES AND DATA LISTS

Look now at Figure II-l. The User Interface is like a tele-
scope which can be focused on one and only mne directory in the data

47 base at a time. This is called the "current directory," In other
words, the user can examine the contents of only one directory at a
time. Naturally, co mands are available which allow the current
directory to be changed.

Similarly, the user may examine and/or change the contents of
individual data lists which belong to the directories. To do this,
the data list must be selected as current also. Therefore, when
using the User Interface, there is usually a current directory, and
"t.ere may be a current data list.

C
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3-0 2D'S, DIREC!TORY .?OSIjXCN, AND LABELS

The User Interfaco is capable of printing a Directory Report
which lists the characteristics and contents of the curreat direc-
tory. Figure TV-I shows aa example Directory Report. ite informa-
tion at the top of the report pertains to the current directory.

The User Message, "MOPADS CURRIT DIRECTORY," simply indicetes

that this Directory R~port is being produced in response to the
DIRECTORY curmnd 4tch will be discussed shortly. Next, the type
of data base is printed. This field will be either "Working" or
"Reference." The name of the data base file is printed ncxt, so
the user caL always determine which files are open as the refel ence

and working data bases.

Every directory and data list has a label consisting of up to
characters (25 for data list).and an ID'which is a list of integer

numbexs. The label and ID of the curret directory are printed next.'
. ID's are assigned in a systematic way wich is explained in
"* Tables IV-I an& IV-2. ,

,.

---------------------------------------------------------------------------------

D I R E C T 0 R Y R E P O R T

USER MESSAGE: MOPADS CURRENT DIRECTORY
"DATA BASE: WORKING
DATA BASE FILE: TEST.DBF
DIRECTORY LABEL: SIMULATION-DATA-SET
DIRECTORY ID: 1 1
RANKING CODE(OWNED DIRECTORIES)t INCREASING ON ID( 1)
RANKING CODE(OWNED DATA LISTS): INCREASING ON ID( 1)

*' OWNED DIRECTORIES:

' DIRECTORY POSITION: 1
LABEL: TACTICAL-SCENARIO
ID: ( 1- 2)n 8 1

"" DIRECTORY POSITION: 2
"LABEL: COMMAND-AND-CONTROL
ID: C 1- 2)z 7 1

L

"* OWNED DATA LISTS :

DIRECTORY POSITION: 3
LABEL: COPY-COUNTER

"" ID•; 1- 2)w 0 0

-------------------------------------------------------------

Figure ri-I. Example Directory Report.
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The ranking codes for owned Airectories and data lists are given
next. For the example in Figure IV-l, owned directories are arranged
in increasing order of the first word of their ID's. Ranking can be
done decreasing instead of increasing, and if the ranking is done on
"ID( 0)", then no ranking is performed. The ranking codes for the
directories are normally not m': interest to the MOPADS user.

The contents of the directory are listed next. The label and
ID of each owned DR and DL is given. For example, the directory
"TACTICAL-SCENARIO" has a two word ID which is ID()-6 and ID(2)=1.
In addition, a number called the "DIRECTORY POSITION" is given for
each DL and DR. The directory position is a unique integer number
assigned to each owned DR and DL. The directory position of
"TACTICAL SCENARIO" is "l."

The directory position has physical meaning, but its use to
the MOPADS user is in specifying a new current directory. For example,
if we desired to make the "TACTICAL qCENARIO" the new current direc-
tory, we could do it in one of three ways:

1. Give the label (with no typing errors),
2. Give the entire ID, or
3. Give the dirctory position.

Usually, it is easiest to specify the directory position.

Tables IV-l and IV-2 contain the conventions used in assigning
ID's to DR's and DL's. For example, the first element of the ID of
a DR is the directory code (see Table II-1). Through frequent use

and reference to Tables IV-l and IV-2, the user will become familiar
with the meanings of the ID's.

4-o SuBPROCESSE

Figure IV-2 is a schematic of the organization of the User
Interface. The User Interface contains five subprocesses:

1. CREATE/EDIT SIMULATION DATP. SET
2. SET UP SIMULATION RUN DATA
3. EXAMINE STATISTICS
4. CREATE/EDIT SCENARIO DATA
5. CREATE/EDIT REFER'1CE SYSTEM MODULE

Each subprocess has its own set of commands. Subprocesses 1, 2,
and 3 are described in Sections VII, VIII, and IX of this report.

Subprocess 4 and 5 are used mainly by MOPADS modelers. They
are described briefly in Sections VI and V and more completely in
Polito (1983a,b).

Finally, a set cf basic data base commands is available in all
subprocesses. These commands are discussed in this section.
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TaTle IV-1. Directory ir'8

DIRECTORY iT VALUE
CODE ELEMENT

11 A
2 sequentially numbere1

2 2
2 1

3 1 3
2 simulation run number

4 4
2 0

51 5
2 1

6 1 6
2 sequentially numbered

7 7
2 1

8 8
2 user assigned air scenario

number

9 1 9
2 0
3 0

o4

10 1 10
2 0
3 0
4 ADSM component number (ACN)

iI i i

2 unique value assigned to the
ADSM character code (ACC)

3 0
4 basic ACN (e.g., 1000,

2000, etc.)
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Table IV-1 (cont inued)

12 1 12
2 came as code 11 above
3 sequential assigned
4 AM

13 1 13
2 user assigned

See MOPADS Volume 5.17 (Polito 1983d) for complete description
of the directory ID's and contents.

Table IV-2. ID's of Selected Data Lists.

DATA OWNER ID VALUE
LIST DIRECTORY CODES ELEN V

Rum Data 6 1 1
2 0

TD-TASK-DATA 11,12 1 unique number assigned tc
the ADSM character code
(ACC)

2 2004
3 1
4 0

OP-OPERATOR- 11,12 1 same as TD-TASK-DATA
STATE-VECTOR 2 1516

3 operator type
4 0

EN-MVIRONMNTAL- 11,12 1 same as TD-TASK-DATA
STATE-VECTOR 2 514

3 1
4 0

FIMLD-OF-VIEW 12 1 same as TD-TASK-DATA
FV 2 622

3 1
14 ADSM Component Number

Complete descriptions of all Data Lists are contained in
MOPADS Volume 5.17 (Polito 1983d).
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Figure IV-2. Organization of the User Interface.

5-0 USER INTERFACE COMMAND SY"NTAX

The User Interface is primarily a command driven processor
that waits for the user to issue instructions. It does, however,
have aspects of menu driven systems in that some commands result in
menus being presented to the user. Also, the command processor
(FFSP described in Goodin & Polito (1983c))permits menu-like
presentations of commands.

The regular mode for entering commands is shown below.

ccmnand,promptl=responsel/prompt2=response2/...

The commands and prompts are keywords recognized by MOPADS. The
responses are particular values for the prompts. For example,
consider this.

OPEN, FILE=MOPADS. .1BF/STATUS=OLD

OPEN is the comrmand. FILE and STATUS are prompts recognized by
MOPADS, and MOPADS.DBF and OLD are values for the prompts.
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Certain prompts for a coamsnd may 1'ave default values that
will be used if the prompt is not entered. In the example above,
another prompt, DB, specifies which data base is to be associated
with the file. Its default is WORKING, so by not entering it. on
the command line, WORKING is automatically selected. If the default
value is not desired, then the prompt must be explicitly entered on
the command line.

If the user fails to enter responses to all required prompts,
MOPADS will interactively prompt for them. For example,

OPEN ,STATUS=OLD

FILE[NO DEFAULT] = MOPADS.DBF

After processing the OPEN command, MOPADS found that the required
prompt, FILE, was not entered. It printed "FILE[NO DEFAULT]=" to
prompt the user for a response. If the last non-blank character
on i command lime is a dash (-), MOPADS will interactively prompt
for all unentered prompts, even those with defaults. For example,

OPEN,STATUS=OLD -

DM [WORKING] = REFERENCE

FILE [NO DEFAULT] = MOPADS.DBF

The dash caused "DB [WORKING]=" to be printed. The value between the
brackets is the default for the prompt. The default can be selected
by typing "DEF" as the response. DEF can also be entered on the
command line; e.g.

OPEN ,DB=DEF/STATUS=OLD/FILE=MOPADS.DBF

The above demonstrates that the prompt-response groups can be entered
in any order.

Also, a command can be cancelled at any time by typing "CANC"
as a response or a prompt. For example,

OPEN, CANC

OPEN,FITE=CANC
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Note that DEF and CANC are essentially reserved words. The user
interface treats commas, blanks, and equal signs as interchangeable
separators. Also, multiple separators are treated as a single
separator. This means that the commas in the previous examples
could be replaced by any combination of one or more blanks and
commas. The same is true of the equal signs, but their use is
recommended to make the command lines easy to read. The slashes
are required separators between prompt-response groups, but they
can be preceded or followed by blanks or commas.

A response may include separators (i.e., commas, blanks, equal
signs, and slashes) if it is enclosed in quote marks (").' For
example, on some computers file names contain embedded blanks, e.g.,

OPEN FILE="MOPADS DBF"1

Without the quote marks above, MOPADS will consider MOPADS DBF as two
responses when only one is desired. (NOTE: A single prompt may have
more than one response if the programmer specified it that way. In
such a case, each response would be separated by a blank or comma. In
the case above, however, where a single response is required, the
quote marks must be used to embed the blank in the response.)

Any response may be enclosed in quotes, althought there is no
advantage in doing so unless a separator is to be embedded. Blank
responses can be. entered with " " where at least one blank appears

between the quotes.

A generalization of entering only some of the prompts is to
enter only the command name:

OPEN

DB [WORKING] =DEF

FILE [NO DEFAULT] =MOPADS. DBF

STATUS =OLD]DEF

The User Interface will prompt for all responses. This method can be
selected if the user does not remember the prompts.

For commands which the user issues frequently, a concise mode
can be selected by preceding the command with "C-". In this case,
the prompt= part of the syntax may be omitted. For example,

C- 34

*1



C-OPEN DEF/MOPAD. DBF

Responses must be entered ii the same order as they are prompted
in the command-name-only fohm. No response may be skipped, except
that if all remaining responses have defaults and the defaults are
desired, then the command 1Lne may be terminated (e.g., the STATUS
response was oitted above •ince OLD was desired). The dash works
in the concise mode in the ame way as in other modes.

The following rules wi~l formalize the previous discussion of
how syntax is processed by ,'FSP.

The coniznd-name-only Vorm of a command may be used at any time
by typing only the command name.

Blank responses and responses containi.g separators may be
entered by enclosing them in quotes. To enter a blank response
type " " (including the quotes). At less'.- one blank must be entered
between the quote marks.

A command may be cancelled at any time by typing CANC for any
prompt or response. You can not abbreviate CANC.

The user may elect to use the default value(s) by typing DEF
for any response in a response list up to one field past the last
response in the list.

Slashes (U) must be used to separate one prompt-response group
from another. Blanks or commas may be used to separate all other
fields. The equal sign should be used to separate prompts from their
responses; however, it is not required.

Command and prompt names may be abbrvviated to any non-ambiguous
string of characters. For example, if there are two commands, DESIGN
and DESCRIBE, they can be abbreviated DESI and DESC respectively. The
commands may be abbreviated in longer forms. For example, the user
may enter DESC, DESCR, DESCRI, DESCRIB, or DESCRIBE for the command
DESCRIBE.

If a command line in regular or concise mode is ended with more
than one dash, the last dash will signify to the system to prompt the
user for all the unentered responses. Other dashes will then be con-
sidered as part of a response.

Any multiple combination of commas and blanks is treated as a
single separator. For example,
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NAME BILL WOLF and NAME = PILL V WOLF

are ecuivalent (here the response is u-list of two character strings).

If the user enteres an incorrect response or misuses the syntax,
FFSP will explain the error and prompt interactivel? for all remain-
ing responses.

Concise mode is signified by preceding the comnitand name with
"C-" (without the quotes).

6-0 BASIC DATA BASE COMMANDS

The following commands are available in all five subprocesses.

1. CLOSE
2. CURRENT
3. DEPOSIT
4. DIRECTORY
5. EXAMINE
6. HELP
7. MENU
8. OPE
9. PLINK

10. QUIT
11. SELECT
12. TERMINATE

The prompt and responses for these ccmnands are shown in
Table IV-3. A brief description of each command follows.

6-1. CLOSE. The CLOSE command (Table IV-3a) will close either
the working or reference data base. It can be used to switch to a
new data base file.

6-2. CURRENT. The CURRENT command (Table IV-3b) will display
label, ID or both of the current directory and/or data list on
either "lata base.

6-3. DEPOSIT. DEPOSIT (Table IV-3C) is a low level editing
command that allows any element of the current data list to be
changed. DEPOSIT interactively requests element numbers and new
values.

6-4. DIRECTORY. (Table IV-3d) shows the contents (all owned
directcries and/or data lists) of the current directory on either
data base. It shows the labels, ID's, and directory positions of the
contents. This information is useful for the SELECT comnrand.
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Table IV-3. Basic Data Base Cowhand Prompts.

COMMAND PROMPITS RESPONSES DEFAULTS-

(a) CLOSE DB WORKING WORKING

REFERRBECE

STATUS KEEP KEEP

DELETE

(b) CURRENT DB WORKING WORKING
mEFRECE

DISPLAY LABEL LABEL

ID
ALL

TYPE DIRECTORY DIRECTORY

DATA-LIST

ALL

(c) DEPOSIT DB WORKING WORKING
REFERENCE

(d) DIRECTORY DB WORKING WORKING

REFThENCE

TYPE DIRECTORY DIRECTORY

DATA-LIST

ALL

(e) EXAMINE DB WORKING WO •ING

REFERENCE

HEADER NO NO

YES

DEVICE TERMINAL TERMINAL

PRINTER
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Table IV-3 (continued)

(f) HELP COMMAND a comrand name

(g) MENU (none)

. (h) OPIM DB WORKING WORKING

REFERENCE

FILE file name --

STATUS OLD OLD

NEW

MAXRECORD non-negative 0

integer

(i.) PLINK DB WORKING WORKING

REFERENCE

(J) QUIT (none) ....

(k) SELECT DB WORKING WORKING

REFERNCE

TYPE DIRECTORY DIRECTORY

DATA-LIST

POSITION integer 0

LABEL string blank

ID list of integers 0

(1) TERMINATE (none) ----
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n6-5. EXAMINE. EXAMINE (Table IV-3e) will display selected
contents of the current data list to the terminal or to the MOPAID"" ~line printer output file. If the latter is selected, the data list

'• label and other information will also be printed.

6-6. HELP. HELP (Table IV-3f) will print the prompts and optionL
for the prompts for the specified command.

6-7. MENU. MENU has no prompts. It will print all commane"
available in the current subprocess.

6-8. OPEN. OPEN (Table IV-3h) will open a data base file as
either the working or reference IM. OPEN will not automatically
close the current DB. CLOSE must be used explicitly before OPEN

*-" to switch DB files. MAXRECORD is the maximum number of records
allowed in a data base file. It may not be needed for your computer.
Zero implies no limit on the file size. The (MASTER-DIRECTORY) is
currc"t after the OPEN command.

6-9. PLLNK. PLINK (Table IV-3i) will change the current direc-
tory to the owner of the directory which was current when PLINK was
issued.

6-10. QUIT. QUIT has no prompts. It causes the current subprocess
to be exited.

*. 6-31. SELECT. SELECT (Table IV-3k) changes the current directory

or data list to one that is owned by the directory that is current
when SELECT is issued. The desired DR or DL %s selected by specifying

U one (and only one) of the following: 1-its directory position, 2-its
label, or 3-its ID. This information is obtained with the DIRECTORI
command.

6-12. TERMINATE. TERMINATE has no prompts. It will close all
open data bases and terminate execution. This is the normal way to
end a User Interface session.

6-13. An Annotated Example. Figure IV-3 is an example using all
the Basic Data Base Commands. The annotationE are explained below.

C
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- The CLOSE c=mands disassociates th-- cuirent
data base file fro the MOPADS .;oftvarf-. AZ-n-
close, MOPADS rill knov no voikine M. If STATtA
is specified as DELET, the at base fll'- %4li "oe
destroyed permanently.

1OPN associates the data base 'ir.e VOLM.M"
to the software as the vorking M. STATM0OLDSimles that the DBF vas Previously created as a
MDPADS data base file. If STATUS1S2IW is specified,
MOPADS will create a new MOPADS M3 on VOI.6.t•,F
and any infozzation previously contained on VOL46.13?
wirll be lost.

- The KMi conand in always available to list the
commands currently available.

-. -PELP prints information about a particular couand.

5 - The user has asked for information co the pr•mpts
DIZSPLAI and TYPE. Y'or D7SPLA!, MOPADS shows that
it expects a response of one character string that

kmust be one of the enumerated values WZEL (display
the label)) ID (display The D), or ALL (display both
label and ID). The default is LABEL. ELP is
terminated by entering "U."

i (•) - When OPER is issued, the (MASTE-DIRMCORY) becumes
current. The CURRT c nnd -=ill not. display a
directory which has no owner, which of course, the

"6: FASTER-DIRECTORY does not.

*( - The DIRECTORY comand will always work, hoev--e, even
on the (MASTER-DIRECORY). The contents of the ()1ASTER-
"DIRECTORY) are shown.

() - The SELECT conmand makes the REMMCE-ADS directory
current by specifying its directory position in the
(J4ASMn-DIRECTORY).

The DIRECTORY comand confirms that P-7FERENCE-ADSH
is current and shows the owned reference ADSM's (in
this case only one, E-E-AMPLE).
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".. dORK: I SO,

-- '-'-t.21I OREINO 33

Ag rn ... y"

K~NTER CAME ADUR COMMAND3
70MMANDS CURRENTLY ATVAIIADLZ:vi 

,,
ADY CHANGE EL "I
OUT kiEMANK VL~I

W~N RAENTCI
TERPHIATE PLINK MENU
LM~r~rLfti An$" COMMAND

tllll2ag~33lalgglSl3lUlla3ll3llU3ff33llillU3lllll3ll

COMMAAno CURRENT

PROMPTS I OR DISPLAY TYPE

CNj j R THE NAME Or A PROMPT is TO TERMINATE:).

PROMPT I DISPLAY
"CHARACTER"C~~URRENT•T WVDFAoU"LTg(|) IEGT LA ftVALUE ~OhTS 1 5~i
ENUMERATED ALU LAVh

ALL

PROMPT$ 1 33 DISPLAY TYPE

.rTER THE NAUE Of A PRorPT Y TO TERMINATE)

PROMPT : TYPE

CHARACTER
•I3T OF LENGTH : 1
CU RENT £FAULT(3) DIRECTORY
,4WUMERATED VALUES f

BIRECTORT
AT*-LIST

ALL

PROMPTS I Do DISPLAY TYPE

[NTtR THE NAME OF A P&OMPT 19 TO TERMINATE)

%I9do

Figure IV-3. Example Using Basic Ccmmands.
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vmvI1ý3LE, p !Avs" COMMAND

iutrkWR-CURRENT 24 OR DL HAS M4 OWNER

CUWRENT VIRECTO4Y LARELj IS1 CNOT; RtTRIffVUj-XO "Nn)~
MOCURRENT[ AA-IS

R-4 CONNANS"

IAE I t

USER MZSASAE: ROPADS CURRENT DIRECTORYj Ala PASE VILE? VOL 46.DIP
IRECTORI ýA?EL 4MflJ&1-VIRfCTORTN)Ct M ON lo #)

RANKING CODC(O;NEO DATA LISTS)! INCREASING ON IS( 01

OWNED DIRECTORIES;

NURCYOR? Po:;ZT0ON: EE'ED
13:1 1- )2 1

* DIRECTORY POSITION: 2
LAS ELISCENARIOS

OWNED VAT& LIST

DIRECTORY POSITIOOI 3
LADELS 3D-TI TLE
120 C 1- 2). 0

PAGSiI

USER MESSAGE: NOPADS CU*RRNT DIRECTOR~Y

OUEDDREC GTORAIES:

DIRECTORY POSITION: 4
LAPEL: -ERAMPL9.0: 1- ). 1 5 0 1000

Figure IV-3. (continued)
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"tmCOMM4AND

PA~. 1i

Ustft fESSA~e? nOPAUS CURRENHT DuRECTORtY
DATA BASE FILES U OL46.&*P
SIRECTORY L*DL Al[. I-EXAMPLE
IREflOlt ID: I f K 10
RAeINU

t
D (OWed VIWECTR,R ) A~Ctl4MqW I

&"KZ6~D (OWiNL DATA LisT is 3N4ftIA5NU zi )

OWNED DATA LIMTI

19; 1 1- 3)o a Ii

DIRECTORY POSITI0UI

14 &

b1Zt OtYSITIIOM 3 I

LAIEL e~~P-OPRAOT-TATE-ECDiv: 1- 31- S 11

0 IRECVTftT POSITIO~t#
DTb:P( I- ft- rrp

0 IRMCORT P03171014? &
"LADEU. AL-ft92GJXCliLAl9L&
lb.: ( -. 3$. 3 1912

DIREtI#1* POSMTONt
WEAILI YI;?AIK-D*T*
Us I I- 3)o 3 204 1

- 9-1m1t* CR'Es ADSui COMMAND

Figure IV-3. (conxtinued).
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CA/tuR/ ADS"O COMMAND

CU*RRET DATA-LI ST LA69L i5S OP'-t#PRATOR-fTATt- VECTOlR

-ENTE CR/ED LUSM COMMAND

omnDES (0 IF tong)

P.&. 4 L OLU 118 R R

DATABA A LIS REPORT
DATA LIST ABLEL: OP -0PZfATOR-STATE-VECTOR
VALLIT p: 1- 3). 1 11
IIA.'A L15ST W29: REAL )

DATA435?S CONTENTSl

now: 2

COLUMN VALUt 'LADBEL

1.000000+0 CUNLABELEO)
2.0000000EO (UNLABELED)
M0O~00@8 1UNLAP~EU)

12 .000 - UNLASELR
11?Y0 (ULA ELED)* Ii 1.000 UNLANELED

1!.0000000[£+00 (UNLABELED)

p .00000001+00 IUNLAPLD )
1) 0.90000000 409 (ISLAD LED5

14 ::000000E+00 (UNLABE(LED)
I .OOOOOUOE+09 (UNLASELED
I) 00000 ** (UNLA

14 1:00000000014 1 tUNLAI- LED
150.100000052 £UNLABELED)I .00000200+09 (UNLABELLED)
I a .0000000+0901* (UNLAELED
At :.00000001+00 (UNLADEL11)
AOOO OO00 0 @ 0(1 UNL A P EL ED)

RA :00O0O00000001: (UNLABELED)
27~~ *000040 + (UNLABELED)

i.0000000E+OQ (UNLABELED)
9 O000000t+09 (UHLABL4
010000000E+400 (UNLABELED)

20.90000001+400 (UNLABELED)
37.00000E09 IUNLAPELED)
.0000000+9 (UMLAPEiDO.OOO000E+00 (U(LANLD

X.000000E+00 CUNLANELED)1000000 (UNLABELED)

2!000000 LU LABEL DI
0.!00000001+00 (UNLADELD

1600000 (UNLABELED)11.000000010 (UNLABELED)

4 0.00000001+00 (UNLABELED)

Figure IV-3- (continued)
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1 74 0.@@OOOOE00 (UNLADELED)
17 OOOOOOO+OQ 1UNLAVI.ED)

E0I;0E0 LUNLADELEO)

179 0.@0OO0OOE +CO (UNLAPELEDI

EFIRST AND LUASA LO Il

~~~1IST IS REA
00YOU WANT TO CHANGE LAVELSCY/N/0111Y)

PtFIRST AND LAST COLUMN MUKDERSCO If DOME)

ENTER VALUE FOR:
COLUMN 17

19

TYPI, FIRST AND LAST COLUMN NUMPERICo if VONEt _

fdnPOE NUMERIC F0 NE.

EXAMINME MIAI'.N

CMRRECTLY RE-ENTER *49 FIELD AND REMAINDER

CURRENT DIRECTORY LABEL ISlE1-tXAMPLE

CtJRREtr. DATA-LIST LAME IMIP-OPERATOR-STATE-VKCTOR

CR/ED ADIM COMMAND

CURRENT DIRECTORY LABEL ISM~iRFRECE-ADIM

NO CURRENT? DATA-LIST

----NMEN CR/ED A 9SM COMMAND

SELECT OPTION

0-TERMINATE
t-jýAT/j T SIMULATION DATA SET

S-E~ INEiTATISTICI
4-R ~SATU/D1 T WMARIO DATA
5-CREAT 1/ aI RE FRENCE SYSTEAMNODULE

TYPE BOTTIOMNUMBER

CREAT/EIT SCENARIO DATA

CR/rD SCENARIO COMMAND

IME40PADI EXT

Figu~re V-3. (continued)
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S- Select E-YTAMPLE to be current.

S - '070k at the data list directory of E-EXAMPLE.

T~ his operator state vector will be edited.

0 - The SLECT comand makes the above operator state
vector the current data list. This is confirmed
vith the tollowing CURRT ccmmand.

G - EXAMINE specifies that the data list is to be dis-
played at the terminal. The user wants row 2.
HE=EWDY causes the "DATA LIST REPORT" and the
new; 6 lines to be printed.

15& - display demonstrates that the basic data base
commands are low level comands; they know nothing
about the structure or contents of MOPADS data bases.
The operator state vectors have two rows. The
second row contains the reference values for each
column. Prior to a simulation, the second row is
copied to the first row, which is dynamically
accessed during the simulation. In this way, the
reference or starting values are not lost. MOPADS
stores colum labels only for the first row, however,
aince it would double the storage requfr~ant to
duplicate the labels for each row. The "CREATE/EDIT
REFRCE SYSTE MODULE" subprocess knows all of
this, so when a listing is obtained with the CHANGE
comand in that subprocess, the labels appear with
the reference values.

The EXAMINE command, however, simply operates on a
data list without knuwledge of the meaning of its
contents. Here, all of the elements of row 2 appear
to be (UNLABELED). Also, TXAMINE prints the entire
row. Only a portion of the listing is shown here
for brevity.

() - Use the DEPOSIT command to change elements. It too
is a low level co~and, so (row, column) addressing
must be used.

8 - Elements 17, 18, and 19 of row 2 are changed (these
are operator trace parameters).

G This demonstrates MOPADS response to input errors.
The DEPOSIT command had not yet terminated when the
user entered the next EXAMINE. MOPADS is expecting
a numeric value for a row number. The free-format
input processor examines every input string for
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validity before processing it. Since "EYAMINE"
is not a valid number, it prints the error message
and requests correct input. Without this feature,
the proxram would terminate abnormally from simple
typing errors and perhaps damage the data base.
HOPADS vill protect the user from most such errors.

G - CCURRENT shows that E-EXAMPLE is the current directory,

- PLINK makes the current directory equal to the owner
of the directory that was current vhen PINK was issued.

S) - The CURRENT command confirms that the RM•wI=•-ADSM'.
directory is now current. Note that when the current
directory is changed, the current data list becomes
=d~efined.

® - QUIT exits the current subprocess and brings up the
subprocess option menu again.

SThe TERM coand terminates execution. Selecting
the zero option on the subprocess selection menu
accomplishes the same thing.
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V. CONTENTS OF THE REFERENCE A!R DEFENSE SYSTEM MODULES

1-0 REFERENCE ADSM DATA LISTS

Reference Air Defense System Modules (ADSM) are code 11 direc-
tories. They contain the base line values of the various parameters
which define the modules. The User Interface contains editors for
changing the information in these directories,. The same editors are
available for modifying working ADSM's (code 12 directories). Code
12 directories are simply copies of the code 1 directories.

The Reference ADSM directories contain the following data lists:

i. Operator State Vectors These DL's contain data
that is unique tý a single
operator.

2. Environmental State This DL contains data
Vector which affects all operator3

in a system module.

3. Task Data This DL may contain infor-
mation for each MSAINT task
node in the MSAINT model
of the systeA.

4. System Resources This DL contains informa-
tion about any hardware
resources whio.!h may have
been defined by tie MOPADS
modeler.

5. Operator Type and These DL's are used inter-
Resource Labels nally by the sofltware and

are of no concerfi to the
user.

The contents of these DL's is discussed briefly below. The
values for all of the parameters discussed in the folloa:ing sections
can be edited by the user with the User Interface. Values for the
parameters are n't shown in this dozument since they will vary from
system module to system module. For example, the values for the
IHAWK are given in Goodin & Polito (1983b).

2-0 OPERATOR STATE VECTOR

Each operator in an ADSM is represented by a separate operator
state vector. These vectors have several parts: human factors
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parameters, goal parameter3, u)•Jective function parameters, and
display data.

The htLan factors partaeters aze shown in Table V-I. Discus-
sion of these parameters is contained in Laughery 1933 and Polito
(1983d).Goal parameters are shown in Table V-2.

Each goal that the operator has will be represented by fifteen
parameters as shown in Table V-2. The parameters have the meanings
shown in rigure V-I where

GS is GOAL-STATE-LOW-i

GP is PRIORITY-LOW-i

GS is GOAL-STATE-HIGH-i

GP is PRIORITY-HIGH-i

The values for m, M, a, A, b, and B are computed onee when the
goal parameters are initially entered by the MOPADS modeler. If
the MOPADS user desires to change these values, th'-y must be com-
puted manually using the procedures in .Polito(1983e),and then
entered with the User Interface editor.

Objective Function data is shown in Table V-3. These para-
meters specify whether the operator minimizes the average goal
priority (signified by a value of 1.0) or maximizes the average
goal priority reduction per unit time (signified by a value of 2.0)
The number of goals that the operator considers is also specified.

Finally, the labels and values for Display Parameters are
stored in the Operator State Vectors. Up to 10 display parameters
can be defined. The definitions of display parameters is entirely
up to the MOPADS modeler except that parameters *i, 4I, and 9 must be
as shown in Table V-4. A typical set of display par;meters is shown
in the table. Values must be specified for whatever parameters are
defined for the ADSM.

3-0 ENVIRONMENTAL STATE VECTORS

Each Code 11 directory has an Environmentas. State Vector. The
parameters in this data list apply to everyone in the system module.
There are two types of data: system parameters and human factors
parameters.
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Table V-I. Human Factors Parameters in the Operator State Vectors.

1 CORE-TEhPERATURE
2 CIO-VALUE
3 TIME-ON-TASK
4 DAYS-OF-DUTY
5 SEARCH-DIMENSIONS
6 NUMBER-FIRE-UNiTS
7 PERCENTAGE-RECOVERY
8 PREVIOUS-WORK
9 PREVIOUS-REST

10 FLASH-INTENSITY
11 TARGET-SPEED
12 TARGET-TYPE
13 TARGET-SIZE
14 TARGET-COLOR
15 SEARCH-AREA
16 BINOCULAR-USAGE
17 SLANT-RANGE-TO-TARGET
18 TARGET-TRAJECTORY
19 TARGET-BAKGRND-COMPLEXITY
20 HUM-BACKGROUND-CHARACTERS
21 MESSAGE-BACKLOG
22 SIGNALS-PER-MINUTE
23 HOURS-WORKED-PER-WEEK
24 DAYS-WITHOUT-SLEEP
25 DAYS-OF-NIGHT-DUTY
26 SIMULTANEOUS-TASKS
27 CONTRAST-RATIO
28 AVE-HOURS-SLEEP
29 OBJECTIVE-FUNCTION
30 GOALS-CONS.ZERED
31 TARGET-BRIGHTNESS
32 NIGHTS
33 SKY-GROUND-RATIO
34 AIRCRAFT-ALTITUDE
35 METEOROLOGICAL-RANGE
36 THRESHOLD-CONTRAST
37 TARGET-HEIGHT
'38 7ARGET-WIDTH
39 TARGET-DEPTH
40 HORIZONTAL-RANGE
41 MUM-OF-RESOLUTION-ELEM
42 NUM-OF-SUSPECT-AREAS
43 AIRCRAFT-SPEED
44 FIELD-OF-VIEW
45 OBSERVER-OFFSET
46 UNUS9.D
47 DISPLAY-1ARGET-LOCATION
48 TARGET-LOCATION
49 DISPLAY-RESOLUTION
53 DISPLAY-BACKGROUND-HEIGHT
51 DISPLAY-BACKGROUND-WIDTH
52 DISPLAY-BACKGROUND-DEPTH
5i DISTANCE-TO-DISPLAY
54 DISPLAY-HFIGHT
55 DISPLAY-WIDTH56 TARGET-NOISE-LEVEL
57 TARGET-DURATION
58 EXPERIENCE
59 SIGNAL-PROBABILITY
oO REST-PERIODS
61 TASK-ERROR-FACTOR
62 TASK-ELEMENT-ERROR-FACTOR
63 DAYS-SINCE-PRACTICE
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Table V-1. (continued)

64 SENSE-OF-DIRECTION
63 SKIN-TEMPERATURE
16 TIME-IN-TEMPERATURE
o7 PREVJIOUS-SKIN-TEMPERATURE
68 X-SCREEN-CENTER

"* 69 Y-S(REEN-CENTER
7 ?0 SCREEN-RPNGE

TYPE ELEMENT TO CHANGE( 0 FOR NONE)

Table V-2. Goal Parameters in the Operator State Vectors.

1 GOAL
2- LITTLE-M

, 3 BIG-M
4 LITTLE-A
5 LITTLE-B

*6 DIS-A"i.7 BIG-B
GOAL-STATE-LOW-1

9 PRIORITY-LOW-1
10 GOAL-STATE-LOW-2
11 PRIORITY-LOW-2
12 GOAL-STATE-HIGH-1
13 PRIORITY-HIGH-1
t4 GOAL-STATE-HIGH-2
15 PRIORITY-HIGH-2

"Table V-3. Objective Function Parameters in the Operator State
"Vectors.

1 OBJECTIVE-FUNCTION
"2 NUMBER-OF-GOALS
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Figure V-1. Goal Parameters.

Table V-4. Typical Display Parameters in the Operator State Vector.

p

1 HOOKED-ITEN
"2 VECTORS
3 SCREEN-ALPHA
4 ENGAGEMENT-MARKERS
5 PAIRING-LINES
6 MAP
7 SCREEN-RANGE
9 SCREEN-X
9 SCREEN-Y

10 UNUSED
C

-.o
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Table V-5 shows the system pt-rametern. At the pres time only
* the following parameters are used-

, and B Initial numbers of hot and cold
missiles at erch fire section
for the IHAWE

18,19, and 20 The location 3f the unit.

21 The sampling option for t k
times. Acceptable values are:

1 - iunmoderated,deterministic
task time (i.e.,use She mean
times specified for the task
time distribution)

2 - unmoderated, stochastic (i.e.,
random sampled times without

* human factors moderators)

I 3 - moderated, det>-. ,ii.tic (i.e.,
moderate the mean with human
factors influences)

4 - moderated, stochastic (i.e.,
moderate the mean by human
factors influences and then
select a random sample from
this new distribution)

Table V-6 shows the human factors parameters in the Environ-
mental State Vector. As with the Operator State Vectors, a more
detailed discu-'sion of thesei parameters is contained in Laughery

' 1983 and Politc. (1983d). *

4-o0 TASK DATAIi
"Certain parameter? apply to the task rather than to the

individual performing the t'sk. Examples are the skills required
to perform the task and te'e energy output required. Associated
with each task is the vector of task data shown in Table V-7.

* Distribution types accepted by MOPADS are as follows:

1. Constant
2. Normal
3. Uniform
14. Erlang-i (exponential)

5. Lognormal
"6. (not used)
7. Beta
"8. Gamna
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al:ble V-5. Sy••m Parameters in the Eavironmental State Vectors.

1 SYSTEM-NODE
2 OPERATOR-MODE
3 -UNUSED
4 METHOD-OF-CONTROL
5 WEAPONS-CONTUL-STATUS
6 UNUSED.
7 INITIAL-ANNUNITION-HCT
9 INITIAL-AMMUNITION-COLD
9 UNUSED

10 UNUSED.
11 UNUSED
12 UNUSED
13 UNUSED
14 UNUSED
15 UNUSED
16 UNUSED -
17 UNUSED
18 X-POSITION
19 Y-POSITION
20 Z-POSITION21 SAMPLING-OPTION

Table V-6. HEian Factor Parameters in the Environmental State
Vectors.

TYPE ELEMENT TO CHANGE( 0 FOR NONE)

1 DRY-BULB-TEMPERATURE
2 RELATIVE-HUMIDITY
3 AIR-iOVEMENT-RATE
4 NOISE-LEVEL
5 WORKING-AREA-ILLUMINATION
6 NUMBER-ON-DUTY

•7 VIBRATION
8 AHBIENT-VAPOR-PRESSURE
9 NOISE-PREDICTABILITY

Table V-7. Task Speciflc Data.

D!STRIBUTION-TYPE
MEAN
STANDARD-DEVIATION
KILOCALORIES/MIN
NUMBER-OF-BRANCHES-OUT*
STIMULUS-NODE-1
STIMULUS-MODE-2
RESPONSE-MODE
OBSRVR-TARGET-POSITION
CONTROL-DISTANCE
C[NTROL-WIDTH

* NUMBER-OF-DISPLAYS
NUMBER-OF-ALTERNATIVES
NUM-STM-ITEMS
SKILL-INDEX
SKILL-WEIGHT-
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On•e or .ore skills may be requiked to perfomr the tisk. If
so, the SKILL-3ME and SKILL-WEIGHT parimetcrs are reperted for
each skill. The weights are specified as f-aetices or rercents.
Further discussions are found in Polito L Laughtry 3983, Laughery
1983, and.Laughery & Gawron 1983.

The other human factor parameters are diacusse4 in Laughery
1983 & Polito (1983d). They are used in MOIAX In the same way as
the human factors partmeters of the Operator State Vectors.

Finally, the Task Data may contain system resource needs. For
e-cample, certain tasks may require system resources that are subject
to breakdown or which may become umavailable for some other reason.
System resources are specified in a similar fashion to skills. In
other words, a resource index and a parameter are specified. The
current MOPADS models do not represent such system resources, so
they are not included in Table V-7. However, the data baspý and
User Interface support this feature, so a MOPADS modeler can build
or modify, MPADS models to include syste resources. (NOTE: The
system resource feature described here is entirely independent of
the resource modeling capability built in to the MSAINT language.)

'The System Resources data list contained in Reference ADSM
directories contains data on system resources if any are defined.
It is used in conjunction with the resources specifications in
the Task Data. This data list is not used by the present MOPADS
modeler. See Polito(1983d) for details.
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V I. CCNTENTS OF THE SCENARIOS DIRECTORY

1-0 DISCUSSION OF SCENARIOS

Figure VI-1 shows an expanded view of the scenarios directory
and its descendants. A scenario consists of two parts: a specifi-
cation of the coordinate system and the locations of critical assets
or protected sites that the air defense system seeks to protect, and
a specification of the aircraft which will fly through the area
during the simulation.

The CRITICAL-ASSIZ-CONFIGURATION (Code 13) directories contain
a cumplet2 scenario specification as discussed above. More than one
CRITICAL-ASSET-CONFIGURATION can be contained in a MDPADS data base
as indicated in Figure IV-1.

Each code 13 directory contains a COORDINATE-A1D-ASSET-DATA
data list that contains the definition of the coordinate system and
the locations of all critical Pssets. It vi1l also contain one ur
more air scenario (code 8) directories that specify aircraft move-
ments. Since a set of critical assets can be attazked in a multi-
tude of ways, MOPADS allows the modeler to develop more than one
air scenario and store them in the data base. The particular air
scenario to be simulated is selected when a simulation is set up.
Each air scenario (code 8) contains separate data lists for hostile,
friamdly, and "other" aircraft tracks. "Other" tracks are those
that cannot be classified as friendly.

2-0 CRITICAL ASSET CONFIGURATION

The ID's of Code 13 directories consist of two parts:

D(l) - 13
ID(2) - user spetified integer

The CRITICAL-ASSET-CONFIGURATIONS are selected by specifying ID(2)
when setting up a simulation.

The contents of the COODIINATE-AND-ASSET-DATA data list are
shown in Table VI-I. The reference point (elements 1, 2, and 3)
specify the origin of the coordinate system. A rectangular
coordinate system for a flat earth is used by MOPADS. The refer-
ence point allows a particular point on the earth to be specified
by latitude and longitude to aid in building a scenario for a parti-
cular area, and taking the coordinates of critical assets, tracks.
radars, and air defense units from a terrain map of the region.
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Figure VI-1. Scenarios Portion of the NOPADS Data Base.
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if the scennrio is not related to a particular region, the coordi-
nates of the reference point may be set to zero.

1M. other coordinates are specified in relation to the refer-
ance point. For example, critical assets are located by specifying
x, y, and z coordinates using the reference point as the origin.
The x and y coordinates are in units of nautical miles with posiriwe
x being east, and positive y being north. The z coordinate is in
umits of feet ab4.e or below the reference point. Positive z
is up.

Each critical asset is specified by its coordinates anod a label.
Growth potential is allowed in the data base for differentiating
among critical assets by type and possibly by priority.

3-0 AIR SCENARIOS

Air scenario (code 8) directories contain three data lists;
one for each type of. track. The data lists are identically struc-
tured in that they contain the same types of information in the same
format. Two types of records are stored as shown in Table VI-2.

Aircraft tracks are represented as piecewise linear segments.
Flight direction and velocity do not change along a segment but may
vary from segment to segment. There is no limit to the number of
segments, so curivilinear motions can be approximated if needed.
Furthermore, the aircraft motions are completely specified by the
information in these data lists. Therefore, the current models do
not represent evasive actions or contingency redirection by hostile
aircraft.

The first type of record is a track initiation record. This
record specifies the initial coordinates of the track, the time in
minutes from the beginning of the simu~ation when the track appears,
the aircraft type, multiplicity, and a Track ID number. Aircraft
type codes are specified in Polito (1983d), but they are currently
not used by the models.

Each track segment is specified by a track segment record with
the following information: coordinates of the end point, and spaed
in knots. Additionally, for hostile tracks, this record contains
an indication of whether or not the end point of the segment is a
target (critical asset or air defense unit), the probability that
the target is destroyed, and whether or not the aircraft is jamming
along the segment. Currently, the Jamming information is not used.
All of this data is specified by the MOPADS modeler at the time the
air scenario is created. See Polito (1983b) for more details.

Finally, air scenario directories have labels assigned by the
MOPADS modeler at the time they are created, and there ID's consist
of two parts:
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ID(l),I" 8

ID(2) user specified integer

The particular air scenario to be simulated is selected by the
MOPADS user by specifying ID(2) when setting up a simulation.

Table VI-2. Trui Data.

TRACK INITIATI N RECORD

Track ID number
Initiation time (minutes
from start of simulation)

Multiplicity
Aircraft type
x-position (n.mi.)
y-position (n.mi.)
z-position (ft.)

TRACK SEGMENT RECORD

x-position of end of segment (n.mi..)
y-position of end of segment (n.mi.)
z-position of end of segment (n.mi.)
speed (knots)
end point a target

(0-no, 1-yes)
e�jammiing (O-no, 1-yes)

probability of destroying target
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VII. CREATING AND EDITING SIMULATION DATA SETS

1-0 CREATE/EDIT SIMULATION DATA SET COMMANDS

The following commands are available in the CRLNATE/EDIT SIMUJ-
LATION DATA SET subprocess.

1. ADD
2. CHANGE
3. DELE
4. INSERT
5. REMOVE

The prompts and responses for these com-nands are shown in Table
VII-I.

The commands in this section are used to create SIMULATION-
DATA-SET (code 1) directories (see Figure II-1), COMMAND-AND-
CONTROL (code 7) directories and all directories that descend fros,
the code 7 directories. Each of the commands is discussed in
detail below, and this section ends with an annotated example.

Table VII-1 CREATE/EDIT SIMULATION DATA SET Commaud Prompts.

COMMAND PROMPTS RESPONSES DEFAULTS

(a) ADD ID NLMBER positive integer (none)

(b) CHANGE DATA-LIST TD (none)
R
OP

EN

(c) DELETE ID NUMBER positive pteger (none)

(d) INSERT ADSM Label of a (none)
Reference Air
Defense System
Module

(e) REMOVE ADSM Label of a (none)
Working Air
Defense Syi ým
Module
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1-1. ADD. The AD') ccwannd (Table VIl-la) will create a new

SIMLATIOh-DATA-0ET directory. In fact it also creates the COMMAND-
AND-CONTROL (codel) and MESSAGES (code 9) directories. Thus, when
this command is executed, an "empty" simulation data set is created.
It is empty in that it contains ro copies of reference ADSM's and
no scenario data.

The ADD command can be issued as often as needed with the
restriction only that the user assign a different ID NtMBER to
each simulation data set. In this way, models of more than one
command and control configurations can be represented in the same
data base.

1-2. CHANGE. The CHANGE command (Table VII-lb) is used to edit
data lists in working ADSM (code 12) directories. For example, if
the command and control stracture in Figure 11-2 were created, each
of the three IHAWK models could be individually edited with the
CHANGE command. The CHANGE command operates on the current direc-
tory. Therefore, to edit the structure in Figure II-2, it would be
necessary to use the SELECT and PLINK commands to make the desired
IHAWK directory current.

The data which can be edited is specified by the prompt DATA-
LIST as follows:

TD - Task Data
R - System RLsources
OP - Operator State Vectors
EN - Environmental State Vector
FV - Field of View

All of these were discussed in Section V except Field of View. An
air defense unit's: field of view is determined by the areas in which
its radars can detect aircraft as explained in Section 1-3 below.
The CHANGE command can be used to edit the field of view data.

1-3. Characteristics of Viewers. Each air defense unit may
"own" one or more "viewers." Viewers are usually radars (and in
the current implementation, they are always radars), but in the case
of REDEYE or VULCAN, for example, the viewer might be a human
observer.

Each viewer has the following characteristics.

1. maximum range
2. minimum and maximum altitude
3. probability of detection
4. barriers to view

5. a sector of interest
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The characteristics above serve to restrict a viewer's abil-
ity to detect aircrft. The maxim= range and altitude restric-
tions are self explanatory. The probability of detection is the
probability that the viewer will detect an aircraft that is other-

wise in its field of view. MOPADS assumea that once an aircraft
is detected it remains detected so long as it is in the viewer's
field of view.

The MOPADS user may specify barriers-to-view that block out
part of a viewer's ability to detect aircraft. The barriers
approximate terrain and other limitations that preclude a radar or
observer from seeing everything within range. Figure VII-l 3hows
how barriers may be specified. Two typec of barriers may be speci-
fied: line barriers (type 1) and wedges (type 2).

PIM VIEW

N.I~ECT OF VIEW IL

LINE

_ L•RR|M TO VIEW

e4

SIDE VIEW

ELD OF VIEW

ý S)_SMAW OF BARRIER

VIFME

Figure VII-l. Viewers and Barriers-to-View.

c-T in

C- ~ 3

' ' ' ' ' ' , • I I I I l I II 4



In tne plan view of Figure VII-l, two line barriers are shown
to the east dnd southeast of the viewer. Everything farther away
from the riewer than the line barrier is hidden from view if it is

in the shadow of th• barrier. The side view in Figure VII-I demon-
strates this. The 6rrca to the east of the barrier and below the
shadow isL hidden from the viewer (Note: the side view does not show
a complete detail of the viewer in the plan view).

Line 7)arriers may be positioned anywhere in the maximum range
of the viever and the end points may have different altitudes.
MPADS assumes a linear variation of altitude from one end of the
barrier to the other. Using multiple line barriers, it is possible
to create complex viewing areas that approximate actual radar
viewing patterns.

Wedge barriers are simply pie shaped sections in which nothing
is visible. An example is shown in Figure VII-l in the plan view
to the west of the viewer. The user specifies the start and end

* compass headings of the wedge.

The system of restricting the field of view described above is
not a. perfect representation of radar vision limits, but it permits

PI a reasonable approximation for modeling purposes.

The IEhAWK permits the operators to specify a "sector of
interest" which is a pie shaped segment of its viewin, area. The

7 IHAWK computer will automatically process tracks in this sector. The
sector of interest has no effect on the radar's ability to acquire
aircraft. It serves only to delineate a high interest area to the
computer. MOPADS has a facility to specify a sector of interest for
each viewer. In the current implementation, the sector of interest
is used only by IHAWK.

1-4. DELETE. The DELETE command (Table VII-Ic) is used to
destroy a SIMULATION-DATA-SET directory and all of the information
which descends from it. No information from a deleted simulation
data set can be retrieved.

1-5. INSERT. The INSERT command (Table VII-ld) copies a Ref-
erence ADSM (code Ii) directory to the current directory. It is
used to construct a command and control configuration in a SIMULA-
TION-DATA-SET. For example, in order to create the configuration
shown in Figure 11-2, the COMMAND-AND-CONTROL directory would have
been made current then an INSERT command such as

INSERT ADSM="G-GROUP-AN/TSQ-73"
S

"would have been issued. This would have copied the Group AN/TSQ-73

refercnce system module to the position shown (i.e., "owned by" the
COMMAND-AND-CONTROL directory). After INSERT was complete, the

C
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COlM4AND-AND-CONTROL directory will still be current. The SELECT
comand would be used to make the Group working ADSM current, and

* then INSEFT would be issued twice to create the two Battalion
"AN/TSQ-T3 ADSM's which descend from the Group ADSM. Similar pro-
cedures would be used to create the working copies of the IHAWK.

INSERT assigns directory labels and values to ID(3) and ID(')
% in a systematic manner to code 12 directories that it creates.
*1 Recall from Table IV-I that ID(4) of reference ADSM (code 1i) d!rec-

tories is the Basic ACN. This is a multiple of 1000 and is unique
to the bystem module type. For example, the IHAWK Basic ACN is 4000.
As code 12 directories are created, the Basic ACN is incremented, so
the working IHAWK directories in Figure 11-2 would have values of

.7/'" ID(4) of 4001, 4002, and 4003. Which copy would have which value
depends on the order in which they were created. In this way, every
working ADSM in a simu:Lation data set has a different value for its. ID(4).

The value for ID(3) is sequentially assigned within a directory.
What this means is that the two IHAWKs that belong to the right hand
side battalion in Figure 11-2 would have values of one and two for
ID( 3). ID(3) for the IHAWK of the left battalion would have a value

), of one. Likewise, the two battalions would have ID(3) values of one
and two. Their ID(4) values would be 3001 and 3002 because 3000 is
the Basic ACN for the Battalion AN/TSQ-73.

Labels are created using the system module one character ACC
"and the value of ID(3). The ACC'2 for the current MOPADS models

i are:

G - Group AN/TSQ-73
Q - Battalion AN/TSQ-73
W - IHAWK

Thus, the group ADSM in Figure 11-2 has label GI. The two battalions
"have labels GiQ! aud GIQ2, and the IHAWK labels might be GIQIHI,
GlQ2Hl, and GIQ2H2. In other words, the ACC and the value of ID(3)
are appended as a suffix to the label of its superior unit. In this
way, each working ADSM has a unique label.

1-6. REMOVE. RE4OVE (Table VlI-le) will delete a working ADSM.
The ADSM to be deleted is specified by giving its label, and it must
"belong to the current directory.

2-0 ANNI•TATED EXAMPLES

P 2-1. The ADD, DELETE, INSERT, and REMOVE Commands. Figure VII-2
is an example of a terminal session. The annotations are explained
below.
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DATA AES MORKIN0
DATA ASE FILES EAMPLE.DDP
HIRCITIRY L4AELS (HAST9R-DIRECTORY)RANK NO CDa(OMNED DIRECTOkIES)1 ZNCR•AIN NR D 0)0)
RMNKINg EGDEtOUNKD DATA LISS$l INC N A N DI S 0),

OUNED DIRECTORIES,

DIRECTORY POSITIDN: LEVERENCE-.OSM
LADELS
1D? C I- 2)w 2 1

DIRECTORY POSITIONS 2
LADELS SCENARIOS
IDS 4 1- 2). 4 0

DIRECTORY POSITIONS S

1-' 2). 1 ,I-UkATION'DATA4,T'

--- EKfR CR/ED SIMULATION DATA SET COMMAND

-- :-ENTER CR/ED SIMULATION DATA SET COMMAND

Figure VMI-2. (Continued)
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USER " I-CORI - C
DIRECTOUT REPORT

USER MESSAGES HOPADU CURRENT DIRLCTORY
DATA BASE: WORKING
DATA BASE FILE? EXAMPLE.JBF
DIRRCTORY bPEL D SIMULATION-DATA-SET7R T RY E (O
1INKENj CO•.OMNED DIRECIORIES)f INCREASING ON 101 1)
RANKING CODE(OWNED DATA LISTS); INCAEASIN& ON ID( 1)

OMNED DIRECTORIES?
DIRECTORY POSITIONS -
LABELS hHHAND-AND-CONTROL
IDS t I- 2)m 7 a

CR/ED SIMULATION DATA SET COMMAND

-CR/ED SIMULATION DATA SET COMMAND

DI RECTeR. REPORT

USER MtSSAGE$ MOPADS CURRENT DIRECTORY
DATA BASE: WORKING
DATA PAGE FILEI FXAMPLE.DPF
DIRECTORI LAPEL? COMMAND-AND-CONTROLDIRECTORY ID? 7 1

RANKING CODE(OWNED DIRECTORIES)| INCREASING ON 101 4)
RANKING CODECOUNED DATA LISTS): INCREASING ON IV( 2)

OWNED DIRECTORIES:
DIRECTORY POSITIONS S

11E~?l )*MESWSAE 01- 4)" v 0 0

TION DATA SET COMMAND

VIEUERS MUST SE ADDED WITH THE CHANGE COMMAND
EmuNFTPR POSTIO~ XYH) (F T.)-lo• fCOPLETR 149

-ENTE4 CR/ED SIMULATION DATA SET COMMAND

DIR ECTOR REPORT

USER MESSA'IF MOPADS CURRENT DIRECTOR
DATA IA6L9 WORKING
DATA SASE FILE" EXAMPLE.DEV

IRECTORY LABEL1 COMMAND-AND-CONTROL
IRECTORY I1

PANKING CODE(OUNED DIRECTORIES)? INCREASING ON ID( 4)
RANKING CODE(OWNED DATA LISTS): INCREASING ON 1D( 2)

OWNED DIRECTORIES?

DIRECTORY POSITIONS E 1 4)-; MESSAGES
V; o 1 _ 0 0 0

DIRECTORY POSITION? 2

0 1- 4)- 12 23 1 4001

Figure VII-2. (Continued)
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M-YTER CRWED SIMULATION DATA lit COIMMAND
D SIMULATION DATA SET COMMAND

VORKINS ADSMII PDELETSD

-- ENTER CR/ED SIMULATION DATA SET COMMAND"-U

jSR MESSAGE$ MOPADS CURRENT DIRECTORY
ATA DASES WORKING
ATA DASE FIt A .D

IR~CTORYOA LI CMMN~-N-CONTROL

RAKNCOD11[ (OW DIRECTORIES1 N:REASIN O 1
SAKNCOD (OWN DAT LIST$;I NIREASINS ON" 1

OWNED DIRECTORIES$,

DIRECTORY POSITIONS I 1SA' tLI,+• . ME, SAGES
108 9 0 * 0

--------------------

NTER CR/ED SIMULATION DA'TA SET COMMAND

OPADS EXIT

Figure VII-2. (Continued)

A3 part of the log-on protocol, MOPADS requests the
name of the file to be the working dat. base. If
it is not an old (previously created) data base,
the User Interface creates an empty MOPADS data
base on the file.

rThe main menu requires the user to select a subprocess.
In this case, we select process one.

( The (MASTER-DIRECTORY) is current and it contains no
simulation data sets.

(The ADD command is issued twice - Note the abbre-
viation of IDNUMBER in th( second ADD coemand.

(~ The DIRECTORY command reveals that Simulation Data
Set number two (see ID(2)) is current. It was the
last one created.

(Use PLIINK to make the (MASTER-DIRECTORY) current again.
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Ci) DIRECTORY contin~s that two simulation data sets
have been crca.ed. Thej are nubered cne and two
as can be seen from their ID(2) values.

(j DELETE eliminates simulation data set one. This

is confirmed b>f DIRECTORI.

(Make simulation data set bwo current.

The simulation data set contains only the COMAND-
AND-CONTROL directory. Make it current with SELECT.

Copy the IHAWK ADSM to the COMMAND-AND-CONTROL direc-
tory with INSFRT. This may take several minutes
depending upon the syztem module being copied and
the speed of the computer.

The position of the working ADSM must be specified
with respect to the reference point. Therefore,
the user must already have in mind the scenarios
that this simulation data set will be used with.

SDIRECTORY shows that COMMAID-AND-CONTROL is still
current, and that the IRAWK has been copied with
label Wl. Note ID(3)=l and ID(4)=0oo1.

RE2UVE deletes the working ADSM labeled W1 and
DIRECTORY confirms that it has been removed.

( The User Interface session is ended with the
TERMINATE ccermand.

2-2. The CHANGE Command. The CHANGE ccmand has subeditors
to change each of the data lists in an ADSM. Figure VII-3 is an
interactive session to edit this data list. The annotations are
explained below.

The CHANGE command specifies that the 'nt" (task
data) data list is to be edited.

( Data is entered by specifying a code character for
the operation to be performed. The code characters
are:

S - show parameters for a node

M - print -.he menu of code characters

E - enter data for a new node. "E" may
be used only once for any node to
create it. This feature is used
also in the CREATE/EDIT REFERENCE
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FOR 017UDNSe SZLECT *H.* TO GET THIS NMa
OPTIONS 9-2940V PARANFTItWS M INU -fNT1 DATA FOR 'ICU NOw

ME SA ATYPWAI Xi11NS Hng&E §-BUZT CURR9NT DATA TYPE

TAi I 11KILL DTA
onTionsSit-"411 PARAMTR. 5, MEU 5-,T1 DATA POP I NS

C-CMAM4I MXSIJ ODI. 0-uT CURRENT DATAITYPEgo

OPTION Noot we. DINT ",AS *T

~ a 0.1000t S 30,:N

0.00 1 .:soi-

* 4 30.7000 .0.330090

* a 14 a 1.106 *."-so#

is 3 0.1000 *.40001-01
IS 1 0.1400 0.33001-01

OPTIONt t -31sN0 PAftA04HTtfSP N-MENU. 0-"T"7 DNTA POWN OEC-CHANSE EXIST INS NODE, 0-UUIT CURRENT DATRA TYIPE~p

OPTION Mott No. DIST MEAN STI

9D NOT DEFINED

is 0 0.00009+0.0 .e0000f+00

CCU DATA TYPE TO EDIT

-TASK TItE
-TASK 9PfC??! C DATA

VI-TASK 39 IL..0ITA
4-TASK WESOIIRCL DATA_

!PIN -How PARAN"ETESo R-MENU. f-ETETR DATA POR NEU N
C-CANGE EXISTING NODE. 0-UIT CURRENT DATA TYPE

CATESOR9ESI -K ILOCALORZEB/MlN -NfROUWCEOT~-T UL11-HODI-3 *- MULUS-'ove-
ZSOODI -MobE -ODSRVf-TARO ET $OSITIov

91-MU~lk- S1L-NuDIER-OF-A4.TEANATIYES

OPTION MODE NO* INDEX VALUE INDEX VALUE

__________ ho 0.1

101 1 1.00

Figure VII-3. CHAIIGE Task Data Example.
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I.00 3 010

A: 141.4

OPTION: I-SMOwa PAmAMETKRS# I*-#IENU$ F-II(Tf* DATA 2W3 NEW MODE
C-CkAMOE EXI&TINS MOV~E O-OUIT CUNRRNT iaTh 1171

CAT9UORII32 I-KILOCALORIES/IM 2iU4ER(P3ANHIOf

OR7159 MOVE NO. INDEX VALUE lamh VALUE

I0 L 1..
16

1.00 2 1.00

2. 1.4
4i 0011+00

stgDATA TYPE TO EDIT

3-TASK SKILL DATA
*-TASK RESOURCE DATA

OPTIGN: $-$NOW PAEAME71190 *-MtNU@ I-ENTER DATA PON MIII MODE
C-CMNGNI LXISTINI uOofi. 0-SUIT CURRENT DATA TYPL

OPTION NODE NO. SKILL MuONx?

If &3 1 0.30000

it1 17 0.20000

10 13 6.90000

to 12 0.20000 ]

10 13 0.700000
1- 2

1o 17 0.20000

to is 0.30009
10 17 0.2000"

OPTION: S-INOM PARAM!?! R26 P-MINUO I-INTER DATA FOR NEW HOPE1
C-CI.NS 11 EXSTN MOla. O-QUIT CURRENT DATA TYPE

OPTION MODE no. SKILL MIlNT

14 to 0.60000

Figure VII-3- (Continued)
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10 IV .*.Ow00

10 21 0.20200

10 :1 6.00040

10 21 g.oo"0
s o Ia :.coo#

14 as 0.60000

14 it 0.20000

4614 21 0.20004

14 1is .000

OPT!.N: S-l1401 PAmA""r~fl. KI*I!Nu. 3-ZfIfz* SAT4 FOR IItU Mat
C-CHOU69 EZISTZMA MODge *-QUIT CURRENT NATO TYPE

OPTION NOVI me0. SKILL uirg14?

*16 2 0.40000

1* 11 0.40000

16 12 .20000

*1 It J 3o?
DATA' TYP! T013!?

"-TASK spc.Iric DATA
5-mu SIr.LL DATA

4-TARE RESOUICE DATA

PTI0 w PARXaKE sW. I..KimIM&4 9 "IV NOVI

lriIN wort me0. RISOU= PmAmAHTE

10 2 1.030000

If 3 2.000000

*1 0 S. 0 0 0 0
it0 2 0.0 4 000'

Ho0 RZIOURCZ DATA SPECIFIED
SMIXT DATA TypE To 91DIT
CP-OUTY
$-TASK ITI!
MIR!S IMICIFIC DATA
6-74IN REsourlZ DATA

be Dyou woa TLIST

w TEIA4SNA.(T OR Lint! PU5INIMMC

F~iguze '111-3. (Continued)
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SYSTEM MODULE subprocess. This
subeditor is common across the
two subprocesses.

C change parameters for an exis'ing
node. "C" must be used for aell
edits of % node after it is
created with "E".

Q quit editing the current type of

task data

When defaults are appropriate or au old value is to
be left unchanged, type an asterisk (*) for the value.

There are four types of data that may bL specified
for each node, and they are edited separately. The
user has chosen to begin with task time data.

( The data to be entered for task data are node
number, distribution type, mean, and standsrd
deviation. The input line creates node 10 with
distribution type 10, mean = 0.1 and standard
deviation = 0.035. The values entered must be
separated by one or more blanks or co9mas. They
need not line up under the labeled columns. MOPADS
echoes the command data on the next line. The
option echoed is the user option preceded by "S"
(for Show). If an error is made that is echoed, the
"S" will be replaced by an I'" (e.g., 'XE").

This line demonstrates that the spacing between
input data elements is not significant.

( When using the 'S" option (e.g., S 10), only the
node number is required.

As a demonstration, the standard deviation of node
10 is changed to 0.04 and then back to 0.035. Note
that the asterisks caused the distribution type and
the mean to be unchanged.

The option menu and column headings have been
printed again., They are printed every 15 lines so
they will always be visible on most scrolling screen
terminals.

The "C" option is invalid for node 11 because it
does not exist. The "E 11 8" line creates node 11
with distribution 8 and default mean and standard
deviati-on.
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III

NOTE.: DELETING NODES

If the '^' option sets the distribution type
to zero, the node is deleted. This is the only
way a node can be deleted. The "E" option can
be used to re-create a node, but previous para-
meter values (e.g., mean) will be lost.

This capability is used to delete node 11.

(The "Q" terminates editing of task time data
and re-prints the data type menu.

Begin editing task specific human factors
parameters. The 10 categories with their
associated index values (1 through 10) are
printed.

This "C" command sets parameters 5 to one and
parameter 6 to 5. Then MOPADS echoes the parae-
meter values for node 10. When a node is created
it automatically has default values for each task
specific parameter. All 10 current values are
printed each time the node is referenced. Note
that in the echo, parameter 5 has value one and
parameter 6 has value 5.

If an invalid option ("C16") is specified, MCPADS
prints the option menu.

SBegin editing skill data. One skill may be specified
on each command line. No skills are specified for
a task by default. All skill data must be specified
explicitly with the CHANGE command.

Skills 13 and 17 were specified for node 10. The
command "C 10 17 0" deletes skill 17 for node 10.
This is reflected by the subsequent "S 10" command.
Also, existing skills may have their weights changed
by issuing a "C" comnand (e.g., "C 10 13 .8").

Incorrect skills were entered for node 10, and the
Lbove capability was used to remove the skills
from node 10 and add them to node 14.

A Examine skills for node 14 and be sure they are
correct before moving on to node 16.

S)Begin to edit ADSM resource data.
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1 No ADSM resource data was specified for this
example, but for completeness resource data is
entered for node 10 and then removed. This removal
is accomplished by issuing a "C" ccamand with
resource parameters equal to zero.

Beforc exiting from the CHANGE command, a listing
of task parameters may be obtained. It can be
printed at the terminal or on the MOPADS file for
non-interactive output. These listings shotIld bescrutinized to ensure correct data entery.

Figure VIII-4 shows the CHANGE commaud to edit Operator State
Vectors. The annotations on the figure are explained below.

Three types of data are contained in the operator

state vectors that can be edited with CHANGE.

(Q) Begin editing human factors data. There are 70
hu•mu factors data elements. The user can display
any .of them. Here elements 20 to 25 are selected.

SMOPADS prompts frelements to be edited oeat
time. Both the label and value may be changed

although normally there is little utility in
changing the label since tht moderator functions
specify human factors data by element number. This
however, does not preclude specialized procedures,
written into the implementation of a particular
system module which might make changing a label
desirable.

Use the asterisk (*) to avoid changing existing
values.

SWhen done editing, type zero for the element number.t
This brings up the display option again.

)New values for elements 24 and 25 are shown.

07 A listing may be obtained when done editing each
data type.

( Editing goal parameters is similar to editing
humtn factors parameters except the labels may not
be changed. Also, care must be taken ih changing
this data. See Polito (19 8 3e) for a discussion of
goal data.

C
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q ENTE IR E P RA T RS T 13 1 .OPERATOR Kumar * TO EVITC11RO TO GUI ?)

7-ENJZCTIVC FUNCTION PARAMETERS

'' ME 'E"IME116 SEUIOU LIKETV EE2
r~TER FIR&I AND LAST LEIT4TOSTOP)

K NPACKO1R 2 0fl;CMARACTERS

TYPE ELEMENT TO CHANGE 4 0 FOR NONE)PA -j: *I.fOHl- H UT- E 1 
200000090E0 

'TYPE NEW LAVEL AND VALVE *S' FOR NO CNAN091
E TYPE ELEMENT TO CMAN8EC 0 FOR NONE)4

~1TYPE NEM LANE). AND VA.LUE(2V FOR NO CNANDE)
TYPE ELEMENT TO CHAN914 0 FOR NONM
WHICH ELEMENfTS WOULD YOU LIKE TO SEEU

Fk IkST AND LAST ELEMENISCO TO STOP)
Ny;A GOUrCHARACTERS 08t0tO

SIINALS-P -MINUTf 1.00000S32 OURS- AOKEi.-PfR-UEfK 40,00006
bS 1.A?5-0--NZlGMT-DUT T LOOOO-

TYPE ELEMENT TO CHANGE 1 0 F"l NONE)
WHICH ELEMENTS WOULD YOU LIKE TO SEE

H 0 YOU WANT A LISTINO?

... 1LEtT VJSIREP PARAMETERS TO EDIT

j-UMA4FA:7QF PARAMETERS

rn 5.OkJtCTIVL FUNCTION PARAMETERS

TPW"M'ER A2PHT9;SE WNEVfLF", t.IKE TO SEE
ENTER FZRt:I AN& LAST ELARMNT~tO TO STOP$

DA 1.000006
-0. 1000000ffIS

LITTLE-A 40.0000000:00
5 LITTLE-* O.0OOOOOOE4OO

T7PE ELEMENT TO C14ANDEC 0 FOR NORE)

..419H M !IAklOIM LA LUEMUNTIC TOO SETOP)

1~GOAL 2.6000000

It LITTLE-A :1512-
20 LITTLE-S '.949437

R1 GOAL-STATE-LOII-i 0 000oooi 0
34 PRIORITY-LO&-1 30.0*000 0*
23 GOALiSTATE;5-LD2 RO~

2 RIDRITY-L WI-2 10.000s
SOL-TTEH01- 0.600000001+00

23 PRIORTTY-14184-1 000040
' LGA-STATE-HIGH-2 000iOE0

10 FRRIY61D-2:0@000o0130
TYPE ELEMENT TO CHANG14 0 FOR NONE)

LI&R KV111"& TMNKI (TOO BESOI

DO19 YOU MWAN A LISTIND?

"EETDESIRED PARAMETERS TO EDIT
(-Dull
.- HUMAN FACTORS P'ARAM'ETERS

Figure vii-4. CHANGE Operator Data Example.
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a JZCTIVJE-UNCTIDN 1.*000000I NlUIhfR-Of-OOAL& 2.*000000

TYPE ELEMENT TO CHANGE( 0 FOR NONE)f

LTYPE NEW LABEL AND UALUICZ9 FOR NO CHANGE)
1
TYPE ELEMENT TO CHANGE( 0 FOR NONE)

tNiCH ELEMENT3 MOLDf YOU LIKE TO E

L= TR F2S AND LAS ELEMENTY (0 TOSTP

I OBJZCTIVE-FUNCTION 2%.000000
2 NUNDER-OF-GUALS :0 0

O TYPE ELEMENT TO CHANGE( 0 FOR NONE)

ENENR T MOULIDHA YOU HLETOTFI: PBDO YOU WANT A LISTING?
TERMINAL(T) OR LINE PRINTER(P) -Nt

DATA L 1 UT R EPO0R T

USER MESSAGE: OPERATOR-I
DATA tAIJ FILEI VOL46.DPF4
ZeATA LIT LARUKL Oý-OFKRATGA-SYATE-VECTOR
bA.TA LIST I V: 1 - 3s5 11
DAJTA LIST TYPE: REAL

DATA LIST CONTENTS:

Row: I

COLUMN VALUE LABEL

1 1.000000 OPERATOR-TYPc
0.00000001400 OPERATOP-ID3 32.00000 POINTER- O-HF-TAStK-IATA

5 142.0000 HD R TE--O.-UNCTION 1
614 4:0009 POINTER-TO-DIbSPLAY-INFO
7 147.000 POINTER-TO-YASIK-STACK0.00000OO[E8 UNU

10 0.0000000E402 UNUSED
S:0.0000000140 UNUEE
000000001400 UNUSED

140.0000000E400 UNUSED
24 0.00000001400 UNUSED
15 0.0000000E400 UNUSED
17 0.100000121 STAR-TA-IE

18 0.1000000E42) EN-RA~StF~iEF
19 0.2000000Ef2~ TRACE-INEP.EtENT

,0 0.0000000140 UNUSEI
3 0.00000001400 UNUSED0.00000001400 UNU SE

0.00000001+00 UNUSED
0.0000900E400 UNNUSED

7 0.0000 00140 UNUSED
S0.00000001409 UNUSED

0.0000001E400 UNUSED
30 0.0000000+00 UNUSED
31 0.00000001400 UNUSED

37.00000 CORE-TEMPERATUF.1
1.00000E40 JIC'-UALU

34 0.0000040 T NE-N-ASK
35 0:00000001400 IeAYS-O :DUTY

1.000000 SEARCH-DiM NEIONS
0.0oo0ooSl400 NUMBER-FIR -UNITS

Figure VII-h. (Continued)
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100.0000 PERCENTAGE -RECOVERY
3f C..00000001+06 PREV OUt,:MGRj40 6.00009E0 PREVNOU

1.~ggg 40  LAI
(0.0000000[ +00 1ARG -~~

440.00 000003400 7ARO1-ZIZ
0?00000 U90 TR~~ L O4 0. 000 E+00 H -AD ULkUA

41 O.OOOOOE+O0SLAN7-RANDE-TD-TARGET
it 0.00000029+0 T~~jo*JCT

0!.00000
0.00009E0 0,9-ACKGRSUMI.-C"ARACTEF5

1.000009 SIONALI-PER-IIINMWE
14;?00.00009 HOURS-VORKK1.PEP-WEEm
1.,000009 PAYS-U!TNOUT-5LEEIP
1. 000000 DAYS-O0-NIINT-PUTY
1.0008000JOS-AK

.01.000009 ONJECTIVE-FUNCTION

.4 1000 06 IKY-GROUNT'-RATID0.00000040 1 RCkAFT-ALT!TUDE
.64.000:009 tiTEOROLOGICAL-khNKg

40 1. 000000 TNRESNOLI.-CONTRAST
63 0.0000000E409 TARGE7-HEIGHT

69 0.0000000140 TAROKI-VIIITN
70 0~oooEo 0 T ARGET-DEPTH
71 0 .ooo0OOOlE+o HORIZONTAL-RANGE
72 1.0000 NUf-0-RESOLUTION-ELEII

* 3.00000: NkUpp-OR-SUSPET7-AREAS
74 .00000001400 AIRCRAT7-SPEED

3&0.0000 rIELI.-OF-VIfUl
7& O.O000000E400 OBSERVER-OFFSET
77 O.0000000E400 UNUSED

79 t0O It ~YT ARVIT-LOCATION
30240.0000 DI3PLAY-RESOLUTION

2:Issss EpEy-~l"AA~lRUl~bfT4
V30.000 IIPLAY-IiAtKOROUN).-DEPIN

i11000009 HI STANCE-TO-DISPLAY
Ea1.000009 IISPLAY:HEIG"7

1.000 DISPLAY-VIPTN
E7 IM0.0000 7ARGET3NOIMtLEVEL
E3 0.0000000140@ 76RGET-DURA?09
99 20.0009 EPERINCE

TO 000000,140 SNUALPRUSAD2LITT
n1.00:0000 REST-PERIODS
?2 o.ooooooOE.00 TAUK-ERROk-FACTOR

13 0.00000005409 TASK-CLEIENT-ERRDR-P ACTOR
4.00010 X-CREE*-EENTER
T3 S0.OOOOSOOE4+00 y-_cRE9##-C1HT9*
'6 0.0000000140 SCREEN-RANGE

7.00000~ GOAh-0.2O0 0% I 'Mu-MTh
O.00O00000vD W I+

1C0 LOO:OOOOE+O9 LITTLE-A.
0:0 0gggE+00 jJITk1-3

1.51 0 0 1 IG-2
I r4 0:00090000409 GOAL-SVATE-LOV-1
103 0 00 IO00E+09 PRlOITY-w1

0.!Go0000*000[0** A-SAZ-O-
1.0:00000 +O PR ORZTT-LOW-2

101 1.000 GAL-STATE-MIGH-1
I COP 1.000000 PRIORITY-1410H-1
210 3.000 GAL;STA7E-MIGh-2

3; 0.00000900 PaRIORITT-MZSh-2
2 . 000 GOAlL

1..2S:.00000 LITTLE-N
214 O.10000001+I1 BIC�"~
1:5 T.12534'i-02 LITTL5-A
116 , 940,633 LITTLI-X

li7 :0000OO400P10-A
1280.00000OO5400 1:6-9

119 0.0000000i,0 GOAL-STATE-LOW-2
.?30.00 PRIOG Y-0-

6.00000000: GOAL STAT-L0U 2
1:2 0.00000 PRIORITY-LOW-2

123 0.00000005400 GOAL-9TATi-HIGH-1
1-100:.00000884S PRIORJTV-HIG#4-1

0.0000000OE400 PRIORITY-NIGH-2
7 -3.000001 GAL

0.00000005400f LITLE-5
190.000 0000E400 B15-fl

0 .0000 000540 Li TTL-A

0Z 00000000-.4009 PRIOR TI ýO-
:0.0000000+09 GOAL- 5TATE-LOI#-2

1~700.00000040 PR+O IORITV-LO6ý2

Figure VII-h. (Continued)
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133 o.ooooooof~os GoAL-3TATI-KIBI.-S
131 o.oooooooE+oo DA -STATE-,410.-.

13 *OODOOO0MS PRIJ'TTZV-F fHI"SM-)

0.0000000 40 FRIORITY-RN

145 0.000000 3~ P INARY-ThRGE 5
O.*OOOOOOOio 01SECDNDARY-TARI[Y.
0:0000000E40 tUNLAVELED)

143 0.OOOOOOOE40 (UNLABELED)
149 0*0000000E+ (UNLADELED6
1~3 *o~ooooooo**o Ilu. E~)00.OOOOOOE400 CUNLAVELED)-

0•.0000010 (UNLAI]tL.R)
4 00000 (UNLAFEED)

IZ3 0.00000O0I40~ UNLABELED)
0. OOOOOOOEL0p UNLABELED)
0 .OOO@OOOKOj CUNLAIRELID

19 0.00000001+0. + CUNLAP EL D

1&5 0.000 00140

1:f::084 UNLAFJ..jD)j
0.00ooo0 (UNLA,,. KD

159 0:00000004 UL&170 0.000000~40 UNLALE
0.0000. (LA~jE

o ~oooo,• I CULAIRE1

17 o.OOOOOOOj,0 cUNLA)LEn)

160.00000001 (ULAS LED
G.OOoOOOOOE*I (UNLADEL D)

173 0.O00000000@0 + UNLAI[D)

179~~~~ C.ooogo UNLADEI

190 O*OOO0O00E9O0 (UNLI•|LLD)

:O.O000000E+O+ (U uLAoo OUo.oooooo0000 +,CUNLA
3 0000000O40 (UNLAIRLED)

60.0000000 *o CUMLAfL,

O.000000 +4O (UNLA pDa
0.ooo6oooo+o CULA LED)

1 O7t 0.0000000E0 (UNLAPELD)
I7 O.0000000E+O (UNLABILED)
17O.0000000 (U+4LAI.ELLD)

UNtLAfLO

176 0.00006000 4090001 + UINLA L

179 01+

184 G.0000000E+ 0 CUMLA NELED)

Figur VII-4.*E+0 (Continued)

Each operator goa reUirs1 oa lmnt i h

the goal otateovo. oal prNioritycuvipu y h

11OOOOO0 001 IUNLA[Lb1i °:0 OUR °°"*°
13*0000000E01 +0 UNLAhLD
ISOOO0000+OR4 IUNLABELED)

computed oofromtese oint t ft epoeniacuve

Echompurtationoof elements 17 to22eismpetformedtby
CapGe. Inhordear to cages aen oerat oras golent.
cuigrves these, elements mut be computhed mainually

adthen edistted with goalrortGE.einu b h

(~ Twu obe ctwivhte functomnd parameters maytbe2edated

See pnPolito (1983e)f i o these

O Twoparbjeters.rmees a
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The operator state vectors are stored vith pointers
to the various types of data L.e., human factors,
goal parameters, etc.). See Th. hus, the human
factors data begins at element 32O•.

To find human factor parameter 6, for example,
compute its index as follows: 32+6-1 - 37.
Column 37 of the operator state vector is human
factors parameter 6.

Similarly, the goal parameters start at colum 97,
() , and the objective function data begins at
column l142,(4)j.

Finally, the display an. task stack Jnformation
begins at columns 144, U, and 1147, Q, respectively.
These data cannot be edited because they change!
dynamically during simulations*

?iixre VII-5 is an example of editing the Dnvironmntal State
Vector for the reference ADSM.

(D& (D The environmental state vector contains system and
human factors data. Editing is performed -in the
same vay as for human factor parameters in the
operator state vectors.

( )The listin.g is aluo in the same forwat as the opera-
tor state vctors. System parameters begin at
element 2,?,; 4and human factors data starts at
element 23(,5

f@OU I
WETSTN PA&t•AKIIKTS ,

ED IN t R '3DI 1 • M000 2
Sr= Nh 06010fSIDP[W &T LE,• kAIIIt •,O00O0DP)

LW X.PT•;COW1?11 .i0020000UI WATNIOW-C•• - IT 1306006

T_ t ILIN.KI 1TO lHAMUI 0 FU "MON

TYPE NEW LA%& MD VALUME(*V6 Iam CHAISIiSIn IP &"KMISr TI CHl &rIImE WW9 IONl)
W) htt#~ IWOMTI D Yo LUCE 79

9 1 'rUI MAN? A LISTINI?

Figure VII-5. CWANGE Eavironmental Data Example.
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lot ".SULlh.TtMPfRATUft1 =.00086

P e-NOVEIIENI-RAT A000I 0OISE-LI VEL 45.00
U~rnINI-R _-LLUMfINATION 1.00

VIDNATZO* 0.0000400
AND INT-VAPN-vagasIWI 10.00000

TypE ELENEIS To CHANNzl 0 F-OR WORD
a' NEW BASIL AMe VALUltat F-OR me CHANGI)

moCYp w LENiNT it CH4ANSg( 0 F-OR NONE)

PO VOU ANALISTING?

91LIO DES IRED PARAMC7125 TO 1011
(.-QUIT

17-= ACTORS PAO*IIET"S
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CHANGE system resources were not defined for the example, but
an example of defining such data is given in Figure VnI-6. The data
which may be specified for a resource is:

1. Resource Wumbrtr
2. Number of Units Available
3. Mean Time Between Failures (MTMF) (hrs)
4. Mean Time to Repair (MTR) (hrs)
5. Use Code (0-non-exclusive use, 1-may be

used by only one operator)
6. Status (1-green, 2-amber, 3-red)

Editing is performed in the same way as for Task data and the listing
(not shown) is formatted in the same way.

EA"LLutz .. USt 'if' TO SELECT

'IrvFAUL, Ok LI[AV UNC ANGD[]
FO& OPTIONS, SELECT *.' TO SE? THIS HENU
OPTIONa: g-uOU, PAR*anr'ZRS, •-MENU, E-ENTER SAIA FOk NMTU RESOURCE

E-CNANSE EXISTINO RESDURCrE 0-SUIT E-3CurCPf
POUIDN REOURCE NO.-UNITS _T&F TIO CODZD 5TSTUS

'-E 1t 100 .9 1'S O@ O.)@

*I I O@@ O .O@@f000E 0 1

ifRrSOURC£ NOT O~rlH•

B0 YOU "fNT A LISTIMN

ENTER CRIES RAVIN Cofu*AN)

Figure VII-6. CHANGE System Resource Data Example.

Figure VII-7 shows the CMANGE command to edit the field of view
information. The annotations are explained below.

j The DIRECTORY AND SELECT co-lnands are used to
make the IHAWK directory W1 current.

The CHGE command indicates that the FIELD-
OF-VIEW (FV) data list is to be edited.

A menu of viwer editing options is given.
Select "4" to create viewers.

(Q Viewers have a user specified number. In this
case, "i".
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a It aEtT a t a 9 pa aI
offER NSSAtsE ""~Avg CURRENT DIRECORY
laAN: WORKl NII A PILE1 t XAMP9.S

ItR~~l'~ CO"aNr-ANq-CONytROL
,AN O~COVWIX DIRECTORIES) i INCREAsIN ON ID:1 4)

DANXINS CODE (OWNED DATA LIST$)$ INCRIASIN ONli 21

EDum ShRECTORIEts

DIRECTORY POSITIONS I

k111T 1 4- 9 0 0 *
DIRECTORY POSITION? 2

HO -4) 2 "23 1 4001

RcK/91 SIMULATION DATA SET COMMCAND

.ffiffEýQ -1-MATION DATA Sty COMMAND

LUE1v USE *11I TO SELECT2
HDEAULUT ORLAV A MAUE UNCHANGED

%-*NOW VIEWER PARAMETERS 4-CREATE VIEWER

-EDIT VIEWER! PARAMETERS 
5-EDII SARRIERS

kgELTK VIEJERag "-U

WHICH VIEWER?
ENTERt SATAIE' TO SELECT 51FAULT).

NO. STAT RANGE HIN MAX PROD X-POS Y-pOs Z-POS
CUIR* 2 5,000F0 .SO*S09 0 6001,440 0,00TE04O 0,000 400

SECT. START SECT-END
-GU* .000400 360.

NO. STAT RANGE Him MAX PROD N-POS Y-POS 2-Pal

1 3 43.0 *.OOOE*00 0.15*E*04 0.900 104. too. 25.5

SICT-START SECT-END

0.60140 3&0.

I-SNOW VIEWER PARAMETERS 4-CREATE VIEWER
~:T~~E:A AMETRS ~ j~j;SARRIERS8 ENTER NUMER

WHICH IEWES?._________ ____

ENTER DATA('* TO SELECT DEFAULT)

NO. STAT RANGE HIM MAX PROS 1-POS V-POS 2-Pal

CUR 1 62 +8l084jfig0 O85 05 0.900 0.0001+00 0.000E+06 0.0009+00

SECT-START SECT-ENS

ft 00100+O 360.

Figure '111-7. 'Annotated ~a~mple of the CWEA1G3Ccmand Vievers.
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,NO. STAY MANar "I" HAS! P"as N-pos -POS 2-POS
2 4.00.0040 .IOOE+0L 0.950 100. 100. 25.0

SSECT-START SECT-END

Y OK (TN)?

ENTER NUMBER

SWHICH VItWERT

*-$HOW BARRIER -KJCBARRIER
- T A14RI& ' ft
ENTER LETTERin

C

PAR IM E IE T ATA aI ETHal "1 42 THEMT =02N

E]OK(TIN)' vo

a-SNOW PARIMER $"*~E ARItR

SENTER LETTEIR

BAR[#IEP SARMER DATA

TY- RI THETAI ___ 14, R2 R N2

0010 ,640000; 0 ;O+O 0,E0*+ 00900 0.000+0

A-SHOW BAPRIER
1:-EDI Tq4llt ARIER 

-u l$RC

SENTER LETT ER ft
L4ARR~ TYPE No Rt THETAS mI 12ME~

1 ~ 2

1.0 25.0 60.0 0.IS0E+04 4. 0. 15
1 2.00: 0.0001400 130. 0.000c+09 0.0E4 25 0.010

0-910WM BARRIE CDLETE BARRIER
I -EDITSBARRIER 1-O1UIT-ADD 4ARRERt

ANENTER CHANFOESC*3 TO LEAVE TMUCAGD

.ARRIE TPE RI T--E AI ----- I R2 THETA "a

1 -- 100 25.0 40.0 0.1501+04 40.0 105. 155.

30.. 60.0 0.1509T04 40.0 105. 155.

A-SNO BAR4RIER DELRTE BARRIE

SENTER LETTER

MEN PTE ARRIER "MUER
BONE. -NOTES BARRIERS MAY HAVE BEEN RENUMBEED .dQ-....--

Figure VII-.7. (Continued)
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A- S NI T D A R R I E R v - D EW ET E A R

INRRIER BARRE R £-QUZ Tt N
(iRI* TYPE R1 THETAI NI -R2 T AQ

1 1.00 3. 00 010644. 0. 15
A-SHOW VARRIER 1-ELIETE WARIER

T DARIU P -QUIT

UTALETTER

H SOW VIEWER PARAMETERS AT IwEri
3-DIT VIEWER PARAMETERS 1 DARRIERS

:_-11LETE VIEWER &-OUI?H NTER NUNDER____________________
WHICH VIEWERCZERO rootMR -----------

N. STAT Ramat Rig MAX PROD 1-POS Y-POS 2-POS

1~~to 1 30O.O100IOE0 .0 0. 10 5.0

O.OOOE+00 360. 0

DO. STAT RIAMS!E HIM MAX PRool X-POl V-POS Z-POS
2 1 41.0 0i0164 0.0E6i0.5 10;1; 2.

SIECT-STaRT SECT-END SAR

50.0 150. 1

1-SNOW VIEWER PARAMETERS 4-CREATE VIEWER
2EIT VIEWER PARAMETLRS 5-EDIT SARRIER$
ikErMy aE 6-QUIT

"H-SOW VIEWER PARAMETERS 4-CREATIE VIEWtfR
EIT ~ ~ ~ ~ f w AAETRARRIERS

WHICH VIEWER(ZERD FOR ALL

O.STAT RANS! "I* MAX PRoDl -POS T-POS 2-POS
2 1 43.0 0.2*00104 O.100E+05 0.950 100. 100. 25.0

SECT-START SECT-END DANt

1-Now VIEWER PARAMETERS 4-CREATE KIEWER
D~T VIEWER PARAMETERS $-Itof &ARRIERE

Figure VII-T. (Continued)
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s)o T"U &'..T a LI.STtKS of VIEVER9(T/")u
TMI[*N-ALM_ z -) OR PRINThE(P) J

L...TIN. OF DATA L..T. M.-Fv

NO. SlAT RAM8I HNm MAX PROD X-POl Y-PO3 2-POD

2 1 43.D 0.200E404 @.iOE*0O 0.950 100 100. 2S.0
ECT--START UCCT-KND NAR

THETAI 60.111 4S'8+ 0 4

THETA2 O 1F05
N2 " • 13*

Figure VII-T. (Continued)

CHANGE prints a default viewer;the parameters are:

STAT 1: viewing

2: not viewing

RANGE - range in nautical miles
MIN - minimum viewing altitude in feet

above or belov the viewer
altitude (see Z-POS)

MAX - maxim viewing altitude above
or bel,ow the viewer altitude

PROB - probability the viewer zees
on ai=6rrft

X-POS,Y-POS - coordinates of the viewer position.
Z-POS X and * are in na.utical miles,

Z is fleet
SECT-START,- start nd exi4 true compass azimuth

SECT-END of the sector of interest in
decimal degrees

(After data is entered, MOPAfS prints the new values
and asks if they are ok.
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A second viewer is created. Note that the data
need not be typed exactly under the headings
printed by MOPADS. The only requirement is
that the data be typed in the correct order and
the data fields be separated by blanks or commas.

()Existing viewers can be edited.

MEdit the second viewer.

MOPADS prints a viewer editing menu and asks for
a selection. "C" iLdicates that a barrier will
be defined.

Data entry for barriers is similar to that for
viewers. The data are:

TYPE - barrier type
1- Yine barrier
2- wedge barrier

RI - distane of one end of a line
barrier from the viewer (in
nautical miles)

THETAM- true compass azimuth from the
viewer to the end of the barrier
(in decimal degrees)

HI - altitude above or below the
viewer altitude of the end of
the barrier (in feet)

R2,THETA2, - analogous to RI ,THETA1, a--d HI
H2 for the other end of a line barrier

See 0 for wedge barriers

SAdd a wedge barrier now.

SFor a wedge barrier, only THETAl and TITA2 are
significant. The barrier is from THETAM clockwise
to THETA2.

"A" shows all defined barriers. Note that each has
been assigned a number by MOPADS.:

SBarriers are edited in the same way as viewers.

Asterisks need not be entered explicitly if
remaining fields on a line are to be defaulted.

S)Delete the second barrier.
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MOPADS may renumber the barriers after deletion.
For example, if there are five barriers, and the
third one is deleted, MOPADS will renumber .he
remaining barriers one through four.

S)"E" returns to the viewer menu.

"1i" prints selected viewers. Note the new field
on the second line, "BAR". This is the numberof barriers for the viewer.

( ) Delete viewer number 1.

( ) Note that the viewers are not renumbered. Viewer
number two remains.

S)A listing oi" all viewers and barriers can be printed
at the terminal or on the MOPADS line printer
output file.

24The column of "l"'s next to the barrier information
indicates that this information is for barrier
number on e.
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V111. SETTING UP SIMULATION RUN DATA

1-0 DATA REQUIREAENTS

1-1. un Data.

There are nine data elements that must be specified prior
to a MOPADS simulation. The first two are the critical asset con-
figuration and the air scenario. Recall that a simulation data set
is constructed with a particular critical asset configuration in mind.

The critical asset configuration is specified with the second
element of the ID, XD(2), of the particular CRITICAL-ASSET-CONFIGU-
RATION directory to be used. See Figure II-1 and Table IV-2.
Similarly, the air scenario is specified by the second element,
ID(2), of the ID of the appi riate directory. See Figure II-i and
Table IV-2 again. Naturally, the air scenario must belong to the
specified critical asset configuration directory.

The number of simulation runs must also be specified. Each
run is a replication of the entire simulation. Multiple runs are
performed to obtain aggregate statistics over several replications.
Replications of a MOPADS simulation should not be done unless some
of the system modules have stochastic sampling options (see Section
V, 3-0). If only deterministic sampling options are used, then only
one run should be performed.

The start and end times of the simulation must also be speci-
fied. These are twenty four hour military times from 0000 to 2359.

MSAINT will produce an event trace if requested. The start
and end runs must be specified for the trace. Zero run numbers will
suppress the trace. Event traces are frequently interesting, but
they produce a very great deal of output, so the user should not
select a trace unless it is needed for some purpose.

MOPADS uses a separate random number stream for each working
system module so the task times generated for each module are inde-
pendent. In addition, it employs an initialization scheme to ensure
that Task times are inder'ýndent from run to run. This is accom-
plished by employing a special initialization stream from vhich the
other random number streams are initialized. MOPADS has a default
seed for this initialization stream, but the user may specify a seed
for this stream if desired.

Finally, the track update interval can be specified. This is
the maximum time, in seconds, between re-computatior of the aircraft
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coordinates. The default is 15 seconds. Note that this is the maxi-
mum time. As a practical matter, MSAINT will usually compute air-
craft coordinates every second or so. The update interval is pro-
vided as a back-up to ensure that, in unusual cases, the tracks are
updated frequently.

1-2. Fire Unit to Critical Asset Assignments.

Normally, fire units are positioned in order to protect one
or more critical assets, and the critical assets are "assigned" to
the fire unit. The critical assets are defined in the CRITICAL-
ASSET-CONFIGURATION directory. They must be assigned to fire units
before a simulation. Critical assets which are not assigned to fire
units are not protected. Normally only one site is assigned to an
IHAWK battery.

2-0 SET UP SIMULATION RUN DATA COMMANDS

The commands for this subprocess are shown in Table VIII-I.
They are described briefly below.

2-1. ADD. The ADD command is used to create a new "TACTICAL-
SCENARIO" directory. These directories are numbered by the user.
The response to the prompt TSNUMBER becomes the number of the tac-
tical scenario. A SIMLYLATION-DATA-SET directory must be current in
order to issue this command.

2-2. DELETE. The DELETE command will delete a "TACTICAL-
SCENARIO" directory from the current simulation data set. It will
also destroy all information owned by the tactical scenario.

2-3. EDIT. EDIT is used to add or change run data for the
tactical scenario. The data which can be changed with EDIT was
described in Section 1-0 above.

2-4. USE. USE provides an easy way to make a simulation data
set current. The response to the prompt IDNUMER is the simulation
data set that will become the curren' directory.

3-0 AN ANNOTATED EXAMPLE

The annotations are Figure VIII-l are explained below.

o Select the CREATE/EDIT SIMULATION RUN/DATA subprocess from
the main menu.

The USE command attempts to make simulation data set
number one current. Since no such simulation data set
exists, an error message is printed.

O Simulation data set number two is made current.
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Table VIII-I. SET UP SIMULATION RUN DATA Comnmands.

COMMAND PROMPTS RESPONSES DEFAULTS

(a) ADD TSNUMBER positive integer

b) DELETE TSNUMBER positive integer --

c) EDIT TSNUMBER positive integer --

(d) USE IDNUMBER positive integer --

O The ADD ccmmand creates Tactical Scenario number two
in the current simulation data set. All parameters in
the tactical scenario assune default or null values.
The EDIT comnmand must be used to specify oth'er values.

O EDIT enters the editor.

k jb Title information can be specified for each tactical
scenario. Here only a single line of title information
is entered. Type "/QUIT" when done entering the title./
Note the repeat of the question.

DO YOU WART TO EDIT THE TITLE (Y/N)?

This editor will always permit the user to go back and
re-edit data just edited. This is true of all data
editing features in this editor.

The title editor permits lines of text to be replaced.
It does not support character editing within a line.

"When done editing the title, the editor moves on to run
data. It prints the current values of the run parameters
and prompts for changes.

O Pairs of ntnbers represent element numbers and new values.
For example, "4 0915" changes the start time to 0915.
Note the re-prompt for editing run data again. If the
response to this question was YES, the new values of the
run parameters would be printed.
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SELECT OPTION
0-TINNINA?£

4~CREATE/90IT SIMULATION D*TA 3t1

S-111-4I55,11 *£FCR£" I STEN

O Typt OPTION whI"flk

"ST UP SIKUL&TION RUN DATA

SVUP SIIN)LATIOU RUN DATA CONNANS

g(SIT Ili TITLIct/N??

47TRXI N I01L£BTK)ZEOmli TO SMIT)

90 T OU MAN? TO £311 TKE IIT UTL t /N )T Ir

IRA* - TINTRE
3END-TIPRE 23.

R:A ;MD^ON-NUN3 RVi 3 5.00,000063

1%~ OW )ANDA NLA VA~LU E

WISVTIF NO A 0 NUMNCS AN MI

LA3SEL At*

THERE "at 3 ASSETS

Figure VIII-1. Examples of SET UP SIWI4ATION PFUN DATA Ccmwmda.
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HNICH ASSETS Apo THEIR ACV ASWSHMENTS to0 YOU WAW T O1tt
-w ENTER FIRST AND LAST NUMBER-ZURO TO SUIT)

To CHANGE ASSISHNENTI
-MI[*S!T 1sUn"ER "aND "M .AC"

J ASSET ANIDI " NEW ACA

0 (ZERO TO IZUI)

THERE A1[ 3 ASSETS
•N!CG AS SET^ AND TrEIR ACM PUST$NHIMNTS 1O YOU WANT TO SL•
(ENTER I ST l(AND LAST NUNIDER-ZRO TU nUIT)

AUSET AC"

TO CHAN•E ASSI•0N0ENTU
II[' A16I[T:7u4[ER AND H[M ACMS[It0 TO UZT

THERE[ "1 2 d|T|TNEAS|T E R ACM ASSISNMENTU so YOU WANT TO seE

&cull AGAINC(YN)v 34LDL N
3YOU MANT To EgtT FIor-UtT TO
RZICAI.-A.sT ASStNWET, TI,*)

VIM~CIRMC1?CITSL aiY5TWS NATYS
SUNruTPD Ok.Y ONCE.

ST UP SIMULATION RUN DATA CO•PIAND,

WETTR SET UP SINULATIO" RUN 010 TA W COAD

Figure V"•n-l. (Continued)

SBegin to edit fire unit to critical asset assignment.

®The editor prints the ACNI's of all Fir defense units i',
the simulation data set.

®Next the editor asks which asset assignments the user
wants to see. The asset number, asset label, and the
ACN it is assigned to are printed. Since this tactical
scenario has not been editei before, there are no
assignments.

@ Ascign asset one to be protected by the unit with
ACn 0ool.

('1h Print the assignments again to verify the new assignment.
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STactical scenarios contain the output statistics pro-
duced by MOPADL when they are simulated. In order to
ensure that such information is not inadvertently
destroyed, MOPADS will allow a Tactical Scenario to be
used only once.

® The DELETE command destroys the specified tactical
scenario.

QUIT causes a return to the main menu.
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IX, EXAMINING STATISTICS

1-0 MOPADS STATISTICS

1-1. Run Statistics.

MOPADS can collect and report two broad categories of
statistics: Run and Summary. Run statistics are data collected for
one run (or iteration) only. An example might be the average number
•f active tracks. If more than one run is performed, a value for
this statistic would be reported for eachrun, a-nd each of the values
would be independent. In other words, the average number of aircraft
in run two has no effect on thL average in run three.

Summary statistics, on the other hand, are collected over runs.
An example is the percent down time of an IHAWK launcher. Each run
produces one observation of this statistic. The observations are
averaged, and the average down time is reported once at the end of
all runs. Summary statistics, then, obtain one observation for each
run and report the mean, standard deviation, etc. of those obser-
vations. Summary statistics are discubsed in Section 1-2 below.
Run statistics are discussed in this section.

1-l.a Task Node Run Statistics and Histograms.

MSAINT task nodes can be designated as sta-
tistics nodes. If a node is so specified, MSAINT will automati-
cally collect and report various statistics. The report has
headings as shown below.

TASK STAT COLL NO.
NODE LABEL TYPE TIME AVERAGE STD DEV MINIMUM MAXIMUM OBS

TASK NODE - The number of tee task node.

LABEL - The label of the task node.

STAT TYPE - One of the following:

FIR - record the time that the task is
performed for the first time in
a run.

ALL - record the time that the task is
performed for each time it is
performed in a run.

C-99



/A

BET record the time interval between
performance of the task.

INT record the time interval to the
time the task is performed from
a previous time* This option
requires that the previous time
be set in an operator's attributes
by another node.

NUM - record the number of times the task
N node is performed.

COLL TIME - The time that the observation is collected. It
is one of the following:

REL - when the node is release.

STA - when the task node is started.

COM - when the task node is completed.

CLR - when the task node is cleared.

As an example, if STAT TIME is BET and COLL TIM is
COM,then the node would record the time between
completions of the task node.

AVERAGE, - The sample average and standard deviation of all
STD DEV the observations taken duiIng a run.

MINIMUM, - The sma.Uest and largest observation.

MAXIMUM

NO.OBS - The number of observations.

l-l.b Run Statistics Based on Observations (User).

MSAINT allows the modeler to collect any statistics
of his choosing by providing subprograms that are called from
modeler writLten FORTRAN code. An example might be the number of
missiles fired per salvo. A value is collected each time a salvo
is fired, and these observations are averaged. The report headings
are shown below.

LABEL MEAN STO DEV MINIMUM MAXIKIM NO.OBS

Each sucb statistic is assigned a label which is printed under the
LABEL heading. The other headings are the same as explained above.
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1-l.c Time Persistent Statistics (User).

Time persistent statistics art similar to statistics
based on observation except that they are averaged over time. An
example is the average number of artive tracks. The number of active
tracks persists until another track enters the simulation or until
a track completes or is destoryed. The average is computed by
weighting each observation by the length of time that is persists.
The headings are shown below.

LABEL MEAN STD DEV MINIMUM MAXIMUM INTERVAL

All of the headings are the same as described earlier except
INTERVAL. INTERVAL is the length of time in minutes over which the
statistics were collected. ]Normally this is the length of time that
the simulation was run.

l-l.d Histograms (User).

User histograms are similar to task node histograms,
except that the modeler must record observations by making sub-
program calls to the appropriate statistics collection programs.

l-l.e Count Statistics.

Count statistics are simply a record of the number
of times that a particular event occurred during a run. An example
is shown below.

COUNT

NUMBER OF SITE DESTROYED
NUMB R OF SIT ATTACKED
NUM HOST TRACKS NOT DEST 0
TOTAL NUMB HOSTILE TRACKS 3"
TOTAL NUMB FRIEND TRACKS I
TOTAL NUMB OTHER TRACKS 1
NUMB HOSTILE A/C DEST 2
NUMB FRIENDLY A/C DEST 0
NUMB OTHER A/C DEST
NUMB HOST TRACKS ATTACK'FD
NUMB FRND TRACKS ATTACKED 0
NUMB OTHR TRACKS ATTACKED 1
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3-l.f Operator TeAk Fraction Statistics.L

MOPADS reports the fraction (in percent) of the time
that each operator spends In each operator task. (Note that opera-
tor tasks are not the samp as task nodes; consult Goodin & Polito
(1983&a,b) for the AN/TSQ-73 and the IHAWK task lists. An example
for an IHAWK Fire Control Operator (FCO) is shoun below.

OPERATOR TASK FRACTION STATISTICS :RUN I
AIR DEFENSE UNIT :W1
OPERATOR :FCO-A

TASK TIME
I PERCENT

7 48. 5N588

9 17.773
11 5,717
12 2.121
13 3,337
14 25.214

The MOPADS document Goodin & Polito (1983b) must be consulted to
identify tasks 7, 8, etc. Tasks which are not performed are not
reported.

1-2. Sumary Statistics.

1-2.a SAINT Resource Utilization Statistics.

If a system module uses SAINT resources, then
their utilizations will be available asisummary statistics. The
report headings are shown below. I

RES AVERAGE STD MINIMUM MAXIMUM
NUM LABEL PCT BUSY DEV PCT BUSY PCT BUSY

RES NUM - The number assigned to the resource.

LABEL - The resource label.

AVERAGE PCT - If more than one run is performed, this is the
BUSY average of the percent busy for each run.
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STD DEV - The stand!rd deviation of the percent busy.

MAXIMUM PCT - The largest and smallest percevat busy observed.
BUSY ,MINI)4UM
PCT BUSY

l-2.b Task Node Summary Statistics.

MSAINT also automatically provides susmary
statistics of the TASK NODE RUN statistics. It does this with the
following procedure. At the end of each run,the average value is com-
puted for each statistic discus3ed in Section 1-l.a above. If
more than one run is performed, the. computed averages are them
selves averaged to obtain a sample mean of the sample means. This
data is reported as shown below.

TASK STAT COLL AVERAGE OF STD DEV OF MINIMUM MAXIMUM NO.
NODE LABEL TYPE TIME AVERAGE AVERAGES AVERAGE AVERAGE OBS

The headings have the same meanings as in Section 1-l.a except as
shown below.

AVERAGE OF An estimate of the mean of the sample mean.
AVERAGE

STD DEV OF An estimate of the standard devietion of the
AVERAGE sample mean.

MINIMUM AVER- - The larges and smallest sample mean obseived.
AGE, MAXIMUM
AVERAGE

NO.OBS - The number of runs.

2-0 EXAMINE STATISTICS COMMANDS

The commands for the subprocess are shown in Table IX-l.
They are described briefly below.

2-1. DISPLAY. DISPLAY prints the labels of all system modules
and/or operators in the simulation data set. If ADSM's is speci-
fied as YES, the labels of all system modules is printed.

If OPERATORS is specified as an ACC, the labels of the opera-
tors for that system module type are printed. If OPERATORS is
"A", then all operator labels are printed. Finally, a blank
response signifies no operator labels are to be printed.
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Table IX-1. Examine Statistics Caxains.

COm4AND PRfG.PTS RESPONSES DEFAULTS

a) DISPLAY ADSM's No No
Yes

OPERATORS blank,*,or blank
an ACC

b) PINT none none none

c) SHOW none none none

d) USE SIMULATION- positive The curreni
DATA-SET integer simulation

data set

TACTICAL- positive The curren
SCENARIO integer tactical

scenario

RUN -positive SUMMARY
integer or

2-2. PRINT. Print displays statitics. It has no prompts.
Use of the PRINT co-nand is discussed in Section 3-0 below.

2-3. SHOW. The SHOW command prints the current simulation
data set, tactical scenario and run. See USE below.

2-14. USE. The MOPADS User must specify which set of statis-
tics he/she desires to examine. This is done by specifying a simu-
lation data set, a tactical scenario, and a run (or SUMMARY). The
USE command accomplishes this. The prompts for USE are updated
each time they are given. This means that they remember their last
value. Thus, the User can change runs by specifying only the new
run number, e.g., USE, RUN=2.
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3-0 ORGANIZATION OF THE PRINT. COMMND

3-1. The Main Category Menu.

The PRINT command provides a flexible scheme for
selectively printing statistics. For example, all statistics for
a particular system module can be printed, or the Operator Task
"Fraction statistics for all IHAWK Tactical Control Officers (TCO's)
can be selected. This is acccoplished by selecting a main and a
secondary statistics category. The main category menu is shown
below.

MAIN CATEGORY MENU
- - EXIT PRINT COMMAND
I - AIR DEFENSE UNIT
2 - OPERATORS
3 CONTROL SYSTEM
A - SAINT TASK NODE STATISTICS
B - SAINT RESOURCE STATISTICS
C - SAINT JSER STATISTICS
D - MOPADS COUNT STATISTICS
E - OPERATOR TASK FRACTION STATISITICS
F - MOPADS TRACE
* - TOGGLE DISPLAY DEVICE(T)

The option "'" determines where statistics are printed.
Another menu appeexs that permits the user to select from
T-terminal, P-pý-iter, or B-both. Option 3, CONTROL SYSTEM, refers
to the control system module that is implicitly present in every
simulation da'ta set. A sma1l MSAINT network forms this module
which manages the flight paths of aircraft.

3-2. Secondery Category Menus.

When a main category is selected, a secondary category
menu is printed. As an example, if main category 1 - AIR DEFENSE
UNIT is selected, the following secondary menu appears.

MAIN CATEGORY SELECTION:AIR DEFENSE UNIT
SECONiDARY CATEGORY MENUt

- - EXIT PRINT COMMAND
o - RETURN TO MAIN CATEGORY MENU
+ - ALL STATISITICS(EXCEPT TRACE)
A - SAINT TASK NODE STATISTICS
B - SAINT RESOURC•E STATISTICS
C - SAINT USER STATISTICS
D - MOPADS COUNT STATISTICS
E - OPERATOR TASK FRACTION STATISITICS
* - TOGGLE DISPLAY DEVICE(B)

ENTER SELECTION( 7 FOR MENU)
D

ENTER LABEL OF AIR DEFENSE UNIT(? FOR MENU)
E.G. G102H3 OR 0 (FOR ALL TYPE Q'S)

W1
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The user selected D - MOPADS COUNT statistics. He is now
prompted for an air defense unit specification. The label of one
air defense unit can be given (e.g., G1Q2H3) in which case the
count statistics for that unit will be printed. If ea ACC is given
(e.g., Q), then the count statistics for all type "Q" system
modules in the simulation data set will be nrinted.

After printirg statistics, the. secondary menu will be printed
again for another selection. The user can return to the main menu
with option "0" or exit the PRINT command with option "

4-O THE MOPAms TRACE

No trace has been implemented in the Urser Interface. A main
category selection is available for TRACE, and if it is selected a
secondary menu will be printed. If a secondary selection is made,
a message will be printed indicating that this feature is not avail-
able yet. It has been included for future growth.

An event trace is available, however. The runs to be traced
are specified in the Tactical Scenario by the User, and a trace is
produced on the MOPADS trace file. (TRACE.DAT for DEC VAX imple-
mentations.) An exerpt of the trace is shown below.

*****DETAILED ITERATION OUTPUT FOR RUN NUMBER 1 s$***

OPERATORMODULEMODULE TASK TASK TASK SIKULATION
TYPE ID TYPE NO. LABEL POINT TIME

1 3001 3 31 CREATETD RELEASE O.OOOOOOE+00
2 3001 3 32 CREATTDA RELEASE O0OOO0OE+0O
3 4001 4 45 SOURCTCO RELEASE 0.OOOQOOOE+00
4 4001 4 46 SOURCTCA Pr.LEASE OOOOOOOE+00
5 4001 4 47 SOURCASO RELEASE 0.O00000E+00
6 4001 4 48 SOURCFCA RELEASE 0.000000E+00
7 4001 4 49 SOURCFCT RELEASE OO.0000E+00
S '0 1 1 STARTTR PELEASE O°OOOOOOE+00
0 0 1 5 CNTRLTIM RELEASE 0.O00000El00

0 0 1 1 STARTTR COMPLETE O.000000E+00
0 0 1 2 'INITIATE RELEASE 0OO00000E+00
7 4001 4 4? SOURCFCB COMPLETE 0,000000E÷0
7 4001 4 40 TASKSEOW RELEASE OO.00000E400

4001 4 48 SOURCFCA COMPLETE O:OOOOOOE+00
4001 4 40 TASKSEOW RELEASE 0OOOOOOE+00

5 4001 4 47 SOURCASO COMPLETE 0.O00000E+00
5 4001 4 40 TASKSEOW RELEASE O0OOOOOOE+00
4 4001 4 46 SOURCTCA COMPLETE 0OO00000E+00
4 4001 4 40 TASKSEQW RELEASE 0OO00000E+O0
3 4001 4 45 SOURCTCO COMPLETE 0.O00000E÷00
3 4001 4 40 TASKSEQW RELEASE 0,OOOOOOE*00
2 3001 3 32 CREATT11A COMPLETE 0.OOOOOOE+O0
2 3001 3 30 TASKSEO RELEASE 0,00OOO0E+00
1 3001 3 31 CREATETD COMPLETE 0.OOOOOOE00
1 3001 3 30 TASKSEO RELEASE 0.ooooooE+00

3001 3 3? ToFKSEG COMPLETE 0OO00000E+0
3001 1 TSEUTD RELEa SE o.OOOOOE+o0
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The headings have the following meanings.

OPERATOR TYPE - Operator type as assigned by the MOPADS
Modules when the reference system modules
were created. F~r the current implementation
the values indicate:

0 - control ystem module event

. - Battali4 AN/TSQ-73 Tactical Director

2 - Battalioh AN/TSQ-73 Tacti.cal Director
Assist'ant

3 - IHAWK T~ctical Control Officer

4 - IHAWK Tactical Control Assistant

5 - T•AWK Azimuth Speed Operator

6 - IHAWK Fire Control Operator A

7 - IHAWK Fire Control Operator B

8 - Group A1N/TSQ-73 Tactical Director 1

9 - Group AN/TSQ-73 Tactical Director 2

MODULE ID The unique number assigned to a system module
in the simulation data set. The ACN of the
component. See Section VII, 2-5.

MODULE TYPE The type of component:

1 - Control System Module

2 - Group AN/TSQ-73

3 - Battalion AN/TSQ-73
14 - IHAWK

TASK NO. - Task node number.

TASK ZEL - Label of the task node.

TASK POINT - One of RELEASE, START, COMPLETE, or CLEAR.
If RELEASE and START time are the same, only
RELEASE will be printed.

SIMULATION The simulated time in minutes. If in the tac-
TIME tical scenario, the user specified a start

time of 0915, then the simulation time will
begin at 555. (9x60+15).

A typical MOPADS run processes a great many events, so the
trace can be very long. MOPADS wili execute faster and consume
less disk file space if a trace is 6ot produced.
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5-0 AN ANNOTATED EXAMPLE

The following is an annotated example of a terminal sessicn
with the EXAMINE STATISTICS subprocess.

(7 Select the EXAMINE STATISTICS subprocess from the
User Interface main menu.

(The User--Interface prints the current simulation
data set, tactical scenario, or run to remind the
user that they have not been specified.

The USE command selects simul&tion data set 2,
tactical scenario 1, and run 1. This is confirmed
with the SHOW command.

SThe display command will pr.int system module and
operator labels.

() The control system module is always present with
label CONTROL. Two other system modules were also
in this simulation: a Group AN/TSQ-73 with label Q1,
and an IHAWK with label QLWl.

The labels of the operators in the system module
types are printed.

) Select main category of Air Defense unit.

The above selection results in this secondary
category menu.

SSelect Task Node Statistics.

Here we select the system modules. Since W is
specified, the Task Node Statistics for all IHAWK
system modules will be printed. If only one system
module is desired, give its unique label.

) There is o:ne statistics node in this IHAWK network.
It was activated 142 times.

Request the histogram. The histogram is printed
showing how the 142 observations are distributed.
Histogram parameters are specified on SAINT net-
work data cards.

Select resource statistics. Since these statistics
are summary statistics and we selected run 1 ear-
lier ((03), this is an inconsistent request. MOPADS
prints a message to this effect.
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Return to the main category menu and select Operatcrs.

,. The secondary category menu contains only Task
Fraction Statistics. Select all operators from
all IHAWK's.

(•) Task Fraction Statistics are printed.

Select. SAINT User Statistics from the mAn menu.

Select Air Defense Unit sad specify the AJITSQ-T3.
Note thbt CONTROL can be specified for the air
defense unit label. The effect is the same as if
CONTROL SYSTEM were selected from this menu. CONTROL
can be specified any time the user is asked for an
air defense system label.

All three types of user statistics are printed.0 ". Histograms are not printed, however, unless
specifically requested.

0 (2Select Control System from the main menu and
* Count Statistics from the secondary renu.

"Count statistics are printed for the Control System
Module.

Toggle the display device so output is printed at
both the terminal and on the MOPADS line printer
file. The main category menu shows the current
display optic.

Select summary statistics with the USE command.
"Confirm with SHOW.

Re-enter PRINT and select resource statistic41.

( Select IHAWK system module from the seconda menu.

(,. Resource statistics are printed.

( j) Select Task Node statistics from the main menu and
QlWI from the secondary menu.

The sunmary statistics fo:* the one statistics node
are Brinted. Note that this is the same node seen
in . The average from the 142 observations at
© was 0.9921. This value is recorded as an obser-
vation of summary statistics. Since only one run
was performed, the summary statistics have only this
"one observation.

C-109



[-----

The PRINT command can be exited from any menu.

6-0 CHAIGING THE STATISTICS

Statistics may be added/deleted/or changed with relatively
littl difficulty. In fact, some statistics can be modified direc-
tly b) a MOPADS user without help from a MOPADS modeler.

6-1. Task Node Statist.cs are the easiest to change. These
statistics are specified by entries on the data cards for the system
module networks. If the MOPADS user is familiar with how these
data cards are developed, then a quick reference to the task net-
vorks in Goodin & Walker (1983a,b) will provide the information
nece:ssary.

Once the desired statistics are specified on the network
data cards, they are automatically collected by MSAINT and copied
to the User Interface at the end of each run.

6-2. Time Persistent Statistics, Statistics Based on
Observation, and User Histograms are easily specified, but they
require programming to collect observations. The statistics are
specified with data cards as are task node statistics. However,

I. MSAINT does not automaticaly collect observations. A MOPADS
modeler must insert subroutine calls to the appropriate statistics
programs in order to record observations, see Walker (1983)

6-3. Count Statistics have no data cards. They are specified
by including their labels in a FORTRAN DATA statement In BLOCK DATA
program BLOCKY. Observations are recorded by calling SUBROUTINE
CSJATY at tie appropriate times. See Goodin & Polito (1983d) for

descriptions of the subprograms.

6-4. Operator Tazk F-action Statistics are collected auto-p. matically by MOPADS. Additions to these statistics would occur
I.• cnly if new operator tasks were added to the models. This would

be a substantial revision of the modules. Task Fraction Statistics
for the new tasks will be collected automatically if the conven-
tions in Goodin & Walker (1983ab) are followed.

E-5. Resource Statistics are collected automatically for allK SAINT resources that are defined. Resources with blank labels are
not reported, however. These resources are specified on network
data cards.
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Figure IX-1. Example EXlAM4INE STATISTICS Commands.
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WMTE5 SELECTION( T rS*R MENU)

"A•mN CATEGORY SELECTI1N:OPERATORS
SECONDARY CATEGORY MENU:

P T PRINT COMMANDS- RETURN TO MAIN CATEGORY MENU
OPERATOR TARK FROC

T
ION SIATISITICS

TOGGL. DISPLAY DEVICE(T)

O ENTER SELECTION( V FOR MENU)

ENTER LAPEL Of AIR DEPFNSE UNIT(' FOR MENU)SE.G. 9102H3 OR 0 (FOR ALL TYPE 0'S)

ENTER OPERATOR LAPEL(I FOR ALL. I FOR MENU)

ItStllltllltl33~tltI5tt2323SS3*SUS32SSlISSSlU*ll**S3*3llll;lt35lllllll55
OPERATOR TASN FkACTION STATISTICS :RUN
AIR VEFENSE UNIT :IlMI
OPERATOR :TCO

TASK TIME
PERCENT

21 31,003
22 D.563

2620
29 19.7.3

0,600

Figure IX-1. (Continued)
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153 1~ !IATIONSTA*TUlTlCS I3J

TASK lalluWS.OSK

!TM
ii. 3.5

MAIN CATEGORY SELECTIONIOPERATORS
SECONDARY CATEGORY MENU?

- - EXIT PRINT COMMANDRETURN TO MAIN CATEGORY MENUPEFRACTION RTATISITICS
OGGLE DISPLAY DEVICEIT)

O ENTER SELECTIONI 9 FOR MENU)

H'AIN CATGORY MENUI
- - ExIt PRINT COMMAND

- AiR DEFENSE UNIT
-OPERATORS! ONTROL $YSTEM
- AIiNI TA5~ NOVE STATI TICS

SAINT RESOURCE S TATISTIC
SAINT USER STATISTICS

- MOPADS COUNT STATISTICS
OPERATOR TASK FkACTION STATISITICS

- CFOADS TRACE

- TOG0LE DISPLAY DEVICEMT)

ENTER SELECTION( 9 FOR MENU)

"MAIN CATEGORY SELECTIONiSAINT USER STATISITICS
SECONDARY CATEGORY MENUIj - EXIT PRINT COMMAND

- RETURN TO MAIN CATEGORY MENU
A T T TICS 1X T TRACE)4 A C DFEt" U"I

- CONTROL S YST EM
0 - TOGOLE DISPLAY DEVICE(T)O ENTER SELECTION( T FOR MENU)

ENTER LABEL OF AIR DEFENSE UNIT(' FOR MENU)
- .0. 0102H3 OR 0 (FOR ALL TYPE O'S)

OPERATOR TASK FRACTION STA"ISTICS IRUN
AIR DEFENSE UNIT :OQIU
OPERATOR ITCA

TASK TIME
PERCENT

17 59.993
18 9.03?
19 19.961
20 11.109

Figure IX-1. (Continued)
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OPERATOR TASK FRACTION STATISTICS :RUN I
AIR DEFENSa UNIT sclWl
OPERATOR :ASO

TASK TijPERCENT

.+ 3:104

gsglSuggtSggSttaS:lSSlSSllattStt*SSssaaSaautltdlalaSll$m3sSlSullsllSlSml

OPERATOR TASK FRACTION STATISTICS :RUN I
AI 1R DFENSE UNIT W01AV
OPERATOR IFCD-A

TASK TIPE
PERCENT

. 44.709

14 3

sg usss s ga~ ua aa su sa u aa sssss* 2 *S0-a -ss s~a aa x*s as*22sul q ~s 3sx v l

RUN STATISTICS ASE C ON OBSERVATION :RUN I
AIR DEFENSE UN 1OIU1.

LA EL MEAN 3TO DEV MINIMUM . .XIMUN NO. 0ci

THREAT 0.5194 0,41Y4 0,231 0.0156 2

S3W33*t*St3US1111*S*IltS***33b333S32*3818333811U*USUSZSSSSUSSSSSSSSSlIS

TIME PERSISTENT STATISTICS aRUN I
AIR DEFENSE UNIT :Q1Il

LABEL MEAN STD D _U MINM"Uh MAXIMUM INTERVAL

NUMIPAR 1.40? 1.1 O0000E488 0 .000 ~ .000Q
NUMCWAR 04M.030 0,1 040 000E+O '.000.0000

110 YOU WANT HISTOORAMS?

NO HISTOGRAMS FOR AIR OEFENL£ ([STEM OlUI

Figure IX-1. (Continued)
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MAIN CATEGORY SELtCTION:SAINT USER ITATISITICS
SECONDARY CATEGORT HE ,U1

* lIlT PRINT COMMAND MN

- TATIS [TICS EXCEPT TRACE)

P-TOGGLE DISPLAY DEVICECT)
ENTER SELECTIONC I FOR MENU)

MAIN CATEGORY MENU

- IDIRNTCUMM ND

- o 0VOýA SYSTEM

~ Al.T UREI RE TAT TI CS

SO.AV) TASK ? FRCIO'i ATISITICS
- OPADIS TRACE

S -TOGGLE Dl SPLAY DEIIICE4T)

ENTER SELECTION( ? FOR MENU)

MAIN CATEGORY SELECTION:CONTROL SYSTEM
SECONDARY CATEOORY MENU:

-- EXIT PRINT CtP.MAANI
* RETURN TO MAIN CATEGORY MENU
* ALL STATS617ICS(EXCEPT TRACE)
A SAINT TASK NODE STATISTICS

S-SAINT RESOURCE STATISTICS
5-SAINT USER STATISTICS
* - MPADS IOUN ST ATISTICJý
S-TOGGLE ISPLASY IDEVICE(

CENTER SEL9CTDON I FOR MENU)

COUNT STAIST1CS PkUZTO IAIR DEFENSE UNIT :C0NRO

COUNT

NUMBER OSr ITTES DESTROYED
NUMIIE R OF SITES ATTACKEDJ
"HUM HOST TRACKS NOT DEST
TOTAL NUMP HOST! C TRACKS$3
TOTAL NUMD fR IEN TRACKS
T07AL NUMB OTHER TRACKS
NUMB HOSTILE A/C DEST I
NUMI FRIVHILYCA/i ES
NUMB OTHE~R A/C D ST4
NUMP MOST TRACKS ATTACKED2

NUMB FRND TRACK$ ATTACKED0
NUMB OTUR TRACKS ATTACKED it

MAIN" CAT EGORY SELECTION:CONTROL ISY rEM
SECONDARY CATEGORY MENU:

--EXIT PRINT COMMAND
* -RETURNT MAIN CATEGORY MENU
*-ALL SIATTISITICS(EXCEPT TRACE)

A -SAINT TASK NODE STATISTICS
S-SAINT RESOURCE S TATISTICS
-SAINT USER STATISTICS

D -MOPADS COUNT STATISTICS
S-TOGGLE DISPLAY DEVICE(T)

Figure IX-1. (Continued)
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NItmR SELECTION( ? FCAR MNU)

0 SELECT TOGOLCE7-TERMINAL, P-PRINTERi 0-DOTH

ENTER SELECTION( T FOR MENU)

""AIN CATEGORY M ENU

- EXIT PRNT COMMAND
AIR DEFENSE UAIT

OPERATORY

A -AIRY CA K KLDE STATISTICS
SAINT RLSOURCE STATISTICS
SAINT USER fTATIITICS"-OPADS COUNT STATHTITCS
SOPERATOR TASK FRACT ION 5TATISITICS"-OPADS TRACE

S - TOGGLE DISPLAY DEVICE(l) 0

ENTER SELECTION( T FOR MENU)

;xewpr .STATISTICS COMMAND

3IMULATION DATA SET
TA.TICAL SCENARIO S

RUN coUNMARY
DISPLAY OPTION PTERMINAL

~jj...TER EXAMINE STATISTICS COMMAND

RAIN CATEGORY MENU
E - EXIT PRINT COMMAND
AIR DEFENSE UNIT
OFERATORS
CONTROL SYSTEM

A -SAINT TASK NODE STATISTICS
SAINT RESOURZE STATISTICS
SAINT USER STATISTICS
HOPADS COUNT STATIISTI'
OPERATOR TASK FRACTION STATISITICS

-- MOPA I TRACE
S- TOGGLE DISPLAY DEVICECT)

SENTER SELECTION( T FOR MENU)

MAIN CATEOGRY SELECTION:SAINT RESOURCE STATISTICS
SECONDARY CATEGORY MENU:

- - EXIT PRINT CONMAND
* - RETURN TO MAIN CATEGORY MENU

* STATI STIESCEXCEPT TRACE)
A DEFENSE UNIT
CONTROL SYSTEM

- TOGGLE DISPLAY DEVICECT)

O ENTER SELECTION( ? FOR MENU)

ENTER LABEL OF AIR tEFENSE UNTTY9 FOR IENU)SE.G. G1024H3 OR 0 (FOR ALL TYFE O'S)

SAINT RESCUFRCE UTILIZATION STATISTICS
SUMMARY STATISTICS FOR I RUNS
AIR DEFENSE UNIT :QIUI

RES AVERAGE STO MINIMUM MAXIMUM
NUN LABEL PCT BUSY - EV PCT - USY PCT BUSY

ILCNRIA 35.37 O.OOOOE+O0 35.37 35.37
ILCHR2A O.OOOOFO0 O.OOOOE+O0 O.OOOOE+00 O.O000E÷O0

3 ILCHR3A O.O0000Ei+0 O.O000E÷O0 OOE00E OOOOE+O0
4 ILCNRIS 12.81 O.O0OOE400OO 12,81 12.81
S ILCNR21 O.O000E+O0 O."O00E*OO O.COOOE+O0 O.OOOOE+O0
6 ILCHR30 O.0000E400 O.O0OOE+OO O.OOOOE400 O.O000OE+OO

Figure IX-1. (Continued)
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4-ALL STATISITICSCEXCEPT TRACE)I -AIR REFENSE UNIT

CONT OL SYSTEM
8 TOGGLE DISPLAY DEVICE(T)

ENTER SELECTION4 ?-FOR MENU)

MAIN CATIGO* MEMY OMNI IR DEF NIE UNIT
- OPERATOR

A-,TR S TINw I S OR MENU)I

MAIN CATEGORY SELECTIO18:UAINT TASK MODE STATISTIC

SECONDARY CATEGORY MENU!
XIkPRINT CamNAP'!

A- US T ATSX"1CS~iEX TTAI.A R DEFENSE UNIT P A

-CNTROL SYSTEM
U OGGLE DISPLAY DEVICTIT)

O ENTER SELECTION( ! FOR MENU)

ENTER LABEL Of AIR EDEFERSE UNIT(? FOR "MEU)
E.G. I0 ,00H3 OR a (FOR ALL TYPE G'S)

r 1 11

TAIKONF ESUMMARY SIAT13TICS I1 RUNS
Al E ?EEIL UNIT 0W

TASK STAT COLL AVERAGE OF BID DEV OF MINIMUM MAXIMUM 14O.
MOV~E LAPEL TYPE TIME AVERAGE AVERAGES AVERAGE AVERAGE OS

40 TASKSEOU ALL COM 0.9721 0.000OE400 0.99 0.99 1

MAIN CATEGORY SELECTION:SAINT TASK NODE STATISTICS
SECOND'ARY CATEGORY MENU:

--EXIT PRINT ODMKAND
RETUN TO MAIN CATEGORY MENU
AL RETUR STCSECP TRACE)I-AIWR TEFENSE UNIT

-CO OROL SYSTEM
S-TOGGLE DISPLAY DEVICE(T)

O ENTER SELECTION( T FORMEU
--- ENTER EXAMINE STATISTICS COMIMAND

Figure IX-1. (Continued)
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* (1 The PRINT command can be exited from amy menu.

: 6-0 CHANGING THE STATISTICS

"",aStatistics may be added/deleted/or changed with relatively
little difficulty. In fact, some statistics can be modified direc-
tly by a MOPADS user without help from a MOPADS modeler.

6-1. Task Node Statist.cs are the easiest to change. These
statistics are specified by entries on the data cards for the system
module networks. If the MOPADS user is familiar with how these
data cards are developed, then a quick reference to the task net-
works in Goodin & Walker (1983a,b) will provide the information
necessary.

Once the desired statistics are specified on the network
data cards, they are automatically collected by MSAINT and copied
to the User Interface at the end of each run.

6-2. Time Persistent Statistics, Statistics Based on
Observation. and User Histograms are easily specified, but they

* require programming to collect observations. The statistics are
specified with data cards as are task node statistics. However,
,lSAINT does not automatically collect observations. A MOPADS
modeler must insert subroutine calls to the appropriate statistics
-programs in order to record observations, see Walker (1983)

6-3. Count Statistics have no data cards. They are specified
by including their labels in a FORTRAN DATA statement in BLOCK DATA
program BLOCKY. Observations are recorded by calling SUBROUTINE
"CSTATY at the a~propriate.times. See Goodin & Polito (1983d) for
descriptions of the subprograms.

6-4. Operator Task Fraction Statistics are collected auto-
matically by MOPADS. Additions to these statistics would occur
only if new operator tasks were added to the models. This would
be a substantial revision of the modules. Task Fraction Statistics
for the new tasks will be collected automatically if the conven-
tions in Goodin & Walker (1983a,b) are followed.

6-5. Resource Statistics are collected automatically for all
SAINT resources that are defined. Resources with blank labels are
not reported, however. These resources are specified on network
"data cards.
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T RIS 4MIOT"e 
lt yw

ROPADS Terminology

AIR DEFENSE SYSTEM A component of Air Defense which includes
equipment and operators and for which
technical and tactical training arerequired.
Exa plea Lre ISAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM M:odels of operator actions and equipment
MODULE characteristics fc' Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT s0=ulation language.
Air Defense System Modules include the U
SPINT model and all data needed to ccm-
pletely define task element times, task
sequencing requirements, and human factors
influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristicr of an air >
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
also Tactical Scenario.

BRANCHING A term used in the SAINT simulation lang-
uage to mean the process by which TASK nodes
are sequenced. At the completion of tte A
simulated activity at a TASK node, the
Branching from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOPADS software which
SYSTEM performs all direct commumication with the

MOPADS Data Base. All information transfer
to and from the data base is performed by
invoking the subprograms which make up the
Data Base Control System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

prepare Air Defense System Modults.
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ENVIRONM1E-AL An element of an Environmental State
STATE VAR!ABLE .Vectcw.

ENVIR ONNTAL An a•rvay of values representing conditionr
STATE Y/rTOR or characteristics that may affe--t -ore

than one operator. Elements of Enevirme---
trl State Vectors ray change dynamically
dulzg a MOPADS simulation tc represent
changes in the environment conditions.

MODERATOR FUNCTION A mathematical/logical relationship vbich
alters the nominal time to perform an opc•ra-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability tc perform the
activity based on the Operator's State
Vect~or.

MDPADS DATA BASE A computerized data ba3e designed specifi-
cal&ly to support the 1I)PADS software. The
MOPADS Data Base contains Simulation Data \. .•
Set(s). It cozmunicates interactively with
MOPADS Users during Irre- and post-rim data
specification and dynamically with the SAINT
software during simulation.

MOPADS MODELER An analyst who will develop Air Defense
System Modules and modify/develop the
MOPADS software system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

MSAINT The variant of SAINT used in the MOPADS
(MOPADS/SAINT) system. The standard version of SAIEN has

been modified for MOPADS to peimit share-
able subnetworks and more sophisticated
interrupts. The te-zms SAINT and MAITk ere
used interchangeably vhen no confusion will
result. See also, SAINT.
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OPERATOR STATE One element of an Operator State f'Vct"r.
VARIPBLE

OPtRATOR SWE An array of values representing the cond5.-
VECTOp tion an-a characteristics of an operator of

an Air Defense System. Many values of the
Operator .1cate Vector wiU change dynuaw c illy
during thi rourse of a MOAD3 simulat-ca 4.o
represctnt changes in oper'ator condition.

OPERATOR TASK An operator actzv.ty identified during
veapons system front-end analyses.

SAINT The underlying computer similation language
used to model Air Defense Systems in A'L.
DeZense System Modules. SAINT is an acronym
for Systems Analysis of Integrated fetvorks % %
of Tasks. It is a vell documented language
designed specifically to represent human
factors aspects of man/machine systems.
See also MSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required
simulation inmtialization and other experi-
mental data needzd to perform a MOPADS
simulation.

SIMULATION STATE At any instant in time of a MOPADS simaula-
tion the Simulation State is the set of
values of all variables ir tLe MOPjO-: soft-
vare and the MOPADS Data Base.

SYSTEM MOWLES See Air Defense System Modules.

TACTICAL SCENARIO The Air Seenario plus specification of
critical assets and the air defense con--
figuration (number, type and location of
weapons and the command and control system).
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TACTICAL SCENARIO An element of a Tactical Scenario, e.g.,
COMPONENT if a Tactical Scenario contains several

Q-73's, each one is a Tactical Scenario
Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when
grouped appropriately, make up operator
tasks. Task elements are usually repre-
sented by single SAINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used in the SAINT simula-
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathematical/logical relationship which

MODERATOR selects the next Operator Task which an
FUNCTION operator will perform. The selection is

based upon operator goal seeking character-
istics.
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I, INTRODUCTION

1-0 HWRDVE%

EEvvery modeling system must settle on a perspective or "world .,•-.

view" upon which to construct representations of the systems under %
study. The world view is important because it determines the model-
ing meth dology and the degree of detail whirh will be represented.

J~
As! an example, consider building models of nuclear fission

processes. At the atomic level, nuclear fission consists of colli-
sions ofi subatomic particles which split atomic nuclei releasing
energy and spawning other particles which will go on to collide with '•

still other atoms.. The rate of this reaction is determined by the
density of appropriate atoms and the presence of moderating materials
which absorb subatomic particles without spawning new ones.

This process could be modeled by representing individual
nuclear and subnuclear particles with a knowledge of the statistical
characterizations of appropriate variables. The world view represen-
ted by such a model would be as just described.

An alternative world view is to consider the fission proces '
in the aggregate as a thermal process w.hose rates can be ciharacter-
ized by shape, density, and orientation of the components. The
mathematical model for this case is usually represented with ordinary
and/or partial differential equations. The implicit assumption in
such models is that the individual events associated with a single
subatomic particle are insignificant to the aggregate thermal
performance.

There is no "correct" world view for a particular system. The %
world view must be chosen with an eye to the objectives of the model.
In the case of MOPADS, the problem of choosing % world view is multi-
faceted because of the many aspects of the systems being represented.
The focus of MOPADS is clearly an operator performance, but the
operators are embedded in a system involving communication (ccmmand
and control) and exogenous activities (the air battle). The way and -

degree to which each of these aspects of the everall system is repre-
sented are discussed in Section II.

2-0 SOFTWARE ARCHITECTURE

A second purpose of this document is to explain the architec-
ture of the MOPADS software. The software structure is discussed in
considerable detail because of the size and complexity of the soft-
ware system. Anyone modifying the software will need such a detailed
road map in order to confidently proceed.
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MOPADQ is fuctionally hitrarhic--1 in that functions are
separated in a tree stru~ture frCai the main program. Als~o, in
many cases, the subprograM La.JlirD, c5eque'1c,,s and structure have
been standarl.iz ~o. so that nev, eir d&fense ;ystem inoeiles can be
implemented by emu1pting (iautallis mutrn.Otdsý one of *.he existing
system modules. Scection ITI describes the MOPADS3 software structure
i~n detail.

-Y ~
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II. THE MOPADS WORLD VIEW

1-0 OPERATORS

The most fundamental assumption of MOPADS is that operators
have a finite capability to perform their duties. The workload,
their individual characteristics, and the external environment 1.ll
affect their ability to perform their duties. Capturing the effects
of these variables on operators' performance is the essential goal
of YDfPAflS.

In response to the external stimuli provided by the air battle,
operators perform the tasks (sometimes called "critical tasks") pre-
scribed in the system manuals for their equipment. Each cf these
tasks is usually composed of several actions called "task elements"
in the MOPADS terminology. Task elements are elemental In the MOPADfS
context because they represent the lowest level of operator activity . .

that is modeled. Figure 1I-i is an example of an operator task for
-he AN/TSQ-73 (U. S, Ar=y Technical Manual, TM9-1430-652-I0-3).

Tasks consist of individual actions (shown in trapezoids, e.g.,
() , simple decisions (shown in diaconds, e.g.,®), and perhaps
more complex activities that are themselves complete tasks, e.g.,®.
Task elements are the individual actions (i.e., trapezoids in Figure
II-1). It is, of course, possible to consider the task element as
complex physiological activities. For example, the activity labeled r
G) in Figure 11-1 is to press a partIcular button on a console. Thia
activity requires memory accessess to recall the general location of
the button, muscular activity in the head and eyes to visually
acquire the correct button, and muscle a tivity in the arm and hand
to physically press the button.

MOPADS does not represent human activity to this level of
detail because the literature on human fa6tors does not provide such
performance data as a function of parameters which are -easily
measured in the air defense setting. The approach taken with MOPADS
has been to develop a taxonomy of skills which adqquately represent
the activities of air defense operators (Laughery (1981a,bl. The task
elements are then described as functions of the required skills.
Sufficient data is available to describe how performance of the
various skills is effect!-d by parameters measurable in the air
defense setting.

This approach has several advantages all of which stem from
the following: the lowest level of modeling detail is also :-he
lowest level of operator description in official system documents- '>
tion. As a result, communication between MOPADS modelers and
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subject matter experts is facilitated. Dataa collection of nominal
task element times is reduced to collecting information that can be
obtained directly by observing operators, and the lowest level of
MOPADS output also corresponds to observab.Le operator actions.

Before performing a task, the operator must select the task
from among those that sae available. In MOPADS terminology, this
is the "%ask Eequenclng" activity. When the operator performs a
task, he is essentially following a rule-based procedure because
the activities that comprise the task are specified in official
system documentation. The tasks are step by step procedures which
the operators memorize. The selection of which task to perform,
however, is knowledge-based behavior in which the operator calls
upon his experience to select the task which will most directly
lead to mission accomplishment. In most cases, some of the general
knowledge base has been reduced to procedures in the form of
Tactical Standard Operating Procedures.

Task sequencing is accomplished in 140FADS by representing the
operators as goal seekers. Each operator has a set of goals whose
levels ofdissatisfaction can be evaluated and normalized to a fixed
scale. The values of the goals on this fixed scale are used to rank
the various goals according to their importance. The next task is
selected based on estimates of how each available task will affec*
the goal dissatisfaction levels.

Various objective functions are avilable in MOPADS for the
goal seek,'rs. The simplest is a mini-max strategy in which the
operator strives to achieve the greatest reduction in the most dis-
satisfied goal (i.e., "put out the biggest fire first"). The most
complex is the case in which the operatcr attemps to obtain the
largest reduction per unit time of the average of all goal dissatis-
f-ction levels. See Polito (-1983a) for more information.

2-0 AIR DEFENSE SYSTDI

Air defense systems are comptnents of air defense which include
operators and equipment. Examples are the AN/TSQý-73 and the IRAWK.
The operators of air defense systems are the foci of MOPADS models.
In general, the operator tasks which are modeled as described in
Section 1-0 above are taken from official documentation describing
the air defense system. The models of the operator actions comprise
most of the MOPADS representation of the air defense system, but
there are aspects of the air defense system that are not directly
related to the operator models. For example, there are crew actions
associated with set-up, take-down, transportation, and maintenance
that are not represented in MOPADS. MOPADS is concerned with opera-
tor performance in combat during an air battle, and only those opera-
tor tasks that are pertinent to this objective are modeled.

In addition, there are non-operator detai2s of the air defense
system that must be represented in order to construct a coherent
model. These are discussed below.

D-13



2-1. The Environment.

Certain environmental varia'les affect human performance
such as temperature, noise level, illu-ination, vibration, etc. Also,
various system status parameters such as veapon. control status and
method of control may affect operator actinas. These parameters are
stored in an "environmental state vector" f )r each component of the
air defense configuration. Thtse environmental variables affect all
of the operators serving in a particular air de'lese componant.

2-2. Field of View.

Knowledge of the air battle is obtained by the air
defense configuration through radars and visual observations. Each
component of an air defense configuration may have "viewers" which
acquire information about the air battle. In most cases, these are
radars, but in the case of systems such as Redeye, the view is the
visual field of the operator.

Only aircraft that are in the field of view of an air defense
component are known to the air defense configuration. If the ATDL
is functioning, information on known aircraft is shared among com-
ponents, however.

Zero or more viewers may be defined for each component. The
field of view of each viewer can be defined in a reasonably flexible
way that permits such things as ground obstructions and restricted
sweep angles to be represented. A status for each viewer is main-
tained, so viewers may be modeled as becoming inoperative during the
course of a simualtion.

2-3. Display Information.

Each air defense system will present different informa-
tion to the operetors which they must process and which will, in
part, determine their performance. The MOPADS software provides
mechanisms for maintaining operator display information. The MOPADS
modeler must determine which subset of the information available to
the operator is to be represented and select the appropriate defini-
tions for MOPADS display pe.rameters. In other words, the MOPADS data
base software provides mechanisms to store and retrieve "display" infor-

nation, but it does not "know" the definitions of the individual
display variables. These definitions are determined by the MOPADS
modeler when the air defense system mo4ule is developed and are mani-
fested in the simulation through the SAINT user code written to
implement the system module.

2.-'. Hardware Resoures.

The air defense system may have various subcomponents
which are necessary for one or more of the operators to perform his
tasks and which are subject to failure or in other ways become
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unavailable. Such subcomponents represent "hardvare resources"

that the operators require in order to perform their functions. The
MOPADS software contains mechanisms to define and maintain informa-
tion about such resources. Hard-ware resources are similar to dis-
play infornation in that MOPADS simply provides a means to define,
store, and access such information. The MOPADS modeler must imple-
ment the impact of such resources on the system when he developes
an air defense system module. In other words, he must: 1) model
the mechanisms by wh4 ih the resources become available and uavail-
able, 2) model t-e contingent procedures the operators will use if
a required resource is unavailable, and 3) maintain any desired
statistical information resulting from the hardware resources.

3-0 COMM4D, CONTROL, AND COIMICATIONS (C3 )

An important aspect of an air defense configuration is the
coordination that takes place between air defense components. In-
dividual units do not normally work in isolation. The C3 function
wust be represented in MOPADS in order to obtain a reasonable repre-
sentation of an air defense configuration. C3 is not, howveer, the
primary focus of MOPADS, and no attempt has been made to develop a
complex, high fidelity C3 model.

In practice, the C3 functions are implemented by cmmanications
sent from one air defense component to one oz more other components.
This process has been mirrored in the MOPADS software. The only
interaction between system adules in a MPS simulation is through
"messages" sent from one to another. All C 1'nctions are represen-
ted as messages.

The type, content, and format of messages may be determined by
the MOPADS modeler when a system module is developed. Thus, messages
that represent commands, status updates, acknowledgements, etc. can
be created and transmitted with the MOPADS message handling system.
This system has several advantages: 1) the C3 representation in
MOPADS can be enhanced at a later date by adding and modifying soft-
vare modules without major structural changes to the existing soft-
ware, 2) the specific command and control configuation can be
specified by the MOPADS modeler at run time, t-hus allow•ng different
configuations to be simulated without re-progrnming, and 3) new air
defense system modules can be developed and added to the MOPADS system
with very little modification of existing system modulea.

The main restriction on (3) above is that if the new system
module sends or expects to receive a n-v message type, the already
existing system modules must be modified to send/receive and pro-
cess those messages.

To rummarlze, MOPADS assumes that the C3 function is embedded
in the operator tasks, and that, when required, operw .rs will
generate C3 messages to be transmitted to other system cc. -enents.
The system modules must be developed in such a way that the q-ra-
tars res'wi properly to C3 messages which they receive.
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Finally, certain procedural aspects of rfair eir defense

systems are classified. Since 3OPADS is an vrclas qifled Lodeling
system, generic or simplified representatlons of C0 fuýctions have
been built into the MOPADS ;dels. As stated above, the wIdels
could be modified without .mdue effort to include a more rich C3

representation, but the current models are consistent rith a focus
on operator performance.

i-0 TACTICAL SCENARIO1

Tactical scenarios consist of an air scenario and the physical
configuration of air defense couents. In additions protected
sites or "critical assets" may be specified vhich the air defense
configuration vill protect.

The MDPADS modeler develops scenarios by selecting a reference
position (latitude, longitude, and altitude). All other locations
are specified by a rectangular coordinate system centered at the
reference point, I and Y coordinates are in units of nauticak .miles. i,
The positive x direction is east and positive y values are north.
The Z coordinate is in feet. Positive & values are up.

Protected sites are specified by position, label, and site
type. The sIte type is defined by the MOPADS modeler. The MOPABS
softvare currently makes no use of the site types. The protected
sites are not active participants in the simulation. In other
words, there is no model of activities at these locations. The
simulated air defense system vill simply attempt to uttack hostile
aircraft that approach these locations.

The location of tactical scenario components must also be
specified by the MOPAID user. The air defense configuration vill
automatically attempt to protect its own components. Thus the air
defense configuration vill attempt to protect itself and any other
sites designated as critical assets. Hostile aircraft vill be attacked
even if they are not near a protected site; however, priority
is given tý attacking hostile aircraft that are approaching a pro-
tected sit .

Nev cetarios are created by specifying the fligbt paths of
aircraft. Aircraft may be hostile, friendly, or "other." These
categories are their true category (i.e., thier primary ID's). The
air defense configuration will recognize an aircraft's category only
after performing normal IFF procedures.

MDPAIS assues a flat earth, and aircraft flight paths or
tracks are specified as piecevise linear segnents. In other words,
aircraft fly from point to point (celled checkpoints) , and between
checkpoints, the aircraft's direction and speed do not change.
This is not pu-ticularly restrictive because as many checkpoints as
needed may be specified in order to approximate curvilinear motions.
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Tracks are specified by their initiation time (from the start

O"the simulation), primary ID, multiplicity, aircraft type, and %
Initiatio, point. Each checkpoint is characterized by the coordi- f

nates of the checkpoint, speed, vhether or not the end point of the
segment is a target, and vhether or not the aircraft is 3amzing on
the segment. Currently, M4PADS does not use jamning information.

See Polito (1983b,c,d) for more detailed information on how
to specify the information described in this section,

VIV
'.0

V
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III. SOFTWARE ARCHITECTURE

1-.0 OVERYIM

The MOPAI. software has been designed and developed in a
modular farhion. This means that subprograms that have similar
functions are grouped together. They may share an internal data
structure and work together to perform various functions. Programs
outside the module generally have no knowledge of the data structures E•

or internal workings of the module. External programs make use of
the module by subprogram calls, and they ccmrnunicate with the module
only through formal subprogram parameters.

IOPADS is also functionally modular in that the flow of control
of the program is hierarchical. This structure will facilitate w. "•
developing an overlay design for MOPADS if necessary. HOPAD hasn
been developed on a virtual memory operating system and no attempt K
has been made to develop an overlay design to fit iuto a specific
memory size. The design of the software, however, should lend it-
self readily to overlaying if needed.

2-0 SOFTWARE MODULES

Table III-1 shows the major MOPADS software nodules and the
primary reference for each. These programs (with the exception of
FFIN2, Polito (1983e)) have beon developed following MOPADS standards
set up in Walker & Polito (19d2). Accordingly, each module was
assigned a one character suffix. All subprogram names and all COMMON
variables in the module end with the assigned suftix. Also, the pro-
grams in each module are docunented in the specified MOPADS volume
(also in accordance vith Walker & Polito (1982)). The exception is
FFIN2 which is composed of programs which predate MOPADS. The pro-
grams were not modified, so they do not use a uniform suffix or
follow other MOPADS programming conventions. The module is self con-
taining, however, and the documentation is of equal quality to the
other references.

Also, the SAINT software predates MOPADS, and although modifi-
cations were made to SAINT to produce a MOPADS specific variant
(MSAITr), no attempt was made to make MSAINT conform to the require-
ments of Walker & Polito (1982). MSAINT is documented in Walker (1983).

The programs which implement the air defense system modulea are
contained in the modules with suffixes G, Q, and W and are documented
in Coodin & Walker (3983a,b). These documents contain tec.Lnical stails
of the software. User instructions for conducting simulations with
these modules may be found in Goodin & Polito (1983a,b). ON.
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Table III-1. M)PADS Software Modules

MODULE SUFFIX REFERENCE

Data Base Application Program A 5.18

(MAP)

Control System Module C 5.19

Data Base Control System (DOBCS) D 5.13 ,A.

AN/TSQ-73 System Module (Group) G 5.15

Human Factors Moderator Functions H 5.10

User Interfact I 5.12

Main MOPADS Moduie M 5.12

AN/TSQ-73 System Module (Battalion) Q 5.15

Free-Format Syntax Processor (FFSP) S 5.11,

MOPADS Utilities (UTIL) U 5.9

IHAWK System Modu' e W 5.16

Common System Module Programs Y 5.19
(including SAINT User Code)

Free-Format Input (FFIN2) 5.14
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The Control System module (suffix C) is a special sysz,-m

module that is present in all MOPADS simulations. It mna.es the
NS.LIRT functions needed to simulate the flight paths of aircreft.
It coitains control functions to schedule aircraft checpolnts,
initiate tracks, terminate tracks, and maintain the data structure
used by the other system modules. ,

The Data Base Control System(D) is the softwvee that Lain-
tains the MOPADS data base. Other MOPADS modules (with the excep-
tion of the user interface) seldom call this module directly. They
access the data base through the Data Base Application Programs (A).
These programs contain utilities for frequently required operations
with the data base.

The Human Factors Moderator Functions (H) contain all of the
moderator function software. This is a stand-alone module that has
a uniform and well defined input/output interface. Laughery &
Gavron (1983) contains information needed to use this module in
non-MOPADS settings.

The User Interface (I) is a large module that implements the
interactive software through which the user constructs MOPADS models,
specifies simulation data, and examines simulation output. The Main
MOPADS module (M) is documented with the user interface. The Main
module consists of the main program for MOPADS and a few associated
utilities that divert control to the user interface function or to
the MSAINT simulation function. The Free Format Syntax Processor (S)
is an input utility that uses FFIN2, Polito "_983e),to provide all
command driven input for the user interface.

The MOPADS utilities (U) provide housekeeping functions for all
other MOPADS motiules. Such functions as array copying, file opening/
closing, etc. are performed by programs in this module.

Finally, there are some programs that are common across all
system modules. The suffix for these programs is Y. MSAINT user
codes (e.g., subroutines STATE and UTASK) are contained in this module
even though they do not end with the "Y" suffix.

The major structure of the Y_,PADS software is thomn in
Figure III-1. The small main module determines whcher the current
job is a user interface session or a simulation. Control is trans-
ferred to the appropriate side of the tree shown in Figure III-1.
Control never transfers from one side to the other side of the tree.
In other words, each execution of MOPADS must be either an interactive
user interface job or a simulL' ion job (which can be run as a batch job).

U
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This structure permits the MOPADS software to be overlaid in
a nntural way. It also allows MOPADS to be linked as two load
modules, !f desired. The main module and user interface coald be
linked as one load module, and the main module with the SAINT side
of the tree can be linked as another load module. This aLratesy
may be use.uJ! on non-virtual memory computers with limited 7verlay
calrbiLities and limited memory. It may also be desirable if MOPADS
is verged v1ith other programs or the simulation and user interface
functions are performed on different computers. The independence
of the two sides of the tree structure results from the fact that
all communication between the tvo is through the MOPADS data base.

3-0 MOPADS USER INTERFACE SOFTWARE

The user interface portion of MOPADS is shown in greater detail
in Figure 111-2. The labels shown in the boxes are actual subprogram
names. MOPADM is the name of the main program in MOPADS. For user
interface sessions it calls MAIM which calls CPROCI.

The main function of CPROCI is to determine which user inter-
face subprocess is to be entered. The entry points to the subpro-
cesses have names UII to UII5 The structure below UI31 is typicalK .
of all the subprocesses and is not repeated for each case in thefigure. •

Each of the subprocesses has its own set of commands. In
addition, there is a set of basic data base commands that are
available in all subprocesses. When a new command is entered by the
user, KMNDI is called to determine if it is a basic ccmmand or if it
is one of the commands specific to the subprocess. If the command
is a basic data base command, DBC0I is called which in turn calls
the appropriate subprogram to process the command.

If the new command is not one of the basic commands, control
is returned from KXTDIDto U131 (for example) which then calls the
appropriate subprogram to process the command for that subprocess.
Each subprocess has utility programs for performing functi4ons unique
to the subprocess s requirements. Furthermore all of the subpro-
cesses make extensive use of the modules DBCS, DBAP, FFSP, FFXN2,
and UTIL.

The structure of the user interface subtree obviously can be
overlaid, also. CPROCI can be a root of a subtree, since nnly one
subprocess is active at a time. Furthermore, within each subprocess,
each command is processed by a separate subprogram, so opportunities
exist for finther overlays at even this level. The function of the
user interface subprocesses are described in Polito (1983b,c,d).
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Commnand Subroutines CO-1 L1

Basic Data Base Commuand
Subroutines

Figure 111-2. Software Structure of 140PADS ¾
User Interface.
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14-o mmiPfs sfltTnw"ION SOFnARE

14-1. Initializstion.

Figure 111-3 shows the major software stricture for
initialization durin3 MOPADS simulation jobs. Procesaing from~
MOPADM reads th'i MOPADS data cards and determines that a simulationi
(not a aser interface) job is in progress. MOPADM thc.n calls
BATCHMM.

BAT~CIM continues to interpret MOPADS data cards. It then con-
.structs a single SAINT network data file by concatenating the net-
work data files for each system module the~ will be present in the
simulation. When this is done, BATC1H4 call.- MSAINT. SUBROUJTINE MAIN
is the entry point to MSAINT. MAIN initializes SAINT variables and
calls the main NSAINT programs. MSAINT reads the network data files
and calls SUBROUflNE UIND¶JT.

The function of SUBROUTINE UIMP is to allow the modeler to
perform any required initialization of system mnodules before
beginning any simulations. UINPUTL calls five pzograms:

INITY - performs initialization of MOPADS data
structure that is common to all system
modules.

INITC performs initialization of the control
system module that manages air scenario
information.

INITG performs initialization for the GroupIs
AN/TSQ-7T3 system rodule.

INITQ - performs initialization for the
Battalion AN/TSQ-73 system module.

INITW - performs initialization for the IHAWK
system module.

Init iallzat ions performed front UNIPIT are one-time actions that necdi
to be done only once. MSAINT also calls SUBROUTIN~E IISTART to per-.
form initialization that must be performed prior to each run.
USTART also calls the subprograms listed above. Parameters are
passed to INITY, INITC, INITC, INITQ, and INITW so they can. dis-
tinguish whether the call. is from UINPT or USTART.
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Figure' 111-3. Sof'tware Structure for Initialization.
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4-2. Task Node Processing.

PSAINT provides the capability to execute user code
at each TASI. node in the MOPADS network. Figure 11-4 shows the
structure for accompJishing this. VASAINT calls SUBROUTINE MYASK
at five points during TASK Lode processing (Walker, 1983a): first
predecessor arrival time "if different"Zrom release time), release
time, task ctart time, tau: completion time, and task clearing time.
MTASK is written by the mcLAsler to accomplish any needed programmiig
activities at these times.

In MOPAIS, UTASK calls a program for each system module: e.g.,
URGRPG for the group system module. Each of these programs, in turn
calls a program for each task node in the network module of the
sytem module. As an example, when TASK node four in the Group
AN/TSQ-73 system mod'ule is being performed, SUBROUTINE T4G will be

* called from UTASK and UTGRPG. T4G contains code written by the 10PADS
modeler to perform activities required for the processing of that
node. The structural convention shown in Figure I1I-4 avoids confound-
ing of user code by segrating the processing for each TASK node in a
separate subprogram.

4-3. Error Processing.

Error processing is performed at several levels in the
MOPADS software. Errors detected by the Data Base Control System
(DBCS),Polito (1983f),are processed internally by the DBCS. Fatal
errors cause execution to terminate in the IBCS. Non-fatal DBC1 errors
cause return to the calling program with an error indication. If the
calling program is in the user interface, the error is displayed at
the terminal, and the current command is aborted. If the calling pro-
gram is in the simulation software, the Job is always terminated as
explained below.

Errors detected in the Data Base Application T'rograms (rEAP),
Polito (1983g),always cause termination through th•. MBAP error pro-
cessing program, ERRORA. The error may be a DBCS error or some other
logical error condition. FRRORA prints the offending data base ent-y
for which the error condition occurred.

Certain errors can be detected by MSAINT or the system module
user code. In this case, standard MSAINT error processing occurs as
shown in Figure 111-5. The entry point to this processing is MSAINT
SUBROUTINE SERR. SERR is called with &- integer error code. SERR
performs stAndard MSAIIT error output and then calls SUBROUTINE UERR.
UERR is written by the MOPADS modeler. Various ranges of error code
values (shown in Figure 111-5) have been reserved for the different
system modules. UERR calls the correct error processing program
(e.g., Q73EQ for the AN/TSQ-73). These error processing subroutines
are written by the developers 'f th- MOPADS system modules to produce
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Figure III-4. Software Structure for TASK Node Processing.

D-28



I .

mI[ SER I
START UERRI

<50(00 E

C (ODE- C:ODE- CODE- (CDDE-

5000-5999 6000-6999 7000-7999 8000-8999

CALL CALL CALL CALL
Q73EQ HAWKEW COMEY CNREC III

Error Code Range Type of Error
3000-4999 MSAINT Error
5000-5499 Either Group or Battalion Q-73 Error
5500-5749 Group Only Error
5750-5999 Battalion Only Error
6000-6999 IHAWK Error
7000-7999 Common System Module Programs
8000-8999 Control Error

Figure 111-5. )WAINT Error Processing.
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any auxiliary output necessary for the specific error codes. Note
that SMRB can be and is called with the system module specific error
codes from programs vritten by the modeler to implement the module.
For example, if an error is detected in SUBROUTINE T1 G (see Figure
inI-4), SUBROUTnE sERR is called at that point with the appropriate
code value. ,,

All calls to SUBROUTINE SERR terminate executioni b) perforodng

a deliberate FORTRAN error, i.e., taking the square root of a negative
number. This is done so that a traceback can be obtained to the I
offending subprogram and line number. Note, however, that on most
computer systems this traceback feature is an option which must be
explicitly selected at compile and/or rum time. No traceback infor-
mation will be printed if the option has not been selected.

Is-4. User Functions.

User functions (both the input user function, USERIN,

and the exeuciton user functions, USEEF) may be renumbered for each
system module type. In etier vordr, both the IRAWK and AN/TSQ-73
system module may have an execution user function numbered "1." C
This is implemented with the scheme showin in Figure 111-6. The

input and execution user functions invoke FUNCTION subprograms
specific to the system module being processed. These FUNCTIONS are
-- A in a uniform way, e.g., USERFC, USERFQ, US C. USMRNQ, etc.
This scheme allows user functions from a system module to be indepen-
dent of user functions in other system modules.

4-5. HSAINT SUBROUTINE MODRF.

Unlike the user functions discussed above, the code values
used for SUBROUTINE MODRF are not renumbered for each system module.
Therefore, MOPADS modelers must keep track of MODRF codes as they are
used across all system modules. Currently ouly MODRF code one has been
used. Code one is ,rsed to implement the human factors moderator
functions for all system modules.

4-6. Task Sequencin.

Each system module has an operator task for task sequencing.
One of the nodes that mak'i up this task, e.g, node 191 in the
Battalion AN/TSQ-T3 system module, has responsibility for selecting
the next operetor task. From UTASK, a subroutine is called to accom-
plish this (T191I in the above example). T191Q can be used as a model
for devel ping task sequencing for any future system modules. The
required structure is shown in Figure III-7 for the AN/TSQ-73. The
IHAWK is similar.
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USERF Execution User
_......._ l Function

USERFC USERFQ ] USERFWr

Control AN/TgX•-73 IHAWK
System Module

MSAI NT

USERIN Input UserI Function

USERNC UrRQ SM

Control ANITSQ-73 IHAWK
System Module

Figure 111-6. Softvare Structure for the Input and Execution
User Functions.
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Figure 111-7. Task Sequencing Software Structure for the AN/TSQ--T3. 2



T191Q calls SUBROUTINE TSEQY tc select the next task. TSEY
calls GEVALY to evaluate the current goal atrntes. GEVALY calls pro-
grams specific to the system module (IL this case, GEVALQ) to do
this. On return, TSEQY calls GPRYY to evalui.te the current goal
priorities from the 3oal states (i.e.. the goal dissatisfaction
levels). TSEQY then calls OEVALY to .stima'te the impact on the
goal states that wiJ1 z 'sult f:-om selecting the various operator tasks
available. OEVALY calls a system module specific program to do this(in this case, OEVAILM. TSEQY returns the selected task to T19lQ. .

Adding new system modules will require modifying GEVALY and
OEVALY. Also, programs analogous to GEVALQ and OEVALQ must be
developed.

4i-7. External Files. 4
MOPADS uses a number of external files. Figure 111-8 shows

the files. All file unit numbers are stored in variables in MOPADS.
The main array to hold this information is KUNITM. The unit numbers
shown are the current values of the corresponding elements of KUNITM.
These values may be changed to conform to requirements of a particular £
installation by modifying only one DATA statement iu BLOCK DATA pro-
gram BLOCKM.

The column "Assigned By" in Figure 111-8 indicates how the file
is associated with the unit number. If this column has an "M" in it,
it indicates that MOPADS accesses these files with FORTRAN 77 OPEN.'
and CLOSE statements. No Job control language is required on most
computer systems. Those labeled JCL require that the indicated files
must be associated with the correct unit number with Job control language
prior to executing MOPADS. Details of prepazing MOPADS data files and
pe-forming simulations is contained in Polito (1983b).

5-0 MSAIIT TASK NETWORK'

Very little needs to be discussed here concerning the construction
of MSAINT task networks beceuse models of system module imnlementation
can be found in Goodin & Polito (1983a,b) and Goodin & Walker.(19S8:a,b).
Some conventions are worth discussing hero, however..

Operator tasks are numbered by the MOPADS modeler (e.g., 1,2,...),
and a network model of each is constructed. By convention, each task
is developed with a single entry TASK node and a single exit TASK node.
This helps to ensure that correct processing occurs before and after
each task. Also, the node number of the entry node is always equal to
the task number. For example, the entry node to operator task 8 is
TASK node 8.

Certain operator information attributes hLve been reserved for
uniform use. In other words, their meanings are the same no matter
what system module the operat,.r is from. These attribute definitions
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Unit Number Unit Assigned h

Variable Number By File Description

KUtITM(1) H MOPADS Working Data Base
KUNITM(2) 2 H MOPADS Reference Data Base
KUNITM(3) 3 H MSAINT Network Input File
KUNITM(4) 4 H MSAINT Scratch File
KIJITM(5) 5 JCL MOPADS Batch Input File
KUNITM(6) 6 JCL MOPADS Line Print Output
KUNITM(7) 7 - Not used

KUNITM(8) 8 H MSAINT Trace Output File,

KUNITM(9) 9 JCL User Interface Interactive
Input

KUNITM(10) 10 JCL User Interface Interactive
Output

KUNITM(11) 11 M System Module Network Files
KUNITM(12) 12 - Not used

KUNITM(13) 13 - Not used

KUNITM(14) 14 - Not used

KUNITM(15) 15 - Not used

NOTE:
M - MOPADS opens and closes these files

Jc - These files must be associated with the correct unit
number with job control language.

Figire III-8. Ebcternal Files Used By MOPADS.
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are shown in Table 111-2. Attributes not define in Table 111-2
may be define,! to satisfy the modeling needs of a sjstun module under
development. Definitions of these attributes for tie AN/TSQ-73 and
IRAWK are shown in Goodin & Walker (1983a,b). l
Table 11:-2. Standardized Operator Information Attribute Definitions

Information Attribute Definition
Number

1 Operation ID

2 Copy Row Number Li
3 Operator Type

Se-.- Walker (1983' for discussion of these attributes.

PK :4•
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IV. CONCLUSION
-"he MP~rS mdelin

This document has presented an oVerview of eMOASmdin

approach and details of the software implemrentati in. It's intended
audience is the MOPADS modeler who will maintain ur extend the MOPAJDS
system. Details of implementation are contained in other documents,
but this volume provides a guide to entry poi~nts in the documentatiou
and source code for W)PADS.

If new system modules are developed, existing documents can
serve as models (e.g., Goodin & Polito (1983a); Goodin & Walker
(1983a)) for development. It is strongly recommended that the for-
mat of these reports be used to document anry new system modules.
Furthermore, if existing modules are modified, the documentation
should also be revised to maintain up-to-date reference material.
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I. INTRODUCTION

The MOPADS system software contains several separate modules
which interact through software interfaces. These modules will be U
developed independently by different programmers and will be jute-
grated to form the MOPADS system.

In order to assure that this software development effort goes
smoothly, it is necessary that comnon programming and documentation
guidelines be followed by all snftware developers. Following these
guidelines will facilitate debugging, modification, and maintenance
of the MOPADS software.

All non-operator MOPADS software and SAINT user written
FORTRAN (operator software) will conform to the requirements in
this manual. For additional guidance on preparing MOPADS operator
modules, see reference 1.

In Section I1, the programming conventions to be followed are
described. The conventions are broken down into two groups. The
first group contains global considerations involving each module
and its subprograms. The second group contains the programming con-
ventions to be followed when coding individual subprograms. Included
in Section II is a sample subprogram showing the standard layout to
be used.

Section III contains the requirements for documenting each
MOPADS software module. Each module will have its own program
documentation manual, and the requirements for preparing these
manuals are specified in this section.

These guidelines should place minimum restrictions on the
coding style of the software development personnel while maximizing
the ease with which the coordination effort and future modifications
can be performed.
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II. PROGRAMMING CONVENTIONS

1-0. GLOBAL CONSIDERATIONS

1-1. Each module will be assigned a one character suffix by
the MOPADS Software Coordinator. This suffix will be attached to
the end of all subprogram names, COMMON variable names, and labeled
COMMON block names in the module.

1-2. The number of separate labeled COMMON blocks in a module
will be minimized while the following guidelines are used:

1. No COMMON statement should have more than
four continuations. .,.

2. Variables may be grouped by function into
separate COMMON blocks. r--

3. "Special purpose" COMMON blocks with only a
few variables to camunicate between a few
subprograms are prohibited.

1-3. The variables within each COMMON block must be in alpha-
betical order.

1-4. No blank (unlabeled) COMMON usage is allowed. '

1-5. Each module will have one error processing routine. ,'
This routine will be named ERROR? where ? is the one character

module specific suffix.

1-6. Each module will have at most one BLOCK DATA program.
The BLOCK DATA program will be named BLOCK? where ? is the one
character module specific suffix. --

1-7. All MCPADS software will be written in ANSI
FORTRAN 77[21. P:.. nonstandard features or syntax are to be used,
and no Hollerith variables will be used. (SAINT will remain in ANSI
FORTRAN IV, but all user code will be written in FORTRAN 77.)

1-8. All subprograms will be placed in alphabetical order
within each module.

1-9. Modular programming design will be used, and each sub-
program will have a single purpose. Very long subprograms should
be avoided. As a general guideline, no subprogram should be longer
than 200 to 300 non-comment lines. '.4
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1-10. All software developed on the Pritsker & Associates' VAX
11/780 will use the 1AMP programs and procedures.

1-11. All logical unit numbers; for external files to be
opened and closed for use by non-operator soft-rare will be obtained
from the MOPADS Software Coordinator.

1-12. All I/O statements will use a variable name for thlogical unit number. These variables wil.l be placed in COMMON.I 0,i••'

1-13. •ienever the program size might need to be increased,
array dimensions will be specified in a FORTRAN 77 PARAMETER state-
ment. (On the Pritaker & Associates's VAX, if the arrays are in
COMMON, the PARAMETER statement will be included in the LAMP COMDECK.)

1-14. Each module will have a single initialization subprogram
named INIT?, where ? is the one c aracter module-specific suffix.

2-0. SUBPROGRAM CODING

2-1. Comments should be used frequently to explain non-
obvious statements or blocks of code. As a general rule, no block :
of code should be longer than about ten (10) lines without a comment.

2-2. No more than one array will be initialized in a single
data statement. For arrays of more than one dimension, the data
statement should be layed out in a readable manner.

2-3. No variable name may be split between continuation
lines.

2-4. FORMAT statements will not use all available 72 columns
before continuation. FORMAT "fields" (specifications separated
by comnas) should not be split between continuation lines.

2-5. The list of formal p~rameters in a SUBROUTINE or FUNCTION
statement will be in the followi dg order:

1. Input only parametes.
2. Input/output parameters.
3. Output only parame'ers.
4. Alternate retirns.

2-6. Each exterral file will be explicitly opened and closed
using the OPEN and CLOSE statements.

2-7. Each block-if will be indented by two (2) spaces as in
the following two examples.
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1. IF (I.E.5) THEN
XXVAL - -1.0 0
GO TO 999

ENDIF

2. IF (NPT.LT.) THEN
NERR = 500

ELSE
NERR = 1000

ENDIF

2-8. Each DO loop with more than one statement will have its
own labeled CONTINUE statement.

2-9. The TYPE statements INTEGER, REAL, and IMPLICIT will
not be used. K

2-10. Each subprogram will have one and o,7 oane return
statement. One of the two options shown below will be used-

999 RETURND

2.

999 CONTINUE...•N" ""(Only debugging statements
are allowed here.)

2-11. Statement numbers will 'be in ascending order, with the
RB'URN (or preceding CONTINUE to the RETURN) labeled 999 and all
FORMAT statements using numbers from 1000 to 1999.

2-12. All variable length arrays passed to subprograms as V
formal parameters will have adjustable dimensions in the subpro-
grams (i.e., the array bounds must be passed as formal parameters
or be contained in a COMMON or PAPAMETER statement in the subprogram).
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2-13. Each subprogram will be Organized in the following
way. Sections not needed will be excluded.

1. Comment statement with 1C:1 in the first

two columns. ___

2. Subprogram name and arguments.

3. Block of comment statements in the following
order:

a. MOPADS module name
b. MOPADS documentation reference -
C. Description of the purpose of the subprogram
d. Definitions of input only parameters
e. Definitions of input/ouLjut parameters
f. Definitions of output only parameters
g. Descriptions of all alternate returns
h. Coment statement with 'C::' in the first

three coJlunns
i. Definitions of local variables whose usage

is not readily apparent

14. All DIMENSIW statements (perhaps preceded
by their PARAMETER statements).

5. All COMMON ctatements (perhaps preceded by
their PARAMETER statements).

6. All EQUIVALENCE statements.

7. All DATA statements. 6$4

8. Main body of the subprogram with statement
nunbers (1-998) in ascending order.

9. RETURN statement (labeled 999).

10. All FORMAT statements (1000-]999)."-

11. END statement.

E-8
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3-C0* SAMPL SUBPROGRAM SHOWING STAY~DARD LAYQIUr

The following exa~ple conforms to the previo)is requirements.

SUBROUTINE DFIMD(XVALPXARRa1YNDIftPIOLsNCURReIVXuIERRu3)

ESSiODULE: MOPADS/MODULE NAME*
.C*SREFERENCE: ?IOPADS/VOLUME NUMBER
C
CRSPURPOSEI THIS SUBROUTINE RETURNS THE ARRAY INDEX FOR THE

FIRST (OR NEXT) ARRAY ELEMCMT WIHICH IS EQUAL TO
A GIVEN VALUE + OR - A SPECIFIED TOLERANCE*

CSSIHPUT PARAMETERS: YTJALauALUE TO BE COMPARED.
C XARAY-ARRAYNAME FOR ARRAY TO SEC SEARCED

C NDIMoUlJMEN37ON OF MARRAY
C TOLr'TOLERANCE USED IN COMPARING X0~LI TO THE ELEMENTS OF XARRAY

CSINPUT/OUTPUT PAR: NCURRwTHE INDEX OF THE ARRAY WHERE THE
C SEARCH 1S TO BE STARTED* RETURNED

AS IDX+2. IF IERRu1

C*XOUTPUT PARAMETERS: IDXaTHE INDEX (IF ARRAY XARRAY SUCH THAT
C -XVAL + OR - TOL a XARRAYCIDX)

IE N RRUSDAND IDX WAS SET.
2 IF NCURR>HDIM

CXSALTERNATE RET;URNS:# THE SINGLE ALTERNATE RETURN-OCCURS WHEN
C IERR NOT EQUAL I

3xLOCAL VARIABLES** RANT CLPVAR.TAJ HO~SI IAFINHJ N2E

C DIMENSION XARRAYiNDIII)
C IDXO

IRT n 0
IERR a 0

IF(NCURR.GT.NDIM) THEN
ZERR a 2

ENDIF -'

C
C**SEARCH XARRAY STARTING AT ELEMIENT NCURR
C

DO 100 IoNCURRPIfDIM
IF(XARRAYCI).OE.XNMIUS.AND.XARRAY(I).LE.XPLUS)THEN

I aI
NCURR a 1+1
IERR aI
GO TO 9991

i~o 0 NUE
CxxNOT FOUND

C

999 RETURN IRT
END

E- 9
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Ill. DOCUMENTATION RECUIREENTS FOR MOPADSNON-OPERATOR SOFTWARE MOJ ULES

Each mod 1l¢ will have its own program documentation manual.
Each of these manuals will have the following table of contents.
A description of !each section follows.

1-0. TABLE OF COINIT

I Purpose
II Data structures descriptions

III Overview of the fluw-of-control
IV External file usage

V Subprogram descriptions
VI User, Instruct ions

VII Error processing
VIII COMHON variable definitions

2-0. DESCRIPTION OF EACH SECTION

2-1. Purpose. This section will serve to introduce the reader
to the module. The purpose and scope of the.module will be dis-
cussed. When the reader finishes the section, he/she should tinder-
stand the function of the module.

2-2. Data Structures Descriptions. Array, tree, list, and
pointer usage should be described here. These descriptions may
include tables, diagrams, or pictures. Modules which create
entries in the MOPADS data base must define this usage in this
section.

2-3. Overview of the Flow-of-Control. This entails a

description of how the module fits into the MOPADS system, how the
module is entered and exited, and some description of the flow-of-
control of the module. A hierarchy chart may be included here.

2-4. External File Usage. A short description of
the "-sage of each external file used by this module should be
included. The type of file should be given as well as a discussion
of when the file is opened and closed.

2-5. Subprogram Descriptions. Every subprogram must be
described. The purpose and parametar definitions from the sub-
program comment 'section may be included here. These subprogram
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descriptions viii be in alphabetical order. In addition to the
purpose and parameter definitions, some discussion should be in-
eluded describing the method and/or flov-.of-control vithin the
subprogram. Flovcharts should be included for very long subprograms.
Any local data str•ctures should be described. Alternate EWTR7's
into a subprogram vill be documented ^s though they vere separate
subprograms.

2-6. User Instructions. This section should contain
descriptions of how to use the module. Exazples may be provided.
Reference may be made to Section V for detailed program descriptions
rather than repeating then here. The instructions given in this
section should be issue driven. In other vords, explain hov to use
the module to accomplish its purpose.

2-7. Error Processing. The error processing programs vill
be discussed here. If error codes are used, each vill be defined in
this section. A discussion of the types of errors that are detected
and vhat action is taken will be included.

2-8. COW40NO Variable Definitions. A table of all COfl
variables, their definitions, and their initial values (if
appropriate) will be included. The variables may be either alpha-
betized within or across CCW4TO1 blocks. In any case, the COW40N
block name in vhich a variable appears must be clearly identified.

E-12
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TERMINOLOGY

1-0 STANDARD MOPPMS TERMINOLOGY.

AIR DEFENSE SYSTEM A component of Air Defense which includes

equipment. and operators and for which techni-
cal and tactical traininS are required.
Zxa=ples are IHAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simuLlation language.
Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an uir
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See also
Tactical Scenario.

BRANCHING A term used in the SAINT simalation language'""
to mean the process by which TASK nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
that node "4termines which TASK nodes will be
simulated n..xt.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM all direct communication with the MOPADS Datar

Base. All information transfer to and from
the data base is performed by invoking the sub-
programs which make up the Data Base Control
System. 0

DATA SOURCE A sp~ecialist in obtaining and interpreting
SPECIALIST Army dccumentation and other data needed to

prepare Air Defense System Modules.
0

ENVIRONMENTAL An element of an Environmental State Vector.
STATE VARIABLE

F-5 .
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ENVIRONMENTAL An array of values representing conditions or
STATE VECTOR charac+eristics that may affect more than one

operator. Elements of Environmental State
Vectors may change dynamically during a MOPADS
simuJation to represent changes in the environ-
ment conditions. &

MODERATOR FUNCTION A mathematical/logical relationship which
altern the nominal time to perform an operator
activity (usua&1 a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based on the
Operator's State Vector.

MOPADS DATA BASE A computerized data base designed specifically
to support the MOPADS software. The MOPADS 0
Data Base contains Simulation Data Set(s). It
comnunicat-'s interactively with MOPADS Users , ,*
during pre- and post-run data specification and
dynamically with the SAINT software during
simulation.

MOPADS MODELER An analyst who will develop Air Defense System .w..
Modules and modify/develop the MOPADS soft-iare
system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

MSAINT(MOPADS/SIINT) The variant of SAINT used in the MOPADS system.
The standard version of SAINT has been modified
for MOPADS to permit shareable subnetworks and
more sophisticated interrupts. The terms SAI1Tr
and MSAIfNT are used interchangeably when no . -

confusion will result. See also, SAINT.

OPERATOR STATE One element of an Operator State Vector.
VARIABLE

OPERATOR STATE An array of values representing the condition
VECTOR Lnd characteristics of an operator of an Air

Defense System. Many values 'of the Operator
State Vector will change dynamically during
the course of a MOPADS simulation to represent
changes in operator condition.
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OPERATOR TASK An operator activity ident.i..ied 8-'4.nzg
veap:s syst'e fron-enA z=:.yses.

SAINT The underlying cmputer 1snilgtion &lgUap
used -o model Air Defe:ise Systes Lis Air
Defense System Modules. SAIIT is an acronym
for Systems Analysis of Integrated ]etworks of
Tasks. It is a vell documented langmge designed
specifically to represent hman factors aspects
of man/machine systems. See also MSA3T.

SIMULATION DATA SET The Tactical Scenario plus a rerired sin=-
lation initialization and ot experewntal
data needed t•o perform a MOPMS si-l ation.

SIMULATION STATE At any instant in time of a MOPADS siemlation
the Simulation State is the set of values of all
variables in the MOPADS software and the MOPADS
Data Base.

SYSTEM. MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of critical
assets and the air defense configguration
(number, type and location of veapons and the
ccmxand and control system).

TACTICAL SCENARIO An element of a Tactical Scenario; e.g., if a
COMPONENT Tactical Scenario contains several Qý-73's, each

one is a Tactical Scenario 6omponent.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, vhen grouped
appropriately, make up operator tasks. Task
elements are usually represented by single
SAIINT TASK nodes in Air Defense System Modules.
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TASK NODE A modeling symbol used in the SAIAT suzu-
lation language. A TASK node represeits
an activity; depeding upon the modeling
circumstances, a TASK node maW represent
an Individual activity such as a Task
Element. or it may represent an aggregated
activity such as an entire Operator Task.

TASK SEQUENCING A mathematical/logical relationship vhtich
MODERATOR FUNCTION selects the next Operator Task vhich an

operator vii perform. The selection is
based upon operator goal seeking
cheracteristics.
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I. INTRODUCTION I,
The MOPAtIS software Will allow multiple air defense system

modules to be built and "plugged in" to the overall system. These
SAINT modules will each represent operation of an air defense
component. They will most likely be developed independently, and

it can be expected that many changes will be made to the models
during their useful life. This requires that each module be well

documented so that other MOPADS modelers (or the same modeler at r

a later time) can understand the workings of each module. This
report outlines the methodology that will be used in documenting
all MOPADS system modules.

Each system module will have its own documentation and ref-
erence manual, and each of these manuals will follow the same basic

format. Section II contains the standard table of contents for each
manual.

Section III contains descriptions and explanations of the
contents of each chapter listed in the standard table of contents.

A major portion of each of these manuals will be a collection
of forms which describe the entities, resources, variables, etc..
in the model. Sample forms with example contents are included in
Section II. 3.0.

Section IV snows the blank forms needed by the MOMADS modeler.
Under separate cover full-size forms will be sent to the MOPADS
modeler. These forms should all be kept in a notebook and filled
out as the information in them becomes available during system module
development. All forms of a given type should he kept together,
and the forms should be put in the same order as the forms appear "4
in Section IV.
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II. STANDARD MODULE TABLE OF CONTENTS

Since each system module documentation manual will contain
the same type of information, the documentation task will be
simpler if each has the same organization. A standard table of
contents in shown in Figure II-1.

I



I. SYSTEM DESCRIPTION

II. OVERVIEW OF THE SAINT MODEL

III. MODEL DESCRIPTION FORMS
1-0 Entities
2-0 Resources
3-0 Variables
4-0 Monitors
5-0 Task Descriptions
6-0 Statistics
7-0 User Functions
8-0 Moderator Functions

IV. USER WRITTEN SUBPROGRAMS
1-0 Index
2-0 Subprogram Descriptions
3-0 Subprogram Listings

V. LISTING OF SAINT NETWORK DATA INPUT

VI. NON-SAINT DATA REQUIREMENTS
1-0 Data Requirements
2-0 Data Source and Description

VII. OUTPUT REPORTS
1-0 Output Options
2-0 Sample Output

%NI

Figure II-i. Table of Contents for MOPADS System Module
Documentation
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Ill. DESCRIPTION OF THE DOCUMENTATION CONTENTS

In this section the contents of the system module docu-
mentation manual are explained and discussed. Each heading in this
section corresponds to a chapter to be included in the manuals.

1-0 SYSTEM DESCRIPTION.

The system being modeled will be described here. This des-
cription should include discussions of wvhch equipment is included
in the system, what operators run the equirment, and how the equip- :"A
ment is operated. Some discussion of how this equipment interfaces
with other equipment should be included. This section may include
diagrems or pictures from technical manuals, soldier's manuals, or
field manuals. Any special configurations of the equipment should
be described.

2-0 OVERVIEW OF THE SAINT MODEL.

The modeling approach applied to the system will be explained
here. This explanation will include such items as simplifying
assumptions, overall modeling framework, modular aspects of the
model, and the flow-of-c:ontrol of the network model. Detailed dis-
cussions of the model should be reserved for the following section.
The reader should be able to get a feel for the basic model struc-
ture by reading this sectinn.

3-0 MODEL DESCRIPTION FORMS.

In order to simplify the model documentation process, several
forms have been developed. These forms are intended to be kept in
a notebook and filled in as the model is being developed. In this
way, they serve as working documentation during model development. If
the MOPADS modeler is diligent in maintaining the forms, then the final -I.
documentation tasks will be much simpler and nothing of significance
to the model will be forgotten. The use of each form is explained,
and a filled out samp7.e of each form is included in this report.

3-1. Entities.

A sample Entities form is shown in Figure III-l.
Entities are described in reference [1] and they may be operators
or information flows. An entity is created in a SAINT network
either at a source node or at a regular task node through mulitple
branching. Regardless of which method is used, the task node

F-13
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number where the entity is created will be entered in the first
column. The entity will be briefly described in the second column,
and this description should tell the reader what each entity
represents. Each entity has a collection of attributes, called
information attributes, which follow the entity through the SAINT
network. Each attribute number will be listed in the third column,
accompanied by a brief definition describing its meaning and
initial value, if appropriate. Information attributes are init' .*-.

ized through the ATAS descriptor on the task node where the er4 -y
originates. It is probable that each entity requires the '. of
at least one resource to perform one or more tasks in the L.twork.
If so, each resource which the entity references throughout the
network should be listed in the far right column. These entries
should consist of the resource number, followed by a coma, then
the resource label.

3-2. Resources.

The SAINT simulation methodology allows for the use of '.?
resources for modeling applications. (See reference 1 for further
discussion on the use of resources.) A sample resources form is
shown in Figure 111-2.

Each resource number will b• listed in the first co2umn with
the corresponding resource label adjacent to it in the second
column. Under the "Descriptl'jn of Use" column, the resource should
be defined and some discussion should be included describing how
each resource is used.

Each resource may have resource attributes. Each resource
attribute number will be listed, followed by a brief definition of
the resource attribute and its initial value. Resource attributes
are initialized on IRA cards. All task numbers requiring the
resource are listed in the last column. This information is
extremely valuable when network changes are made involving the
resource.

3-3. Variables.

Each SAINT model will have many variables -chat are
global in nature. There are three types of global variables:

1. state variables
2. system attributes
3. user variables.

All of these will be entered on the same form, but they will be
separated by type. Examples showing the use of the variables form
are shown in Figures 111-3, 111-4, and 111-5.
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3.3.a. State variables. Figure 111-3 shows the use 00
of the variables form for documenting state variables. Near the .
bottom of the form,the type of variable is checked; in this case
the state variables box is checked. The variable name is placed in
the first column as SS(*) or DD(*) (where * is the state variable
index number). In the second column, the definition of the state
variable is given along with the defining equation. All units
should be clearly defined. The Litial value is placed in the
third column. ,..,1

3.3.b. System attributes.' Figure 11-4 shows the use of
thevariables form for defining system attributes. The system
attributes box is checked in the section labeled "type of variables." .'
The system attribute name is entered in the first column with the
index number in parentheses. The definition is entered in the -

second column. If the definition is a code as for SA(W), the
meaning of each possible code value should be defined. The initial
value is entered in the third column. System attributes are
initialized on ISA cards.

3.3.c. User variables. Figure 111-5 shows the use of
the variables form for defining user variables. A user variable is
one that is defined by the user and referenced only in user-written . -

code. It may or may not be placed in a user common block. The
variable name, definition, and initial value are placed in the first
three columns. The common block name where the variable is stored ,"
is entered in the last column. User variables should be entered
alphabetically or sorted by common block.

The three types of variables should be kept separated for
easier reference.

3-4. Monitors. .

All SAINT monitors must be clearly defined on the *

monitors form. An example showing the use of thi form is given in
Figure 111-6. There are two kinds of monitors: SAINT monitors and
USER monitors. SAINT has a built-in capability to detect threshold . -.

crossings and take appropriate action. These are referred to on
the form as SAINT monitors, and they are discussed in references [1]
and [2]. Use of user monitors is described in reference [3].

The monitor number and label are entered in the first two
columns, and the type of monitor (USER or SAINT) is entered in the
third column. A. verbal description of the significance of the moni-
tor is entered in the fifth column with a text or equation represen-
tation of the threshold crossing conditions in the fourth column.
The action to be taken when a threshold crossing occurs is entered
in the last two columns. Under CODE, either MTAS or MSWT (or hoth)
are entered, followed by a description of the action takz'. - .

F-17



CA c

> >

c uj

X us

LU LU

-C 4

U) b

Zm >

-C

zz

LL. EA
uj,. -

U,Q) ZWl =

'C LO
< 00

LU ~ , 'C -

1: ~ JzL
cu > C

>C CLJ

V) <

*----F-18



NL

C Ic

0Jl

M o4 '
C-i 0

o~~g p) a.I. ,J'
*P-
ca

In 4 c

-I
4W)

U. 1.-.4-.

n- UU*

Cdc

(D c~~ C 'a

z a r. M
I.- P I..A

(L) =) c cc cc.
I- -- 0 0V

m~ u C I-

-L o.m m
W .1 - ~ C e4M tP

-i

w1 4) L U

m~~ ~ C -U N

a.~~~~U coCL .0~e .CU

F-19



o 3 co go

U~ 0/

0 C6

C4~

uj u

tI-

*~ it
CQ cl

> CtJ

- 0 F-2 0



a - - -d

z2

"4A

to 2

ul
LIY

zx
m

z

F-21



3-5. Task Descriptions.

Each task node in the SAINT model will be described
usirn the SAINT Task Description form. An example showing the
use of this form is given in Figure 111-7. It would be adyanta-
geous to use a separate sleet (or sheets) for each tazk node so
that they can easily be s)rted by task n'zber. The task number
is entered in the first voi,, followed by a description cf the
node. The descripton will define what task (or group of tasks)
Is represented by the tasi. node. Scie discussion should be
included here describing the subsequent branching from the node.
Predecessor and sutsequent predecessor requirements should
be described if their usage is nat clear. Each resource required
for the task should be listed and described under the heading
RESCUP.ZE ?~Rq3

Each task descriptor (except FMR) will be entered under the
heading DECR!'1MRS. The 4-letter descriptor code is entered
under =3. The remaining descriptor parameters may be placed
under M-UAMNG, but they may be left off this form a. they can be
referenced in the SAINT data input section. The main reason for
putting descriptors on this form is to verba.Uy describe the usage
of each descriptor. It may be advantageous, however, to list the
moderator fv.nction numbers along with any MODF descriptors.

The 'ECHNICAL REFERENCES column is for listing any references
which were used in defining the task or determining the task
descripto.-s.

3-6. Statistics.

SAINT allows a great deal of 2lexibility in the genera-
tion of both task statistics and user collected statistics. (See
references [1,2].) Since the task statistics are collected through
the use of the STAT descriptor on task nodes, the collection of
task statistics will be documented under the DESCRIPTOR heading of
the form for the task nodes. For user statistics, the form shown
in Figure 111-8 will be used.

Each user statistic has an identification number which is
placed in the second column. The statistic type will be entered
in the first column. One of the following codes will be used for
statistic type:

Statistic Thme Code Meaning

TPR Time Persistent Regular
TPA Time Persistent Averaged
OBS OBservation Statistic
HIST Histogram
PLOT Plot

F-22
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The statistic name will be entered in the third column, and
a description of the statistic will be placed in the fourth column.
A verbal description of how the statistic is collected and reported
is entered in the last column. This will include such information
as what subprograms contain the appropriate calls to the user
support nutprcgram, when that subprogram is called, and whether
the statistic is cleared at the end of each iteration or averaged
over all iterations.

3-7. User Functions.

SAINT nas two user-written functions: US1FY and USEUIN.
Function U-ERF is called during execution whenever the TUT des!gna-
tion ic used for task times or attribute assigr~ments (see references
11) and [21). Function USERIN is used only for ir.itializt'.or. of
resource or system attributes on ISA or IRA cards (see reference [31).
The form for documenting the user functions is shown in Figure 111-9.

The box next to the appropriate user function name (USEPIN or
USERF' should be checked, and separate sheets shculd be used to
keep the two separate. Each user function number will be entered in
the first column. The user function number is the same as the para-
meter value passed into the user function. Each task number (USERF
only) where the user function is called is listed in the second
column. Under the DESCRIPTION heading, the operations performed
by that user function are described.

All of the user function numbers shou-11 be in ascending order
for easy referet.ce.

3-8. Moderator Functions.

The use of moderator functions will be described using
the form shown in Figure III-10. The moderator function numbers are
entered Ln the first column in ascending order. All task numbers
referencing the moderator function are listed in the second column.
Under the DESCRIPTION column, the calculations involved in the
moderator function are described. In the last column, any references
which were used in determining the moderator function are listed.

4-0 USER-WRITTEN SUBPROGRAMS.

A section will be included in each manual describing user-
writzen subprograms. This section will be divided into three sub-
sections. First, an index page will list all user-written sub-
program names. A standard format as shown in Figure III-11 will be
used for this index. User-written subprograms will be divided into
two groups: standard user-written subprograms and additional user-
written subprograms. The first group contains what are referred
to as "standard user-written subprograms." These are called directly
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SAINT USER-WRITrElI SUBPROGRAM 
%

Check all Standard User-Written subprograms that
are used in this model. Then add at the bottom the
naes of other user-vritten subpragrams.

STANDAM USER-WRITP17 SUBPROGRAMS

0 SUBROUTINE ENDIT
0 SUBROuTIE INTLC

0 SUBROUTINE MODRo

FUNCTION PRIOR i
0 SUBROUTINE STATE

0 SUBROUTINE UACCPT
o3 SUBROUTL~E UEPR

0 SUBROUTINE UIMIT
0 SUBRONTT T •F --

o FU`NCTION USERF

0 FUNCTION USERIN

o SUBROUTINE UOTPT

ADDITIONAL USER-WRITTEN SUBPROGRAMS

Figure III-ii. Form for Indexing User-Written Subprograms.
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by SAINT. The MoPADS modeler will simply check the appropriate
boxes for the ones which are included in the model being docu-
mented. The second group are subprograms that are called by sub-
programs in the first group. These will be listed in alphabetical
order in the box in the lower part of the form.

The index page will be followed by a section containing des- i
criptions of the user-written subprograms. These descriptions
should include the subprogram purpose, parameter definitions, a
discussion of what the subprogram dces, and possibly a discussion
of the flow-of-control of the subprogram rr a flowchart. The sub-
program descriptions can be put into the two groups (standard and
others) and then alphabetized, or simply alphabetized as a single
group.

Following the subprogram descriptions, listings for all of
the subprogrui will be included. Thf-se should be alphabetized in
the same way as the subprogram descriptions. Extremely lengthy
lietings may be bound separately if a reference to the separate
binding document is given.

5-0 LISTING OF SAINT NETWORK DATA INPUT.

A listing of the SAINT data input statements will be included
here. This listing will start with the GEN card and end with a FIN
card and will include all task nodes and network elements as they
are represented by the SAINT data cards. t

6-0 NON-SAINT DATA REQUIREMENTS.-

The system module has access to external data sources through
user-written programs. The MOPADS modeler must describe in this sec-
tion any data requirements of the module. In particular, interaction ... ,,

with the MOPADS data base must be described. information in this
section should include:

6-1. Data files opened and closed by the module. This in-
cludes re~uirementE for pre-existing files and files created by
the module. Detailed file formats will be given.

6-2. Interaction with the MOPADS data base. This includes
entries which must be created in the data base prior to running the
module and those created/destroyed by it during simulations.
Details of the information transfer must be given.

7-0 OUTPUT REPORTS. -

This section will include an index of all SAINT output reports
generated for the air defense system module, followed by sample out-
puts for each statistics collected. A standard form will be used for

F-2.9



indexing the output reports, see Figure 111-12. The uppermost
box contains all of the options for statistics that SAINT will
collect automatically. Simply check the boxes next to the optiors I
used for the system module. These options are divided into two
sections: iteration statistics and summary statistics. The iteration
statistics are printed out at the end of each iteration for a speci-
fied range of iterations. (These options and start and end Itera-
tions are indicated on the OUT card, see reference [2), peg'-s 42-43.)
The summary statistics are averaged over all iterations and printed
out at the end of the simulation. For each option checked, enter
a section number in the right-hand column. The section number can
be assigned like a figure number, and will represent the locatiou 4
vitain this section of the indicated type of report. For example,
in Figure 111-12, the output for all Resource Utili::ation Statistics
for a single iteration would be found in Section VII-1.

The bottom half of the form in Figure 11.-12 will be used to
index all user statistic sample outputs. The statistic name,
number, and whether the statistic is an iteration or summary ..
statistic, is entered in the left-hand column. In the right-hand
column the section number where the sample output is located is
entered, Just as it was done for the SAINT statistics.

Each sample output with explanation will be included in the
order indicated by the index. For iteration statistics collected
for more than one iteration, only one end of iteration report need
be included.

4
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SAINT OUTPUT INDEX

SAINT OUTPUT P.D'ORTS Section

0 Detailed Iteration Reports

(IResource Utilization Statistics -

Task Statistics 1I-2
E4 0 State Variable Value Outputs

0 State Variable Statistics

o State Variable Plots/Tables s-

CIResource Utilization S-ary Report VII-.3

~IStatistics Task Smu-ary Report VII..1I IHistograms of Task Statistics, Iteration I VII15
0 Histograms of Task Statistics, Sw~ary

USER STATISTICS OUTPUT REPORTS SECTION MO

1. Observation Statistics 1, Simmary vii-6

2. Plot of SS(3),Plot No. I1I-

3. Histogram of Statistic 2, Iteration vii-8

Figure 111-12. Form for Indexing the SAINT Output Report Samnples.
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IV, BLANK FORMS

This section contains a reduced copy of the following .*,- %""*

blank forms. ,

* SAINT ENTITIES

* SAINT RESOURCES

* SAINT VARIABLES

* SAINT MONITORS II "

* SAINT TASK DESCRIPTIONS

* SAINT STATISTICS

* SAINT USER FUNCTIONS

* SAINT USER-WRITTEN SUBPROGRAMS

* SAINT OUTPUT INDEX
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SAINT USER-WRITTEN SUBPROGRAMS

Check all Standard User-Written subprogram that
are used in this model. Then add at the bottom the
names of other user-vritten subprmgrAs.

STA•DARD USEF-WRIT7T SUBPROGRAMS

o SUBROUTINE ENDIT
o SuBROOTnN E
o SBROUTINE MODRF
o FuNCTION PRIOR

o sA•nwTIrnE STATE

o SUBROUTINE UACC.vT
o S'JROUT ,Ur •
o SUBROUTIE .UR PT
o FUBROUTINX uCOND
0 FUNCTION USERF
o FUNCTION tUnSIM

o SUBROUTINE UOTPT

ADDITIONAL USER-WRIITTEl SUBPROGRAMS
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SAINT OUTPUT INDEX

SAINT OUTPUT PEPORTS

0 Detailed Iteration Reports

. 0 Task Statistics
0 State Variable Value Outputs

0 State Variable Statistics

0 State Variable Plots/Tables

C Resource Utilization Sumnary Report

0 Statistics Task Suuary Report
o Eistatogrma o Task Statistics, Iteration 1

o Histogram of Task Sta'tistics, Summary

UVER STATISTICS OUTPUT REPORTS SE 0.TON NO.
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ABBREVIATIONS

AD Air Defense

CPM Critical Path Metbod

DTD Directorate of Training Development

GCV Ground Controlled Vehicle

JADC Joint Air Defense Commander

LOAP List of Applicable Publications

PERT Program Evaluation Review Techniques

TDECC Tactical Display and Engagement Control Console

TEWA Threat Evaluation and Weapons Assignment
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STANDARD MOPADS TERMINOLOGY

AIR DEFENSE SYSTEM

A component of Air Defense which includes equipment and
operators and for which technical and tactical trplnang
are req .ircd. Examples are THkWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM MODULE

Models of operator actions tnd equipment characteristics
for Air Defense Systems in the MOPADS software. These
models are prepared with the SAINT simulation language.
Air Defense System Modules include the SAINT model and
all data needed to completely define task element time,
task sequencing requirements,and human factors influences.

AIR SCENARIO

A spatial snd temporal record of aerial activities and
characteristics of an air defense battle. The Air Scenario
includes aircraft tracks, safe corridors, ECM, and other
aircraft and airspace data. See also Tactical Scenario.

BRANCHING

A term usd in the SAINT simulation language to mean the
process by which TASK nodes are sequenced. At the comple-
tion of the simulated activity at a TASK node, the Branching
from that node determines which TASK nodes will be simulated
next.

DATA BASE CONTROL SYSTEM

That part of the MOPADQ software which performs all direct
communication with the MOPADS Data Base. All information
transfer to and from the data base is performed by invoking
the subprograms which make up the Data Base Control System.

DATA SOURCE SPECIALIST

A specialist in obtaining and interpreting ArimW documentation
and other data needed to prepare Air Defense System Modules.

ENVIRONMENTAL STATE VARIABLE

An element of an Environmental State Vector.
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I. INTRODUCTION

A major part of the MOPADS software will be the irdividual
system modules. Tfhese modules will be SAINT models cf vawious
air defense systems, such as the AN/TSO.-73, which *ogethar form
air defense configurations. As new equipment is developed, new
system modules will be added to the MOPADS software. The metho-
dology for developing these system modules .s provided here.

System module deve.1Xpment will involve two major types of
activities: 1) SAINT modeling, and 2) data collection. The data
collection activities will involve locating and obtaining documents,
identifying pertinent information within those documents, locating
subject matter experts and experienced operators, and getting
pertinent information from those experts. SAINT modeling will invo'
taking the pertinent information and using it to create a SAINT
model. The SAITZI model, with its accompanying parameters and inter-•

faces to the MOPADS software system, is referred to as an air defense
system module. The modeling activities will be performed by one
or more SAINT modelers with Operations Re3earch experience and
expertise. It is expected that the MOPADS modeler(s) will receive
help in performing the data collection activities from a Data Source
Specialist. This person (or persons) must be experienced in Armyn
documentation and air defense systems.

A CPM (or PERT) chart, Figure II-l, was developed to show the

breakdown of activities and precedence relationships. The data
collection activities are distinguished from the SAINT modeling
activities by using dashed lines for the data collection activities.
Figure II-1 is described in detail in Section II.

In Section III, each task shown on the CPM chart is described
in further detail. Blank forms to be used in performing some of
these tasks are given in Section IV. The SAINT modeler should collect
and compile these forms and keep them in a notebook. All forms of
a given type should be kept together, and the groups of forms
should be ordered in the same order as the forms are presented in
Section IV.
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Ai. CPM CHART

1-0 DESCRIPTION
The CPM (Critical Path Method) chart for system module

development is shown in Figure II-l. It is a project management
chart showiL. all of the activities on the lines of the network.
The nodes (circles) represent milestones in the project. The flow
"of the network goes from left to right. Every activity (represented
"by a line) going into a node must be completed before any activities
coming out of the node can be started. If more than one activity
enters a node, the last activity completed will determine the start
time of any outgoing activities. The longest path through the
"network is referred to as the critical path. Any delays in activ-
ities along the critical path result in delays in the project, whereas
delays in non-critical activities may or may not delay the project
"completion. The bold solid (or dotted) line in Figure 11-1 represents
the expected critical path. Individual circumstances or manpower
shortages may change the critical path, but the activity precedence
relationships would still hold. Dotted lines represent data ccllec-
tion activities, while solid Iiaes represent SAINT modeling activities.

Each activity on the CPM network is given a two part identifying
numbcr. The "1." numbers represent SAINT modeling activities, while
the "2." numbers represent data collection activities. Each activity
"is explained in detail in Section III.

The activities contained in the CPM chart are divided into
"four groups. These are shown with the large braces along the bottom
of the chart in Figure II-1. The activity groupings are defined below.

"1-1. Operator and Equipment Definition. During this phase
of the project, the operator duties and equipment requirements are
"characterized.

1-2. Task Definition. A task is defined as a sequence of
task elements (such as pushing a button) which acccmplishes some
purpose. During this phase of the project, the tasks performed
during normal operations of the equipment are identified, listed, and
characterized.
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1-3. Command and Control and Task Sequencing Definition.
Dum'rg this phase of the project, the decision processes for seq-
-aencing tasks are characterized. This involves understanding th,
operators' interaction with other air defense components.

i-4. SAINT Model Implementation and Documentation. The
task sequencing submodel and task performance models will be dis-
aggregated to the desired level of fidelitvK 2he model will be
integrated with the MOPADS software and required dccumentLtion
will be completed.
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III. ACTIVITY DESCRIPTIONS

1-0 SAINT MODELING ACTIVITIES.

l-L. Operator and Egiipment Definition.

Activity 1.2 As early as possible the MOPADS modeler
should receive a brief demonstation of the equipment operation. The
modeler need not develop a working understanding of the operation
at this state. This demonstration's purpose is to give the modeler
a general understanding of what- the equipment does and how it Is
operated.

Activity 1.2 The SAINT modeler will have a
list of references to documentation describing the overa.ll
system, operator responsibilities, and equipment. From,
this documentation the SAINT modeler will construct three
lists.

I. The first list will contain all equipment components
that are essential for the operators to perform their tasks. List
equipment which may have a status such as "operational," "partially
operational," or "non-operatihnal." If a piece of equipment msyi degrade or break dowfn, and this would have an effect on the operator
task performance, then that piece of equipment should be included
in this list. The equipment list will be used to assign SAINT
resources and to characterize operator tasks.' No standard form has
"been developed for listing pertinent equipment. The list-will.
include the component name, accompanied by a short description of
its function.

"2. The second ist will identify the operators of the
air defense system. A form has been created to list the operators,
and a sample of this form is ihown in Figure III-1. Each operator
will be assigned an identific tion number which is entered in the first
column. The operator title i entered in the second column. The
mission and duties of each opterator are described in the third columnand
the equipment used by each operator in performing his duties is
"listed in the fourth column. These equipment designations shculd
correspond to those in the above mentioned equipment list.

Sometimes an air defense system may have different configura-
tions of operators such as two officers or one officer and one
"enlisted person. In this case a decision must be made concerning the

r. number of options to be modeled. A standard or most likely configura-
tion may be selected, or multiple configurations with user specified
options may be selected. In the latter case it may be required to develop
several sets of the documents described subsequently, one for each option.
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3. The third list to be produced is a list of cate-
gories for all the tasks performed by each operator. Some typical
categories are traching, target acquisition, TEWA, and target identi-
fication. The niber of these categories will normally ne less than
ten. Soan tasks may be placed under more than one category. It is
not necessary to ass'.gn tasks to categories at this time; the task
categories need ony be defined here.

The documentation on these subjects may not be cowplete
enough to allow the MOPADS modeler to successfuly complete this
acti"-ity. It so the modeler may want to consult subject matter
experts or experienced operators to obtain more complete information.
It may be desirable to consult such experts even if the documentation
is considered thorough. In this way, the modeler may obtain
additional confidence in the lists produced during this activity.

1-2. Task Definition.

Activity 1.3 There may be more than one way that the
system can be configured. In this case, those configurations to be
modeled must be selected. A diagram showing the chosen configuration
and how it interfaces with the overall AD system should be drawn for
later reference. If more than one configuration is selected, it may
be required to develop multiple models. A decision must be made as to
whether it is more economical to model the system as a single modixle
or as separate modules.

Activity 1.4 At this point, a list of tasks will have
been completed. This list will give references to the documentation,
the operator performirg the task, and which group the task is in.
The MOPADS modeler will carefully examine this list to determine if
any tasks have been left out or if some of the tasks may be removed
from the list.

Activity 1.5 Based on the operator and equipment defini-
tions, the MOPADS modeler will decide whether to model each operator
as an entity or resource, and which equipment to model explicitly as
resources. The forms shown in Figures 111-2 and 111-3 are filled
out at this time [1].

Activity 1.6 The task list will have been finalized and
nominal task times will have been determined. Based on the task list
and the entity and resource definitions, the modeler will develop
aggregate SAINT models(perhaps single task nodes) for each task. Final
statistics, priorities, etc. will not be needed at this time.

A standard form is available for creating these aggregated
models. A sample'is shown in Figure I11-4. The information on this
form is taken from the task list which is completed during Activities
2.4 and 2.5. No branching or precedence relationships to and from the
task will be included at this time.
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1-3. Command and Control and Task Sequencing Definition.

Activity 1.7 Once the operator tasks have been identi-
fied, the MOPADS modeler needs to vie-; the equipment in operation.
The modeler should obtain an under3tanding of the operators' task
sequencing decisions and their conmimication procedures.

Activity 1.8 The MCPADS modeler will examine appro-
priate sections of the documentation in order to better understand
how the operators go fram one task to another. The modeler should
understand how the operators sequence their tasks in order to maxi-
mize their goal (or mission) achievement.

Activity 1.9 It is expected that each of the system
modules will have a similar structure. A schematic network of this
basic structure is shown in Figure 111-5. The operator arrives at
the task sequencing submodel. This may be only one task node or a
series of task nodes. The purpose of the task sequencing submodel
is to determine what task the operator performs next. The operator
branches to the appropriate task node (or sequence of task nodes),
then returns to the task sequencing submodel to repeat the process.

During Activity 1.9 the modeler will develop a pre-
liminary version of the task sequencing submodel.

Activity 1.10 The modeler will integrate the deci-
sion submodel with the aggregate task models to form a basic SAINT
model. This aggregate model will be run to verify the logic con-
tained in the task sequencing submodel.

i-4. SAINT Model Implementation and Documentation.

Activity 1.11 At this point, the MOPADS modeler will
have a large amount of information on system status', system con-
ditions, trial drills, a3erts, messages, and interrupting and non-
interrupting cues. The task sequencing submodel will be expanded
to incorporate interrupt features so the module can ultimately be
integrated with the command and control elements of the MOPADS software.

Activity 1.12 At this point, the task sequencing portion
of the SAINT network will be well defined, but the task models will
still be aggregated. Many of these task models will be expanded into
subnetworks of task nodes representing the flowchart for that task.
This subnetwork will normally have only one input and one output branch
(to and from the task sequencing submodel), but it may have complex
branching within it.

It is expected that not all aggregated task models will require
disaggregation. Some modeler judgement will be required here to deter-
mine which tasks to disaggregate and how detailed a breakdown is necessary.

This activity is expected to be the most time consuming of all
activities in the system module developemnt process.
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Activity 1.13 At this point, the SAINT network for
the module will have been determined. Now the MOPADS modeler must
address the human factors aspects of the model. A generalized modera-
tor function will be provided as part of the MOPADS software which
requires as input a list of skills necessary to perform each task or
task element and the relative weights for the skills. The modeler
must provide this data for each task node.

Activity 1.14 The task sequencing submodel will bare asso-
ciated moderators which require parameters that determine the ope~rtors'
goal seeking procedures. These will Ye determined and entered intj
the MOPADS data base. This will complete the development of the
task sequencing submodel.

Activity 1.15 Most output statistics will be optional
and will be obtained through the MOPADS data base. However, it is
required that certain statistics be specified on the SAINT network.
These standard statistics will be entered into the model LtL.e. They
may be SAINT task statistics or user-created statistier

Activity 1.16 The MOPADS modeler will have otained a
complete list of task timee for all SAINT task nodes in the network.
These will be entered into the MOPADS data base for reference by all
SAINT task nodes. Any other required parameters will be entered into
the MOPADS data base.

Activity 1.17 The system module, now in its final form,
is ready for final testing and debugging. This will be done by run-
ning the model alone with the MOPADS software but no other system
modules, if.this is possible. If noti the modeler will run the new
system module interfaced with a likely configuration containing other
system modules.

Activity 1.18 In reference 1, the documentation require-
ments for MOPADS system modules are outlined and explained. Several
forms are provided for the modeler to complete while the module is being
developed which will become part of the documentation. This "documen-
tation during development" approach will ensure completeness and reduce
the end-of-project documentation chores.

Activity 1.19 Much of the documentation has been com-
pleted while the module was being developed. The only remaining
&ativity is to complete the documentation and put it in its final
form per the instructions contained in reference 1.
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2-0 DATA COLLECTION TASKS.
_ _ _ 'I

2-1. Operator and Equipment Definition.

Activity 2.1 Once the decision has been made as to
what equipment is to be modeled, pertinent documentation describing
the operation will be obtained. This may include Field Manuals,
Soldier's Manuals, Technical Manuals, and any other documents that
may exist. LOAPs may be used in locating pertinent document titles.

Activity 2.2 A quick look through the documentation
will be made and all references to discutsions of the equipment and
individual responsibilities of tne operators should be noted. A list
will be made giving ranges of page numbers for later reference. Also,
references to discus'ions of the overall system will be listed. Any
references to task groupings should be especially noted.

2-2. Task Definition.

Activity 2.3 At this time, the form shown in Figure 111-1
will have been completed so the operators to be modeled will hav'e been
identioied. Also, a list of task groups and a list of equipment the
operators will run will have beei, developed. Once this information is
complete, the task list can be developed. In order to develop this
task list, the form showr in Figure 111-6 is provided. A good place to
start is iL the corresponding Soldier's Manualsi for the appropriate
operators. More accurate task information may be obtain from the DTD.

An example listing of a task is shown in Figure 111-6. A task
number must be assigned to each task, and this is placed in the first
column. The task nwae is entered iii the second column. All references
to descriptions and/oi- flowcharts for the task sae listed in the tnlrd
column. These would no:-maLly inclule a re-'-rence to t,? Solcaer's
Manual and/or a reference to the TechnicE,2. i14ual. All referenc, ,!ý
should hive the date of the publication and the latest change nnmber.

Information in the fourth, fifth, and sixth columns will ref-
erence the operator, equipment, and task grouping lists which were
developed during Activity 1.2 Information necessary to fill in these
three columns should come from the documentation or from subject matter
experts at DTD. Experienced operators may also be consulted.

The far right column is left tlank during the completion of
Activity 2.3, unless the information is easily attainable at this time.

Activity 2.4 The task list will have been reviewed
and revised to asmure that no critical tasks were left out and to
remove those tasks which will not be included ir the system module. ..
Now, the task list is finalized.
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Once the task list cortains all appropriate tasks, the
time estimates are added in the far right column of the tazk descrip-
tion forms. This time estimate will be obtained from equipment
drills, expert estimation, or IDD documentation. These time esti-
mates may be constants (i.e., 5 minutes) or distributions withSparameters (i.e., Normal Distribution, v .5, a a .15, mrin .2,

0mx .8).

Activity 2.5 A list will be made of all references

to sections in the documentation describing command and control
systems and procedures. Also, discussions of how the operators
function in the comand and control system should be referenced.
This list will give ranges of page numbers for sections in the docu-

* mentation describing these topics. Any discussions of how the
" Ioperators sequence their tasks should be referenced.

2-3. Command and Control and Task Sequencing Definition.

Activity 2.6 All system conditions will be defined
using the form shown in Figure III-7. A system condition is a state
of alert, warning status., readiness condition, or rule of engagement
that has more than one code or status value. They are normally set
by higher levels of command and communicated to the appropriate air
defense systems. The condition name and definition are entered in the
first two columns. In the third and fourth columns, each code value is
listed and defined. In the fifth column, the person or command center
responsible for determining the current code value is listed. In the
last column, the way in which the operators are made aware of code
changes for the alert is described.

Also, as a part of this task all system status conditions are
defined. A status may be the fire unit status, the condition of
certain equipment. or the availability of a resource. A form has been

developed to perform the task of defining status, and an example is
shown in Figure 111-8. In the first column, the equipment for which
the status applies is entered. This may be general such as the whole
IHAWK system or more specific such as aTDECC panel or launcher. The
name of the status and definition are entered in the second and third
column. Each possible value (or code) is entered in the fourth column
along with its meaning in the fifth column. If the status value is
simply a number representing a level of some resource, this should be
noted here. The way in which status values are communicated is des-
cribed in the last column. This comzmunication may be either upward
or downward in the chain of command.

Activity 2.7 The operation of air defense equipment
usually involves waiting for various messages or cues to act and then
taking appropriate action. Certain symbols, codes, and messages may
appear on a radar tracking screen, and these would be considered cues
to act. Some cues require immediate action while other cues do not.
These are referred to as interrupting and non-interrupting cues,
respectively. Cues will be listed using the form shown in Figure 111-9.
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The operator responding to the cue is entered in the first
column. A description of the cue is entered in the second column.
In the third column, an I or N is entered to designate it as an
interrupting or non-interrupting cue. The subsequent actions per-
formed to handle the situation are described and/or listed in the
fourth column. This would normally be a reference to one or more
tasks in the task list. In the far right column, the priority for
subsequent action is described. This may include such information
as which tasks would be pre-empted 4ty this action and which tasks
would not be pre-empted.

Three possible approaches may be taken in obtaining the
information necessary to fill out the form shown in Figure 111-9

1. A Technical Manual may exist for the air defense
system containing alert definitions. For example, see (2] for the
AN/TSQ-73. If so, this wouldbe a good place to start obtaining
information on operator cues to act.

2. The forms shown in Figure 111-9 is used to list
only the cues in the second column. The rest of the form is
left blank at first. The cues could be obtained from lists of
symbols, alerts, or messages as contained in the documentation, or
from subject matter experts. This list of cues is given to an
experienced operator or subject matter expert to fill in the sub-
sequent actions for each cue to act. The system module task list
should be given to them so the subsequent actions column may also
be filled in.

3. The fourth column of the form shown in Figure 111-9
may be filled in with each task name from the task list. With
only column four filled out, the forms are then given to a subject
matter expert or experienced operator, who would fill in the
corresponding cue (or cues) to act for each task listed.

A combination of these approaches may be used in performing
Activity 2.7.

Activity 2.8 Examples outlining every task that was
performed during equipment drills should be obtained. If these are
not available, references to documentation of example scenarios
should be found. These should show actual task sequencing performed
by experienced operators.

2- 4 . SAINT Model Implementation and Documentation.

Activity 2.9 Nominal times for each t;.;k element
(SAINT task node) are determined. This data may be obtained from
equipment drills, subject matter experts, or computerized scenario
traces. It may be necessary to obtain a consensus on the task
times from several different sources.
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IV. BLANK FORMS
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1-0 STANDARD MOPADS TERMINOLOGY

AIR DEFENSE SYSTEM A component of Air Defense which includes
equipment and operators and for which techni-
cal and tactical training are required.
Examples are IHAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See also
Tactical Scenario.

BRANCHING A term used in the SAINT simulation language
to mean the process by which TASK nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from

that node determines which TASK node3 will be
simulated next.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM all direct communication with the MOPADS Data

Base. All information transfer to and from
the data base is performed by invoking the sub-
I.rograms which make up the Data Base Control
System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

prepare Air Defense System Modules.

ENVIRONMENTAL An element of an Environmental State Vector.
STATE VARIABLE
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SENVIRONMENTAL An .array of values representing conditions or
STATE VECTOR Characteristics Ithat may affect more than one

operator. Elemtnts of Environmental State
.Vectors may chage dynamically during a MOPADS

"simulation to r present changes in the environ-
* ment conditions.•

MODERATOR FUNCTION A mathematical/logical relationship which
alters the nomiAal time to perform an operator
activity (usually a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based on thE
Operator's State Vector.

MOPADS D BASE A computerized data base designed specifically
to support the MOPADS software. The MOPADS
Data Base contains Simulation Data Set(s). It

@ communicates interactively with MOPADS Users
during pre- and post-run data specification ani
dynamically with the SAINT software during
simulation.

MOPADS MODELER An analyst who will develop Air Defense System
Modules and modify/develop the MOPADS software
system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPAID software.

MSAINT(MOPADS/SAINT) The variant of SAINT used in the YOPADS system
The standard version of SAINT has been modifie
for MOPADS to permit shareable subnetworks and
more sophisticated interrupts.. The terms SAII
and MSAINT are used interchangeably when no
confusion will result. See also, SAINT.

OPERATOR STATE One element of an Optrator State Vector.
VARIABLE

OPERATOR SLATE An array 3f values representing the condition
VECTOR and characteristics of an operator of an Air

"Defense System. Many values of the Operator
State Vector will change dynamicasly during
the course of a MOPADS simulation to represenl
changes in operator condition.
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OPERATOR TASK An operator activity identified d%-uing
veapns sy. tem front-end Analyses.

i SAINT The underlying computer simulation language
used to model Air Defense Systems in Air
"Defense System Modules. SAINT is an acrouymu
for Systems Analysis of Integrated Netvorks of
Tasks. It is a veil documented language designed
specifically to represent human factors aspects
of mAn/machine systems. See also ASAINT.

SIMULATION DATA SET The Tactical Scenario plus all required simu-
lation initialization and other experimental
data needed to perform a MOPADS simulation.

SIMULATION STATE At any instant in time of a MOPADS simulation
the Simulation State is the set of values of all
variables in the MOPADS software and the MOPADS
Data Base.

SYSTEM MODULES See Air Defense System Modules.

"TACTICAL SCENARIO 1he Air Scenario plus specification of critical
assets and the air defense confi,.ration
"(number, type and location of weapons and the
command and control system).

TACTICAL SCENARIO An eleav t of a Tactical Scenario, e.g., if a
COMPONENT Tactical Scenario contains several Q-T3s, each

one is a Tactical Scenario Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions vhich, vhen grouped
appropriately, make up oper&tor tasks. Task
elements are usually represented by single
SAINT TASK nodes in Air Defense System Modules.
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TASK NODE A modeling symbol ",sed in the SAINT simulason
language. A TASK node represents an activity;

*" depending upon the modeling circumstances, a
TASK node may represent an individual activity
such as a Trsk Element, or it may represent an
aggregated activity such as an entire Operator
Task.

TASK SEQUENCING A mathematical/logical relationship which
MODERATOR FUNCTION selects the next Operator Task which an

operator will perform. The selecticu is based
upon operator goal seeking characteristics.

2-0 OTHER TERMINOLOGY

AIRCRAFT CHECKPOINTS The aircraft paths in MOPADS air scenarios
are assumed to be piecewise linear paths.
The points where the aircraft speed and/or
headirng change are called checkpoints.

ASO Azimuth Speed Operator - the operator In the
"IH•dK system responsible for detecting low
flying approaching aircraft.

8CC Battery Control Central - the co•mind
center for an IHAWK fire unit.

COPY The version of a !:ystem module being used
to simulate an individual air defense
component.

D0 Data Base (MOPADS)

DBAP Data Base Application Program

ENGAGEMENT MARKERS A mark on the screen of a Q-73 panel to
show where hostile aircraft are being engaged.
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ENTITY Also called a transaction, a simulation
unit which flows through a network of
task nodes and branches.

ESV Environmental State Vector

FCO Firing Console Operator - the operator in
the IHAWK system responsible for obtaining
a radar lock on a hostile aircraft and

-. pushing the fire button.

S FIRE UNIT A ground based air defense unit which
ha" fire power capable of destroying
hostile aircraft.

HOOKED ITEM At a Q-73 panel, a track or air defense
unit nay be hooked. Hooked items have
a special section of alphanumeric data
describing them. Also items must be
hooked in order to send communication
messages concerning them.

* IA Information Attribute - a variable
, amongst a veztor of values (called the IA

vector) which follow an entity through a
simulation network.

IFF Identification Friend or Foe.

OSV Operator State Vector
S

"PAIRING LINES Lines on a Q-73 screen representing
which fire unit is assigned to which
target (hostile aircraft).

5 Q-73 Short notation for the AN/TSQ-73 missile
minder.
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RA Resource Attribute - a variable amongst
a group of variables which follow a
resource through a simnlation network.

URUI Also called an iteration. A complete
simulation from start time through
ending time. Statistics are summarized
over each run. Multiple runs can be!• made.

SA System Attribute - a variable which is
"global" to a given copy. Each copyS has a vector of SA variables.

p.

- SC Scaled Constant - now it has a constant
value of 1.0.

SCREEN A Q-73 display option which allows the
ALPHANUMERICS display of 10 coded characters adjacent

to each symbol on the screen.

"SITE A Q-73 unit or a protected area (such as
an airfield or command center).

SM System Module - see Air Defense System
Module in the MOPADS terminology.

TCA Tactical Control Assistant - fHAWK oper-
"ator responsible for IF? procedures and
assisting the TCO.

TCO Tactical Control Officer - Commanding
Officer of an IHAWK BCC unit.

"TO Tactical Director - the officer in
charge of a Q-73 unit.

""-. H-12
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TDA Tactical Director Assistant - the
Q-73 operator who assists the TD.

TRACK A raw video mark or symbol on an air
defense operator's screen which repre-
sents the location of an aircraft.

TTG VECTOR A line emanating from a track on the
Q-73 screen representing the location
an aircraft will be at in a given time

I. if it keeps the same speed and heading.I
,- VELOCITY VECTOR A line emanating from a track on a

Q-73 screen representing the relative
velocity of the track.

L.

I

A
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I. PURPOSE

The MOPADS framework requires a task event oriented simulation
langt" e to run MOPADS simulations. The SAINT simulation language
was c osen for this purpose because it not only has a task event
orient ation, but it also has many other features useful to MOPADS,
such task clearing and moderator functions. However, several
majorý changes and additions had to be made to SAINT to render it
compatible with the MOPADS framework. A more flexible clearing
methodology was implemented, many new user-callable utility routines
were added, and a new method of allowing multiple air defense units
to be, simulated using only one network (called shareable netuorks)
was implemented. Several SAINT options were nullified by the new
design constraints, but these options were not necessary or appro-
priate for MOPADS. The new version of SAINT, enhanced exclusively
for MOPADS, is now called MSAINT.

This document describes the changes in the usage of SAINT.
Instructions and definiticns for all additional capabilities are
also included. It is assumed that the reader is already familiar
with the material in Wortman, Duket, Seifert, Hann & Chubb
(1978a,b,c).

Section II of this document shows all user changes by section
to Wortran, et al (1978a). For clarity and ease, reference Wortman
et al (197 8 a) will be shown as Reference 1 so the reader may --rite
the changes into his/her copy. Section III describes all of the
additions to SAINT implemented in MSAINT.

H-15
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II. CHANGES TO THE SAINT USER'S MANUAL

1-0 INTRODUCTION

Several charges have been made in the usage of existing fea-
tures in SAINT. Since the use of these features is described in
reference 1, this section will be broken down into subdivisions
based on changes to individual sections in reference 1. This sec-
tion is somewhat cryptic. However, Section III contains more
expansion on the specific modifications for MSAINT.

2-0 CHANGES TO SECTION II (REFERENCE 1)

Page 13

The following task description codes can no longer be
used: DMOD, REGL, SWIT.

Page 14-20

Ignore the descriptions of the usage of DMOD, REGL,
and SWIT cards..

Pages 27-28

Task Modification is no longer allowed.

Pages 29-31

Monitors can no longer be used because appropriate SS
indices cannot be predicted at run time. This is because the tracks
only temporarily use SS variables. The MONF, MTAS, and MSWT designa-
tors can no longer be used.

3-0 CHANGES TO SECTION III (REFERENCE

Pages 33-35 - Table 5

The following cards can no 1 unger be used:

SGE, OUT, UPL, NMO, DMO, SWI, REG,
MON, MTA, MSW, SST, PLO, VAR.

The SIM and FIN cards have new definitions shown below:

FIN - Signals the end of a system module
data input deck

SIM - Signals the end of all decks, thus it
is the last card in he deck file.
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Page 37

Change 9.a and bto the following and delete 9.c.

a. GEN, POP, and DIS cards must be input before

any other card type.

b. FIN cards follow each system module deck.
A SIM card signifies the end of the data

input decks.

Page 39

Replace with Figure II-1.

Page 40

Disiegard this page.

"Ofage 41

Replace with Figure 11-2.

Pages 42-43

Disregard these two pages.

GEN - General System Module Information

Field Value Default Description

1 A -- Card Identification (GEN)

2 A SAINT System Module Author Name
(max.of 8 characters)

3 I 1 Month of SM Completion

4 I 1 Day of SM Completion

5 I 2001 Year of SM Corr.letion

6 I 0 System Module Type

=1 Control
=2 Group Q-73
=3 Battalion Q-73
=4 IHAWK

Figure II-i. New GE71 Card Description.
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POP - Program Options for This System Module

Field Value Default Description

1 A -- Card Identification (POP)

2 I 0 Largest resource number in
this SM

3 I 0 Number of RA's per resource
in this SM

4 I 2 Number of IA's per informa-
tion packet in this SM

5 I 0 Number of SA's in this SM

6 I 1 Maximum moderator function
number used by this SM

Figure 11-2. New POP Card Description.

Page 44

Note that distribution sets are renumbered starting
with 1 for each system module, Thease distribution sets are used
only for tasks which do not havr a task time and weighted skill
list in the MOPADS DB.

Paýes 4T-49

User observation, time persistent, and histogram
statistics are all cleared at the beginning of each run. Tharefore,
they are only used for statistics collected and reported at the
end of each run. User statistics of each type are renumbered
starting with 1 for each system module.

Pages 50-53

It is strongly suggested that UPL and VAR cards not be
used. The meaning of any plots would be hard to determine because
each SS variable is used for an x, y, or z coordinate value of a
track only for the time the track is in the system. When a track
leaves the system, its SS variables are freed up to possibly be
used by tracks that arrive to the system later.

Page 54

Moderator functions are not renznbered for each system
module. However, each copy may have its ovn active or inactive
status for each moderator function. The IMO card can be used to
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set the initial status of each moderator function in each copy of

the curreit system module to the same value.

Page 55

This card can be used to set all initial resource attri-
bute valu.es in each copy of the current system module to the same
initial value. If certain copies have unique initial values, use
subroutine GRESA to initialize these values (Polito (1983a)).

Note that UF designations in field 4 and subsequent function
fields on this card result in calls to function USERIN, not USERF.
See Section III, 3-0 for a description of the usage of USERIN.

If the SC function is specified, the scaled const-nt is

always 1.

Page 56

Usage of the ISA card is similar to that for the IRA
card. The ISA card will initialize all specified initial system
attribute variables in all copies of the current system module to
the same value. If certain copies have unique initial system
attribute values, these are initialized using the DBAP routinie GSYSA
(Polito (1983a)).

Like the IRA card, the UF designations on the ISA card x _sult
in calls to function USERIN, not USERF. See section III, 3-0 for
a discussion on the usage of function USERIN.

If the SC function is used, the scaled constant is always 1.

Page 58

Disregard this page.

Pages 60-61

If field 6 is SC, then the scaled constant used is
always 1. Also note that a newer TAS card description is given in
Wortman & O'Reilly (1982).

Page 64

Moderator functions themselves are not uniqule to each
copy. However. each moderator function has a current status of active
or inactive for each copy. It is suggested that all moderators be
kept inactive and then activated only for a specific task node.
Therefore, fie2ds 4 and 5 (and subsequent status and duration fields)
would normally be A and T respectively.
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Page 69

A newer condition code list for conditional 'branching if
given in Wortman & O'Reilly (1982).

Pages 72-73

Disregard these two pages.

Pages 76-85

Disregard these pages.

Pages 87-90

No updated version of Tablu 6 will be provided.

4-0 CHANGFS TO SECTION IV (REFERENCE 1)

Page 92

1. Subroutine INTLC is not used because the analyst
cannot initialize SS variables. SS variables are used for tracks
and are set internally from input in the air scenario.

2. The variable PFIRB is no longer used.

3. Function PRIOR is no longer used.

4. Subroutine STATE has already been written and
it is included in the control system module.

Page 93

1. Subroutine UERR is called when a fatal error
occurs to give the analyst a chance to print out special information.
The fatal error code value is passed into UERR as a parameter.
Various ranges of error codes have been assigned, and these are
given in Figure 11-3. Also shown is a flowchart showing UERR calls
to handle errors by system module.

2. Function USERF is ialled only for UF designators
on TAS cards and ATA cards. It is used only to set tqtsk times or
attribute values. General user code ý.hould be called through sub-
routine UTASK.
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Subroutine UERR
A

C START

COD Yes

RETU<5000R

..CODE C CODE CODE; CODE -

3000009 MSAIN error99

55000-5999 6000-6999E 7000-7G99 8000-8999

"iCALL CALL CALL CL

SQ73EQ HAWKEW COMEY CNero

Er 0-Code Gro pe onl Error

5750-5999 Battalioa only error
6000-6999 IHAWK error
7000-7999 Common System Module Programs
8000-8999 Control error

Figure 11-3. U!RR Flowchart and Error Codes.
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5-0 CHANGES TO SECTION V (REFRENCE 1)

Pages 95-96

These routines can only be called to get information on
the current entity at the current task.

Page

Do not use: GETPR, P¶JTPR, QRANK or TIMEQ.

Page 9-101

Subroutines: CLRHI, CLROB, CLRTP, UCLICT, UHIST,
UTMSA, and UTMST

have been rewritten. They &r2 now used to clear or collect sta-
tistics only and not to print out any .statistics. See Figure II-4
for descriptions of how to use these routines.

Page 102

"None of these routines LZe available now.

6-0 CIIANGES TO SECTION VII (REFERENCE 1)

Several additional error codes have been added. These are
defined in Table II-1. This table could be considered a.n extension
of Table 14 in reference 1.

7-0 CHANGES TO SECTIONS VIII, IX, AND X (REFERENCE 1)

Page 119

See reference 6 for a description of the impLmentation
of MOPADS and MSAIIT.

Pages 120-121

"Disregard these two pages. MSAINT and MOPADS are now
set up to be run in a virtual environment; therefore, no overlay

0- structure is used.

Pages 122-126

See Section III, 2-5 for a description of the handling
of additional dimensioning requirements.

"Page 12 7

"See Figure III-4 for a new MSAINT common listing.
See Figure 11-5 for a listing of subroutine MAIN (excluding the
common blocks).
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SUBROUTINE CLRHI(IND,NCPY)
C
C***.*CLEARS THE STORAGE CELLS FOR EITHER ONE HISTOGRAM
C*e'**FDR ONE COPY OR ALL HISTOGRAMS FOR ALL COPIES.
C*****IHIS IS FOR USER HISTOGRAMS.
C
Cs****INPUT PARAMETERS:
C IND - )0 HISTOGRAM NUMBER TO BE CLEARED
C (0 CLEAR ALL USER HISTOGRAMS
C NCPY - COPY NUMBER FOR HISTOGRAM TO BE CLEARED
C (NOT USED IF IND<O)
C

SUBROUTINE CLROB(IND,NCPY)
C
Cs****CLEARS THE STORAGE CELLS FOR EITHER ONE OBSERVATION
Cs**.*STATISTIC FOR ONE COPY OR ALL OBSERVATION STATISTICS
C*****FOR ALL COPIES. THIS IS FOR USER OBSERVATION STATS.
C
C*****INPUT PARAMETERS:
.C IND - >0 USER OBSERVATION STAT NUMBER TO DE CLEARED
C <0 CLEAR ALL USER OBSERVATION STATS
C NCPY - COPY NUMBER OF THE COPY UHOSE OBSERVATION
C STATISTIC IS TO BE CLEARED (NOT USED IF
C IND<O)
C

SUBROUTIhE CLRTP(IND,NCPY)
C
"C*****CLEkRS THE STORAGE CELLS FOR USER TIME-PERSISTENT
CS****STATISTIC3 FOR EITHER ONE TP STAT FOR ONE COPY
C***$*0R ALL TP STATS FOR ALL COPIES.
C
C*****INPUT PARAMETERS:
C IND - >0 TIME-PERSISTLENT STAT TO BE CLEARED
C <0 CLEAR ALL USER TIME-PERSISTENT STATS

* C NCPY - COPY NUMBER OF STAT TO BE CLEARED
C (NOT USED IF IND<O)
C

Figure i1-h. Usage of Statistics Collection Utilities.
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SUBROUTINE UCLCT(XX,ICLCT,NCPY)
C
C****#IHIS SUBROU]INE 1UU ONLY COLLECTS USER OBSERVATION STATS
C
C*****INPUT PARAMETERS:
C XX - VALUE TO BE RECORDED AS AN OBSERVATION
C ICLCT - USER OBSERVATION STATISTIC NUMBER
C NCPY - COPY ROU NUMBER
C

SUBROUTINE UHIST(XXIHIST,NCPY)
C
C*.***NOU USED ONLY FOR COLLECTION
C
C*****INPUT PARAMETERS:
C XX - OBSERVATION VALUE TO BE PLACED IN A CELL
C ICLCT - USER HISTOORAA NUMBER
"C NCPY - COPY NUMBER
C

SUBROUTINE UTMSA(XXT,ISTATNCPY)
"C
C*****NOU USED ONLY TO COLLEC' USER AVERAGED TIME-PERSISTENT
Cs*s**'* IISTICS. SEE THE SAINT USER'S GUIE;E(JUNE 1978) FOR
Cs***-A DESCRIPTION OF XX,T,AND ISTAT. NCPY IS THE CURRENT
C*C***COPY NUMBER.
"C

SUBROUTINE UTMST(XXT,ISTAT,NCPY)
C
"Cs****NOU USED ONLY FOR COLLECTION
C;s***XX,T, AND ISTAT ARE DESCRIBED IN THE SAINT tt'5"EK
C*****GUIDE %JUNE 1978). NCPY IS THE COPY NUMBER, FOR THE

-aC*****STATISTIC TO BE COLLECTED.
C

Figure ll-h (continued)
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Table II-1. Additional Execution Error Code Definitions

LROR LOCATTO. OF
CODE ERROR CONDITION CALL TO SWR

3607 Zero copy number passed into DRAND
DWRAD. Check user calls to
DRMMD.

4002 A user task clearing could not CLRFi4
K. be performed as requested.

Check calls to UTCLR.S
4003 A user resource clearing could CLRF4

not be performed as requested.
Check calls to URCLR.

1=:O4 Overflow of JSIG array. Too URCLR
many user task and resource UTCLR

K clearings and signalings at
the same time. Increase the
dimension of the JSIG array.

4005 Exactly one Task must be URCLR
p. signaled with these programs UTCLR

4o010 A non-source task was returned GASP
from subroutine GSOURA

Lo011 Too many Control Entities GASP
(others)

0
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Page 129

- Add the rows contained in Table 11-2 to Table 17 in
reference 1.

Pages 130-133

No revised version of this table is provided.

"Table 11-2. Additional MSAINT Common Block Characteristics

COWMON BLOCK CHARACTERISTICS

COM25 User Clearings

"CoM26 MSAINT Variables Used 1'uring
Execution

C0M27 MSAINT Variables Used During

Input

C0M28 Current Copy, System Module
Number

C0M29 Character Variables
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III. ADDITIONS TO SAINT

1-0 INTRODUCTION

Several features and capabilities have been added to SAINT i
the implementation of MSAINT. The usage of these new capabilities
is described in this section.

2-0 SHAREABLE NETWORKS

2-1. General Discussion

In the original SAINT, a simulation could be run only
with one deck of data cards which rejresents one system. Each
such deck of data carods could then h44 a file of FORTRAN subprograms
which are called during the simulati6n. These subprograms are hence-
forth referred to as user code. Reference1 describes the way this
user code was interfaced with the SAINT software.

The MOPADS framework requires a much more flexible system of
inputting and using SAINT data c&a7d decks and their associated user
code. Generic system models are developed for each type of air i
defense componenit, such as an AN/TSQ-73 missile minder or an IHAWK
fire unit. Each generic model contains a deck of MSAINT data cards
and a file of user code. This generic model is called a system
module. Each MOPADS simulation requires only one system module input
for each type of air defense component in the simulation. In this
way, multiple air defense components 6f the same type can be modeled
using only one set of data input. This capability is called share-
able networks, since each of the like components are sharing the
same network data input.

If five AN/T3Q-73 units are simulated, they would all use the
same system module input. Each of the five units would be called a
"copy" of the AN/T:;Q-73 system module. Since a different 1;race of
events will occur :'or each copy during a MOPADS simulation, MSAINT
was modified to keep track of certain data on a copy specific basis.
Statistics are collected for each copy.

Since each MOPADS simulation will most likely have more than
one type of air defense component, multiple system modules must be
included in the data input. To input the multiple decks of data,
the decks are stacked. A new data card type was added (called the
SYS card). This card is placed at the beginning of each system
module input deck. See Figure III-1 for a pictorial representatign
of the inputs to MSAINT.
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One system module consists of the following:

SYS,... SUBROUTINE...

GEN,...

POP,...

DIS,... END

SUBROUTINE...

TAS, 5,...

DET,5,6* END

FIN* ETC

DECK OF FILE OF FORTRAN
DATA CARDS USER CODE

If a MOPADS simulation required the input for 3 system
modules, the data card decks would be stacked and all user
code would be linked to the MSAINT program.

SYS,...

sl User

FIN* Code

SYS,...
MSAINT

SM2 SM2 . PROGRAM
FIN* UserFIN* ICode
SYS,... CoId

SM 3
FIN* SM3

SIM* User

Stacked decks Code
of data input

Figure III-i. Inputs to MSAI.T,
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r-2. SYS Card.

Each system module input deck must have a SYS card as
its first card and a GEN card as the second card. The SYS card
is automatically created by the MOPADS software and placed at the
top of each deck when the decks are stacked (to be read in by
Z-SAI1•T). Its format is described in Figure 111-2.

2-3. Standard Attribute Values.

"ushaeaEach entity which flows through the MSAII," networks
must have at least two Information Attributes (IA's). The mcaning
of the first two IA's is fixed. The first IA value is the entity
ID. Lntities are either operators or control entities (non-opera-
tors). If the entity is an operator, its ID is a positive integcr.
Control entities have negative ID's. Operator ID's are assigned by
the MOPADS software. Some control entities are needed to ncndle
air scenario processing. These are all assigned an entity ID -2.

_11 other control entity ID's are internally assigned in the order
that they are first scheduled at a source node.

The second standard 1A value is reserved for the copy number
of the copy "owning" the entity. Copy numbers (also called copy
row numbers) represent the row number in the NICOPY array and other
copy-specific arrays containing data on the copy. Copy numbers are
also assigned internally when the entities are scheduled at source
nodes.

SYS - System Module Header Card

Field Value Default Description

1 Alphanumeric * Card Identification (SYS)

2 Integer * System Module Number
I- Control System Module
2- Q-73 Group
3- Q-73 Battalion
4- IHAWK

3 Alphanumeric N Echo Option
N- No echo provided
P- Partial echo

(Data cards only)
F- Full echo

(Data cards plus formal
echo report)

4 Integer 1 Number of copies of tn's SM
needed for the current
"simulation.

No default allowed, this field must be specified.

Figure 111-2. SYS Data Card Description
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2-4. New Raidom Number Scheme.

Pseudo-randem numbers are used by MSAINT to sample pro-
babilistic branching and for the generation of random deviates for
task times. Formerly in SAINT, oiie pseudo-random number stream was
input (or the default was used) and all uses of random numbers used
the same stream.

In MFAINT, one seed v&'.ue can be input tbrough the MOFADS user
interface. From this seed value, random samples are taken to produce
initial seed values for esich copy in the simulation. During the
simulation each copy will then sample from its own stream of pseudo-
random numbers. Within each copy, the same stream is used for both
probabilistic branching and random deviate generation.

A new FUNCTION DRAND was implemented in MSAINT. See Figure
111-3 for a listing of the new FUNCTION DRAND.

2-5. Copy and System Module Specific Arrays.

A dimension was added to several arrays in MSAINT to
"account for storage on a system module specific or copy specific
basis. The system module specific arrayvs need to keep track of data
only for each system module type, since the values do not change
"between copies of the same system module. The copy spe.cific arrayr
need to keep track of data which is unique to each copy, regardless
of the system module type.

During the usage of MOPADS and MSAINT, it may become necessary
to increase the number of system modules allowed or the number of
copies allowed in MSAINT. This would involve increasing the value of
one or both of the following variables:

MMCPY - maximum number of copies

MMSY'. - maximum number of system module types

Currently, MMCPY = 30 and 14MSYS = 4. In addition to increasing
one or both of these variable values (set in the MAINT program of
MSAINT), the analyst must also modify the dimensions of the system
module specific and/or copy specific arrays in MSAINT common. A
listing of MSAINT common is shown in Figure 111-4.

The system module specific arrays are listed in Table III-1.
The copy specific arrays are listed in Table 111-2. The dimension
number refers to which dimension must be increased. For example,
if the second dimension of array XX(5,20,3), was to be increased
to 30, then the array would be dimensioned to XX(5,30,3).
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I F-UN-CT-I-O-N D-RAHDlI(-ISTR-M) - - - - - - - - - - - - - - - - - - - - - - -
IC

IC*s***ALGORITIIM FOR SEED GEUERATION IS ADAPTED FROM FU14CTION
;C*44**RANI, DEVELOPED' BY L. SCHRAGE AND USED WITH THE AUTHOR'S
IC **** * FER [S SI ON.

IC4*44R~.L'NOW IS PASSEL, IN THE COPY NUMBER OF THE COPY
IC*s4**NEEDING A RANDOM NUiFER. EACH COPY HAS ITS OWN
IC444*SSTREAM NOW. ALL STREAMS ARE INITIALIZED USING
ICd*X**THE ONE SEED VALUE PASSED IN FROM THE DATA BASE.
iC*****A DEFAULT INITIAL STREAM IS PROVIDED IF THE USER
IC**Ss*LOES NOT PROVIDE ONE THROUGH THE USER INTERFACE.

I C
IC:
IC: COMMON /COMO6/ TNOW vTTNEX rMFAD vSEED oI SEED v 1CRDrokNPRNT NPUNCH.
I SNkN17tNRENTvMNDlCvNDCFNDTNtfHNTCv I ISE D(31 )

I COMMON /C0M26/ MMCPY MMSYSNTRACIK(3400),WNAE4A2(1S00),fhlNAE2,NtMCOP(4),
I 4NXTTR.NTR!D-(3t300)vNSS wMROWSrNCOLSpNXTlip'

I NSI TE( 1100) #MNRW.MNCL rNCOFPY(30P26) #LFOI',LFD~s.HXMOH,
I 4N)(L'AY.NXYRNFST~flR750),MFROUNFCOLSNFSF'T.
I $ NEGI[1(150),MMNEGMCCOLTSTRýThTFINIt¾('ELTrflTFýiE,
I N SPTR#NNSTRvNCNCGvNDfl4( 4v 2v30) PNTRL''( 3p 3) t
1 4 NSCkN(l50,1O),HNDE'A.tNNDB4,MOFIRMSC~xN.MMTRD.
I *NrI[4(D(29300) 0XIXE1,L AST MNMES( 4 ),NOPR I( 150v3)

I DIMENSION XSTOk(750),XSITEU:100 ,XTRACK(3400)
I EQUIVALEUCE (XSTOR( 1) .FSTOR( I)), (XSITE( 1) NSITE( 1)),
I + (XTRACKI\()oNTRACIK(l))
I DIMENSION LSEED(31)
I PATA LA .L015,LEIlaLP/16807, 32768,65536, 2147483647/

I SAVE LSEED
IF(ISTRM; 20.10,70

I10 CALL SERR(3607)
1 20 ISTkG = -ISTRM

I IF(ISTRG-NNSTR) 30.30.10
I30 JSEED = IISEL'(ITRG

GO6 TO 60
1 50 LSEED(ISTRG) = JSEED + LP + I
I GO TO 10vj
I 60 IF(2*(JSEED1/2).EO.JSEED) JSEED JSEED + 1
I IF(JSEED) 50v6.0#65
1 65 LSECLI(ISTRG) - JSEED
1 GO TO 100
1 70 ISTRG - ISTkM
I IF(ISTRG-NNSTR) 80,80,10

1 80 JSEED = LSEEED(ISTRG)
I L111 JSEEll/LE%16
I LALO =(JSEED-LHI1*LD16 i4Le
I LEFTLO -LALO/L1116
I LFHI = LHI*LArLEFTLO
I K\ = LFIII/LB15

JSEEL' (((LALO-LErTL0*LD16)-LP)ý+(LFIII-t\4Lh15)*L016)+Iý
I IF(JSEED'.LT.UJ)JSELl J SEEIt + LP
I LSEE[:(ISTROG JEI

I100 DRANt FLOAT=CJJSEE~f'i)14.4.56612875E-10
I RETUR~N

I END

Figure 111-3. DRAID Listing.
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COMMON /COMOI/ ID61hMIMMF,IMNA+IMNiMAxrisaE'~N1 PMONDSSLF,OSU* M~M[IAT,MDP MLISTRiMEOTFMLAGt MTS.PMMDF.'S
4 MNCEL,MNCLS 'MNCL .NC P:PIMNI ,NO,,A:MN!PLTtMNF'TOt

* MNSTF',MNSW,NA~,MNVFPOPL, MPA M MPLOT MSTAT,$ MSYAT MTCHR MX T ,YMA ,Noa
COMMON /COMO."/ ATRIB(3)pJTRIE4t2)yOSET( (000) 

4
ýSET(4O00),MFAt

*MXX;MTE(4)vMLE(4),NG(4)
COMMuN /C0M03/ I FOS.J r05vK P 0S rL PO S YMPO S rN P A N ANPI E RRW tI E RRF tI F IN,

SI I ECH I NI)XS:INEDXT,IE)DX,JN'XdýNIIXPIF',NUMFLICONT,
A ~~H V AL, I LNK I7EROLAL!,LC,L[',LELFLGLN.LI,

* ~* L~LTLU! LVFLWwLXtLYtLZ
COMMON /COMO4/ IPFAL(4).IKREAD(45)PIFLAG(0) RSL5)tRESUL(5O)y

S ~IAC(8pS0)sKARD(8'))tIE'IG()
COMMON /COMO5/ NPROJ(4)vMON(4)*NDAY(4)tNR( vNAME(2p4)tNRUNt

A NRUNiS.NSKSRNSKST.NNEOONNEOýi.,NýNEflT
*COMMCN /COMO6/ TNOUTTNEX,MFAD,SEEri,ISEEDvNC CIRNPRNTNPUNCHP
COMMON /COMO7/ NtIENOPAT(4).NSYAT(4) ,NtIOP(4I),NMIFNj(4),NN4(4),

* ~NFRMS(4) ..jFLPRuKRNNXINN.NFLAG.NNCLT(4)PNNHIS(4),
A ~NNPLTtNNSTAtNN TP(4) #NPLOTPNSTTS(4)

COMMON /COMO8/ N4EIF',NSIPITRACEPNRTSPNFRTEP.KTRACEPflTRACEP
S NSVVS#NSVVE:LTRACEiNRTSSPNRTES
COMMON /COMO9/ PARAM (10095 4)PPARM1(100,4) ,F'tRM4((100.4)
COMMON /COMIO/ CACIN(200,3,4) ,ITCHR(200#4) LLTSK 200 2t4)t
9 LSINK(200,4) ,MACIN(200P,44) .MFEN(200.4)t

A ~~MFSTT (200.4) ,MOF'(200.4), MPO (200,4) NIJCN(200,2 '4);,A NDEL(200#30) .NtPT(20 P30) .NPOP(200 4),NPOR'(20 , 4
A I NF*SGN(200,4).NREL(200.30) .NRELF'(200.4) ,NREL2(200.4)
A ,tNSIGN(200,4) ,NTC(200,30) .NTCHR(200.4),NTYPE(20094)
S ,PKMARK(200;4 ) XMARK,(200430)

COMMON /COM/ D USY(20130 .LLRES(2 92, ) .NSUS(20#30)vNOPTR(2Ov30)?

COMMON /CO 12ý YAE4A(2550),NAPA(750),STCHR(2000)
lk COMMON /CO j3/ mr'FNS(20) 'MFSTI-,(20,30).MFSTU(90U)

COMMON /CO NSINK(20.4) vKSTPE(ý0v) YKSTT (20,4) .XSTUS(20,30)p
* NCELS(20.2,30),XLOWI(20.4),WI'TH(20,4)i

S SUMAI(20.Z.30) ,SUMAF(2.5,t~30) .JCELS(3000)
NCOMMON /C0MIS/ t'ESCR(10000),DaATT(2000)PNEISTR(2400),SYSAT(30930)

DIIMENSION NESCR(10000)
EQUIVALENCE(1'ESCR(1)PNESCR(l))
COMMON /COM16/ AAERR.OTMAXOTMIND)TSAV, IITESý,LLERRRRERRTTLAS,

A ~TTSAVDTSUCuL'TFULL.TNOWv ISEEStRESLS.DTACCLLSAVP
* LSAVE

COMMON ICOM17/ SS(1000 )oSSL(1000 )#Db(10O0).ODL(I000)
COMMON /COM1B/ IS(20)
COMMON /COM19/ LFLAG(20).NiPOSS2'O).NPOST(20),LLMON(20.2),

* NABT(40))NAbAS(90),vTHRES(120)
DIMENSION ITHRS (120 )
EQUIVALENCE(ITHRS( 1) THRES( 1))
COMMON /COM2O/ NSTAI(20)',LLSVS(20,2),SSTPV(20,6)
COMMON /CQM21/ tITFLT(10),IITAP(10),NNPTS(10),NNIVAR(10),N;NVF'(10),

A LLPLTNNPTLLFHI(IO) 'LLF'LO(10) .LLSYMU'O),PNPI(10)v
A ~FPLO( 10) ,NVP( 100) ,LLSVP( 11.:) .PSET(1100)

COMMON /C0M22"/ TTIM E PFRD
COMMON 'C0M23/ LLUGC(2O,2,4)vUSOBV(2!O,5.3O),LLUGjT(20,2.4),

ATTCLR(20:30) .USTF'V(20 I6:30) ,LLUGH(20;2:4j)v
A NNCEL (20 2P3 )PH WNLI(10 4), HLJII(20w ),.JJCEL(1500)

COMMON /COM24/ IF'LOT(1O),ITAPE(1O),NIPTSV(10),NVARS(10),LPLOT,
ANFPTEX;LPHINU( 10) ,LFPLW(10)#LSYM ( I0) ,PNIN(10)p
A FPLOW( 0);,LLUGP(1,i2T) .UPET(1100)

COMMON /COM2S/ JSIG(50 0)M.JSINExTSG
COMMON /COM.26/ MMCF'Y.MMSYSNTRACIK(3400),NAE4A2(150),MNAB2,NMCOP(4),

A NXTTR.NTRID2(39300) ,NSSRW~r1ROWStNCOLSNXTIDo
4 NSITE( 1100) ,MNRWMNOCLN4COP't'30,26) .LFOP.LFOB.NXMON.

A NXEIAYNXYR,NFSTOR(750),MFROWNFCOLSNFSPTr
AI NEGID(150) ,MMNEG,MCCOLTSTRThTFINKit'ELTPMTRID,
* I NSPTRpNNSTRvNCNEGPNDEI4( 4p2p30) iNTRtIS(3r3) P

AN'EIBAD(2;300)0,MXDBEtILASIM(,NMES(4) .NOPRI(150.3)
DIMENSION 'ASTOR(75O)tX ITE(11oo~txrF.ACK 3400)
E5UIVALENCE (XSTOR(UwNFSTOR(l),P(XSITE(1) .N~ITE(l))#

+ (XTRACK<(l)oNTRACKli))
COMMON /C0M'-7/ NCURS9N X OATiNCT(20,4)PNCTU(20#4)vNCNEXT
6 OMMON /201128/ NCURCOvNCURSY#ISTATZ
COMMON /C0M29/ NTR1EI(300),NXF'ROJ(8),NXNAME(8)
CHARACTER NTRID*BrNXPRaJPNXNAME

Figure 111-4. Listing of MSAII~r Coimon.
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* Table III-1. System Module Specific Arrays.

COMMON BLOCK ARRAY NAME Dfl41NSION NUNIBEE

COM05 NPROJ 1st
MON 1st
INDAY 1st
LYR 1st
NAME 2nd

C0M07 NOPAT 1st
NSYAT 1st
NflOP 1st
NM4DFN 1st
NN~ 1st
NPRMS 1st
NNCLT Ist

NNH:S1st
NNSTP 1st
NSTTS 1st

-COM09 PARAM r
PAM41 2nd
PARml& 2nd

COMIO CACITI 3rd
ITCHR 2nd
LLTSK 3rd
LSIN1( 2nd
MACIN 3rd

MFEN 2nd
MFSTM-2nd

MOP 2nd
NDCH 3rd
NPOP 2nd
NPOR 2nd
NPSGN 2nd
NRELP 2nd
NRELJI 2nd
NSIGN 2nd
NTCHR 2nd
N'TYPE 2nd
KM4ARK 2nd

colul LLRES 3rd
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Tal Ir-~-I (einued) : ~ -~W~ww.-..-a m

.0MW4N BTACK ABEAY [Ai' DLDCZ XS E

2ad

2nd

=~23 LlWjGC 3rd
:LLLGT 3rd
MU 3r.1

REOW 2ud

ICr0M26 !MZop 1st

COICT ~ICT 2=d
NC=t 2nd{

Table 111-2. 'Copy Specific Arrays.

CCZM401 BLOCKC AM~Y NAME ~ D~IS~ow 5tmi

COM09 NrM .t 2dnpI2x
2nd

ITC 2nd

CCHII BUSY 2nd

2md
2ntd

* 2nd
713CZ-LS 3rd

ST3AT 2:%d

Cz .23 3JSOB
- 7 3rI

I=Is
2=d
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3-0 NEW USER-W I1"=EN ROflBiES

In Section IV of Reference 1, several user-written routines
are described. 4lso, in Section II, 4-0 of this document some
changes in the usage of these user-written routines are described.
In addition to these changes, three new user-written routines have
been added to MSAINT.

SUBROUTINE UTASK(NT,,,NPLCE)

Subroutine ULASK is called once each time a task node reaches
a first predecessor completion (FPC),releaze time, start tim , com-
pletion, or clearing. Two parameters are passed into subroutins
UTASK, the task node number (NT) and the task cccurrence time (NPLACEI.
The occurrence times use the following codes:

1 - First Predecessor Completion (FPC)-(if different
from the Release time. If not, then UTASK
is not called with NPLACE 1.)

2 - Release

3 - Start

1 - Completion

5 - Clearing

Subroutine UTASK controls the task driven user code in the
system module user code files. It has a rigid structure which is
shovn in the form of a hierarchy chart in Figure 111-5. UTASK controls
the calling of subroutine TRACE, which prints trace output to an
external file. It then calls a special controlling routine based
on the current system module (the system module type for the curr-ent
entity being processed). These routines then call individual sub-
routines for each task node which requires unique processing. The
parameter NPLACE is passed into these task node routines. Each
task node routine may then hive a computed GO TO statement with
NPLACE as the parameter (with values 1 to 5). In this way code
which is unique to the task occurrence time can be easily reached.

As each system module is added to MOPADS, one controlling
routine must be added to be called by UTASK, The individual task
routines must then be called by it for the tasks in that system
module.

WARNING

Information attributes of the current entity
may not be changed at node release time (NPLACE=2).

eThis is-necessar to implement self clearing (see
Section 111, 4-7.
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'JTASK,

TRAZE

SN SM2 S143 S144

UTCNLC L UTGRPG UTBNQ tUTHWKVW

-I

CODE Common
to ALL

TASKS

Task Node 1 2 4 200

One subroutine for each task node in the
Q-73 Group system module. (Likewise for
the other three routines-
UTCNLC, UTBNQ, and UTHWKW.)

Figure 111-5. 1YTASK Hierarchy Chart.
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SUBROUTfINE USTART( NRUW)

Subroutine USTART is called to allow the analyst to initialize
variables and arrays at the begi-aninZ of each run. NRUN is passed
in as the run number of the run about to be made. Separate routines
should then b-- called to initialize the variables and arrays by
system module.

FUNCTION USERIN(NCODE)

The MOPADS analyst can use IRA and ISA cards in system module
da'.&a .aput decks. For a description of the usage of IRA and ISA
cards, ae- reference 1. These cards are used to set initial values of
resource attributes and system attributes. The same initial value
is then used for the attributes in each copy of the system module.

If the UF designation is used to set these initial attributes,
then function USERIN will be called. The U? code will be passed in
as the parameter NCODE. The codes for calling USERIN and USERF are
independent of each other. USEF is called for all UF designations
on all card types other than IRA and ISA cards.

4-0 NW USER-CALLMABLE ROUTINES

Several new utility routines were added to MSAINT to perform
specialized processing from system module user code. The usage of
these is defined in this section.

4-1. Copy and System Module Information.

System modules are numbered 1 throuah 4 currently. The
code values are defined below.

Codes for System Modules

1 - Control (track processing, simulation time)

2 - Group Q-73

3 - Battalion Q-73

4 - IMAWK

Other codes will be aeied as system modules are added to
MOPArS.

Copies are numbered 1 through 30 currently. Copy numbers are
assigned when the copy data is placed in the NCOPY array from the
MOPADS DB.

In addition to these identifying numbers, each copy has what
is called a copy ID. The copy ID is stored in column 1 of the NCOPY

H-39



array. It is a 4-digit number -miqui tn each copy which is assigned
by the MOPADS software. There is cuTentJy no reason for the
analyst to use the copy ID b'..cau~e the copy r,-v nmber is the number
used to uniquely address copies in user code.

The utility routint descri'ticoa a ea incluled in
Figure 111-6. The exarnent sections )r e-ch routine should suffi-
ciently describe their ,-age.

- - - - - - - ----e - - --- --- --

SUBROUTINE SBCOPY(NCID,NNSYS,NNCOP)
C

C.***eDREAKS ROUN THE 4 DIGIT COPY ID INTO THE
C*****STSTEN MODULE NUMBER AND THE COPY NUMBER
C*.*e*UITHIM THAT SYSTEM NODULE.
C
C**.sINPUT PhRARETERSa
C NCIN - COPY ID
C
Ce****OUTPUT PARAMETERSi
C NNSYS - SYSTEM NODULE NUOBER
C NNCOP - COPY NURBER
C

SUOROUTINE FINBC(NZSYSNDIN,ITEMPIMUM)
C
C**.*FINDS ALL COPY ROU NUMBERS FOR A GIVEN SYSTEM
C*ee**NODULE NURDER
C
C*****INPUT PARANETERSt
C NZSYS - SYSTEM MODULE NUMBER
C ODIN - DIMENSION OF ITEMP

C.S***OUTPUT PARtiETERSi I.
C ITERP - ARRAY CONT I4INN THE COPY ROW NUMBERS
C INUM - -2 ILLEGAL ;TSITE NODULE NUMBER
C -1 TOO MANY COPY ROU NUMBERS FOR ITEMP
C-* NURBER Ot COPY ROV NUMBERS IN ITEMP
C

Figure 111-6. Descriptions of Utilities rroviding Copy and
System Module Information.
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C SUBROUTINE GTCOPY(IROU,NF,NL,IDIM,ISTORE)I
C.*s**USED BY VARIOUS UTILITIES TO GET INFOR~MATION
C****tOUT OF THE NCOPY ARRAY, GIVEN THE COPY ROW N.
C
C*****INPUT PARAMETCRSs
C IROU - COPYT ROU I
C NF - FIRST COLUMN OF INFORMATION
C NL - LAST COLUMN OF INFORMATION ( SAME AS NF IF
C ONLY ONE WORD WANTED)

C IDI - DIMENSION OF ISTORE (NUMBER OF UORDS UANTED)

C
Csss**OUTPUT PARAMETERS:
C ISTORE - ARRAY CONTAINING THE DESIRED VALUES FROM

C THE NCOPY ARRAY

C
------------------------- --------------------------------------

C FUNCTION NCOP(ICN)i
C****GIVEN THE COPY ROW NUMBER, RETURNS THE 4 DIGIT
C**SeeCOPY ID FROh THE NCOPY ARRAY.
C
C*****INPUT PARAMETERS:
C ICN - COPY ROU 0
C
C*****OUTPUT PARAMETERS:
C NCOP - COPY ID

C

FUNCTION NCOPR(IOPRKFL6)

C
Css***RETURNS THE COPY ROU NUMBER FOR A GIVEN ENTITY ID
C..**SALSO SETS THE CURRENT COPY AND SYSTEM MODULE IF
C*****KFL6 x 1.

C****INPUT PARAMETERS:

C IOPR - ENTITY ID (<0 NON-OPERA T OR, )0 OPERATOR)
C KFL6 - FLAG TO INDICATE IF THE CURRENT COPY
C AND'SYSTEM MODULE ARE TO BE SET

C
C'*.*aOUTPUT PARAMETERSt

C NCOPR - 0 MEANS THE ID HAS NO COPY iD
C >0 COPY ROU NUMBER CONTA!NIN6 THE ENTITY
C UITH ID IOPR

Figure 111-6. (continued)
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F UNICTION NSYS(ICN)

C PC*.e***RETURHS THE SYSTEMI NODULE NUMBDER 6JVE• THE COPY, RO"; I

C**s***NPUT PARAMETERS:

C ICN - COPY ROU NUMBER (IN 74E NCOFY AORAY;
C
C***.*OUTPUT PARAMETERS:
C NSYS - SYSTEM MODULE NUMBER

Figure 111-6. (continued)

4-2. Task, Entity, Resource, and Attribute Data.

Entities flow through the M{SAINT networks from task node
to task node. Task nodes sometimes require resources- to perform the
tasks. There are three types of attributes: 1) information,
2) resource, and 3) system. See Wortman et al (19T8b) for a more
detailed description of these items.

Information involving these simulation Items can be obtained
using the utility routines described in this section. See Figure
III-7 for these descripticns.

4-3. User Clearing.

Formerly in SAINT, clearing was restricted to the
following procedure. When one task reaches its completion time, if
it bas a TCL or RCL designator on it, it would cause the specified
other task to be cleared from its current task to a specified task to
be signaled. This procedure turned out to be overly restrictive for
usage in the MOPADS frameuork. For this reason, user clearin, was
implemented in MSAINT. User clearing allows any task to be cleared
by any other task in the same copy from calls to UTCLR or URCLR in Is
user code. In addition, entities can clear themselves at releasst
times from their current tank. node by calling subroutine SCLEAR.

The usage of these three utility routines is described in
Figure 111-8.
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FUNCTION CTIME(NTASK,NOPR,IERR)
C
C*****RETURNS 7HE SC3EDULED TASK COMPLETION T!1E

C$**$*rOR A ýiVEN OPERATOR-TASK. ASSUMES YHE FIRS!
C*****INFOkMA7ION ATTRIBUTE IS THE OPERATOR Ill.
C
C*$***INPUT PARAMETERS
C NTASK - TASK NUMBER
r. NOPR - OPERATOR ID
C
C*e **$OUTPUT PARAMETEAS
C IERR - I IF NO ERRORS

2 IF TASK ,.UMBER ILLEGAL
3 TASK 410 ,"TIVE FOR TNE VVEF

C OPERATOR, THERUrORE NO SCHEDULED
C TASK COMPLETIart o'ME
C CTIME - SCHEDULED TASK ZOMPLETION TIME
C

C SUBROUTINE GETIAI(NAT,NVAL)

C$****UORKS SAME AS THE ROUTINE GET]A EXCEPT IT RETURNS
C*****THE VALUE AS AN INTEGER
C
.$***.IIIPUT PARAMETERS:

C NAT - INFORMATION ATTRIBUTE NUMtBE'R

C*****OUTPUT PARAMETERS:
C NVAL - THE CURRENT VALUE OF INFORMATION ATTRJIUTE NAT FOR "
C THE CURRENT ENTITY ,
C

•x.
SUBRO)UTINE GTIAV(L9PR,X!A,IADIH,IERR)

CS***$OBTAIN THE IA VALUES FOR A GIVEN OPERATOR
C
C*****INPUT PARAMETER
C LOPR - OPERATOR ID NUMBER (ASSUMED TO E 0E

C INFORMATION ATTRIBUTE I
C (IF 0 USE CURRENT ENTITY)
C

Figure 111-7. Descriptions of Utilities Providing Task, Entity
Resource, and Attribute Data. "
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.e***SOUTPUT PARAMETERS
C XIA - ARRAY CONTAINING THE CURRENT VALUES OF
C THE INFORMATION ATTRIBUTE VECTOR FOR
C OPERATOR LOPR (MUST BE DIMFNSIONED
C TO IADIM IN THE CALLING SUBPROGRAM)

C IADIM DIMENSION OF XIA
C IERR - a -1 TOO MANY IA'S FOR ARRAY XIA
C 0 OPERATOR/IA'S HOT FOUND
C >0 NUMBER OF IA'S PUT IN XIA
C

: ~ ~SUBROUiINE GTNUM(NTDIMNFILE,NUflTIERR) 1:[

C*****FINDS THE TASK NUMBERS FOR ALL TASKS IN EITHER
C*****THE EVENT FILE OR THE UAIT-FOR RESOURCES FILr.
C*****ALSO RETURNS THE COPY NUMBER FOR EACH TASK FOUND.
C
Cs****INPUT PARAMETERS
C NTDIM - NUMBER OF ROUS IN NUNT
C (HUNT ALUAYS HAS TUO COLUMNS)
C NFILE - FILE TO SEARCH FOR TASKS
C x I SEARCH THE 'EVENT FILE
C =2 SEARCH THE VAIT-FOR-RESOURCES FILE
C
C*****OUTPUT PARAMETERS:
C NUNT - ARRAY CONTAINING THE TASK NUMBERS AND
C COPY NUMBERS OF ALL TASKS IN FILE HFILE.
C NUMT(I,1) IS THE TACK NUMBER CF THE I TH
C TASK FOUND AND NUNT(I,2) IS THE COPY ROU
C NUMBER OF THE I TH TASK iN FILE NFILE.
C IERR - a-2 IF AN ILLEGAL NFILE NUMBER PASSED IN
C x-1 IF MORE THAN NTDIN TASKS F9UND
C =0 IF NO TASKS FOUND IN FILE NFILE
C >0 NUMBER OF TAqKS FOUND AND PLACZD IN NUAT
C

SUBROUTINE 6TOPRT(IDENT,NTASN,IERR) i

C
C*****FOR A GIOEN OPERATOR, LOCATES THE TASK
C****tUHERE THE OPFRATOR 13 AT. ASSUMES THAT
C*****EACH OPERATOR IS AN ENTITY W11H INFORMATION
C*****ATTRIBUTE I BEING THE ID.
C
C*****INP•l PARAMETER:
C IDENT -. OPERATOR 1D NUMBER
C

Figure 111-7. (continued)
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C*****OUTPUT PARAMETERS
C NTASN - TASK NUMBER UHERE OPERATOR IDENT
C NOU IS(RETURNED AS NEGATIVE IF THE
C TASK IS WAITING FOR RESOURCES)
C IERR - I IF TASK NUMBER UAS OBTAINED
C 2 IF NO TASK NUMBER FOUND

C

SUBROUTINE GTSTAT(NRESS,ICPY.NSTTA,NTASX,IERR)c
Cs****RETURNS THE STATUS OF A GIVEN RESOURCE FUR THE INDICATED COPYc
C**s**INPUT. PARAKETERS
C NRESS RESOURCE NUMBER
C ICPY - COPY ROU HNUBER
C
C*****OUTPUT PARAMETERS
C NSTTA - STATUS OF RESOURCE NRESS
C I IF RESOURCE BUSY
C OIF IDLE
C IERR - I IF RESOURCE FOUND, NO ERRORS
C 2 ILLEGAL WESOURCE NUMBER
C NTASK - TASK NUMBER UHERE THE RESOURCE IS BEING
C USED( "0 IF IDLE OR IERR = 2)
C

SUBROUTINE PUTIAI(NAT,NVAL)
C
"C'****UORK9 THE SAME AS SUBROUTINE PUTIA EXCEPT THAT
Cs****IT PASSES IN THE VALUE AS AN INTEGER
C
C****,INPUT PAR6METERS:
C NAT - INFORMATION ATTRIBUTE NUKBER
C
C***s*OUTPUT PARAMETERS:
C NVAL - VALUE TO BE PLACED IN INFORMATION ATTRIBUTE HAT
C

Figure 111-7. (continued)
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"SUBROUTINE URCLR(IRNUNNSIG,NUNSGICPY,IERR)
C
C*****USER CALLABLE ROUTINE TO INITIATE A RESOURCE CLEARING
C*****FROh USER CODE. AN ENTRY IS PUT INTO FILE 4 TO REPRESENT
C*****A CLEARING EVENT. THESE ENTRIES ARE THEN PULLED OUT
C*****AND PROCESSED BEFORE THE NEXT TASK COMPLETION.
C
C*****INPUT PARAMETERS:
C IRNUM - RESOURCE NUMBER TO BE CLEAREP
C NSIG - ARRAY CONTAINING TASK NUMBERS TO BE SIGNALED
C NUMSG - NUMBER OF TASK NUMBERS IN NSIG
C ICPY - COPY ROW NUMBER
C
Cs**ssOUTPUT PARAMETERS:
C IERR- 0 NO ERRORS
C 1 RESOURCE IRNUM NOT BUSY; NO CLEARING DONE
C 2 RESOURCE NUMBER IRNUM IS ILLEGAL
C 3 AT LEAST ONE OF THE TASK NUMBERS IN NSIG
C IS ILLEGAL
C

SUBROUTINE UTCLR(NCLRIOPRNSIG,NUMSG,LOPT,IERR)
C
C*****USER CALLABLE ROUTINE TO INITIATE A TASK CLEARING
C.*.**EVENT FROM USER CODE. AN EWTRY IS:P.UT INTO FILE 4 TO
C*****REPRESENT A CLEARING EVENT.
C
C*****INPUT PARAMETERS:
C NCLR - TASK NUMBER TO BE CLEARED
C IOPR - OPTION FOR SPECIFYING JUST AN OPERATOR ID.

C <0 CLEAR ALL INCIDENCES OF TASK NCLR FOR THE
C CURRENT COPY
C e0 CLEAR ONLY THE INCIDENCE OF TASK NCLR
C UITH OPERATOR IOPR AT IT
C NSIG - ARRAY CONTAINING ALL TASK NUMBERS TO BE
C SIGNALED
C NJMSG - NUMBER OF TASK NUMBERS IN NSIG
C LOPT - I CLEAR THE TASK ONLY IF ACTIVE
C 2 CLEAR THE TASK ONLY IF UAITING FOR RESOURCES
C 3 CLEAR THE TASK IF EITHER ACTIVE OR WAITING
C FOR RESOURCES

Figure 111-8. User Clearing Utility Routine Descriptions.
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C,****OUTPUT PARAMETERS:
C IERR - 0 NO ERRORS
C 1 UNABLE TO CLEAR THE TASK
C 2 TASK NUMBER NCLR IS ILLEGAL
C 3 AT LEAST ONE TASK NUMBER IN NSIG IS ILLEGAL 4.

SUBROUTINE SCLEAR(NCURRIOPRNTASBNTIME, IERR)

C .

C****•PERFORMS A SELF CLEARING OPERATION. THIS IS ACCOMPLISHED
C*****BY CALLING UTCLR TO PLACE A USER CLEARING EVENT IN FILE 4.
C*.*.*ONLY ONE TASK CAN BE SIGNALED(BRANCHED TO). THIS ROUTINE
Ct****IS SET UP TO BE CALLED FROM UTASK ONLY AT RELEASE TIMES.
C
C*****INPUT PARAMETERS -
C NCURR - CURRENT TASK NUMBER TO FE CLEARED
C IOPR - CURRENT OPERATOR III 'O BE CLEARED
C NTASB - TASK NUMBER TO BE SIGNALED
C NTIME - PASSED IN FROM UTASK. USED FOR ERROR CHECKIN TO7
C ASSURE SCLEAR UAS CALLED AT A RELEASE TIME
C
C*****OUTPUT PARAMETERS
C IERR - 0 - NO ERRORS. CLEARING AND SIGNALING UAS DONE
C 1 - R07 CURRENTLY A RELEASE TINE
C 2 - ENTITY TO BE CLEARED IS ILLEGAL( URONG TASK
C NO. OR OP[RATOR ID SPECIFIED)
C 3 - TASK NO. TO BE SIGNALED IS ILLEGAL
C 4 - ERROR IN SETTING UP USER CLEARING(TASK TO
C BE CLEARED NOT IN UAIT FILE)
C

Figure 111-8. (continued)
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It .4. General Simulaticnf--Related Data.

Two genere. purpose utilities were added to MSAJ2NT.
Subroutine GTTIM retrieves the current simulation time and subro', L',e
PTILh' pri-ts out the list of entities and their first five TA values
for all e-itities in the given file. File 1 is the event file and
fCile 2 is the wait-for-resour•-es file. See Figure 111-9 to. full
descriptions of the usage of these routines.

SUBROUTINE GTTIN(TT)
C
"Cs****OBTAINS THE CURRENT SIMULATION TIM'E
C
C*****OUTPUT PARAMETERS
C TT - CURRENT SUMULATICN TIME
C

4..

"SUBROUTINE PFILE(NFIL)
C

* C*,***PRINTS OUT THE CONTENTS OF A FILE. IT DOES
C*****THIS BY PRINTING ONE ROU CF INFORMIATION FOR EACH FILE

* C*****ENTRY. EACH ROU CONTAINS THE ENTRY NUMBER, TASK
C*****NUMBER OF THE ENTRY, AND THE FIRST FIVE INFORMATION
C***.*ATTRIBUTE VALUES.
C
C*****INPUT PARAMETERS
C NFIL - FILE NUMBER OF THE FILE TO BE PRINTED OUT
C

e .-

*. Figure 111-9. Descriptions of General Utilities in MLSAINT.
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,5-0 USER ACCESSIBLE DATA ST.UCTURE DEFINITIONS

5-1. General Discussion.

Several arrays and variables have been added to MSAINT
labeled common blocks to store MOPADS data which is frequently
accessed. Some of these variables are used internally by MSAINT;
therefore, their meaning and usage are of no conseruence to the
analyst. However, several of the new variables contain information
that may be accessed by system module user code. The MOPADS
analyst needs to know the meaning of these variables and how to
access them. This information is prorrided here.

Several arrays have be-n set up as one-dimensional arrays in
"MSAINT common, but they are treated as two-dimensional arrays. These
are referred to as pseudo-two-dimensional arrays. Each two-dimen-
sional array is actually stored by FORTRAN as ome long stack of
columns, see Figure III-10. Now assume that you have a one-dimen-
sional array partitioned into sections. Each section has the same
number of elements, and the last word of each section is a pointer
variable. The array woild look like the one in Figure III-11(a).
Now take each section and put them side by side and refer to each
section as a "column" (see Figure 111-11(b)). All of the pointer
elements now line up to be the last row uf the columns. Colw..#,
can be used or unused. For unused columns, the pointer eleme.'
points to the next unused column. All used columns have a -1 in the
"pointer element. A separate variable points into the array to the
first unused column. Hence, a one-dimens.coal linked list system is
used %;o keep track of the unused columns. If a new column $s needed,
"the first unused column (pointed to by the outside variable) is
used and the pointer structure is updated. The pointer structure
is also updated when a column is freed up. Each array of this type
then has a fixed number of columns and rows. The product of the
number of columns and rows must of course be equal to the dimension
of the array. This type of data structure provides the flexibility
needed to keep track of items which may come and go from tha system.
Also, the MOPADS analyst may want to vary the number of columns and
"rows to account for additional data.

Track, site, and fire unit data are stored in pseudo-two-dimen-
sional arrays in MSAINT labeled common. Some additional information,
such as alphanumeric labels for the track sites, and fire units, is
also stored in that type of array. In Section 5-2 these arrays are
defined.

Several utility routines have been included in the MOPADS
software for handling these arrays: S13VU, PTELU, GTELU, GTRWU,
PTRWU. These routines are described in Polito & Goodin (1983).

A list of MSAINT common can be seen in Figure 111-4.
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( (1,1)
S2 (2,1)
S3 (3,1)I4 (4,1)

S5 (1,2) The numbers down the left hand

6 (2.2) side represent the sequential
7 order of elements of ITWO asS7 (3,2) they are stored. The numbers
8 (4,2) down the right hand side rep-

resent the array elements and
9 (113) their position ir, the "stack."

10 (2,3)
11 (3,3)

12 (4,3)

13 (1,4)

14 (2,4)

15 (3,4)

16 (4,4)
p

ITWO (4,4)

Figure 111-10. ARRAY ITWO (4,4) As Stored By FORTRAN.
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I Section 1
SECTION 1

I I Section 2

Section 3

" / Sectio n
SECTION 2

Pointer
Storage

SECTION 3 ARRAY ITWO

Each section is referred
to as a Col'mn. Each Column
has the sitme nwber of
rows. The array is broken
down into a fixed number of
M coiunns."

ARRAY ITWO

(a) (b)

Figure III-l1. Breakdoun of a Pseulo-Tvo-Dimensional &Isy.
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5-2. Pse-zdo--7vo Dis-_nsional Arrys.

In this bectim the information in "he pseudo-two-dimen-
sional arrays is described. This information may be accessed by
system module user code at any time. If actions are taken at a task
node in a syste module .ftich would cause any or these array
Ulements to ihange v&lues, the analyst must set the appropriate
values Li -ser code cctlled by that task node.

5-2 a. Track Information. Track information is kent in
the two arrays YMACK and SS. Both are treated as pseudo-two-dimen-
sional ar.ays, and both have the same number of columns. Each track
has a column in NTRACK and a column in SS, and ioth arrays use the
same column number. This column number will be used in system module
user code. Soe of the values in WTRACK vill te set automatically by
the Control syst module, while the MOPADS analyst -Jill set other
values. The colimn assignments will be done automatically. The
UTRACK array is a~vays equivalenced to the array XTRACK so that each
el'oement may be eisher re.a or integer. MRAINT trill automatically update
the contents of tIe SS array. The SS array has no pointer row
because it uses the same column number as NTRACK.

See Figure 111-22 for a complete description of, the track
information storage arrays.

5.-2.b. Site Information. A site is either a special
radar, a traismittable Q-73, or a nou-transmittable eritieal site,
such as an airfield, amunmitions depot, encampment, or command center.
Sites do not usually come and go, but they may. A site that was
destroyed v-*y be removed from the NSITE array. RSITE is equivalenced
to XSITE in each ?jutine which has the labeled c on block/COM26/.

See Figure 111-13 f,,, a complete description of the site infor-
mation storage arrays.

5-2.0. Fire Unit Information. A fire unit % an air
defense unit armeo v.ith missiles or other firepower vi Le purpose
of destroying ene* air-raf:t to protect itself and critit.l assets.
Each fire unit has a column in the XFSTOR array.

See Figure ii1-14 for a complete description of the fire unit
information storage arrays.

5-2.d. Corpon Information. Each track, site, or fire
unit may have a five-character alphanumeric identifier. These are
stored in the character array NTRID. A companion array NTRID2, which
is dimensioned to the same number of columns au MTRID, contains cross-
referencing information to find the appropriatq data in the NTRACK,
NSITE, or NFSTOR arrays given the alphanumeric identifier. CoS umns
may be added or removed from NTRID/NTRID2 Just as with the other
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COLUMN NUMBER IS THE NTRA. O/XTR=
TRACK ID uSEDnY 1 2 3 By _ __ LS
USER CODE 2 2 L 4 AVIAL

1 . MRO W a 17
2
3 ..... NCOLS - 200

' IKSSRW = S
MRoWs ,-/7 ,/.//Y/1/ ///Ar/ NXMl - AvAiLABLE

? :OW 2 COLUMN

POINTER

1 2 3 4 _ _ COLS

NSS LLI LI
SS ARRAY

----------------------------------- - -----------

¶TRACK ROW tFIMITIMS

1. POINTER TO NTRID/NTRIJJ2 APRAY.
2. X - DIRECTION COMPONENT OF THE VELOCITY (i IN KNOTS)

3. Y - DIRECTION COMPONENT Of THE VELOCITY 0I IN KNOTS)
4. * - DIRECTION COMPONENT OF THE VELCCITY (d IN 7'r/fl1N)
5. kcnTuL. PRIMARY ID (1-FRIENDLY, 2-HosTILE, 3-OTHER).

* 6. ROW 0 IN DATA BASE FOR CNIECKPOINT PROCESSIN6.

8:1 1FF DATA (YET TO 3! DEFINED, CURRI:NTLY UNUSED).

9. COPY ROW 0 OF THE UNIT THE TRACK IS LOCAL TO (0 IF NONE).
10. COLUMN ixe NSITE OF THE VIEWER THAT SEES THE TRACK(O IF UNSEEN),

U1. CURRENT TRACK QUALITY (NOT DEFINED, UNUSED).
12. TRACK SIZE

"13. AIR SCENARIO TRACK ID.
14. AIRCRAFT TYPE
15. JAMMING (UNUSED, 1-YEs, 2-No).
16. IS THE END OF SEGMENT A TARGET?(1-YES, 2-No)
17. POINTER VARIABLE FOR NEXT AVAILABLE COLUMN.

CS RNM DEHIT±TIONS

A. X POSITION
2. Y POSITION
3. Z POSITION
4' UNUSED

USED INTERNALLY,, NOT TO BE ACCESSED OR SET BY THE ANALYST.

Figure- 111-12. Track Information Storage.
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The Column number
is t0e internal
site ID

1 2 3 4 .... MNCL

2 1MIIRW - 11
2

3 MNCL a 100

NSPTR - Available• Col umn

Pointer

MN RW

NSITE/XSITE

NSITE ROW DEFINITIONS

1. Pointer to NTRID/NTRID2 arrays.

2. Site type (1-Protected assets, 2-Remote Radar,
3-Air defense unit other than FU's)

3. X-coordinate

4. Y-coordlnate

5. Z-coordlnate

6. Transmittable (1-Yes, O-Nzp)

1. Active Status (1-Active, O-Inactive)

8. Copy row nunnber
If type =1, of the FU assigned to protect this asset
If type -2, of the unit owning the viewer (radar)
If type =3, of the air defense unit

9. Pointer to NDBAD for viewer 08 address
If type =2, 0 otherwise

10. Viewer number, If type # 1 or 3

11. Available column pointer

Figure 111-13. Site Information Storage.
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The Colum number
is the FU
internal ID

1 2 3 .... NFCOLS

2 MFROW - 25

3 NFCOLS n 30

NFSPT - Available
Column Pointer

MFROW

NFSTOR/X.STOR

NFSTOR ROW DEFINITIONS
1 POIo nter to the NTRID/NTRID2 arrays
2. Copy row nuober3. System NOdule Type of the FU (e.g., 4-IAMK)
4. X coordinate
5. T coordinate
6. 1 coordinate

B Defended Sites (cllumu ntmbers in NSITE array)
9. Number of hot Itisiiles

10. Number of cold missiles
11. Alert Status (unused)
12. Fire Section Status (for 14AWK, the codes are as follows:

FU 4-9dy, '-Wespon assigned, 3-Acknceledge,t4-Trcking. S-Firing, 6-Effective,Status 7-Broken engagement. 8-Not effective.of Fire 9-Partially effective. 10-All missiles expended,
Section I1-Out of actiOn. 12-Hot missiles experded)A 3. Primary track assignment (column number In NTRACK,

* if none) (negative implies cover command)
14. Seconda:y track assigninent (column number in NTRACK,0 if none) (negative implies cover cnumand)
15. Current track being engaged (column number in KTRACK.

1I If none)
16. Curent comuwnd (for IHAI•K, the codes are as follows:

I-Engage, 2-Engage ripple, 3-investig&ge/Assign,
4-Cover. S-Unused, 6-Hold fire, 7-Cease fire.
8-Cease engage, 0-4o cowr•and) c

17-24.Repeat of rows 9-16 for Fire Section B
25. Available column pointer

Figure 111-lh. Fire Unit Information Storage.

H-55



pseudo-two-dimensional arrays. Cil"ns are pointed to by the first

row element iu either IETRACK, NSiTE, or 'FSTOR.

See Figure 111-15 for a full 4escription of the usage of the
of the NTRID/NTRID2 arrays.

5-3. Copy, System Mod,1e, Ddperat ata.

The MSAINT simulation program has a current entity it is
processing. This entity is either an operator or a non-operator
control entity. Each entity belongs to a copy, which has a copy row
number (the row number in the NCOPY array). Each entity also has
associated with it a system module type. Therefore, each entity,
while it is current, also has a current copy row number and current
system module number.

Several variables in ccmnon can be accessed by the user. These
are defined in Table 111-3.

Some of the copy-related information accessible to the YAOPADS
analyst is stored in the NCOPY array. See Figure 111-16 for "
complete description of the NCOPY array. It is not a pseudo-two-
dimensional array. The copy row number referred to throughout this
document is the row number in the NCOPY array.

Some operator-specific information is stored in the NOPRI

array. It is defined in Figure 111-17.

5- 4 . DLisplay Information.

Each operator is assumed to have some type of visual
display panel which provides information about the current air
defense battle. These displays may have one or more options which
affect how the system information is displayed and which information
is displayed. These options are stored in the NSCRN array. Each
operator may have up to 10 display options. The row dimension of -
the NSCRN array is the operator ID. T'he col=nmn definitions depend
on which type of operator it Jis. Figure 11-18 shows the structure
of NSCI{ and gives, as an example, the screen data for AN/TSQ-73
operators.

5-5. Data Base Addresses.

In order to reference data in the MOPADS data base (DB)
from MSAINT, various DB addresses must be accessible. 'T'hese are
stored in sevei-al arrays vhich depend on the us"ge of the DB address.

Several types of DB addresses are stored in the NDBAD a1cay.
These are pointed to by the values in col'.rmns 20-22 of the NCOPY

H-56

N'



Column pointed
to by NTRACK, NTRID
NSITE and
NFSTOR arrays

1 23 4 MTRID

1LLi, •ITRD w 3
MTRID = 300

NXTID - Available
Col Um

1 2 3 4 MTRIDQ Pointer
1

2

MMTRD

NTRID2

----------------------------------------------------

NTRID ROW DEFINITON

1. £-character alphanumeric label! (NTRID is a character array)

NTRID2 ROW DEFINITIONS

1. Type of air defense component (1-Track, 2-Site, 3-Fire unit)

2. Column number in NTRACK, NSITE, or NFSTOR.

3. Available column pointer

----------------------------------------------------

Figure 111-15. Cormon Information Storage.
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Table 111-3. MSAINT Common Definitions

VARIABLE COMMON DEFINYTO3
NAME BLOCK

MMcPY COM26 Maximum copy number (cilrrently -30)

MMSYS COM26 Maximum system module n-urber
(currently - 4)

NCURS COM2T The current system module number
during input. Not used during the
execution of the simulation. K

NCURCo C0M28 The current copy row number (for the
current entity)..

NCURSY COM28 The current system module number 4.,
(during the simulation). "

ISTATZ C0M28 A flag used to indicate if the
current entity is an operator or not
=1 current entity is an operator
=2 current entity is not an operator

NMcOP(4) COM25 NMCOP(i) is the number of copies of
system module type i

NEGID(150) C0M26 N1GID(i) is the copy number of the,"
entity with ID = -i

MMNEG C0M26 Maximum array dimension of the
NEGID array

NCNEXT COM27 Next available row in NCOPY
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LFOP

.f~LFDB

TH CY1 2 15 20O

NUMBER 2 LFDB - 20

1~i~ yt.t- ji'CC0L -26
- NCOPY ARRAY

ASSOCIATED POINTER VARIABLE DEFIHITIOflS

I91lPY - MAXIM4UM NUMBER OF COPIES, USED AS THtE MAXIMUM ROW DIMENSION
(cuRnIENTLY - 30)

IFOP - POINTER TO THE FIRST COLUMN CONTAINING OPERATOR ID'S
(CURRENTLY - 15)

Lrmb - POINTER TO THE FIRST COLUMN CONTAINING DATA BASE ADDRESSES
(CURRENTLY - 20)

MCCOL - MAXIMUM COLUMN DIMENSION OF NCOPY (CURRZNTLY - 26)

COLtJ?9 DEFINITIONS

1. 14-DIGIT COPY IDENTIFIER
2. POINTER To NSITE OR NFSTOR

<0 - COLUMN NUMBER IN NSITE
>0 - COLUMN NUMBER IN NFSTOR

3. SYSTEM MODULE TYPE (1-CoNTROL, 2-GROUP Q-73, 3-BATTALIOV 0-3
'4-INAWK)

,4. HIGHER COMMAND (COPY ROW NUMBERS)
5-14, SUBORDINATE UNITS (COPY ROW NUMBERS)

15-19. OPERATOR ID'S FOR OPEI.ATORS IN THIS COPY

20. POINTER TO TASK DATA DB ADDRESS IN THE MOAD ARRAY
21. POINTER TO ESY DATA 1M ADDRESS IN THE NDU~D ARRAY
22. POINTER TO ?M)PADS RESOURCE ADDRESS IN NDBAD
23. POINTER TO TRACK DATA DE ADDRESS IN NDBAD
24. INDEX Of THIS COPY WITHIN SYSTEM MODULE TYPE (1,2,...)
25. COPY SAMPLING OPTION (1-1"NMODERATED DETERMINISTIC, 2-VNMODERATED

S;OCHASTic, 3-?¶oDERATED DETERMINISTIC,

4-ftDERATED STOCHAST IC)
26. COLUMIN NUMBER IN THE NTRID/NTRID2 ARRAYS

Figure 111-16. NCOPY Array Description.
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M!!T -1 VT z~f laTKI T-, IF-.,~.~ .. ~U ~~-~-

1 2 3

2 7

Row Number 3*MR=1 :

Operator .

ID

MOPR

1. Cpy ow umbe ofthe NOPRI

COLUMN DEFINiTIONS

1. Cpy ow umbe ofthecopy that "owns" the operator.

2. Operator type =1 - Q-73 TD
2 - Q-73 TDA
3 - IHAWK TCO

4 - IHAWK TCA
5 - IHAWK ASO

6 - IHAWK FCO A

7 - IHAWK FCO B
8 - GROUP TD1

9 - GROUP TD2 -

3. Nuimber nf message currently addressed to the operator.
------------------------------------------------------.

Figure 1.17-17. NOPRI Array Description.
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!.7- ý7

1 2 3 10

1 -- '

2
Th rw3 MOPR =150

number is

the operator

ID

MOPR

NSCRN
---- --- -- ---- --- --- ---- --- --- ---- --- --- ---- --- --- ---

EXAMPLE: COLUMN DEFINITIONS FOR Q-73 OPERATORS

1. The current hooked item (column number in NTR7D2)

2. Velocity vectors or TTG Vectors (0-Neither, 1-Veloc~ty

3. Screen Alphanumerics (0-off, i-or)2-GVc'

4. Engagement Markers (0-off, 1-on)
5. Pairing Lines (0-off, 1-'nn)

6. map (0-off, 1-.on)
7. Screen Range (n.mi.)

8. X position of screen center

9. Y position of the screen cenir

10. Unused

NOTE: E Iepients 7, 8, and 9 of Display information must be defined
as above for all system modules.

Figure 111-18. NSCEN Array YDescripTion for Q-73 Operators.
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array, see Figure 111-16. NIBAD has two roaus since tnese DB
addresses require two words. The variable MXDBD is the maximum
column dimension of NDBAD.

One 4,wcard DB address is stored in the NMOM arx.ay. This
address points to the message director. in the DB,

Two 4-word DB addresses for each copy are stored in the N4Ih
ary•a. For a full description of the NDB4 array see Figure 111-19.

5-6. Miscellaneous Variables.

Several miscellaneous variables were added to MSAINT
common to represent general info-mation. These are dcfined in
Table IIl-4.

6-0 MISCELAEOUS ADDITIONS TO SAINT

"Several miscellaneous changes were made to SAINT. These are
described below.

1. Comment Ctuid.

Formerly in SAINT. wbfn a data card had an asterisk(*)
"in column 1, it was interprctea as a FIN card. This precluded the
capability of inserting comment cards imto the data input deck.
This feature wa- modified so that nov, if an asterisk is placed in
column 2, the card is ignored. Thus, all comment cards must have an
asterisk in column 1. Comments can also be placed on any data card
after the asterisk which terminates the data fields.

2. New Trace Option

MSAINT no longer prints out an iteration trace for the
beginning and end trace run. Instead, rows of datc are written out
to an external file when each significant event occurs. The MOPADS
data base references this file to produce specialized traces as
specified byvthe MOPPDS user. See Polito.(LO.3b) for a complete
description of the MOPAbS user trace output options.

3. Handling of Statistics

MSAINT no longer prints out cny simulation statistic
output. Instead, MSAINT merely collects the statistics in internal
arrays. These arrays are then stored in the MOPADS lata base either
at the end of each run or at the end of the simulat-on. MOPADS uses
these arrays to calculate and pirint out the statistlis requested by
the MOPADS user. The MOPADS user will Piways get standard statistics
such as overall system performence m-asures. but most statistics will
be optional. For a complete description of MOPADS z.tutis+4c ontput
options, see Polito (133b).
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I

I

i

Copy
S~See

definition ?, W - IIII
below

I W4CPY *30

Each M

Is 2
4 Words

NDB4(4,2,30)

TYPES OF DC ADDRESSES

(-,I-) - Copy directory M address

.(-2,-) - 0e address for messages that
"require responses

Figure 111-19. NiB 1 Array Description.
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Table II-.4. Miscellaneous Variable Definitions.

3iSTMTK Start time of the simulation (minutes)

TFINK Bd time of the simulation (minutes)

DEUT Time between checks for updates on aircraft
checkpoint s.

LASTM The last message number used. (Message
numbers are internally essigned.)

NXMON Month of the simulation run.

NXDAY Day of the simulation run.

NXYR Year of the simulation run.

NXPROJ 8-character project name

NXNAME 8-character MOPADS user name
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TERM INOLOGY

1-0 STANDARD MOPADS TERMINOLOGY.

AIR DEFEN3E SYSTEM A component of Air Defense which includes
equipnent and operators and for which techni-
cal and tactical 2.*aining are required.
Examples are IHA14K and the AN/TSQ-73.

AIR DEFENSE SYSKM Models of operator actions and equipment
- MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
" -' pared with the SAINT simulation language.

"Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See also
Tactical Scenario.

BRANCHING A term used in the SAINT simulation language
to mean the process by which TASK nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
"that node determines which TASK nodes will be
simulated next.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM all direct communication with the MOPADS Data

Base. Al.1 information transfer to and from
the data base is performed by invoking the sub-
programs which make up the Data Base Control
System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

-' prepare Air Defense System Modules.

ENVIRONMENTAL An element of an Environmental State Vectcr.
STATE VARIABLE

1-7



ENVIRONMENTAL An array of values representing conditions or
STATE VECTOR characteristics that may affect more than one

operator. Elements of Environmental State
Vectors may change dynamically during a MOPADS
simulation to represent changes in the environ-
ment conditions.

MODERATOR FUNCTION A mathematical/logical relationship which
alters the nominal time to perform an operator
activity (usually a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based oA. the
Operator's State Vector.

MOPADS DATA BASE A computerized data base designed specifically
to support the MOPADS software. The MOPADS
Data Base contains Simulation Data Set(s). It
"ca-municates interactively with MOPADE Users
during pre- and post-run data specification and
dynamically with the SAINT software during
simulation.

MOPADS MODELER An analyst who will develop Air Defense System
Modules and modify/develop the MOPADS software
system.

S MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

"MSAINT(MOPADS/SAINT) The variant of SAINT used in the MOADS system.
"The standard version of SAI17T has been modified
for MOPADS to permit shareable subnetworks and
more sophisticated interrupts. The terms SAINT
and MSAINT -.re used interchangeably when no
confusion will result. See also, SAINT.

"OPERATOR STATE One element of an Operator State Vector.
. VARIABLE

"OPERATOR STATE An array of values representing the condition
VECTOR and characteristics of an operator of an Air

Defense System. Many values of the Operatorb State Vector will change dynamically during
the course of a MOPADS simulation to represent
changes in operator condition.

1-8
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3PERATOR TASK An operator ac'1 i-vity identtified dc~ing
wrapos em front-and ana1yse:.

SAIT heunder"yn computer simulation language
used to mo~del Air Defense Systems in Air
Defense System Modules.SATisa c a

fo yst ems AnalysisofItgaeNtwrsf
Tasks. .is a wt

uedof mo/machine systems. See lso XnAirT.

DATA SET The Tactical Scenario plus all required sizu-
lation initializat ion and other experienwtal
data needid to perform a MOPADS sizulation.

SIMULATION STATE At any instant in time of a MOPAIS *4-ulation
the Sitmus ation state in the set of values of all

Sariables ofin the )CsPAD software an the o PAD.
Data Base.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of critical
assets and the air defense confligrtion
(nunm.er, type and location of weapons and the
comand and control system).

TACTICAL SCENARIO An element of a Tactical Scenrio; e.g., if a
COM•ONENT Tactical Scenario contains several Q-73's, each• .one is a Tactical Scenario Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when grouped
appropriately, zak- up operator tasks. Task
"elements are usually represented by single
SAI•NT TASK nodes in Air Defense Systm Modules.
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TASK NODE A modeling symbol used in the SAIMT simu-
lation language. A TASK node represents
an activity; depending upon the modeling
circumstances, a TASK node may represent
an individual activity such as a Task
Element, or it may represent an aggregated
activity such as an entire Operator Task.

TASK SEQUENCING A mathematical/logical relationship which
MODERATOR FUNCTION selects the next Operator Task which an

operator will perform. The selection is
based upon operator goal seeking
characteristics.

2-0 OTHER TERMINOLOGY..

ACC ADSM Code Character.

ADSM Air Defense System Module.

DATA BASE The collection of user information and
control information that is pcocessed by
the UBCS.

DATA BASE FILE A computer file stored on disk that
contains the data base.

DATA LIST A list of values (character or numeric)
that is user specified and is stored in
a data base.

06 Data Base.

DBCS Data Base Control System.

DBF Data Base File.

• I-1O



DIRECTORY A collection of data lists and other
directories.

DL Data List.

DR Directory.

ID Identify. DL's and DR's have identifiers
that are lists of integers and are stored
in their owning directory.

1-l1
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I. INTRODUCTION

1-0 PURPOSE.

This eocument describes the procedure for entering reference
Air Defense System Modules (ADSM) into a MOPADS data base. It's
a user manual for the "Create/Edit Reference System Module" subprocess
of the MOPADS user interface. The need for this rubprocess arises
when a MOPADS modeler has developed a MOPADS model of an air defense
system. Guidelines for developing system modules is described in
MOPADS Volume 4.3 and 4.4 (Walker & Polito (1983a,b).

When the information for the system module has been developed,
the MOPADS modeler is ready to enter the information into a MOPADS
data base. That is the purpose of the "Create/Edit Reference System
Module" subprocess. This subprocess has facilities for entering
and editing all, of the data associated with a system Wodule that is
contained in the data base. In particular, the following information
is entered and edited with this subprocess:

1. Operator State Vectors
2. Environment State Vectors
3. Task Data
4. System Resource Data

The system module should be completely designed, the MSAINT model
developed, and the user code written before this subprocess is used to
enter data in the data base. The next section describes the iaforma-
tion needed to create a reference ADSM.

2-0 INFORMATION NEEDED.

The data requinv-d to enter a reference ADSM are contained in
Figures I-1 through 1-6. The operator numbers and labels are froz
@ and C in Figure 1-1. If system hardware resources are included
in the model (as opposed to MSAINT resources) these may be found in

of Figure 1-1 or @ of Figure 1-2, depending upon how the MOPADS
modeler has chosen to enter them.

Each operator will be a SAINT itity, and the node where he is
created can be found in Figure 1-2, (5. Goal defintiions and para-
meters will have been entered in the forms in Figures 1-3 and 1-4.
Each system operator may have a set of display parameters which -ill
be found in Figure 1-5.

1-13
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Finally, each Task node will have an associated form shown
in Figure 1-6 from which Task data will be entered into the data
base. The required data are noted byQ through®.

When the system module is created, default values for para-
meters in the operator and environmental state vectors will be
loaded into the data base. See Laughery & Gawron (1983). Changes to
these defaults may be entered using the editing features of the
subprocess.

Tables I-1 and 1-2 show the structure of portions of the
MOPADS c'aP base of concern. The REFERENCE-ADSM directory, Table I-1,
is owned oy the master directory and it owns all of the reference
ADSM directories. These code 11 directories are shown in Table 1-2.
The various data lists in these directories are explained below.

TD-TASK-DATA This data list contains information 2
for each task nod.e in the model of
the system module. It contains K
one row per task node.

R-ADS-RESOURCES This data list contains information
on each hardware resource defined
for the ADSM. H

RL-RESOURCE-LABELS This data list contains the label
of each defined hardware resource.

OP-OPERATOR-STATE-VECTOR - These data lists are the operator
state vectors for the operators.

EN-ENVIRONMFNT-STATE-VEC - This is the environmental state
vector for the ADSM.

OT-OPERATOR-TYPES This data list contains the operator
labels and the task nodes where they
are created.

MOPADS Volume 5.17 (Polito (1983a)) contains details of the contents of
these data lists.

1
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DIRECTORY CODE... .. .-------------------

DIRECTORY LABELs-. B : . . ..-------------------------------

TYPE CODE LASEL NUNBER
---------------ee----------------------------------

DL - SKILL-CATEGORIES I

DL - TASK-SPECIFIC-CATEGORIES 1

DL - ADSH-LAPELS + ACC I

"DR 11 User specified reference ADSO as needed
-labels

Table I-1. Contents of R.FERENCE-ADSM Directory.
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DIRECTORY CODEs .... j1

DIRECTORY LABEL'.!! -- 11 21jifift !.!f!EM! 3 Pfl 1- - -

TYPE CODE LABEL NUMBER
- ----- --- ----------mfl ----------

IL -TI-TASK-DATA

IL - R-AIS-RESOURCES I

IL - RL-RESOURCE-LAIEL$ 1

"IL - OP-OPSIATOR-3TATE-VECTOR as *.edvd

IL - E[-ENVIROMMENT-STATE'VEC I

*, IL - OT-[PERATO-TTPES

*Table 1-2. Contents of Code 11 Directories.

1-22
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II. COMMANDS AVAILABLE

1-0 BASIC DATA BASE COMMANDS.

The basic data base commands that are available in all sub-
process of the Use- Interface are also available in this subprocess.
Descriptions of these commands are repeated in Appendix A for easy
"reference.

2-0 THE ADD COMMAND.

The specification for the ADD commuand is shown in Tab e II-1.
The ADD command creates a new refe-ence ADSM directory with the label
specified by the response to the prompt "ADGM." The label •ust be
unique and mist have the form of a one character ACC foll.oe d by a

% dash (-) followed by the ADSM label (e.g., "Q-BATTALION-Q73"). The
% ADD command will query the user for information to complete the

creation of the system module.

The ADD coand creates the shell of a system module with all
default parameters and no task or resource data entered. This
addItional information and changes to defaults are entered with the
CHANGE command. The ADD command leaves the created ADSM as the
current directory.

3-0 THE CHANGE CO'AND.

The CHANGE Lomnand is shown in Table 11-2. The single prompt
requests the type of data in the current reference ADSM to edit.
Depending upon the response (TD, R, OP, or EN), the user eqters an

"-'s editor to modify that type of data.

*'. Prior to exiting the CHANGE command, the user is asked if a
line printer list, is desired of the particular DL. This feature

*: permits hard copy records of the entire reference ADS? to be main-
"tained and cross-checked with desired values from Section I. The speci-
fied data list becomes the current data list and remains current on
exit from the CHANGE command.

4-o THE DELETE COMMAND.

The DELETE conmand is shown in Table 11-3. The DELETE command
will irrevocably remove an entire reference ADMM from the RF~ERENCE

1-23
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ADSM directory. Use it with caution. The response to the "ADSM"
prompt is the label of the reference ADSM to be deleted. The DELErE
command will function on either the working or reference data base.

5-0 THE GET COMMAND.

The intent of the MOPADS IBCS system (Polito (1983b)) is
that the reference data base be used to store stable copies of infor-
mation such as reference ADSM's. When needed in a working setting to
perform particular simulations, the information can be transferred to
a working DB. The GET command (see Taeble 11-4) copies an entire ref-
erence ADSM from the reference DB to the working DB.

The response to the single prompt is an ADSM label. It is copied
to the working DB with the same name and will replace an existing ADSM
with the same name. The user, however, will be prampt.-d for approval
to overwrite an existing ADSM.

6-0 THE RENAME COMMAND.

The RENAME command specification is shown in Table 11-5. RENAME
will change the label of a Reference ADSM on the working IB. Note that
the ADSM Code Character (ACC) may not be changed. Only the portion
of the ADSM label following the ACC may be changed. See Section II,
2-0 for a description of ADSM labels.

7-0 THE SAVE COMMAND.

The SAVE command (Table 11-6) performs the reverse operation
of the GET command. It copies an entire reference ADSM from the working
to the reference DB. It will also overwrite an ADSM of the same name
on the reference DB (but it will ask permission first). The response
to the single prompt is the label of the ADSM to save.

8-0 THE USE COMMAND

The USE command (Table 11-7) makes a specified reference ADSM

the current directory on the specified DB. Certain commands operate
on the "current" directory or the "current" data list. For example,
the CHANGE command edits the current reference ADSM. Most commands
will leave an ADSM current. For example, the ADD command leaves the
created ADSM current. The USE command is a way to specify which
reference ADSM should be current.

1-27
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--

It is always possible to deterrnw5 which ADSM is current with
the CURRENT command (Appendix A) st-a to see which ADSM's are available
with the DIRECTORY (also Appendix A) command. USE is provided as a
convenience for this subprocess; it is a specialized version of the
more general basic ccm.and, SELECT (once again, see Appendix A).
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III. USER INSTRUCTIONS AND EXAMPLES

1-0 A SIMPLE EXAMPLE.

The contents of Table III-1 present a brief example to d, on-
strate creating and editing a reference ADSM. Only thote portions of
the forws needed to create the system module are filled in and all
of this data is hypothetical. •,

A reference system module labeled "E-EXPMPLE" is described. It's

ACC is "E.' Two operators with labels "MISSION-DIRECtOR" and "MISSION-
COORDINATOR" are defined. All of the required data for these operators
and data for three Task nodes are contained in the forms contained in
Table III-1.

The subsequent sections contain sample terminal sessions with
MOPADS. Inp.t typed by the user is eaclosed in boxes to distinguish
it from information printed by MOPADS.

2-0 THE ADD COMMAND.

Figure III-1 shovs an example of the ADD comnand. The annotations
are explained below.

This section shows the initial interchange with MOPADS.
MOPADS requests the name of the working DB and asks if
it is a previously created data base file. If not, the-
file is initialized to be an ampty MOPADS data base.

WARNING

All informaticn un a data base
file will be lost if the user answers
"NO" to this question.

If a ne- DB is being created, the user may specify
title information.

- The user must select a subprocess. In this case,
select subprocess 5, the "CREATE/EDIT REFERFNCE
SYSTEM MODULE" subprocess. -
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WELCOME TO MOPADS UERSION DATED 31 JULY 1983s CHANGE 0.

TYPE HELP ANYTIME IN RESPONSE TO *ENTER COCNHNDO

T THNAKE Or THE WORKING - 1
It THIS "N OLD D2

ENTER RECORD LIMIT(ZERO FOR NONE)
TYPI TITLE INFORMATION IN 4% COLUMN LINES
TYP AS MANY LINE3 AS NEEDE .
ENCLOSE TITLE LINES IN DOUBLE QUOTES(")
-. 1TA I T * L fTT lT" *I TO STOP

"EXAMFLE T0 IEONSTR7AE'
CREATE/ED1T REFERENCE ADSE'|

vu TU t W I 1U""RVIEu TIM TITLE?
I1 EXAMPLE TO DEMONSTRATE
2 CREATE/EDIT REFERENCE ADSM

DO YOU MANT TO CHANGE THIS BLOCK?
DO YOU MANY TO REVIEW THE TITLE?

HEM HOPADS DS FILE SUCCESSFULLY CREATE'I
SELECT OPTION

0-TERHINATE
1-CREATE/EDIT SIMULATION DATA SET
2-SET UP SIMULATION RUN DATA
3-EXAMIME STATISTICS
4-kEATE/EDIT SCENARIO DATA
5-CREATE/EDIT REFERENCE 3'jTEH MODULE

TYPE OPTION NUMBER- -

CREATE/EDIT REFERENCE SYSTEM NODULE
M NTER CR/ED ADEM COAAND o n

ONMANDS CURRENTL% AVAILABLE:
ADD A HANGE DELETE OET
QUIT RENAME SAVU

LOSE CURRENT DEPSSIT
XAN HELP OPEN ELECT
ERMINATE PLINK MENU

NHTER CR/ED ADIM COMMAND

4 ND ENO DEFPULT36-

COMMAND I ADD

PROMPTS I ADS"

~ NTER THE NAME OF A PROMPT (t TO TERMINATE) .

PROMPT I ADIM

CHARACTER
LIST OF LENGTH I I
NO DEFAULT VALUES

Figure III-i. ADD Command Example.
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PROMPTS ADS$

INTER THE NAME Of A PROMPT to TO TIRNINATEI .

[IdNTE* CRAM ADS" COMMAND

ENTEx bASIC *AN FOR Tnm AD&N
• A MULTIPLE OF 1000)

(W ASK bATA MUST of ENTERED VITA THE CHARGE COMMNA
REO0URCK "7ATA MUST o[ ENTERED MITH THE CHANGE L--{ 6)
INTER MURDER OF MATONR O"ALS
INTER NUNDER OF DISPLAY PARAMETERS

ENTER UNDER or OPERATORS

INTWER.wA EorOPERATOR~ ~
STNISSO.-IRECTOR

; ENTER SOURwc TASK SHERE THIS CPERTOR
IS CREATED
0015 THE OPERATOR HAVE GOAL IWTV* MINIMUM AND "AXIMUH RANCE I N UH•C

NHE GOAV 1 SkTISFIED. USE *1- 1.210 FOR

Two POINTS ON THE HMI ANm LOU BIDES [
AS FOLLOWS$ (GOAL STATE. PRIORITY)

,. ENTER out POINT am THIS HIGH Blot

: INTER ANOTHER POINT ON THE SAME SOfP

-ON H11GH SIDE. me EQUATION IS
PRIORITY. 1.0000 1 AS1CODAL STATE - 0.O0000E+O0 )wS 1.0000

DO :OU WANT TO RE-ENTER POINTS

DO YOU WANT TO CANCEL THE COMMAND

ID DOES THE OPERATOR NAVE GOAL 29
ENTER MINIMUM AND "AXIMUM RA&NE IN WICH.
THE AOHE 1 ATOISID.T ON TH -S .E[O S OI

"ER-0 POINTS ON THE NISH AMD LOW SIDES
AS FOL .OWSI (GOAL STATEP PRIORITY)

NTU ONE POINT ON' THE LOU SIPS
"NTER ANOTHER pomiN ON THE SAME motE

ON LOW 9tIE. THE EOUATION IS
PRIORITY- 0.312534-02 * ADSS(OAL STATE - :5.000 )S 2.S48A

a0 YOU IANT TO RE-ENTYR POINTS

SO Y9U WANT TO CANCEL THE COMMAND

DOES THE OPERATOR HAVE gOAL 3

NO• MANY DOALS DOES THIS OPERATOR CONSIDEF
10 IN TASK SEOU HEINS

Figure III-i. (continued)
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//

/

/

ENTER LASELS OF DISPLAY DATA ELEMENTS -
WHEN PROMPTED
rmFO klEL OF DISPLAY ELEMLNT 1

CORRECT: HOOKED-TRACK

EVIE 14191 rOF DISPLAY ELEMENT 2

&N lhl L LGoRECT: PRIMARY-TARGET

F DISPLAY ELEMENT

9#99CT$ SECONDAkY-TARGET(D INTER THE LABEL OF OPERATOR 2" -"
PFtwjk CANCEL COMMAND .L/I

CHTsigogMI SSION-COORDINATOR

SENTER SOURCE TASK WHERE THIS OPERATOR
IS CREATED

DOES THE OPERATOR HAVE GOAL I8 DOES THE OPERATOR HAVE GOAL' 2

DOES TOE OPERATOR NAVE GOAL 3 '
ENTER MINIMUM AND MAXIMUM RANGE IN WHICH
THE GOAL IS SATISFIED. USE +/- 1.E10 FOR

SITY
TUO POINTS ON THE HIGH AND LOW SIDES

AS F4LLOMWS (GOAL STATEr PRIORITY)

f-NTER ONE POINT ON THE HIGH SIDE

"NTER ANOTHER POI HT ON THE SAME S'DE
ON HICH SIDE, THE EQUATION IS
PRIORITY- 0.20000 * ABS(GOAL STATE - O.O000E4O0 ).S 1.6826

O SO YOU WANT TO RE-ENTER POINTS

DO YOU MANT TO CANCEL THE CCMMAND ,',

NOM MANY GOALS DnES THIS OPERATOR CONSIDER
IN TASK SEQUENCING

ENTER LAPELS OF DISPLAY DATA ELENENTSWHEN PROMPTED '
-r EL OF DISPLAY ELEMENT I

ORRECT: H"OOED-TRACK

* O DISPLAY ELEMENT 2

A6T5 RRECT3 PRIMARY-'7ARGET
l TR , A.TA F DISPLAY ELEMENT 3•..CONPARY-TAROE•

SECT: SECONDARY-TARGET
ENVIRONMENTAL DATA MUST BE ENTERED WITH
THE CHANGE COMMAND

----ENTER CR/ED, ADSM COMMAND

I.!

Figure IIl-i. (continued)
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G - The command prompt is

-- ENTE CR/ED ADSM COMMAND

In any subprocess, the MENU command will list all
commands currently available. The subprocess
commands are printed (ADD through USE) followed
by the basic data base commands that are available
in all subprocesses (CLOSE through MENU).

- In any subprocess, the HELP command can be issued
to print information on the prompts for any
command.

CQ) - The ADD command is issued to create the example
ADSM. MOPADS queries for the basic ACN. At
this time, MOPADS checks for duplicate use of
the ACC ("E") and ACN and will re-prompt or
cancel the command if needed.

- Ta3k node data (the "TD" data list) and resource
data (the '!R" and "RL" data lists) must be entered
with the CHANGE command.

- MOPADS asks for the number of operator goals, the
number of display parameters, and the number of
operators. A single set of goals ia permitted
for the ADSM operators. As will be seen, however,
each operator need not have all of the goals, so it
is possible to have operators with different goal
sets in a single ADSM. Similarly, each operator
may have different display parameters, but the
maximum number of display parameters for any
operato-r must be specified here.

/ - Begin input for operator 1. The operator's label
and the MSAII Task node at which he is created
must be specified.

C) - Goal input for the operator is requeste4 here.
Note that the user is queried separately for
each goal. Also, since the range of satisfaction rl
of the goals for this example have one end point
at + infinity, (goal state, goal priority) pairs
are requested only for the non-infinity side. .
MOPADS perform3 internal consistency checks on
the entered values.

S.
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@ - The operator may only consider the n most
dissatisfied ;oals in task sequencing. Enter
n here.

O The labels of the display parameters for this
operator are entered here. The display parameters
are those which the MOPADS modeler has represented
in his MSAINT model of the ADSM.

S-Repeat for operator 2.

Default values for environmental state vectors

and operator state vectors have been set by
MOPADS. They can be edited with the CHANGE
command.

At this point, MOPADS has created the reference ADSM. Scme
of the data lists have not been populated yet, however. See Table
1-2. As discussed above, the "TD," "R", and "RL," data lists are
empty, and the "0?" and "EN" data lists have default humen factors
values.

3-0 THL -,HANGE COMAND.

3-1. CHANGE Task Data.

The CHANGE command has subeditors to change each of the
deta lists in an ADSM. This section describes editing of the
TD-TASK-DATA data list. Figure 111-2 is an interactive session to
edit this data list. The annotations are explained below.

- The CHANGE cc-mand specifies that the '"D" (task data)
data list is to be edited. Recall that the ADD
command creates this DL but it is empty. Information
for each TASK node that is to have its task time ,
moderated or which specifies system resources must be K'
entered explicitly with this command.

- Data is entered by specifying a code character for the

operation to be performed. The code characters are:

S - show parameters for a node

M - print the menu of code characters :

E - enter data for a new node. "E" may be
used only once for any node to create it
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" '""L.LUC 5 E "s' TO SELECT

DEFAULT OR TO LEAVZ VAkIABLE UNCHANGED

FOR OPTIONS. SELECT *M TO OET THIS MENU

OPTIONI 9-SHOW PARAMETERS. M-MENU. E-ENTER DATA FOR NEW NODE
;CCHANGE TEISTING NODE. O-GUIT CURRENT DATA TYPE 4- ..SELECT DATA TPE T5 EDIT %%•

S-TASK TIME _ ___

-TASK SFECIFIC DATA --
-TASK SKILL DATA

4-TASK RESOURCE DATA

OPTION: S-SHOW PARAMETERS. N-MENU. E-ENTER DATA FOR NEW NODE
C-CHANGE EXISTING NODE. 0-GUIT CURRENT DATA TYPE

OPTION NODE NO. DIST MEAN STD----- ---- -- -- - --• . .-------- ------ --- ,-------
r10 A.000 ,3500E- .. ,

-- S I,100 0,3900~
10 9 0.1000 0.3500E-Ot r.

14 3 0.7000 0.2500

16 1 1.100 0.3900

. 10 a 0.1000 0.4000E-O,

*6 10 1 0.1000 0.3500E-O1

OPTION: S-SHOW PARAMETERSt N-MENU, E-ENTER DATA FOR NEW NODE-
C-CHANGE EXISTING NODS. O-QUIT CURRENT DATA TYPE

OPTIJN NODE NO. DIST MEAN STO

NCD NOT DEFINED
11 3 O.OUOOE+00 O.OOOOE00

it 0 O.OO00E+O 0.O000c+O0 li- a
NODE NOT YET DEFINED

SELECT DATA TYPE TO EDITO-QuIT ""

I-TASK TINE
"-TASK SPECIFIC DATA
3-TASK SKILL DATA
c 4-TASK RESOURCE DATA

OPTION: S-SHOU PARAMETERS, M-MENU, E-ENTER DATA FOR HEU NODE •- ..
C-CHANGE EXISTING NODE. O-QUIT CURR.NT DATA TYPE -

CAI AORIES: I-KILOCALORIES/MIN 2-NUMBER-OF-BRANCHES-OUT
i-STIMULUS-MOD-1 4-STIMULUS-;OtD-2

-RESPONSE-MODE 6-OSSRVR-TARGET-POSITION
7-CONTROL-DISTANCE 9-CONTROL-WIDTH
V-NUMBEE-OF-DISPLAYS 10-NUMBER-CF-A.TERNATIUES

OPTION NODE NO. INDEX VALUE INDEX VAU------- -------- ------- ------ ------- ------
I 10 01 6-

1 1.00 2 ,O00E ,3 10.0 4 O.;00'E÷O0 '-
5 1.00 6 5.00
9 1.00 10 1.00

1 1.00 2 1.00

10,0 4 0.OOOE+÷O
10.0 6 3.00

Figure 111-2. CHANGE Task Data Example.
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~. ~ -~ &~ ~J~'y '.-~~ ~ v ~-~ r* A~m~ .~ Z-

COIR 1' W I M)OA AIE

61.00 1.00
0.0004+0

p?:c~~ ~ 1.00 00. 1.041U ~ tg YAJ

1tlDATA TYPE To totT

I-TASK SbkZLL DATA
4-TASK RES0UrCE DATA

097100? S-SHOt' PA'&AMETERS. ;l-f'ENU E-NTr DFATA FOR MCt' NOO
C-CHANG! EXIST1140 MODE. I-Dul CU RFENT DATA TIP

OPTION NODE NOa. $KILL WEIGH4T

10 13 0.30000

10 1, 0.:!0000
510 13 0.90000

, ~ 10 17 0.70000

10 13 0.70000
10 1~ 0*.20 000

10o 0.70000

E II
M 310. 17 0.20000

10 17 0.00000

to 17 0.20000

OPTION: S-SHOW' PARAHETERS. ti-MENU. E-ENTER DATA FOR HEW flODE
C-CHANGE EX13TING tJ4tiE, O-OUIT CURRENT DATA TYPE

OtTION NODE NO. SKILL ___ WIGHT

-~ 14 is 0.60000

Figure 111-2. (continued)
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1 It . 204'"

14 21 0.20000

514 to 0.60000

1. 4 15 0.0000 O

14 19 0.20000

14 21 0.40000

14 12 0.20000

14 1 .20000

SELECT DATA TYPE TO EDIT

:TASK~ TIME-TAEK Sý'ECIFIC DATA
IT S1 SILL DATA

4-TASk' RESOURCE DATA

OFTIO1I: S-SHOU PARAMETERS. M-MENU. E-ENTER DATY ¶O• NEW flooE
L-CHANGE EXISTING NODE. I-QUIT CURRENT DATA TYPE

01PI0N " OOE No. RESOURCE PARAMETER

,. to 2 6.00000

10 6 0.00000iF N

10 2 40.00000

HO F.EB0URCE DATA SPCCIFIED

SELECT DATA TYPE TO EDIT
C.-OUIT"-TASK TIME
",t-:(SK SPECIFIC DATA

TAb. SKI(LL DAT A
* . -T4Sk' RESOURCE DATA

LO YOU' WANT A LIST

TERA¶INAL(T) OR LINE PRIHTER(P)

Figure 111-2. (continued)
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"C - chane parmeters for an existing node.

"C" aust be used for all edits of a node
after it is created with "E'.

Q - quit editing the current type of task data

"When defaults are appropriate or in old value is to
be left unchanged, type an asterisk (*) for the value.

OQ - There are four types of data t'sat may be specified for
each node, and they are edit--I separately. The user has
chosen to begin with task tLe data.

S- The data to be entered for task data is node number,
distribution type, mean, and standard deviation. The
input line creates node 10 with distribution type 10,
mean a 0.1 avd standard deviation a 0.035. The values
entered must be separated by one or more blanks or
commas. They need not line up under the labeled columns.
MOPA.DS echoes the command data on the next line. The
optlon echoed is the user option preceded by "S" (for Show).
If an error is made that is echoed, the "S" will be
replaced by an "X" (e.g., "XE").

" - This line demonstrates that the spacing between input data
elements is not significant.

. - When using the. "S" option (e.g., S 10), only the node
number is requirad.

"As a demonstration, the standard deviation of node 10 is
changed to 0.04 snd then back to 0.03;. Note that the
asterisks caused the distribution type and the mean to
be unchanged.

The option menu and column headings have been printed
again. They are printed every 15 lines so they will
always be visible on most scrolling screen terminals.

* () - The "C" option is invalid for nod' 11 becautqe it does
not exist. The "E 11 8" line creates node 11 with
distribution 8 and default mean and standard dev Lation.
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IWZ: DEIrhNG ZODES

If tne 'C' oltim sets tk.: dlttribution
type to zero, the ne le is deleted. This is the
o vay a node can be deleted. The "E" option
can be used to re-create a node, butt Wevious
parameter values (e.g., mean) itll be lost.

This capability is used to delete node 11.

- The "Q" terminates editing of task time data and
re-prints the data type menu.

G - Begin editing task specific himan factors para-
meters. The 10 categories with their associated
index values (1 through 10) are printed.

- This "C" command sets parameter 5 to one and parn-
meter 6 to 5. Then MOPADS echoes the parameter
values for node 10. When a node is created, it
autcmatics.ly has default values for each task
specific parameter. All 10 current values are
printed each time the node is referenced. Note
that in the echo, parameter 5 has value one and
parameter 6 has value 5.

- If an invalid option ("C16') is specified, MOPADS
prints the option menu.

.- - Begin editing skill data. One skill may be specified
on each cammand line. No skills are specified for
a task by default. All skill data must be specified
explicitly with the CHANGE command.

- Skills l1 and 17 were specified for node 10. The
command "C 10 17 0" deletes skill 17 for node 10.
This is reflected by the subsequent "S 10" command.
Also, existing skills may have there weights changed
by issuing a "C" command (e.g., "C 10 13 .8").

- Incorrect skills were entered for node 10, and the
above capability was used to remove the skills from
node 10 and add them to node l4.

- Examine skills for node lh rnd be sure they are
correct before moving on .o node 16.

- Begin to edit ADSM reno-=re data.
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-I

N Do AD3M rerource data vas specified for this example,
• " but for completeness resource data is entered for

node 10 and then removed. This removal is accomplished
by i•suini a "C" co=and with resource parameters
equal to zero.

.. - Before exiting from the CHANGE cocimand, a listing of
"task parameters may be obtained. It can be printed
"at the termninal or on the MOFADS file for non-interactive
output. These listings should be scrutinized to ensure
correct data entry.

"3-2. CH,'215E Operator Data.

Figure 111-3 shows the CHANGE command to edit Operator
State Veetors. The annotations on the figure are explained below.

( - Three types of data are contained in the operator
"state vectors that can be edited with CHANGE.

C)O - Begin editing human factors data. There are 65 human
factors data elements. The user can display any of
them. Here elements 20 to 25 are selected.

." - MOPADS prompts for elements to be edited one at a
time. Both the label and value may be changed
although normally there is little utility in
changing the label since the moderator functions
"•pecily human factors data by element number. Tnis
however, does not preclude specialized procedures,
"written into the implementation of a particular
system module which might make changing a label
desirable.

G - Use the asterisk (*) to avoid changing existing
values.

O - ~When done editing, type zero for the element number.
This brings up the display option again.

OQ - New values for elements 2h and 25 are shown.

Oi0 - A listing may be obtained when done editing each

data type.

0 - Editing goaJ• parameters is similar to editing human
.. factors parameters except the labels may not be

changed. Also, care must be taken in changing this
"data. See Polito (1983c) for a discussion
of goal data.

1
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fult 009AT u 1111*El~ 1O uvITfcAO TO Duly)

ID )-op.JETIylC FUwCTION PAAAIIEcT&R

41q ULIMEI'TE

Tt3 T ASI ELEMEN TO 61 91AN 9" my P04N

AM~LUE;I 704 NI EIOA#0

TYPE NEW LAM ANDO4UEC-s 0 FOX NONE) NGE

TYPEHIC ELEMENT TOUL YOAGE L0K TOR NOE)

STYPE ELEMENT TO CHANGE(C 0 I0ro NONE)

WHICH ELEMEOTSt WOULD) YOU LIKE To) sEE
.ENTE FIRST AND LAST ELKHENTICO TO STOP) j #~

I-, PiANKVETERs; CHRCTO EDIT8100F:

WHC ELENT WOUL YOU LIKE TO SEE
ENTER FIRST ANIJ LAST ELEMENIB(0 TO) STOP)

3 I(M .0000040

O V I T L EA .0 0 0 0 0 0 0 4

5 LITTLE-b 0.0000000E400

TYPE ELEMENT TO ClPANGE( 0 FOR NORE)

bIH , S. AllNT LA~ EL ENTT (0 TETOP)

tZZ14  GOAL 2.000

It LITTLE-A O.iN:S34ZE-02
20 LITTLE-P 9.48637

8:00000o +0
23 OAL-STATE-LOW-I 0.OOCOOOOE+00

S4 PRIOR.-Y;LOi0--I 30.00000
:65 GOOL-STA E-LCW-2 3.6i00000
56- IOIY-O- 10.00000
27 OOAL-STATE-MIGH-1 0.0000000E+00
2R PRXC1RITY-NIGH-l 0 OOOOO00E+00

29 GOAL-STATFI-IGH-2 0 0OOOOOOOE.0O
30 PFIORITI-,IIGH-2 0.00000O0E+00

*TYPE FLEMENT TO I4iNGE( 0 FOR NONF)

Y"HEC N EL ZNTSWOUýV YOy LIKE,
r. 14 kL 5, F ANF A. EL MNTS 0 TEETOP)

V 1C YOU WANT A LISTiNG'
QELECT OESIFEZI PARAMETERS TO EDIT

C*-Oury
I-HUMAN FACTORS P'ARAMETERS

j I.rum-.ION PARAMETERS

Figure 111-3. CHANGE Operator Data Ebcampl3.
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NISE A* EEPN
MRit Fvlf bog, L.AffhItII(TIfP

O*Mbt&IJ-O; Q&3ALS m.ow-(@/

TYEELEMELNT TO CHANGE( 0 FOR NONE)-
TTP NEW LA L " IWiE.VG ocml

P[ NEWT M OUTS l1] A VK LA MAI (0 1 TOP)

bSAOTA T LIST REPOR

USER MESSAGE: OP'EROTGP-1
DA.Ti. bASE FILE: VOL4f..I#P

W.4A LIST LAIEE: Oý-0O'ERATOF-STATE-VEE'r0P
I-ATA LIST III! 1- 3). 5 1516
10.4 7A LIST TYPE: REAL

DIATA LIST CONTENTS:

*C3LUMN VALUE LAPEL
----------------------------------------- ------------------------------ ----------

11.000000 OPERATOR-TY"C_'0

O0 OOOOOE0EO0 OPEkATUR-11I*

3, 144 00 PONTR TESPA-i R

100.0000000E400 UNUSED
10 00000000E+00 UNUSED
10 .. OOOOOOOE+00 UNUSED
it(..OOOOOOOE400 UNUSED
140.C0000000E+00 UNUSED

14 O.0000000ý.00 UNUSED
16 0.0000000it400 UNUSED
17 :.10o000001,:+2 S7ART-TRACE-TIhE

19 .100001:+2 TRACE-INCREhENT
20 0.0OOOOqOf:O8 UNUSED'1 000001+0 UNUSEDr', I8:8000OO4,)OUNUSED
23 0.0000O00E+0O UNUSED

240.OOOOOOCE+Q0 UNUME
:50.OCOOOO00E400 UNUSED

:0.OOOOOOOE+00 UNUSED
'7 0.OOOOOOOE+oo UNUSED;s 0:O0OOU)OE+00 UNUSED
9q 0 OoOOOeOE+00 UNUSED

s0 0.0000000E+00 UNUSED
31 0.OOOOO0OE+O0 UNUSED

3237.00000 CORE-TEMPERATUF.=I
540 

6
000E+00 ME-0N-1AStK

0:0000000 0V.U3.. OOOO0000EC DIAYS-OF-DUTY
1.000000 SEARCH-DIMENSIONS

0!0000000000E+00 NUMbER-FIRE-UNITS

Figure 111-3. (continued)
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10jabba PRi v toy -kEST

440.0000000 4*00 WMR -1 "

406 0. 0000 40 1A [1-11
0ý ~ ~ 00000001400 1AARO-hO

43 0. 96ME00EOS.ItRN~T TARGET!l

11 .0000040f SI AL0i. -?k
1.0 ~O0 AHoURI-U IJ-P MP-uXf ?

J! 1.000000 0 AY S-OX1H0U1- l 'i-

1 .0000~ bAysI-OP-NGMT-I'UTY

000 AV LI -C N FP

1.000 0y a
65 .000000 16# M.OTb TS

0.000000400 A! 01

I 40000 PI;EYOkOLO0!CAý,kAW~C

63 0.000000 01400 ThAGET-NEI0HT

000.0000000400 L1.00 0 000 K o1.00000*0io NUM-0Pw Ak 7ANtA

74 0! 0.0000001400 A C AVy-[0
75 340. 0000 PEL-OP-Yr i

76 0.00;0000t0406 fJb~f3VEA-0FrSET
*00000000E60 UNUSEDP

SO 2400000 IIPLAY-P.(SOLU07!ON

0.1000000 ISPLAf-A 6 0 1- EPTO
1. 330 01 FrAMCE-T I IPLA

1 000 0 VSPLAY:NWIDTH

60. 000: AAGTNO~itE
II0.009008000+00 I AG 7 LUIA ION

110016000000013E00 !C.NAL -rlASILITYT
*11.000000 PREST-PERIODiS

0' .0000.06Oe+00 TASK - r;Rok-FACTO
010.000flIO'2400 lAsk- CLEMENI-EkkO-FZ0
@40.00O0001,'E400 k-SCREEN-CENTýf

:5 0.000000 'E+O* Y-SCREEN-CENTE;
0 .00060COE*00 SChEEN-RAN'nE

11, 1.00000 GO

100 ~ 0.0009000E400 LITTLME-1
18 00 00 1-A
111.0000co b10-I

1'.4 p 00(l'Q00E+OO GOAL- TATE-LOU- I
1 95 :000 0000 0400 PRIO T~iLOW-1

y 0400000 +0 RI 7 E T- LOW-2j1:9 1.0000001+ R T O-
1 093.0 0 GOAL-STATE-_NIGH-1
Ict 1.000000 PRlORlTY-HINIOh-I~.0000 GOALOTATEiHI0IG.1000 0 PRIOR TY-H GH-2

0000 COAL

113 .00000 LITTLE-"l
114 0.10000001411 SIC.- m
1's *312534'E-02 ITTLE-A

a..848633 LTL -Pt
a.00000001400 PIG-A

130.0000000E+00 1":18-P
11,v 0.00000001400 OOAL-STATE-LOU-i
120 30.0000 PRiORITY-LW-

3.000000 OAL-STATE-LO-1
1--2 10000 PRIORIMYLOU-?
123 ;0.00000E+00 GDAL-STATE-MIH-l4

8000008'8400 PRIOR JTY-HIGH-!
.:8800E 00 4 O AL-I TATE -HHI GH-2
0.000000100 PRIO!ITY-HIGH-2

1* 0.OWOOOOOOE GOALTEf
-3.0000000EG00 LT -

12 9 0.00000001400 BIr,-f
1.300.000000+00 LIT LE:A

0. S000000E48 00 ITTLE-
0. 000000010 + 16-A

03 0.00000001400 V01p6-0 ELO -D~4 0 .000O0O0E+00 GOAL'SA-Lh
135 0 000O000E400 PRIORITY-LOW-I

l._30.000000014+00 ODAL-S7AE-LOIJ-2
li0.90000000100 PRIORITY-LOW-

Figure 111-3. (continued)
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.00004SS ~IMS-

"a 0000 a0 06OITV-1.-1
of. rn4000-5;ATf;10-

=000009 O ViE fIVPn~t0

.OO0O~0~Pt04Y-AS
14 .0000*oU00 42ULkL1

.000004 IN SLA 

NO 2*.00001 PUMNYlAEtI 000000 4 a(ONLE a v
.0 41 OOD0140 (UNLAI 0

1 "0000OO :0 tUNL , I'll-
1.40 00004 ULI 1

.10000~ 40 UNLAWb LEO
159 * 0000000f0 4*O (UWLAS EL0

I., ~ ~ ~ OM *.00014 UNLAb L D
170 06000009+40 (UNLAIELL £

.00000000k4" (UNLA , LIO)

0:00000¶0001 : 4 LL L b)
0.000000+01 00 (UNLASELED)
1.000000t400 (UHL A bLED I

159 000000040 (UNLbE
150 0.0000 01 0 UP4LAOEMCD

I I 0.0000001 400 (UNLABELED)

215 OOOOQ 400'U0L

25, 0.00000:01000 (ULAELD
10 ~~0 00000E400 CUNLA1E ki

1'I .00000001400 CUNLAIELiD
10*0400*00t040 NALEE

1.9 0.00000001400 4UNLAC[LED)l
I*4 0 0000 HL0 (UNLA 4L 0D

''5, 0.0000-009810 (ULA1EL 0

2900.0000000t+00 (UNLAbELED)
17~ : oooOOO0E4OO (UPLAIELED ,

0I0IN 0 040 LETI L
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Each operator goal requires 15 goal elerents (in the
example there are 3 goals, hence 45 goal elements).
In Figure 111-3, elements 23 to 30 are the points on
the goal state vs. goal priority curve input by the
user with the ADD command. Elements 17 to 22 are
computed from these points to fit exponential curves
to the points ,Polito (19 8 3c). No automatic computa-
+ion of elements 17 to 22 is performed by CMANGE. In
order to change an operator's goal curves, these
elements must be computed manuall~j and then edited
with CHANGE.

© Two objective funetion parameters may be edited. See
'olito (19 3 3c) for a discussion of these p,.rameters.

Q -The operator state vectors are stored with pointers
to the various types of data (i.e., human factors, goal
parameters, etc.). See @ Thus, the human factors
data begins at element 32

To find human factor parameter 6, for example, compute
its index as follows: 32+6-1 = 37. Column 37 of the
operator state vector is human factors parameter 6.

Similarly, the goal parameters start at column 97, @
and the objective function data begins at column 142,Cý).

Finally, the display and task stack information begins
at columns 144, 5Q, and 147, Q, respectively. These
data canmot be edited because they change dynamically
during simulations.

3-3. CHANGE Environmental Data.

Figure II1-4 is an example of editing the Environmental
State Vector for the reference ADSM.

Q &® - The environmental state vector contains system and
human factors data. Editing is performed in the same
way as for human factor parameters in the operator
state vectors.

O The listing is also in the same format as the operator
state vectors. System parameters begin at element 2,
and human factors data starts at element 23, (.
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T•LL~ r 7,[^EftII ETER5 TO EDIT
0-OUGTk-S YSTE. PARA MtTt•

-NT A FACT kS **A R *I

THR AR•E -O[ 21 0LO000T

1.. S ~~AND ELAD £LMyU t

. CTE[R MON '[ 0.00000 40004 ETHOP,-Of-CONTROL t.@000000
S WEAPONS-CONTOL-STATUS 2.000000

TYPE ELEMENT TO CHANGE( 0 FOR NONE)

TYPE NEM LADEL AND VALUE(*' FOR NO CHANGE)

OTYPE ELEMENT TO CHANOG9( 0 FOR NONE)

;HICH J LENENTC WOULb YOU LIKE TO SEE

ID wN ER IRS7 ANDI LAST ELEMENIS(O TO STOP) 
P

DO YOU WANT A LISTING?

EqI: I•EUDSIR PARAMETERS TO EDIT

J-SYSTEM PARAMETERS
r NHUMAN FPACTORS PARAMETEP.3

0 THERE ARr ELEM'ENT? r
WHICH ELE~tfTS IdOULI YOU LIKE TO SE!
ENTER FIRST AND LAST ELEMENTS(O ID iTOPI,

I DRY-SULD-TEMPERATURE 22.00000
RILATIVE-HUMIDITTY 50.00000I A P'-MOVEMENY-kAlE 6000

4 1OISE-LEV1 L 45.00000
S ORKING-AREA-ILLLMINATION 50.00009
HUNERT-0N-UTY .OOOOOEN000

7 VIiURAON-1. 0.0000000E400
9 AM• DINVAPOR-PRESSURE 10.00000

O TYPE ELEMENT TO CHANGE( 0 FOR NONE)

YPE HEW LADEL AND VALUE0** FOR NO CHANGE)

YPE ELEMENT TO CHANLE( 0 FOR KNIE) p

rHIJ" ELEMENTS UOUJ YO11 0KE TO SE T)S- HT k I RST A LA T ELEM NTS(O TO [TOP)

DO 90 YOU WANT A LISTING?

"-SELECT DESIRED PARAMETERS TO EDIT
(.-OUIT
1-SYSTEM PARAMETERS
2-HUMAN FACTORS PARAMETERS

THERE ART 21 ELEMENTS
WHICH ELEMEHTS WOULD YOU LIKE TO SEEO ENTER FIRST AND LAST ELEMENTSCO TO STOP)

SDO YOU WANT A LISTNOTI

TERMINAL(T) OR LINE PFINTER(P)

, NTER MESSAGE TO PRINT WITH T1

Figure 111-4. CHANGE F_ rironmental Data Example.
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5AE A

SAY& LIST mipomiTS

R041: 1AEPL 04.P

Al~~~ A TMOD RA

COLUNIUMD 4~LE A

S.!0:0000009400 ICON
5 1.000000 IiETH0D-OF-CONHYOL

3 i~:8g~g U~ANC~ Lp
T

S 0.0000000E+09 A'"lUN T'O.w-"OTV
O.0Q0000'nE+00 APIMUN IT;D*0-COLD

1@ .0800000E+04 ALEr(T ST(.TUgN
II.0.OOO~UOOE400 conFIGURATIO

0.0000000E+00 FIPt-UNZT-~~U
is O~~.00000001400 fItiARv-TftA7Ck-lAIDFCE

0. 0080 00*84 1R3jAE-PfTwg.-0P-F I rIt 0.00000 +'*0 Pk M I~ARGL - ATEG D9Y
0.S000000~E400 2,N('RTkACK-AID(RESS
.0000000* 2N0R -PETWODOF-VII'E

Ii :88~gS 00948; 1 -T
:c. .0000000E400 Y-POSJT:On

0.00000006400 2;PGSITl. a

24 so 00000 RELAlVE-HU~lb:TV
:$4.000000 AM~MOVEt1ENY-RATE

.000000 " UMI-Ek-tJN-CUTY
0!60000000E400 YIPkATAON

LI-ti-0 CeLTI 10.00000 AfblbIEN-VAP0R-PRESSURE

Figure 111-4~. (continued)
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3-4. CHAN E System Resource Data.

System resources were not defined for the cxample, but
an example of de ining such data is given in Figure 111-5. The data
which may be sp~zified for a resource is:

Reso ce number

Number of Units Available

Mean Time Between Failures (MTBF) (Hrs)

Mean Time To Repair (MIR) (Hrs)

Use Code (0 - non-exclusive use,l-may be used by r
only one operator')

Status (1 - green, 2 - amber, 3 - red)

Editing is performed in the same way as for Task data and the listing
(not shov.n) is formatted in the same way.

4-o THE USE A6D RIENAME COMMANDS.

Figure IIt-6 is an example of the USE and RENAME commands.
The USE command may be issed at any time in the "CREATE/EDIT"
REFLE:TCE SYSTEM MODULE" subprocess to make a specified ADSM
current. Similary, REVAME may be issued at any time to rename an
ADSM. The renamed ADSM becomes current.

The annotations on Figure 111-6 are explained below.

O - When entering MOPADS with an"OLD" data base, it is
most often done to edit an existing reference ADSM. The
CHANGE command requires that a., ADSM be current.
The USE command is issued to select a particular ADSM.

- The CURRENT commmad confirm3 that "E--EXAIPLE" has
become current.

The RENAME command renames "E-EXAMPLE." Note that
the ACC ("E" in this case) cannot be changed.

G - The CURRENT command confirms the RENAME.

5-0 THE SAVE, GET, AID DELETE COII4ANDS.

Figure II1-7 shows an example with the SAVE, GET, and DELETE
commands. The annctations are explained below.

G - A reference data base is opened for the example.
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7%~~~ 77717 7A

Lm LNIEWW L UEr. USE 'go TO SELE.T
EFAULT OP~ LEAVE- UNCH4ANGkED

VOl. OPT.ONS. SELEC" M* TU OET WVIS MENU

OPTIONt $-SHOW PARAMETERS. h-MENU# C-ENTER DATA FOk NEW R7SOURCt
r-CNANOEEXISTINC RESOURCE, Q-GLJI7 RESOURrSC:

OPTION RESOURCE NO.-UNITS __MTbF. .... MTR_ C8olt ST.ius

k,1 1 100.0 0.3000 I

--.AE-ENE R/CZIO AI Oh

SEEC OPTIONO+O .O00+O

E-CEATE/SEDITSMLTONDT E

DO-EUXAINT SATLISTICSJ

4-CREATE/ED 7DS SCEARIO DA

Figure11-5. EATNG Syste Resurc REatENC ExSTampDUL

SETECT OPTION NME

5CREAT /ED T REFERENCE SYSTEM MODULE

CR~EA-DIRET REFRNESSTMMDL

CURRENT DIRECTORY LABEL 1SIE-EXAMPLE

RENME LDE-EXRMLE/NE~-R .NA -.

-- NRCR/ED'ADIM COMMAND

CURRENT DIRECTORY LABEL ISIE-RIENAMED

Figure 111-6. USE and RENAME Exanpie.
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1 A . : / PUKtIAU A ! -C LUNMN

HOAD 1 B Y IE Sj~ 1AN~UCCES jSF l Y R ATEB(*

N ... .... KISFaLLY CREATE

~ENME ~.PE-XAMiPLE/MEWi.E-RENAMCE~....,
Ii-E.j$ýj YR COMMAND

COPY CORPI ETC

*/ED AM COMMAND1

PAGE*

USER I"ESSACEI MOPADS CURRENT DIRECTORYDATA BASE rILE1 V0L46.DDT
gIRJORY ýAbLt REFERENCE-ADS"

I :2 1ARNKINGCO1E(OWNED PIRECTORIES:: JWCREAJIN5 00:101D('
RANKINiCIIDE(OWMNr BATA LI.S $11 CEAIUOnI

OWNED DIRECTORIMS
DIRECTORY POSION~A EL: E-RfmANED*

DIRECTORY POSITION: 74)EL Et-CXAMPLE

~~~5 /tEPADSnCOMMAND

PAGE* I

USER MCSSAOE NOPADS CURRENT DIRECTORY

IRCCTORY IV:RANKING CODE (OWNED DIREC TORTIESSIICESIGORAN4KING CODE1(OMNED DATA LIST )f, I NCHEA JU O 13
OU-11ED DIRECORIEI:

DIRECTORY POSITIONS
LABELS&-EXAMPLE

IDI1 -4. 1 5 * 53

Figure 111-7. SAVE, G~r, and DELEE Example.
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-The ADSM 'E-EXAMPLE" is saved to the reference DB.
After the SAVE, the saved AISM is current on both
the working and reference IiB.

S- Rename "E-EXAMPLE' to "E-RENAMED" on the working M .
(Note that RENAME works only on the working DB.)

- Nov G = a copy of "E-EXAMPLE" from the reference DB.
"E-EXAMPLE" will be current on both the working and
reference DB's after the copy.

- PLINK on the working DB to the "REFERCE-ADSM"
directory so it can be examined.

- Look at the "REFERENCE-ADSM" directory.

O Both "E-RENAMED" and "E-E(AMPLE" are present.

NOTE

They both have the same ID. This
is not a desirable situation and
points out that this is a contrived
example. In practice, only one
'version of a particular ADSM would
be used in the working DB.

®- Delete "E-RE1AMEM." It is not recoverable after DELETE.

- A DIRECTORY commad shows that "E-RENAMED" is gone.

GET, SAVE, and DELTE require substantial computer processing,
and the user should be prepared for a delay before the next prompt
is printed by the computer.
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APPENDIX A. INTROL3UCTIOQ TU THE ,MOPADS USER INTERFACE

1-0 CONV' INO• MT THE MOP.-MS USMR TN71MFACE.

The MOPADS User bterface is hierarchical in structure.
It consists of five sitbproceses as saown in Figure A-i. Each of
the subprocesses has its o%-n ast of capabilities and ccands to
invoke them. The subprocesses are described in separate documents.
In addition, a set of Basic Data Base Ca-ands are provided that are
available in all subprocesses. The main purpose of this section is
to explain the use of these commands.

1-2. Syntax Rules.

The User Lnterface is primarily a ccmuand driven processor
that waits for the user to issue instructions. It does, however, have
aspects of menu driven systems in that some commands result in menus
being presented to the user. Also, the comand processor (FFSP described
in Goodin and Polito (3983) permits menu-like presentations of
chands.

FMPAM J---=

III SBAIA IC.A SOAl

Figure A-I. Oiganization of the User Interface.

I-il OMA"



The regular mode for entering commands is shown below.

coand,promptl--responsel/prompt2=response2/...

The commands and prompts are keywords recognized by MOPADS. The
response; are particular values for the prompts. For example,
consider this.

OPN ,FlLB=MOPADS.•BF/STATUS=OLD

OPEN is the comand. FILE and STATUS are prompts recognized by
MOPADS, and MOPADS.DBF and OLD are values for the prompts.

Certain prcmpts for a ccmmand may have default values that wili
be used if the prompt is not entered. In the exa=ple above, another
prompt, DB, specifies which data base is to be associated with the file.
Its default is WORKING, so by not entering it on the command line,
WORKING is autozatically selected. If the default value is not desired,
then the prompt must be explicitly entered on the command line.

If the user fails to enter responses to all required prompts,
MOPADS will interactively prompt for the. For example,

OP12 ,STATUS=OLD

FILE[NO DEFAULT] MOPADS.DBF

After processing the OPEN coumand, MOPADS found that the required
prompt, FILEvwas not entered. It printed "FILEINO DEFAULT]=" to
prompt the user for a response. If the last non-blank character on a
comand line i3 a dash (-), MOPADS will interactively prompt for all
unentered prcmpts, even those with defaults. For example,

OPEN ,STATJS=OLD -

DB IWORKING] = P=ENCE

T-ILE[NO DEFAULT] = MOPADS.DBF

The dash caused "M IWOING]=" to be printed. The value between the
brackets is the default for the promp*t. The default can be selected
by typing "DEF" as the response. DEF can also be entered on the command
line; e.g.
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OPEN ,DB-F/STATUS=OLD/17/LE=MOJP.DS .•I.'

The above demonstrates that the prampt-resp.nse g~raps can be entered
in any order.

Also, a c-nd can be cancellea %t azy time by typing "CANC"
as a response or a orcano. For exarple,

OPEN, CANC

OPEN ,Ffl.P= CAN C

Note that D17 and CANC are essentially reserved words. The user inter-
face treats comas, blanks, and equal signs as interchangeable separa-
tors. Also, multiple separators are treFted as a single separator.
This means that the comas in the previous examples could be replaced by
any combination of one or more blanks and cotunas. The same is true of
the equal signs, but their use is recommended to make the coman-d lines
easy to read. The slashes are required separators between prompt-response
groups, but they can be preceded or followed by blanks or c-as.

A response may include separators (i.e., commas, blanks, equal
signs, and slashes) if it is enclosed in quote marks M"). For example,
on some computers file names contain embedded blanks, e.g.,

OPEN FILB="MOPADS IMF"

Without the quote marks above, 2OPADS will consider MOPADS LBF as tvo
responses when only one is desired. (NOTE: A single prompt may have
more than one response if the prograiner specified it that way. In
such a case, each response would be separated by a blank or coa. In
the case above, however, where a single response is required, the quote
marks must be used to embed the blank in the response.)

Any response may be enclosed in quotes, although there is no
advantage in doing so unless a separator is to be embedded. Blank
responses can be entered with " " where at least one blank appears
between the quotes.

A generalization of entering only some of the prompts is to
enter only the coand name:

OPEN

rfE INO DEFAULT]=MOPADS.DBF

ST•-US [OLD] =DIM
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The User Interface will prompt for all respnses. This method can be
selected if the user does not remember the prompts.

For commazds which the user issues frequenty, a concise mode
can be selected by preceding the coamand with "%- In this case,
the prompt= part of the syntax may be omitted. 'or example,

C-OPEN DEF/MOPADS.DBF

Responses must be entered in the same order as t ey are prompted ini
the c-mand-name-only form. No response may be skipped, except that
if all remaining responses have defeults and the defaults are desired,
then the command line may be terminated (e.g., the STATJS response
was omitted above since OLD was desired). The dash works in the
concise mode in the same way as in other modes.

The following 'r'les will formalize the previous discussion of how
syntax is processed by FFSP.

SThe command-n e-only form of a command may be used at any time
by typing only the o•mand name.

Blank responses and responses containing separators may be entered
by enclosing them in quotes. To enter a blank response type
" " (including the quotes). At least one blank must be entered between
the quote marks.

A co==nd may be cancelled at any time by typing CANC for any
prompt or response. You can not abbreviate CANC.

The user mey elect to use the default value(s) by typing DI for
any response in a response -li,, up to one field past the last response
in the list.

Slashes (1) must be used to separate one prompt-response group
from another. Blanks or ccmmas may be used to separate all other fields.
The equal sign should be used to separate prompts from their responses;
however, it is not ilreq uired.

Ccmmand and prompt names may be abbreviated to any non-ambiguous
string of characters. For example, if there are two commands, DESIGN
and DESCRIBE, they can be abbreviated DESI and DESC respectively. The
commands may be abbreviated in longer forms. For example, the user may
enter DESC, DESCR, DESCRI, DMCRIB, or DESCRIBE for the coamand DESCFMTE,

If a command line in regular or concise mode is ended with more
than one dash, the last dash will signify to the system to prompt the
user for all the unentered responses. Other dashes will then be con-
sidered as part of a response.
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Any multiple combination rf commas anI blarks is treated as af single separator. For exam.le,

S' NAME - BILL WOLF and NAME r BIlL , WOLF

"are equivalent (here the response is a list of two character strings).

If the user enters ai. incýrrec& respornse or mis-ses the s'--ntax,
FFSP will explain the error and prompt interactively for all r m gining
respons es.

Concise mode is signified by preceding the cowuand name with "C-"
(without the quotes).

3 1-3. The Current Directory and Current Data List.

MOPADS data bases are made up of miltiple directories,
"each of which may own one or more directories and data lists. Normally,
the User Interface operates on one directory which is designated
"current." Similarly, one data list of the current directory can be
designated the current data list. This ensures that the action of User

t.Interface commands are unambiguous. Facilities are provided for deter-
mining the current DR and DL and for selecting a DR and DL to become
"current. Note that same coands automatically change the current DR
and DL.

12-0 BASIC DAWA BASE COMMNDS.

2-1. CLOSE.

The CLOSE coand (Figure A-2) will close either the working
or reference data base. I1L can be used to switch to a new data base fil

U

2-2. CURRE.

The CURRET comwand (Figure A-3) will display label, ID
or both of the current directory and/or data list on either data base.

2-3. DEPOSIT.

DEPOSIT (Figure A-4) is a low level editing command that
allows any element of the cin-rent data list to be changed. DEPOSIT
interactively requests element numbers and new values.

* 2-4. DImETORY.

DIRECTORY (Figure A-5) shows the contents (all owned direc-
tories and/or data lists) of the current directory an either data base.
7'•. shows thE l±ýels, ID's, and directory positions of the contents.
This information is useful for the SELECT c- cand.

1
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2-5. MAIM.

EXAMMNE (Fijure A-6V vill display selected contents of
the current data list to the teminal or to the MOPADS line printer
cutput file. If the latter is selected, the data list label and
other information will also be printed.

2-6. HEL_.

ELP (Fig'Are A-7) 4111 print the prcmpts and options for
the prompts for the syecified ccmmand.

2-7..!.

MENU has no prcrpts. It vill print all comands available

in the current subprocess.

2-8. 0PEN

OPEN (Figure A-8) will open a data base file as either the
working or reference DM. OPEN will not automatically close the current
IB. CLOSE must be used explicitlybefore OPE to switch Mi files.
MAXPXCORD is the maximum number of records allowed in a data base file.
It may not be needed for your computer. Zero implies no limit on the
file size. The (MASTE-DIRECTORY) is current aft.er the OPEN conmand.

2-9. PL2IM.

PLITM (Figure A-9) will change the current directory to
the owner of the directory which was current when PLIMK was issued.

2-10. GMIT.

QI has no prompts. It causes the current subprocess to
be exited.

2-3.1. SELET.

SILECT (Figure A-10) changes the current directory or data
list to one that is owned by the directory that is current vhen SELET
is issued. The desired DR or DL is aelected by specifying one (and ruAy
one) of the folloving: 1 - its directory position, 2 - its label, or
3 - its ID. This information is obtained -ith the DIREOR! comand.

2-12. TEMIATE.

TERMNATE has no proupts. it will close all open data bases
and c•ermiante execition. This is the normal vey to end a User Interface
se• •ion.
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3-0 USER INS"TRUIONS AND EXAMPLE'S.

Figure A-Il is an example using all of the Basic DIht Base
Crmmar s. The annotations are explained below.

( The CLOSE comands disassociatts the current
data base file from the MOrADS softvare. After
close, MOPADS will know no working DEB. If STAflJS
is specified as D=E, the data base file will be
destroyed permanently.

SOPEN associates the data base file VOL46.LB
to the software as the working DB. STATUS=OLD
implies that the DBF was pr.viously created as a
MOPADS data base file. If STATUS=NEW is specified,
MOADS will create a new MOPADS EB on VOL46.1BF,
and any information previously coLtained on VOL46.DBF
will be lost.

O The 1E!U command is always available to list the
ccnandz currently available.

O - HELP prints irformation about a particular cc=Land.

) - The user has asked for information on the prompts
DISMLAY and TYPE. For DISPLAY, MOPADS shows that
it expects a response of one character string that
must be on2 of the enumerated values LABEL (display
the label), ID (display the ID), or ALL (display both
label and ID). The default is LABEL. huP is
terminat?d by entering "*."

O - When OPEN is issued, the (MASTER-DIRECTORY) becomes
current. The CURRENT comnand will not display a
directory which has no owner, which of course, the
MASTER-DIR0XTORY does not.

- The DIREctORY command will always work, however, even
on the (MASTER-D!E=CTORY). The contents of the (MASTER-DIRECTORY) are shown.

- The SELECT command makes the REF=CE-ADSM directory
current by specifying ita directory position in the
(MASTETR-DIRECTORY).

- The DIRECTORY command confirms that REF=CE-ADSM
is current and shows tht owned reference ADSM's (inthis case only one, E-EXA•PLE).
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rn CX£EEP~u

'W'Ozz WORKING Do

CPJf .'?? "?M fNNAWPt

M CR/1E ADIM COMMAND
i .OMRAMDS CURRENTLY AVAILADLE:
ADD 1HANG1  DELETE
our? ENAM[ SAVE USE
CLO2f CryRENT •PO SIT IJE} 0 3'RT
ERMINATE PLINK MENU

ADSM COMMAND

COMMAAND : CURRENT

PROMPTS $ Do DISPLAY TYPE

R ATHE NAME 0i A PROMPT ts To TERMINATE) *

PROMPT I DISPLAY

CNARACTER

'URENT DEFAULT{) LADEL
EIUUMERATED VALUES I

LASEL
ID
ALL

PROMPTS I Do DISPLAY TYPE

iTER THl NAME O A PROMPT (I TO TERMINATE) u

PROMPT I TYPE

CHARACTER
LIST OFr LTENUST )
CURRENT DEFAUL ( .DIRECTORY

ENUMERATED VALUES t
AIECTORY*I-LIST

ALL

"•ROMPTS I D0 DISPLAY TYPE

FWTER THE NAME O A PROMPT tS TO TERMINATE) S

Figure A-2.1. Example Using Basic Ccmand!s.
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__DMCOMIMAND
-U TR OR DL AS NO OWNER

CURRENT DIRECTORY LAM. IS:(NOT RLTRIEVED-NO OWNER)

NO CURRENT DATA-LIST
n COMMFAND,/LU

PAGES I
D I RECTORT REPORT

USER MESSAGEt MOPADS CURRENT DIRECTORY
DIATA PASE FILE: VOL46.DI-P
DIRECTORY LABEL! (iASTEfý-VIPECTGRY)
kANKING CODE(OWNCL WkECTOPIES): INCkEASING O 1D( 0)
RANKING CODE(OWNED DATA LIS13)I lCREAS14O ON 1D4 0)

OWNED DIRECTORIES

DIPTORY POSVTICNI LEEREN-DSN'

In: C 1- 2)s 2 1

DIRECTORY ,OSITIONX 2
LABELI SCEnARIOS
lo: 1- 2)m 4 0

OWNED DATA LISTS I
DIRECTORY PG.ZTIOI4 I

LABELI D?-TITLE
ID: ( 1- 2)0 S 0

f n.MZ.L.PiED ADSM CO~MAI4D

PAGE- I A 1 D E REC TORY REPORT

USER &ESSAGE: MOPADS CURRENT DIRECTORY
DATA PASE FILE: VIL 6.D.P
DIRECTORY LABELI RLFE ENCE-ADSN
IJIRrCTORY ID:1
hhWN CODE'-ONED DIRECIORIES)l INCREASINO ON 1O( 2)
kANhING CODE(OWNED DATA LISTS)l INC&EASIND ON ID( 2)

OUNEDI DIFECTORIFS:

DIRECTORY POSITION: 4
LABEL' E-E!ANPLE

4O" 4 1- 4im 11 3 0 1000

Figure A--1. (continued)
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PAGES aSIZftCTORY REPONT

USNR NtSSAIAGE nOPADS CURRENT DIRECTORY
DATA DA5E r 1L t VOL44.DIF
bDZRCTOR? LAICLI Z-EIXAMPLI

J. Z,12r.EtODRY ID* ~ 9
RANKING CO VOED lRvc t fE 1WCREASIZIMON 19f 0)
RCANKINO ConlaON4LD DATA LJSTS)$ INIAS"4 Oa at I

OWNED DATA LISTS I

DIRECTORY POSITIONS "
Lh EL. R-AD$-KSOURCZS
lat ( 1- 3)0 3 Is8

vrRECTORY POSITIONS 2
3EN-fm IRONfE?!T-STAT-VYtC

IU -3)0 3 •PRT•g&EVCD

DI•ECTORY POSITIONS 2
LABEL: 0P-OPERATOR-STATE-V lCTD tgU (5 1- 3)w S3 A 2

DIRECTORY POSITIONS ?
LABEL: Oft-OPERATOR-LA-V
:D: 1-3. 3 1212 2

. IRECTORY POSITIaN S
LAJICL EL- ATOK-DTP
ID.: 1"- 32 S 2004

DIRECTORY POSITIONS i
LAPELS RL-RESOURCl-LAPELS
IV: f 1-. 3)e ~ 81

DIMCTORY POSITIONS
LABEL: TD-VASK-DATA
IV;£ 1- 3)" 2004 1

-ENTER CR/ED ADSM COMMAND

"Figure A-31. (continued).
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CRIED AIDIN COMMAND

CURRENT DATA-LIST LAIKL So-Pm'-TTI4C a
-EYtER Ctit/ AlCER COMMAND

V A TA L.I ST RE9P 0R T
PATa IASE FILE: VOL44.01F
114T* I..T JABEL AC OP-OPEAATOR-STATl-VZCT0R
V474L rS D : ( I- Js- 3 1316
"Tri LIS? TYPE: MEAL

DATA-4.IST CONTENTSZ

COL.UMN VALUE 'LAlna

*.oooooo~o INLA 1L D
32.000000 TW4LASELED$

320000: CUNLA*IELEVDI
12Y.0000 ..NLA ELE
129.0000, 1UPwLA~Lz~

00000001r+09 tlILWlýLF.D1
0.00000001400 tU4LA?.2.Z0)

10 0.0 000600f0540 (U.NLABl' LED)
it 000000f+43 (UNLA'"A230.0000COOCO400 tUhIý'
13.0.00000Qci00E+09 ~ L1,

14 0.0000000E+00 CUNLAIIELL0)
15 .*000000t+00 9UNLDS11I30

@.00000001+09 UL3E0
010000095 4il WH1LAPLD

0.1000000 +i tW4Labllfbol
.000OOOOE421 W"~LAPELEIO

0.000000t*00 lUP4L&*ELjD)

9.04000306400 1UNLA~tLED)
0.:0000000f4000 CUPLAýELED3
a0.00000*0f4@ (U"LAJIEL~ )
0.0000000E400 EUNLAPELED)
0.000000011100 (U'4LAELLED)

300.00000600100 IUD4LADILLD$
0.00000001+00 (UNLADELED)

7.0000000 +00, LANELE41

0.00?000009+00 (ULADELED)
38 0.0000 tUNLARELED)

3D @~.oo0o i. lu"LARELL5g

3 .0000 (UHLA ELLO)
01.00.0000 (IJNLAPELED)

41 000000E0 IUNLAPELLD)

?igure A-1l. (continued)



174 *.000E0 UNLAVELEN)

17 . 000 +* (UNLA~la
179 1.000C000 *0 (UNLAI'EEID,179 *.@@0000*0t4@* 4UHLA CIE

19FIRST AND LAST now Mums £UNL 1 Do"?
WoxErkE ASIN COMM~AND

9FIRST AND LAST COLUMN MUM391304 If NOME)

aNTKR VALUE FORI

a CLUMM 19

TYPE FIRST A") LAST COLUM~N NUf%9r DOWKl

$a~~mEr"brat IF U

iNPOPE WIIEICFIELDt~REFUR EA0I~F LbO UNDERLI NED IN RECORD 2

CUR~RENTr DIRECTORT LASEL 152E-EZAMPLEt

CURRENT DATA-LI ST LAaSEL 15OP-OPEXATON-STATZ-YWIUR1
b DS COMMAND

cnnADIN CIMIAnS

CURRENT SII E~RY LADCL IS:RZFERlNCj-AvjsA

NO CURRENT DATA-LIST

X~f TIN WEDf ADS" COMMAND

SELECT OPTION5

S-TERMI NATE
1-CREATE /ED!T OX WULATIOM ISATA SET

1 U IU 104RUN DATA
4-CREATIE CDIT S TMARIC DATA

ýRXTi/EDIT REFERENCE SYSTEM RaiD-ILE
TylPE "TIC" NURDER

CR.TtI/EDIT SCENAPIO DATA

M.5T9* WRED SCtfNAPI0 CO0NPfS

Figiwe A-11. (continued)



G Select FS-ECAMPLE to be current.

O• - Look at the data list directory of E-IMUAT.S.

Q This operator state vector will be edited.

@ - The SEC command makes the above operator state
vector the current data list. This is confirmed
with the following CURRNT cczmand.

G EXAMIE specifies that the data list is to be dis-
played at the terminal. The user vents rmr 2.
NEADERY causes the "DATA LIST REPOHC" and the
next 6 lines to be printed.

105& (3 - This display demonstrates that the basic data base
coands are low level commands; they know nothing
about the structure or contents of MOPADS data bases.
The operator state vectors have two rows. The
secoud row contains the reference values for each
column. Prior to a simulation, the second row is
copied to the first row, which is dynamically
accessed during the simulation. In this way, the
reference or starting values are not lost. MOPADS
stores column labels only for the first row, bow-i-er,
since it vomad double the storage requirement to
duplicate the labels for each row. The "CREATE/EDIT
RFERECE SYSTE4 MODULE" subprocess knows all of
this, so when a listing is obtained vitb the CHAJ3GE
co-nand in that subprocess, the labels appear with
the reference values.

The XAMZNE ccsnd, however, simply operates on a
data list without knowledge of the meaniug of its
contents. Here, all of the elements of row 2 appear
to be (UNLABeleD). Also, ZXAKMIIE prints the entire
row. Only a portion of the listing is shown here
for brevity.

0 - Use the DLTOSIT command to change elements. It too
is a low level command, so (row, column) addressing
must be used.

0 - Elements 17, 18, and 19 of row 2 are changed (these
are operator trace parameters).

- This demonstrates MOPADS response to input errors.
The DEPOSIT command had not yet terminated when the
user entered the next EXAMINE. MKPADS is expectirg
a numeric value for a row number. The free-format
imput processor examines every input string for
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validity before processing It. Since N"
is not a valid rumbcr, it p-.-its the error mess e
and requests corre.t input. •Tithout this featvr
the progr vowuld termirite abnormally from simple
typing errors anO perhaps dw-ge the data base.
MOPADS will pro-cct the user from most such errors.

OCURM= shows that E-MCAMLE is the current dire kory..

- PLIN makes the currrit directory equal to the amer

of the directory that vai current vhen rLn was issued.

( ) - The CURRrT rcrmand confirms that the ERC-ADS4
directory is now current. Rote that ahen the curent
directory is changed, the current data list bectes
undefined. I

- = exits the cient subprocess and brings UP bhe
subprocess option enu again.

The TM cc".-nand erminates execution. Selecting
- the zero option on the subprocess selection menu

accomplishes the same thing.
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TERMINOLOGY

1-0 MANDARD MOPRAS TEMINOLOGY.

AIR DEFEN.E SYS! EN A component of Air Defense whicb includes
equipent and operators and for which techni-
cal and tactical training are required.
Examples are IHAWK and the AN/TSQ-T3.

AI DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAMNT simulation language.
Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See also
Tactical Scenario.

BRANCHING A term used in the SAINT simulation language
to mean the process by which TASK nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
that node determines which TASK nodes wij be
similated next.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM all direct communication with the MOPADS Data

Base. All information transfer to and from
the data base is performed by invoking the sub-
programs whinh make up the Data Base Control
System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

prepare Air Defense System Modules.

ENVIRONMENTAL An element of an Environmental State Vector.
STATE VARIABLE
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ENVIRONMENTAL An array of values representing conditions or
STATE VECTOR characteristics that may affect =re than one

op'atorý. Elements of Environmental State
Vectors change dynamically d-ring a 11'eADS
smulati'on to represent changes in the evi.r=-
ment conditions.

MODERATOR FUNCTION A athbeatical/logical relationshi? which
alters 'he nmInal time to perform an opetrata-
activit j (usu•lly a Task Zlem-nt). The nominal
time is ýchanged to recrezent the operator's
capability to perform the activity based on the
Operator's State Vector.

MOPADS DATA vASE A ccpuierized data base designed specIfically
"to support the MOMADS software. The MOPADS
Data Base contains Simulation Data Set(s). It
cmunicates interactively with MOPADS Users
during pre- and post-run data specification and
dynamically with the SAINT software during
simulation.

MCPADS MODELER An analyst who will develop Air Defense System
Modules and modifj/develop the MOPADS software
system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPAM software.

MSAINT(MOPADS/SAINT) The variant of SA= used in the MOPADS system.
The standard version of SAINT has been modified

0 for MOPAZS to permit shareahle subnetworks and
more sophisticated interrupt.s. The terms SAMIM
and MSAfIT are used interch:=reably vhen no
confusion will result. See a~so, SAINT.

9PERATOR STATE One element of an Operator State Vector.
VARIABLE

OPERATCR STATE An array of valucs representing the condition
VECTOR and characteristics of an operator of an Air

Defeloe System. Many values of the Operator
State Vector will change dynnnically during
the course of a MOPADS simulation to represent
changes in ope.-ator condition.
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OPER•TOR TASK An operator activity identif'ied durng
weapons system front-end ýanlyses.

SAINT The underlying crmputer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated Networks of
Tasks. It is a well documented language designed
specifically to represent human factors aspects
of man/machine systems. See also HSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required simu-
lation initialization and other experimental
data needed to perform a MOPADS simulatior.

SIMULATION STATE At any instant in time of a MOPADS simulation
the Simulation State is the set of values of all
variables in the MOPADS software a.d the MOPADS
Data Base.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of critical
assets aid the air defense configuration
(number, type and location of weapons and the
command and control system).

TACTICAL SCENARIO An element of a Tactical Scenario; e.g., if a
COMPONENT Tactical Scenario contains several Q-73's, each

one is a Tactical Scenario Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when grouped
appropriately, make up operator tasks. Task
elements are usually represeznted by single
SAINT TASK nodes in Air Defense System Modules.

J-7



TASK NODE A modeling symbol used in the SAMNT simu-
lation language. A TASK node represents
an activity; deptnding upon the modeling
circumstances, a TASK node may represent
an individual a&,tivity such as a Task
Element, or it may represent ea aggregated
activity such as an entire Operator Task.

TPSK SEQUENCING A mathematical/logical relationiship which
MODERATOR FUNCTION selects the next Operator Task which an

operator will perform. The selection is
based upon operator goal seeking
characteristics.

2-0 OTM3 TERMINOLOGY.

ACC ADSM Code Character.

ADSM Air Defense System Module.

DATA BASE The collection of user information and
control information that is processed by
the DBCS.

DATA BASE FILE A computer file stored on disk that
contains the data base.

DATA LIST A l5it of values (character or nueric)
that is user specified and is stored in
a data base.

DB Dstta Base.

DBCS Data Base 'Control System.

DBF Data Base File.

J-8



DIRECTORY A collection of data lists and other
directories.

DL Data List.

DR Directory.

ID Identify. DL's and DR's have identifiers
that are lists of integers and are stored
in their owning directory.

9i
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1. INTRODUCTION

1-0 PURPOSE.

This locument describes the facilities available in the MOPAD6
User Interface for creating and editing Critical Asset Configurations
and Air Scenarios. These aspects of MOPADS models describe the
assets to be protected by the air defense system and the flight
paths of aircraft that interact with it.

The User Interface provides a mechanism to create and modify
descriptions of critical assets and air scenarios. Asset and track
descriptions are prepared on external data files. The user interface
has commands which will read the data files and create the appropriate
entries in the MOPADS data base. These entries can then be edited if
needed.

Tu2-0 INFtRMATION NEEDED.

A shdmatic of the section of the MOPADS data cbase that concerns
nair scensrios is shown in Figure I-1. (A More detailed descriptihn of

ethe MOPADS data base is contained in Polito, Vol. 5.1T.) There ia one
directory labeled "SCENARIOS" (code b) that belongs to the master
directory. It owns all scenario information. Scenarios are defined
which consist of critical asset configurations and one or more air

scenarios that interact with it. Thus, the "CRITICAL-ASSET-CONFImURA-
TION" directories (code 13) .wn-% data list that contains the coordi-
nates of critical assets ("COORDINAE-AND-ASSEw-DATA"). More than one
"CRITICAL-ASSET-CONFIGMWaLION" directory may 'be present. They all have
the same label, and are distinguished by user assigned'nvmbers. (e.g..
1, 2, 3, etc.).

Each "CRITICAL-ASSEt-CONFIGURATION" may contain one or more air
scenario directories (code 8). Each air scenario directory will

have a &mique, user assigned label (signified by lower case letters in
the code 8 boxes in Figure I-1). The air scenarios may contain three
data lists for hostile, friendly, and other tracks.

When performing a MOPADS simulation, the MOPADS user will selrrt
the CRITICAL-ASSE-CONFIGURATION and the air scenario to simulate. Mhe
MOPADS software will then access the data from the appropriate data base
entries.

The contents of the "COORDINATE-AND-ASSEr-DATA" data list are
shown in Table 1-1. In order to create a CRITICAL-ASo-r-CONFIGURATION,
the MOPADS analyst must determine the location of each asset. The
coordinates are given in relation to a reference position that is

J-11
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0

DR (IIASTFR-DIRECTORY

DR2 SENARIOS

DRCITCL-ASTCOODINRATE-AN-AS-AT

I DL JAIRCRAFT-TRACKS-HOSTILE

DL JAIRCRAFT-TRACKS-OTHER

Figure 1-1. Scenarios Portion of the MOPADS Data Base.
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specified in decimal degrees and feet above tean sea levelc All other
po0itions are specified in nautical miles (for x and y coordinates)
and feet (for the z coordinate) from this point. (MOPADC assumes a
flat earth.) Each site may be assigned a code (SITE-TYPE) and a five
Lharacter label. Critical assets are not air defense urits that are
,iodeled in the MOPADS system. Air defense units are automatically
protected. The sites specified in a CRTTICkL-ASSET-CONFIGURATION
are non-air defense sites designated to be protected.

The contents of the "AIRCRAFT-TRACKS-?" data lists are shown
in Table !-2. Three such data lists exist: one each for hostile,
friendly, and other tracks. All three of the data lists need not
exist. These data lists have nine cblumns and as many rows as needed.
One track consists of two or more rows.

Aircraft tracks are represented as connected line segments.
The first row of a track is its initiation row. It specifies the
initiation point (relative to the coordinate reference point, and the
initiation time (in minutes from the start time of the simulation).
Also, the initiation row has an identifier, the actual primary ID, the
aircraft type, and multiplicity. Immediately following the initiation
row art one or more segment rows which give the end point of the seg-
ment and the speed on the segment. For hostile tracks, an indicator
gives whether the end point of the segment is a target (protected site)
and whether the aircraft is Ja-ming on the segment. The segment rows
are in their cnrrect geographical order. Each track is represented by
a group of one initia'ion row and one or more segment rows, and the
groups of track rows are ordered by track initiation time. In other
words, the tracks which initiate earliest are in the lower nunbered row.

Developing a scenario is the first and most fundamental task of
building a MOPADS simulation, since everything including the air defense
system will be located with reference to the coordinate reference point.
•he MOPADS analyst must assemble all of the information in Tables 1-1
end 1-2 and prepare data files described in the next section before
initiating a User Interface session.

NOTE

Aircraft flight paths may not terminate in radar
coverages. The MOPADS software will generate an
error. Friendly aircraft may be reprebmnted as
landing within coverage by creating a final flight
segment with zero velocity.
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II. COMMANDS AVAILABLE

1-0 BASIC DATA BASE COMMANDS.

The basic data base coatmands that are available in all sub-
processes of the User Interface are also available in this subprocess.
Descriptions of these comnands are repeated in Appendix A for easy
reference.

2-0 THE ADD-AIR COMMAND.

The ADD-AIR command creates or modifies an air scenario direc-
tory of the current "CRITICAL-ASSET-CONFIGURATION" on the working
data base. The prompts are shown in Table II-1. LABEL is a label for
the air scenario. FILE is an external formatted, sequential data
file which contains track data. Its format is shown in Table 11-2.

Ak can be seen from Tables 11-2 and 11-3 the Track Data File
may contain tracks of all three types. Several possibilities exist
here:

1. The specified air scenario did not previously exist.

MOPADS will read FILE and create data lists for whichever track types
exist on the file.

2. The specified air scenario previously existed.

MOPADS will ask if information in the air scenario may be overwritten.

2a. The answer is YES.

MOPADS will delete an "AIRCRAFT-TRACK" data list and repluce it if
like kind tracks are found on FILE. For example, an "AIRCRAFT-TRACKS-
HOSTILE" data list exists and hostile tracks are found on FILE, the
AIRCRAFT-TRACKS data list will be deleted and completely replaced by
the hostile tracks on FILE. An existing "AIRCRAFT-TRACKS" data list
will not be deleted unless replacements are found in FILE.

2b. The answer is NO.

MOPADS will skip tracks on FILE for which an "AIRCRAFT-TRACKS" data list
already exists. For example, if AIRCRAFT-TRACKS-HOSTILE exists and
hostile tracks are found on FILE, they will be skipped, and the existing
data list will not be disturbed. Other track types on FILE for which
no "AIRCRAFT-TRACKS" data list exists will be added to the directory in
the normal msnner.
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Table 11-2. Track Data File Format.

COLUNNS DESCRIPTION FORMAT

1-3 -1 133

6-15 Primary ID 610.3
1I-hostilop2-friandly;3-other)

1-3 0 13
6-15 Track ID number 910.3
16-25 !nitiation time (minutes from 910.3

start of sinulation)
26-35 Nultiplicity 610.3

36-45 Aircraft type 610.3
46-55 x-position (n.ni.) 610.3
56-65 y-position (,.nl.) 610.3
66-75 z-position (ft.) 610.3

1-3 1 13
6-15 x-position ýf end of signent (n.mt.) 610.3
16-25 y-position of end of segnent (n.nl.) 610.3
26-35 z-position of end of segnent (n.ni.) 610.3
36-45 speed (knots) 610.3
46-55 end point a target 610.3

(0 - no, 1 - yes)
56-65 jamning (0 - no, I - yes) 610.3
66-75 Probability of destroying target it 010.3

(46-55) is 1
EA~ 2f pitl RwCoRE

1-3 2 13
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Table 11-3. Trnck Data File Layout.

-1 xw Prinary ID Record
0 x--- Track Initiation Record
I X--- Segment Record
I x--- U U

U1

o xxx
I xx one group for each track. In

* chronological order.

1 xxx
-1 xxx t Primary ID record

tracks for this primary IDt

I xxx-I ~xx

1 xx
2 End of Data

NOTE: Only one group tar each primary ID is permitted.
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The above features allows entire classes of tracks to be

added or replaced easily within an air scenario.

3-0 THE ADD-ASSETS COMMAND.

The ADD-ASSETS comand will create or modify a "CRITICAL-ASSET-
CONFIGURATION" directory on the working data base. The prompts ar_
shown in Table II-4. IDNUMBER Is a positive integer which will
identify the asset configuration. FILE is an external, formatted,
sequential data file that specifies the assets to be protected. It's
format is shown in Table 11-5.

ADD-ASSETS will check to see if an asset configuration with the
same IDNLER already exists. If not, it will create it and read the
contents of FILE into the "COORDINATE-AND-ASSET-DATA" data list. If
the specified IDNUMBER does exist, MOPADS will ask if it can be over-
written. If not, the command will be aborted. If so, the "COORDINATE-
AND-ASSEr-DATA" data list will be evicted and completely replaced by
the contents cf FILE. Any air scenario directories that belcng to the
asset configuration will not be disturbed. This allows different asset
configurations to be used with the same air scenarios if desired.

4-o THE DELETE COMMAND.

The DELETE command will delete an air scenario or asset configu-
ration from the working or reference data base. If an air scenario is
to be deleted, the owning asset configuration must be current.

The prompts for the DELETE command request only the data base
and the type (asset configuration or air scenario). MOPADS will
request the asset configuration number or air scenario label inter-
actively. (See Table 11-6.)

If an asset configuration is deleted, all air scenarios which
belong to it are also deleted. Deleted entities cannot be recovered.

5-0 THE GET COMMAND.

The GET command will copy an air scenario or asset configlration.
from the reference to the working data base, The prompts for GET are
shown in Table 11-7. The single prompt is DR (for directory). It has
a two part response: the type of directory and its identifier. In the
case of an air scenario, the identifier is its label. For an asset
configuration, the identifier is its ID number. Thus, valid GET commands
would be

GET DR=AIR-SCENARIO,AIR1

GET DR=ASSETS,2
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Table 11-5. The ASSETS Data File Format

ICOLUMNS DESCRIPTION FORMAT

* orjj'Itt jejj £ (First Record in File)

1-5 REFMW AS
6-15 reference latitude (decimal degrees) 810.3
16-25 reference longitufe (decanal degrees) 610.3

26-35 reference altitude (feet above MSL) 610.3

i Asset ftio (As nany as needed)

1-5 ASSET AS
6-15 x-coordinate (n.ni.) 010.3
16-25 y-coordinate (n.nl.) 610.3
26-35 :-coordinate (ft.) 610.3
36-45 site type 610.3
46-55 site label A10
56-65 not used 610.3

Enj qf Dt1a Recoij (Last record ia file)

1-5 DOMES AS

NOTE: ) means a blank on the data card.
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If ai air scenario is being gotten, its owning asset con-
figtrraticn must be current an the reference 1E, and the asset4
configuration to own it- on the working DM mst be current cu he
vorking dp.ta base.

If an asset configuration is gotten, anl air scenarios which
belong to it are also copied to the working DB. GET copies Vith
replacement, so if the specified air scenario or asset confilluration
al~ready exists on the working DB, MOPADS will as permission to over-
vrite, and, if given, it will replace the existing version cm the
working M with the version on the reference MB.

6-o THE PmAn cmD.

EENAME will change the label of an air scenario or the Id
number of an asset configuration on the working data base. The prompts
are shown in TaV'.e 1!-8. If an air sc-narin is renamed, its awning
asset configuration must be the current directory.

T-0 ME SAVE CQ¶MAND.

The SAVE c-and is shown in Table 11-9. It is analogous in
every way to the GET comand except it copies air scenzrios and asset
configurations from the working to the reference data base.
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III. USER INSTRUCTIONS AND EXAMPLES

1-0 A SIMPLE EXAMPLE.

Table IlI-I shows a sample data file containing three sites
for a Critical Asset Configuration. This file is in the format given
in Table 11-5. Similarly, Table 111-2 is a simple example of a Track
data file in the format explained in Tables 11-2 and 11-3. Table 111-2
contains one hostile track, two friendly tracks, and one "other" track.

The data in Tables 111-1 and 111-2 is hypothetical and will be
used only to demonstrate the use of t~ie commands for this subprocess.

Figure III-I is a sample terminal session with t*.- Create/Edit
Scenario Data subprocess. Information entered by the user has been
enclosed in boxes for emphasis. The annotations are explained in
the sections that follow.

Table II-1. Simple Asset Configuration.

REF 30.2 -20.5 103.
ASSET 10.5 12.2 200. 2. SITEI
ASSET -2.3 13. -2. 2. SITE2
ASSET 0 0 0 3. SJIE3
DONE

2-0 THE ADD-ASSETIS AND ADD-AIR COVNA0TDS.

O The Create/Edit Scenario Data subprocess is entered
by selecting option 4 from the subprocess option menu.
The prompt in this subprocess is

"---ENTER R/ED SCENAREI COMMAND"

Upon entering this subprocess the "SCENARIOS"
directory is current.
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SELECT OPTION

0-TERN? NAT!
JýJ4JIJIT JLAIOMDATA SET

U,~~~ MUI . N DATA
iEXOKI "E STATISTICS
3 CRE A'T/EDIT SCENARIO DATA
CREA'E/EDIT REFERENCE SYSTEM MODULE

9TYPE OPTION *UNDER
CREATE/EDIT SCENARIO DATA

SSIMESVP'ROCSSED

-- v~* kE SCENARIO COMMAND

CURRENT DIRECTORY LABEL. ISICRIYXCAL-AS6ET-CONFIOVRATION

10 Of CURRENT DIRECTORY IS:-)
C &)a 13 4 2)-

to RECORDs READ

- Fa*CRIED SCENARIO COMMAND

USER MESSAGEt WOPADS CURRENT DIRECTORY
pATA SUlORKINJI

SIRECTOR AEL AIR
IR CTORY ?ELI I

RANK INO O'E (OUE10DE DIRECTORIES 1 INNER A IoNs 111 fD 9RANKIN Ca( OWNE DATA LISS £N.L91G N11
OWNED AIRECTORIESI

No DIRECTORIES

OWNED DATA L;STS I

DI RECTORY POSITION: I
LABEL: AIRCRAFT-TRACKI-HOSTILE
tat ( 1- I)*

DIRECTORY POSITION: 2
L AbL3 AIRICRAFT-TRACKS-FRIENOLY

ID £ I- 1)a

D:IRECTORY POSITION) 3j
LDAELI AIRCRAFT-TRACXS-OTMER

-ENTER CR/Eb SCENARIO COMMAND

Figure Ill-1. Example Terminal Session.
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USER ;E ;0SAG NADI CURRENT DIRECTORY
IJTA DAS:ER.ENCE

ATAIli LI~z RF.11 jtJF
TRE Y LA, LL (fAS W-IRCTORY)
ANNSCODOZ(ONED DIPECORIES). I CREASING ON I(0)

RtANKINO CODECO ED DATA LISTS): ImcrkEASING mI(0

OWNED DIAEC rOKIE;:

ABE ). RIERENCE-AD9K

DIRECTORY POSITION 2
LABEL* 31.*NARIOS
1u; t 1- 2)0 4

tWR; COMMAND

,-ENTIR CRIED SCENARIO COMMAND

j,:MtDttfA-UT ND-OEFAUL.2-

I' CR/C) SCENARIO COMM~AND

CUXRENT DIRECTORY LADEC IS:AIR201

i-ENTER CR/Lb SCOJARIO COMMNAND

CURRENT DIRECTORY LABEL. MI:ARS

C-vfrtR/ED SCENARIO COMMAND

CURRENT. DIREC70RY LABEL. IS:CRITICAL-ASSEI-CONFIOURATIOM

-ENTER CRIED SCENARIO COMMAND

M7Z1-)-%KAULT KO-DEFAULT~.

9ERCR/EL) SCENARIO COMMOAN4D

CURRENT DIRECTORY LABEL 13SAIR2

19=Hyj CR/ED SCENARIO COMMAND

-C TER CR/ED SCEA31IO COMMAND

Figure 111-1. (continued)
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*Z RECTORI R EPORT

USEf MESSAGEt NOPADS CURRENT DIRECTORY
DATA BASES REFERENCE
DATA BASE FILES REFDBF
TIRECTORY LABELI CRITICAL-AZSET-CONFIGURATION

DIRECTORY In: 13 1
RANKING CODE(OUNED DIRECTORIES): INCREASING ON ?D( 21
RANKINS CODECOMNED DATA LISTS): INCREASING ON IDN 0)

!!NE! IRECTORIES;

DIRECTORY POSITIONS 2
LAIsLI AIRI
10 I 1- 2)s 9 1

DIRECTORY POSITIONS 2

A ER CR/ED SCENARIO COMMAND

ýYp kO-DEFAULT-0

CURRENT DIRECTORY N'J•T SE AN ASSET cowrie.*-
SET CURRENT DIRECTIR' AND TRY AGAINiE iNf6R/ED SCENARIO COMN

SCENARIO COMMAND

T I• NARIO TO DELETE

; ------ONE .

-- Fwvk , . CR/ED SCINARIO COMMANN

•. ~DIRECTORY• REPORT:

"MIPU! MESSAGES MOPADS CURRENT DIRECTORY
B A; IAofILE URKIN

AIA A. ~ 4*.LC Y0 "1F
DIRECTORY LABELS CRITICAL-ASSET-CONriGURATtON
DIRECTORY ID: 131
RANKING %fDE(CONED DIRECTORES)! INCREASING ON IV )
RANKING .ODE(OWNED D474 LISTS): INCREASING ON US 5)

"eJUNED DIRECTORIES:

NO DIRECTORIES

OUNED DATA LISTS I
DIRECTORY POSITIONS

LABELS COORDINATE-ANT-ASSET-DATA
ID; ( 1- 2)v 304 1

w-ENTIR CRZZD SCtNARI0 COMMA#ND

- ENTER CRIED SCENARIO COMMAND

I•VVR CRIED SCENARIO COMMAND

Figure 111-1. (continued)
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CURRINT DIRECTORY LADEL IS :CRITICAL-ASSCT-CONFIrnJRATtON

No CURRENT DATA-LIST

. FFECR/9D SCENARIO COMMAND

USER MESSAGES H OPADS CURRENT DIRV` ,'JY
9 AlASl :4E a IE U OI

DIRE'CTtR? LABEL$ CRITICAL;AZSCýZ-CONFIOURATIO9
D I ECTOR? In: I3
RaKING COVE (OUNED VIRECTORIES). INCREASIND ON IV( 2)

RAKING CODEC(haNED DATA LI T3) INCREASING ON ID(, 0)

OWNED DIRECTORIES:

LADEL: AIR2
ID: I - 2)w 8 1

SCENARIO COMMAND

--CTaCRItD SCENARIO COMMAND

CURRENT DIRECTORY LADEL IE.AXP2

NO CUnRENT DATA-LIST

.n ýR/EbSCENARIO COMMIAND

- SIRCR/ED SCENARIO COMMAND

DI1REtC TOR Y REIPO0R I

USER MESSAUES IIOPADS CURRENT DIRECTORY
DATA BASE: WORKING
DIRE DRJFY LA L: CrM1EASSZT-CONFIGURATIOW
EIRECTORY i : 5  DRCHDIES)l INCREASING ON 101

RNKING CODECOWdNED DATA LISTS): INCREASING ON 10C 0

OWNED DIRECTORIES:

0 RECTORY POSITION: 2
LABELZ AIRS

DIRECTORY POSITION: 3
AD!EL: 1AIR2,

OUNEO DATA LISTS

DIRETOR POi;_YF0SITION:
LABEL: COORDINATE-AND-ASSET-DATA
In: C I- :)a 304 A

-ENTER CR/ED SI:EdARIO-COMM4AND

Figure Il-. (continued)
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This command specifies that a new CRITICAL-ASSET-
CONFIGURATION directory is to be created with ID
equal to 1. The asset da-a is c-i file SITES.DAT
(which is the file shown in Tabl 111-11).

(3 The new asset configuration is current after the
ADD-ASSET command. The IDNUMBER of I has become
the second word of the directory ID. (The first
word is the directory code.)

7) he ADD-AIR command adds a new air scenario direc-
tory (with label AIRM) to the newly created asset
configuration. The track J-ta is read from the
file TRACKS.DAT (which is shown in Table 111-2).

) The new air scenario, AIRi, is examined with the
DIRECTORY command and the three track data lists
are present. The contents could be examined
with the EXAMINE command. Note that the new air
scenario is curr, "; after the ADD-AIR command.

3-0 THE SAVE AND RENAME COINANDS.

O A Reference data base has been opened (not shown)
and the DIRECTORY command shows that the "(MASTER-
DIRECTORY)" Is current.

) The SELECT command is used to make the "SC•rJARIOS"
directory current on the reference DB.

(Q The SAVE command is used to copy the asset configu-
ration with ID of 1 to the reference DB. This will
copy asset configuration 1 and all of its air
scenaz'io directories (in this case, only AIRI).

Q The RENA, command changes the label of the air
scenario AIRI to AIR2 on the working DB. The
change is c firmed with the CURRENT command.
(See also 1below.)

O W are going to save the air scenario AIR2 to the
reference DB. A CRITICAL-ASSET-CONFIGURATION must be
current on the reference DB in order to do this.
The CURRENT command shows that an air scenario is
current, however.

(i The PLINK command makes the owner of AIRl on the
reference DB the new current directory. This is
confirmed by the following CURRET ccmmand. Now
the SAVE command can be issued. (If SAVE had been
issued when AIR2 was current on the reference DB,
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MOPADS vuuld simply have responded wth an error
message. No harm would have been done.)

O This SAVE c-anld copies an air scenario, AIR2,
to the :'eference DB. AIR2 become3 current on the
reference DB.

O PLN on the reference DB to make the asset con-

figuration current egain.

O Both air scenarios are present on the reference 3B.

4-o THE GET AND D•E COMMANDS.

1 An asset configuration must be current in order to
delete an air scenario. This error message explains
this fact. The follow-ing PL•IK c-iand acccm;lishes
the required action.

The DELETE comand deletes AIR2 fro= the vorking 73.

0 The DIRECTORY command confirms that no air scenarios
Sremain.

6i) The GET command copies the air scenario AIR2 from the
reference to the working DB.

The RENAME command changes the ID of "CRITICAL-ASSET-
CONFIGURATION" 1 to 2. The ID change and the presence
of AIR2 is confirmed by the DIRECTORY command.

( ) flow the GET command is used to copy asset configuration
I frco the reference to the working DB.

After using the PLI ca-and to make the new con-
figuration current, the DIRECTORY command confirms
the wresence of a.set configuration 1 with air
scenarios AIRM and AIR2.
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APPEADIX A. INTRODUCTIOlN TO THE MOPADS USER INTERFACE

1-0 CONVERSING WITH THE MOPADS USER INTERFACE.

1-i. Organization.

The MOPADS User Interface is hierarchical in structure.
It consists of five subprocesses as shown in Figure A-i. Each of
the subprocesses has its own set of capabilities and commands to
invoke them. The subprocesses are described in separate documents.
In addition, a set of Basic Data Base Commands are provided that are
available in all subprocesses. The main purpose of this. section is
to explain the use of these commands.

1-2. Syntax Rules.

The User Interface is primarily a command driven processor
that waits for the user to issue instructions. It does, however, have
azpects of menu driven systems in that some commands result in menus
being presented to the user. Also, the coamand processor (FFSP described
in Goodin and Polito' (1983) permits menu-like presentations of
coulands.

I 1§•31C DAT'A

WS €OMMUDS

CaIglte/Dh1 SET UPNSEA ChlATOiDhIT CMIATE/E9I9l

SINATA11 11"?*A S &IMAATla 111 S ATISTIC€ SCENARIO 6C!IEIr
M1 DITA DATA SYSTIM

Figure A-1. Organization of the User Interface.
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The regular mode for entering commands is shown below.

czmsand,promptlwresponsel/proupt2=response2/...

The commands and prompts are keywords recognized by MOPADS. The
responses are particular values for the prompts. For example,
consider this.

OPEN,FILE=MOPADS.DIF/STATUS-OLD

OPEN is the command. FILE and STATUS are prompts recognized by
MOPADS, and MOPADS.DBF and OLD are values for the prompts.

Certain prompts for a ccmmsnd may have default values that vill
be used if the prompt is not entered. In the example above, another
prompt, DB, specifies which data base is to be associated with the file.
Its default is WORKING, so by not entering it on the command line,
WORKING is automatically selected. If the default value is not desired,
then the prompt must be explicitly entered on the command line.

If the user fails to enter responses to all required prompts,
MOPADS will interactively prompt for them. For example,

OPEN,STATUS= OLD

YILE [NO DFATULT] = ?4OADS.DBF

After processing the OPEN command, MOPADS found 'hat the required
prompt, FILE.was not entered. It printed "FILEINO DEFAULT)=" to
prompt the user for a response. If the last non-blank character on a
command line is a dash (-), MOPADS will interactively prompt for all
unentered prompts, even those with defaults. For example,

OPEN ,STATUS=OLD -

DB [WORKING] = REFMZICE

FILE[NO DEFAULT] MOPADS.DBF

The dash caused "ISB [CF7.NG]" to be printed. The value between the
brackets is the default for the prcmpt. The default can be selected
by typing "DEF" as the response. DEF can also be entered on the command
line; e.g.
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OPEi ,Mý=M/STATUS=OLD/FIL-MOPADS .MBF

The above demonstrates that the prompt-response groups can be entered
in any order.

Also, a croand can be cancelled at any time by typing. "CANC"
as a response or a trompt. For example,

OPEN,CANC

OPEN,FILE=CANC

Note that DEF and CANC are essentially reserved words. The user inter-
face treats commas, blanks, and equal signs as interchangeable separa-
tors. Also, multiple separators are treated as a single separator.
This means that the c-as in the previous examples could be replaced by
any combination of one or more blanks and ccamas. The same is true of
the equal signs, but their use is recommended to make the command lines

A easy to read. The slashes are require.d separators between prompt-response
00 groups, but they can be preceded or followed by blanks or commas.

A response may include separators (i.e., coMnas, blanks, equal
sigus, and slashes) if it is enclosed in quote marks ("). For example,
on some computers file names contain embedded blanks, e.g.,

OPEN FILE="MOPADS LPBF"

Without the quote marks above, MOPADS will consider MOPAD6 IMF as two
responses when only one is desired. (NOTE: A single prompt may have
more than one response if the programmer specified it that way. In
such a case, each response would be separated by a blank or comma. In
the case above, however, where a single response is required, the quote

* marks -st be used to embed the blank in the response.)

Any response may be enclosed in quotes, although there is no
"advantage in doing so unless a separator is to be embedded. Blank
responses can be entered with " "where at least one blank appears
between the quotes.

A generalization of entering only some of the prompts is to
enter only the cmand name:

OPEN

FILE INO DEFAULT] ]MOPADS.DBF

ST 'AUS IOLD- =-En
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The User Interface will prompt for all responses. This method can be
selected if the user does not remember the prompts.

For commands which the user issues frequenxtly, a concise mode
can be selected by preceding the command with "C-". In this case,
the prompto part of the syntax way be omitted. For example,

C-OPEN DEF/MOPADS..DBF

Responses must be entered in the same order as they are prompted in
the conmand-name-only form. No response may be skipped, except that
if all remaining responses have defaults and the defaults are desired,
then the command line may be terminated (e.g., the STATUS response
was omitted above since OLD was desired). The dash works in the
concise mode in the same way as in other modes.

The folloving rules will formalize the previous di cussion of how
Ssyntax is processed by FFSP. a

The command-name-only form of a command may be usei at any timeby typing only the comand name.

"Blank resionses and responses containing separators may be entered
-* by enclosing them in quotes. To enter a blank response type

" " (including the quotes). At least one blank must be entered between

j the quote marks.

A command may be cancelled at any time by typing CA=C for any
prompt or response. You can not abbreviate CANC.

The user may elect to use the default value(s) by typing DEF for
any response in a response list up to one fikld past the last response
in the list.

Slashes (M) must be used to separate one prompt-response group
j frcm another. Blanks or commas may be used to separate all other fields.

The equal sign should be used to separate prompts from teir responses;
however, it is not required.

Command and prompt names may be abbreviated to any non-ambiguous
string of characters. For example, if there are two commands, DESIGN
and DESCRIBE, they can be abbreviated DESI and DESC respectively. The
commands may be abbreviated in longer forms. For example, the user may
enter DESC, DESCR, DESCRI, DESCRIB, or DESCRIBE for the command DESCRIBE.

If a command line in regular or concise mode is ended with more
than one dash, the last dash rill signify to the system to prompt the
user for all the unentered responses. Other dashes will then be con-
sidered as part of a response.
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Any multiple combination of commas and blanks is treated az a

single separator. For example,

NAME = BILL WOIr and NAME BILL , WOLF

are equivalent (here the response is a list of two character strings).

If the user enters an incorrect resoonse or misuses the sytax,
FFSP will explain the error and prompt interactively for all remaining
responses.

Concise mode is signified by preceding the ccc=and name vith "C-"
(without the quotes).

1-3. The Current Directory and Current Data List.

MOPADS data bases are made up of multiple directories,
each of which may own one or more directories and data lists. Normally,
the User Interface operates on one directory which is designated
"current." Similarly, one data list of the current directory can be
designated the current data list. This ensures that the action of User
Interface commands are unambiguous. Facilities are provided for deter-
mining the current DR and DL and for selecting a DR and DL to become
current. Note that some commands automatically change the current DR
and DL.

2-0 BASIC DATA BASE COMANDS.

2-1. CLOSE.

The CLOSE command (Figure A-2) will close either the working
or reference data base. It can be used to switch to a new data base file.

2-2. CURRENT.

The CURRENT command (Figure A-3) will display label, ID
or both of the current directory and/or data list on either data base.

2-3. DEPOSIT.

DEPOSIT (Figure A-4) is a low level editing command that
allows any element of the current data list to be changed. DEPOSIT
interactively requests element numbers and new values.

22-4. DIRnTORY.

DIRECTORY (Figure A-5) shows the contents (all owned direc-
tories and/or data lists) of the current directory on either data base.
It shows the labels, ID's, and directory positions of the contents.
This information is useful for the SELECT command.
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2-5. EXAMM.

EXMAtE (Figure A-6) vill display selected contents of
the current data list to the terminal or to the MOPADS line printer
output file. If the latter is selected, the data list label aindI other information will also be printed.

* 2-6. HELP.

HELP (Figure A-7) will print the prompts and options for
the prompts for the specified comand.

2-T. MEWU.

MENU has no prompts. It will print all commands available
in the current subprocess.

2-8. OPEN.

OPEN (Figure A-8) vill open a data base file as either the
working or reference DB. OPEN will not automatically close the current

BB. CLOSE must be used explicitlybefore OPEN to switch BB files.
* MAXRECORD is the maximum number of records allowed in a data base file.

"It may not be needed for your computer. Zero implies no limit on the
file size. The (MASTER-DIRECTORY) is current after the OPEN command.

2-9. PLINK.

PfLINK (Figure A-9) will change the current directory to
the owner of the directory which was current when PLINK was issued.

2-10. R

QUIT has no prompts. It causes the current subproczss to
be exited.

2-11. SELECT.

SELECT (Figure A-1O) chenges the current directory or data
list to one that is owned by the directory that is current when SELECT
is issued. The desired DR or DL is selected by specifying one (and only
one) of the following: 1 - its directory position, 2 - its label, or
3 - its ID. This information is obtained with the DIRECTORY c~mmand.

2-12. TERPINATE.

TERM3nATE has no prompts. It will close all open data bases
and termiante execution. This is the normal way to end a User Interface
session.
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3-0 USER INSTTUCTIONS AND EI.AMPLES.

Figure A-2bi. an e.mnple using all of the Basic Data Base
Commands. The annotations are explaned below.

(G) The CLOSE crmaands disassociates the current
data base file from the MOPADS software. After
close, MOPADS will know no working LIB. If STATUS
is specified as DELETE, the data base file vill be
destroyed permunently.

O - OPE. associates the data base file VOL46.DB
to the software as the working DB. STATUS=OLD
implies that the DBF was previously created as a
MOPADS data base file. If STATUS-NEW is specified,
MOPADS will cr-.Pte a new MOPADS M on VOL46.DBF,
and any information previously contained on VC'L46.DBF
will be lost.

(3 The )LU command is always available to list the
co-ands currently available.

) - HELP prints information about a particular command.

Q - The user has asked for information on the prompts
DISPLAY and TYPE. For DISPLAY, MOPADS shows that
ft expects a response of one zharacter string that
taust be one of the enumerated velues LABEL (display

• "•the label), ID (display the ID), or ALL (display both
label and ID). The default is LA3EL. HELP is
terminated by enterizg "'."

() - When OPEN is issued, the (MASTE-DIRECTORY) becomes

current. The CURRENT command will not display a
directory which has no owner, which of course, the
MASTER-DIRECTORY does not.

( The DIRECTORY command will always work, however, even
0"- on the (MASTER-DIRECTORY). The contents of the (MASTER-

DIRECTORY) are shown.

() - The SELECT command makes the REFERECE-ADSM directory
current by specifying its directory position in the
(MAS"TEB-DIRECTORY).

(Q) - The DIRECTORY command confirms that RPEFEWCE-ADSM
is current and shows the owned reference ADSM's (in
"this case only one, E-EXAMPLE)'.
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iE &IORKIN PLN3MN

;, ... ...... . . . .. ...

COMMANDi CURRENTLY
R 'HE OF[APRMPT T TE

•- LOS[ CURRENT [OI0Y

MOPR

•(A] HLP " OEN
.TERMI|NATE PLINK MENU

.•COI*MAN? : CURRENT

SPROMPTS 1 53 DISPLAY TYPE

• % •m.•R •H[NAME OF A PROMPT S• TO TERi4INATE)

PROMPT S DISPLAY

CHARACTERKIST OF LENGTH K I
URRENT DMFAULT(I)

ENUMERATED UALUtS : LABEL

LABEL.
ID
ALL

wROAiPTS Do DISPLAY TYPE

• 4 TER THE NAME Or A PROMPT CS To TERINATE) s

PROMPT : TYPE
CHARACTER
LIST OF LEPIGT'4
CURRENT DE-t6LT(S)%" DIRECTORY
ENUMERATED VALUES D

DIRECTORY
DATA-LIST
ALL

"PROMPTS I Do DISPLAY TYPE

E"NTER THE NAME OF h PROMPT (Z TO TERIIN ATE) *

Figure A-11. Example Using Basic Camnands.
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ia&&ORC-ftEENTE OR On L NAs NO OWNER

CURRENT DIRECTORY LAIEL h3:(NOT RETRIEED-NO OWNER)

*O CURRENT DATA-LIlT

wtnmmCOMMAND

USER MESSAGE: NOPADS CURRENT DIRECTORY
K'ATP. I.ASE FILE: V0L4&.DI.F
DMECTORY I.APEL* (flASIE4h-OIRECORY)
kANKIdNG CCDE(04.NED ZJIRECT0KIES8Z INCREASING ON 10( 0)
RANKING CODE(OWNED DATA LISTS]: INCREASING ON ID( 0)

OWNED DIPECTORIES:

DIRECTORY POSITION: 2
1- SCENARIOS

*D7TrECTORY POSITION: 3
LABEL: 3D-TITLE

* 1DG ( 1- 2)0

v*rC/DADIM COMMAND 9*

PAGE- I
ftRE CTO0R Y :REUP R T!

USfrk MESSAGE: MOPADS CURRET DIRECTO Y
DATA PASE FIJE: VOL46 DI-F
'IFAECTORY LA DLt REFERMA~-ADSM

KA.iKING CODE(OUNEIa DIRECYORIES11 INCREA!4NG4 ON ID( 2)
kANHsING CODE(OwNtEta DATA LISTS): INCFREA~iNG ON ID( -1)

OWNED DIRECTORIES:

;IFSC'7ORT POSITION: 4
LABEL: i-EXAMPLE

! 1: A)- 11 3 0 1000

Figure A-11. (continued)
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.~~~ji~ri!.~ DSM COMMAND

PAGES

"USER MESSAGE: MOPADS CURRENT DIRECTORY
DATA BASE FILE: VOL44.Dor
.DIRECTORY LA& Ll i-EXAMPLE
DIRECTORY ID:11 S 0 1000"RMAKING CODE(OUHED DIRE CTOrzE3)1 INCREASING ON 131 0)
RANKING CODE(OWNED DATA LISTS): INCREASING OK 181 2)

"OUNED DATA LISTS I

DIRECTORY POSITION:LABEL: -D-EORE
10: (I- 3.w 3 is I

,.b.DIRECTORY POSITION: 2
EN-ENVIRONMENT-STATE-VEC"P. *• - ) 14 1

DIPEC trAY POSITION: 3LADEL: OZ-OPEýATOR-STATE-VECTOr
ID: ( 1- 3)0 5 1.16 1

DIFECTORY POSITION: 4
LABEL: OP-OPERATOR-STAYE-VECTOR

3) I- 3). I16 2

DIRECTORY POSITION: S
LABEL: OT0OPERATOR-TYPE
ID:.( 1- 3)w 5 1520 1

DIRECTORY POSITION! 6
LABEL: RL-RLSOURC -LADELB
ID: ( 1-. 3)- 5 1812

DIRECTORY POSITION: 7
LABEL: TD-TASK-DATA
ID: 1- 3). 5 2004 1

---- E.TER CR/ED ADSM COMMAND

Figure A-11. (continued).
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5'CR/Eb ADSM CONN4AND

CU*RftCN DAYA-LIST LABEL ZS;P-OPERATOR-STATI-'JECTOR
-ENTER CM/90 AD&M COMMNAND

- Rj--Th---S-r--r; 5 LAS' ;- NUMBERSCO IF DONE)

.%PAGE. I
DATA WAE LIC A LI4S.0:9OR
DATA LZIT tABELt OP-OPERATOR-STATE-VtCTO;R
DAIA LIS 7 : ( -31. 3 5DATA LIST TYPE: XEAlL

DATA LIIT CONTENTS%

COLUMN VALUE LADEL

1 1 * 00000 (ULASELrDM
00 0.OOOOE+06 ( UNLABELED)

32.00000 (UNLABELED)
V7.~00001 (UNLADELEDI

4 6 ~~~127.0000 (UNLAS LED).....45
7 131.0000 (UNLABELE)

0 0.000000E400 (UNLABELED)
0:00O00000C+00 (UNLAIBELE ))

10 0.OOOOOOOE+00 (UNL49ELED)
11 0.0000000E+00 (UNLABELED)
I' 0.0000000E+00 tuo:LABELED)

11 0.0000000E+00 (Umt.ABELED)
14 0.OOOOOOOE+00 (UHLAoFLED)
13 0.OO00000E.30 (UNLABELED)

11 a *OO000OOE+o0 (UNLABELE.D
I0.1OO00000k+fl CUNL A I~)

01000000 + (UNLAB L. I
it 0.10ooOO0E#21 UNLAPELED)
20 O.0000000E+00 (UNLABELED)
21 0.0000000E+00 (UNLABELED)

0.000c0000E+00 (UtMLADELED)
:3 0.0000000E.00 (UNLABELED)
24 O.OOOOOOOE+00 (UNLABELED)
25 0.0000000E400 (UNLABL)

26 )OOOOOOOE+00 (UNLABELED;
27 0.0000(000E+00 (UNL aBELED)
28 ).OO0O000E+00 fUNLAPELED)
29 0.0OOOGOOE400 (UNLABlELED)
30 a * OO0O0OE+00 (UNLABELED)

31 0.0000000E400 (UNLABELED)
33 37;00000 (UNLABELED)

31.000000 (UNLAB a
34 0.OOOOOOOE400 (UNLAB L
35 0.OOOOOOOE+00 (UNLABELED)
36 1.000000 (UNLABELED)
37 0.0000000E+00 (UNLABELED)
38 100.0000 (UNL.)?ELED)
3? 0,0000000E+00 (UNLABELED)
40 16.00000 (UNLABELEDJ)
4 1.000000 (UNLABELED)

41 0.000O000E+00 (UNLABELED)

Fi~ue Ali. (continued)
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174 O00000000E+O0 (UNLABELED)
175 OOOOO0E+OQ (UNLAbELEDI
17O OOOOOOoE4OQ (UNLABELED)17.OOOOOOOE+O0 (UNLABELED)
178 O.OOOOOOE+O0 (UNLABELED)
179 0.0O0000E+O0 (UNLABELED)
ISO 0.0000000+09 (UNLABELED)SIBI 0.O000000+EO0 (UNLABLLED)
7TYPE FIRST AND LAST ROd NUMBERS(0 IF DONE)

0

--- Cn- t(EDADIM COMMAND

1 .A LIST IS RErL
SDO YOU WANT TO CHANGE LABELS(Y/N/OUIT)

TYPI ROW KUMBER(0 IF DONE

- PE FIRST ANM LAST COLUMN NUMNERS(O IF DONE)

LZ!NTER VALUE FOR:
UAOLUMN 17

UMN is

TYPE FIRST AND LAST COLUMN NUMBERS(O IF DONE)

YME( IF DONE

IMPROPER NUMERIC FIELD
FREE FORM ERROR FIELD UNDERLINED I RECORD 29
EXAMINE NEAb-N

"CORRECTLY RE-ENTER BAD FIELD AND REMAINDER

CURRENT DIRECTOrY LABEL IS:E-EXAMPLE

•,CURRENT DATA-LIST LABEL ISIOP-OPERATDR-STATE-VECTOR

---vNTRC/EDADSM COMMAND

"",. CR/ED ADSM COMMAND

CURRENT'DIRECTORY LABEL !S:REFERENCE-ADSM

NO CURRENT DATA-LIST

!ITER CR/EU ADSM COMMAND

SELECT OPTION

O-TERMINATE
I-CREATE/EDiT SIMUL.ATION DATA SET
S2-SET UP SIMULATION RUN DATA
3-EXAMINE STATISTICS
4-CREATE/EDIT SCCNARIO DA'A
5-CREATE/EDIT REFEKENCE SYSTEM MODULE

TYPE OPTION NUMBER

CREATE/EDIT SCENARIO DATA

--- EN•TER CR/ED SCENARIO COMMAND

Figure A-11. (continued)
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I 6 - Select E-_APLE to be current.

- Look at the data list directory of E-EXANPLE.

This operator state vector will be edited.

".A (13) - The SELECT command makes the above operator state
vector the current data list. This is confirmed
with the following CURPINT command.

S0 - EXAMINE specifies that the data list is to be dis-
played at the terminal. The user wants row 2.
HEADER=Y causes the "DATA LIST RKPORT" Lnd thenext 6 lines to be printed.

6l)& T - This display demonstrates that the basic data base
commands are low level cmmands; they know nothing
about the structure or contents of MOPADS data bases.
The operator state vectors have two rows. The
second row contains the reference values for each
column. Prior to a simulation, the sý?cond row is
cooied to the first row, which is dynamically
accessed during the simulation. In this way, the
reference or starting values are -not lost. MOPADS
stores column labels only for the first ZoOV, however,
since it would double the storage requirement to
"duplicate the labels for each row. The "CREATE/EDIT
"REFERENCE SYSTEM MODULE" subprocess knows all of
"this, so when a listing is obtained with the CHANGE
command in that subprocess, the labels appear with
the reference values.

The EXAMINE command, however, simply operetes on a
data list without knowledge of the meaning of its
contents. Here, all of the elements of row 2 appear
to be (UNLABMD). Also, SXAMINE prints the entire
row. Only a portion of the listing is shown here
for brevity.

* l - Use the DEPOSIT c mnand to change elements. It too
is a low level command, so (row, column) addressing
must be used.

8 - Elements 17, 18, and 19 of row 2 are changed (these
are operator trace parameters).

4- - This demonstrates MOPADS response to input errors.
The DEPOSIT command had not yet terminated ýrhen the
user entered the next YA MINE. MOPADS is expec ing
a numeric value for a row r'imber. The free-format
input processor exam5 nes every input string for

J-64
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validit before processL_ It. Sim.e S•OXTRAIE"
Is tot a valid number, tU •-ratu the error at ssMe
and requests correct inmut. Ii. %hiut this Feature,
the progam vould term1nate ab cozm&_3Y frm siwp4e
typing earrors and perhaps name tht, datr basa.
)LPADS ill yrottect the user fro we. such err-s.

M - C "•Uovs that •E]rPfl'L! Is the o-eiat directory.

( - PLINK makes the current directory eqval to the owner
of the directory that vas current vhen PLIK vas issued.

SThe MP= comand confirms that the WERMC-AD
directory is nov current. late that when the current
directory is changed, -the current data list beeches

umdefined.

- QUIT exits thc c•rrent subprocess and brions up the
subprocess cieion menu again.

(.Q - The TER4 cammand terminates execution. Selecting
the zero option oan the subprocess selectiou menu

Saccomplishes the some thing.

I,I
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APPENDIX K

MOPADS FINAL REPORT:

A SUMMARY OF THE LITERATURE ON QUANTIUATIVE
HUMAN PERFORMANCE MODELS

4
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I INTRODUCTION

This report sumrrizes the literature which was revie',.Yed as

part of the MOP.Aik effort. In this section, we will describe the

literature database 3e&rch logic used and the way in which the

literature was simarized.

1.1 SEARCHI LOGIC

Essentially, two search modes were employed. First, a ccmputer

literature search was conducted on the DTIC and Psychclogical Abstr-

acts files of the DIALOG database. The underlying search theme vas

Quantitative Human Performance Models, although an iterative search

procedure yielded a number of key words which might yield literature

relevant to this topic. A total of 350 abstracts were reviewed, from

which 115 articles were selected as potentially useful for the pro-

posed effort.

During the review, the reference sections of particularly

interesting articles were examined. Those references which were not

already in the inventory were ordered and also reviewed. The two

most noteworthy articles with respect to good reFerence sources are

listed under reference notes at the end of this section.

Each article was given a cursory review to determine its

potential utility, and if this decision was positive, a more thorough

review was conducted. This thorough review was summarized on a form,

see Figure 1.

1.2 LITERATURE SUMMARY FORMAT DESCRIPTION

Each model within an article was summarized on a form as shown

in Figure 1. Because some articles included a number of human per- k
formance models, it was frequently the case that an article was

summarized on a number of forms.

K-5 "



The categories v-i the forms are defined as follows:

1. Reference - Information rega.ding awr"hor(s), title,

and ot.jýr soarce data.

2. .Ipcopriateness - A Judgement was made byr the reuiewer

regarding the extent to which this would be use-

ful. These Judgements were based ".pc. two criteria.

First, did the article preuent a significant contribution

to human performance modeling? If the anawer was j., I
the artic'.e was appropriate. If not, did the rti,Ade

provide daL• which would b(! useful for mudQ:ing or

validatiag n•ii defense sycte:•s? In othe,' 1io.ds, Ie
the article may not be generally useful fc.r modeling,

could it provide srcrre task specific information? If so,
.the article was n,)propriate. AppropriatenesE was treated

as a continuous variable, with answers ranging from yes

to maybe to no.

3. Dependent Variables - The specific dependent variable(s)

defined by the model are described.

4. Independent Variables - Independent variables which were

included as mediators of the dependent variables are

defined. No units were recorded, but a short description

was included.

5. Page - The page(s) where the model was best tmnmarized

was recorded. This was inteuded to simplify future

references to the model.

b. Behaviors - The general behavior categories which were k
modeled were defined. These categories were selected

from the taxonomy which is presented ir Table 1. Normally,

a model would fit under only one bkhavior category. If

this was not the case, all relevant behavior categories

were listed.

7. quantitativeness - Tne degree of quantitative model

development was recorded. The lowest degree of quanti-

tativeness was nominal, or zero quantitativeness. This

K-6 "



implied hh.t cnay c verfaal description of th.3 re'.ation-

ship betueeu tte indeperaent and dependent varioasals
was provi~ed. The next leirel was _unscaled Lnap•.1, ill

which the independent anC dependent variables were

presented as constructs without specific units. The

third level was •ables, or scaled graphs, in which urý.ts

were attachAd to independent and dependent variables.

Finally, the highest level was function&l in which caszŽ

specific mathematical models were presented.

8. Supporting Data - The extent to whicl- themcael was

supported by data was determined. If not data or

references were presented. "No Validation" i,.!s indicated.

If the d-*a were questionable, this was also indicated.

Admittedly, this judgement was largely subjective, how-

ever, it may help us identify those models whien we

wish to incorporate later. At some point, this judge-

ment must be made.

9. Ccmments - Additional co'ments were recorded.

Reference Notes

Siegel, A., et al, Human Performance in Continuous Qperations, 1979.

Pew, R., et a., A Critical Review and Analysis of Performance
Models Applicable to Man-Machine Systems Evaluation, 1977.

I
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Reference

Appropriate

Dependent Variables

Independent Variables

n
PagEe

Behaviors

Quantitativeness

Supporting Data

El No Validation

•] Validation with Questionable Rcsiilts A
f Validated

Comments

Figure 1. LAit,orature Survey Form.
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K-8 A•"'

S.......mi , i i i i I i • PlI I I I I I I I l It I



Table 1

SKILLS TAXONOMY

GENERAL BEHAVIORS
VIGILANCE
PROBABILITY ESTIMATION

TIME ESTIMATION
HUMAN RELIABILITY ASSESSMENT

MEANINGFUL MEMORY ABILITY
VERBAL KNOWLEDGE
WORD FLUENCY
NUMERICAL ABILITY
CONCEPT FLUENCY
DISCOVERY OF PRINCIPLES

FLEXIBILITY
SYMBOL MANIPULATION
DECISION MAKING
INTELLEGENCE
FINE MANIPULATIVE ABILITIES
POSITION ESTIMATION
GROSS MANIPULATIVE ABILITIES
CONTROL PRECISION
SPEED OF ARM MOVEMENT

MULTILIMB COORDINATION
POSITION REPRODUCTION

MOVEMENT ANALYSIS
MOVEMENT PREDICTION
ACCELERATION CONTROL

REACTION TIME
TRACKING
DETECTION
DISCRIMINATION ABILITIES
TIME SHARING
CLOSURE ABILITIES(PERCEPTUAL)

AUDITORY ABILITIES
SPATIAL ABILITIES-ORIENTATION
SPATIAL ABILITIES-VISUALIZATION
ASSOCIATE MEMORY-ROTE MEMORY
ASSOCIATE MEMORY-MEANINGFUL MEMORY

MEMORY SPAN-SHORT TERM MEMORY

MEMORY SPAN-INTEGRATION OF INFORMATION
VISUAL ME'IhORY
EXPLOSIVE STRENGTH-GENERAL
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Table 1 (continued)

EESTRENE

EXPLOSIVE STREN6TH-LEG EMPHASIS
EXPLOSIVE STRENGTH-UPPER BODY EMPHASISL

STATIC STRENGTH-ARM/HAND/SHOULDER
STATIC STRENG"(H-lLEG/TRUNK
DYNAMIC STRENGT •-ARMS
DYNAMIC OTRENGT -LEGS
TRUNK STRENGTH
EXTENT FLEXIBILITY
DYNAMIC FLEXIBILITY
GROSS BODY EQUILIBRIUM
BALANCE--VISLUAL CUES
GROUP COOPERATION
GROUP COMMUNICATION
LEADERSHIP
GENERAL COGNITIVE ABILITIES
GENERAL PHYSICAL ABILITIES
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H, LLITERATURE SURVEY
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Siegel, A.!., Pfeiffer, M.G., Kopstein, F.F., Wilson, L.G., and
Reference Ozkaptan, H. Human performance in continuous operations: Volume I.

HBwwjn performance guidelines. Alexandria, VA: US Army Research Inst.
for the Behavioral Sciences, Research Product 80-4a, D.ceier 1979,
Ccntract No. DAHC-19-C-O054. ADA086131

APPr*Priate High

Dependent Variables Effectiveness estimate for armor tasks

K Independeat Variables Mission hours;
Platoon leader,
Squad leader
"Gunner/Carrier team leader
Maneuver team member

"Page
76

Behaviors Ge•,: General

Quantitativeness
Unscaled Graphs

Supporting Data

V®R No Validation

[ Validation with Questionable Results

C et Validated

ComKents

" ~K-12



Reference Siegel, et al (1979)
Contract No. DAHC-19-C-0054

Appropriate High

Dependent Variables Effectiveness estimate for armor tasks

In'dependendmt Variables
"Mission hours

Squad and plato-,n

p,

*1

SPage 78
',.

iBehaviors
General

*. Quantitativeness

• Urnscaled graphs

Supporting Data

PNo Validation

;. El Validation with Questionable Results

'" Validated

* Coments
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Reference Siegel et al (1979)
Contract No. DAHC-19-C-O054

' Apprtopriate Yes

Dependent Variables

Effectiveness estimate for armor tasks

Independent Variables

Mission hours
Best and worst conditions for mechanized infantry

Page 79

Behaviors General

•. Quantitativeness Unscaled graphs

Supporting Data

SLNo Validation

jJVaidAtion with Questionable Results

-V Validated

Cowmonts
K
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Reforiuce Siegel, et al (1979)
Contract No. DAHC-19-C-OOS4

Approp-iate High

Lwpendent Vai-ables
Effectiveness estimte for armor tasks

IndApendmnt Variables

Duty position;
Squad vs. platoon; day 1,3,5

Page 77

BehaYvor$ General

Quantitativeness

Table

Supporting Data

No Validation

-Validation with Questionable Results

*"Q Validated

Comments

"K-15



1

Reference Siegel, et al (!979)
Contract No. DAHC-19-C-00S4

Appropriate
High

Dependent Variables Projected effectiveness rating for critical combat armor tasks

Independent Variab les

Specific task
Duty position
Flatoon action

Page 82-86

Behaviors General

Quantitativeness

Table

Supporting Data

.J No Validation

EJ Validation with Questianable Results

C Validated

Comments
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Reference Siegel, et al (1979)
Contract No. DAHC-19-C-0054

I!

Appzopriat e
High

Dependent Variables
Effectiveness rating for artor tasks

Independent Variables Duty positions,

squads and platoons,
various adverse conditions

Page 81

Behaviors

Genera iK

Quantitativeness TbTable

Supporting Data

U] No Validation

Validation with Questionable Results

" Validated

Coments
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Reference Siegel, et al (1979)Contract No. DAHC-19-C-0054

Appropriate

Dependent Variables Mean time off target; mean # of times off target

Independent Variables

Hours of ,ork with 15 minutes rest every S hour",
for IS hours

Page 93

Behaviors
Tracking

Qpantitativenus s
Scaled graph!

Supporting r.ata

No Validation

EJValidation with Questionable Results

SValidated

Coments
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Reference Siegel, et al (1979)

Contract No. OAHC-19-C-0OS4

Appropriate 
High

Dependent Variables Percentage of signals detected

Independent Variables Test session 10 minute blocks; varied number of signals;

varied proportion of target signals, among all signals I
Page

97

Behaviors
Detection

Quantitativeness

Scaled Graphs

Supporting Data

E No Validation

EJ Validation with Questionable Results

- Validated

Comeents
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Reference Siegel, et al (1979)

Contract No. DAHC-19-C-0034

Appropriate High

Idependent Varia;b les

Deedn aibe Mean choice- RT (seconds)

Independent Vat -bles Number of alternative responses

Page 13O103 
•

Behaviors Reaction Time

quantitativeness V.
Scaled Graphs

Supporting Data

fl1 No Validation

Validation with Questionable Results

Validat-d b,

Comments Hick's Law
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Reference 3iegel, et rl (1979)

Contract No. DAHC-19-C-0054

Appropriate Kirh

Dependent Variabler Pointing error (degrees)

Indepeneent Variables
Practice (4 trials) or familiarity with area;
Good vs. poor sense of direction

Page •
106, 107

Behaviors spatial orientation, spati.al visualization,

position reproduction; meaning full memory ability

Quantitativeness

Scaled graphs

Supporting Data

rv1No Validation

j- Validation with Questionable Results

El Validated

Comments
Graph and nomograph
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Reference Siegel, et al (1979)

Contract No. DAHC-19-C-0054

Appropriate

Dependent Variables probability of detecting a moving target

Independent Variables Target, distance traveled,

moving toward or awt.y from viewer at 9km/hr;

Target brightness in foot lmbertsI

Page 111

Behaviors
Detection

Quantitativeness Scaled graphs •i

Supporting DataI

jJ No Yalidttion

SValidation with Questionable Results

C Validated

Corwent s

K-2 2
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Reference Siegel, et al (1979)
Contract No. D.ABC-19-C-0054

Appropriate
Yes

Dependent Variables '
Distance of target travel (meters)

Independent Variables Luminance of surro und (foot lamberts);
monocular vs. binocular viewing
movement is toward or away from viewer

Page11

Behaviors
Detection

Quantitativeness Sae rpsK

Supporting Data

UJ No Validation

JValidation with Questionable Results

E] Validated

Comments
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Siegel, eL al (1979) J
Reference Contract No. DAHC-19-C-0054

Appropriate Yes

Dependent Variables Time to detect (sec.) .11

Independent Variables Speed of tank (km/hr);

?.bnocular vs. binocular viewing

PI,

Page11

Behaviors
Detection

Quantitativenes3

[I caledgraphs

Supporting Data

ENINo Validad4zon

jJ Validation with Questionable Results

•'J Validated

Comments

K-24
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Reference Siegel, et al (1979)
Contract No. DAHC-19-C-OO54

Appropriate No

.m.

"Dependent Variables Handstrength (0/0)

- Independent Variables Skin temperature (*F)

Gross vs. fine manipulation

l.'- Page
Page i12, 125

Behaviors
Dynamic and static strength - hand. N6anual dexterity

Quantitativeness Unscaled rraphs

Nomo graph

- Supporting Data

"v. • No '.'alidation

* - Validation with Questionable Re!illts

: Validated

Co~iraents
* This is extremity strength, liot gross body movement

ability or fine manipulation.
This may bh an approxiration to fine manipulation abLity
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Reference Sitgel, et al (1979)
S Contract No. DAHC-19-C-00S4
I#u

" Appropriate Yes

SDependent Variables Number of arithmetic sums done
(numerical ability)

i Independent Variables
Time of day;
days of continuous duty
night duty

"Page
117

le£.viors numerical ability

Quantttativeness unscaled graphs

Supporting Data

SI No Validation

""• Validation with Questionable Results

l[ Validated

Comments
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R n Siegel, et al (1979)
~ RefrenceContract No. DAHC--19-C-0054

Appropriate Yes

,/Dependent Variables Percentage of efficiency

Independent Variables

Sd dal Skin temperature of hand

Two aanipulations and dynamometer

; Page 12S

Behaviors
Fine manipulative abi ties

i~i. quantitativeness
a t e Unscaled graphs

Supporting Data

L9 No Velidation

,l- Validation with Questionable Resdlts

El Validated

Come.ts
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Rferenc'e Siegel, et al (1979)
Contract No. DAHC-19-C-O054

Appr~opriate• Yes

Dependent Variables Change in time to complete task (sec).

Independent Variables Hdskintp u

exposure time (min)

i
Page 12'

Behaviors
Fire manipulative abilities

Quantitativeness
Scaled graphs

Supporting Data

X No Validation

* [J Validation with Questionpble Results

r7 Validated

Cowents

I o Knot tying task
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Reference Siegel, et al (1979)
Contract No. DAH-19-C-0054

Appropr'ia:e

M nd et Variables percent detections

ho of sleep deprivation
1 o 2 nights

Si

I

*Page
127'

IBehaviors auditory detection

- Quantitativeness Scaled graphs

Supporting Data

No Validation

CValidation with Questioinable Results

CValidated

-- Comments
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Reference Siegel, et al (1979)

Contract No. DAHC-19-C-0054

Appropriate

Yr

Dependent Variables
ip rcentage error

Independent Variables

Time per movement (.2 to 1.4 sec)
eyes closed (no light) vs. eyes open

Page 130, 131

behaviors Gross positioning and movement abilities; perceptual speed

Quantitativeness Unscaled graphs

Supporting Data

•I 4No Validation

• Validation with Jestionable Resalts

• Validated

Comments
Nomograph p. 131
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/-

Refeiance Sieiel, et al (1979)
Contract No. DAHC-19-C-0054

Appropriate Yes

Dependent Variables

Words heard perfectly (0/0)

Independent Variables Noise to speech ratio (ratio and db)

with and without seeing speaker

Page 134

Behaviors
Auditory identification abilities

Quantitativeness
scaled graphs

Supporting Data

7 No Validation

[• Validation with Questionable Results

Q Validated

Comments
Decrement due to lack of vision under degraded

speech conditions.
See also p. 177
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Reference Siegel, et al (1979)
Contract No. DAHC-19-C-0054

Appropriate
Yes

Dependent Variables
Minimun target detection distance

Independent Variables
Light level;
contrast ratio
type of target (tank, jeep, person)

Page 141

Behaviors

Detection

Quantitativeness

Scaled graphs

Supporting Data

ED No Validation

E-1 Validation with Questionable Results

U• Validated

Comments
Nomograph p. 142

K-32



Reference Siegel, et al (1979) I
Contract No. DAHC-19-C-0054

Appropriate
Yes

Dependent Variables

percent increase in errors

Independent Variables
Time of day;
days without sleep

Page 146

Behaviors

perceptual speed, discriminationj

Quantitativeness

unscaled graphs

Supporting Data

ElNo Validation

•-• Validation with Questionable Results e
- Validated

Coments

K
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Reference Siegel, et al (1979) 1

Appropriate Yes

Dependent Var ibles

Recommended hours of recovery.

Independent VWxiables

Hours of sleep loss, starting at 24

Page 146

Behaviors
General

Quantitativeness
Scaled Graphs

Supporting Data

Ux No Validation

[] Validation with Questionable Results

- Validated

Comments
See p. 93, 117 also
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Reference Siegel, et al (1979)

Appropriate Yes

De',ndent Variables hits (shooting personal weapons); viriability

Iudependent Variables sleepless days,

anchor performance before sleeploss and after recovery;
0, 1.5,3 hours sleep/night
predictable targets - p. 149
unpredictable targets - p. 150

Page !
149, 150

Behaviors
discrimination, perceptual speed; gross positioning
fine manipulative abilities

Quantitativeness
scaled graphs

Supporting Data i
D] No Validation

Validation with Questionable Results

Mx Validated

Comments

See p. 146, 93, 117 also
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Reference Siegel, et al (1979)

Appropriate lYes

Dependent Variables percent of signals detected

Independent Variablesý

ýminutes on watch;
iauditory, visual, both

Page15

Behaviors
ýdetection, auditory detection

Q uan titativeness usae
unscledgraphs

Supporting Data

ElNo Validation

EJ Validation with Que~stionable Results -

JJValidated

Comments

.Nomograph oii p. 155
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Reference Siegel, et al (1979)

Appropriate V-4.

Dependent Variables-
0/0 visual acuity

Independent Variablies
degrees from fovea

Page16

Behaviors detection, discrimination

uncldgraphsI

Suppov-tiflZ Data

ED No Validation

j] Validation with Questionable Results

SValidated

nomograph p. 169
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Reference Siegel et al (1979)

Appropriate 'I .
Yes

Dependent Variables mental performance limit
tolerable physical limit 4

Independent Variab les
exposure time
effective temperature or wet and dry bulb temp.

Page 171

Behaviors

nominal

Quantitativeness

Supporting Data

SNo Validation -

C Validation with Questionable Results

C Validated

Comments
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Reference Siegel, et al (1979)

SI'

4

, Appropriate Med.

Dependent Variables

Speech interference level ind b

Independent Variables

Distance between talker and listener

Page

177

Behaviors
auditory identification abilities

. Quantitativeness

scaled graphs

Supporting Data

"No Validation

.= Val*dation with Questionable Results

Validated

DComments

See also p. 134

"Nomograph on p. 178
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Reforence Siegel, et al (1979)

-A4propriate

Yes

Dependent Variables

percentage of errors

Independent Variables
type of noise - unpredictable vs. predictable
"loud (108db) vs. soft (56db)

Page 184

Behaviors

general reasoning

"Quantitativeness
unscaled graphs

Sapporting Data

""L No Validation

[J Validation with Questionable Results

-[ Validated

Comments

See p. 134, 177

K-40



I ~Refermce
Siegel, et al (1979)

Appropriate Yes

Dependant Variables
.probability of correct report

Independent Variables
probability of a false report
divided vs. undivided attention

Page
187

Behaviors
"time sharing

Quantitativeness

scaled graphs

Supporting Data

No Validation

' Validation with Questionable Results

![ Validated

Coinent.3

K-41
- .m4



Refeience Siegel, et al (1979)

€ 1

Appropriate No

Dependent Varables

P• Independent Variables

effects of overlearning and recall

"Page
"191

khaviors
General

Quantitativeness

I

SupporLing Data

* El No Validation
S

. Validation with Questionable Results

Q Validated

* Comments

K-42



/1

S Reference

R c Siegel, et al (1979)

AppropriateS, Yes

Dependent Variables
mean accuracy

Independent Variables
number of sleepless days of 0, 1.5, 3 hrs sleep
per night
"also, contains data on ability prior to sleeplessness
"and following recovery

46

Page
194

S Behaviors

"discrimination

Quantitativeness

'--tinscaled graphs

Supporting Data

No Validation

-I [• Validation with Questionable Results

, Validated

Coiments
See also p. 117, 127, 146

K-43

p,

9.l
4.



Reference Siegel, et al (1979)

I .'

Appropriate
* Yes

S Dependent Variable3
D Mean number of correct computations

Independent Variables

Time of day;
days during a 1S-day
4 hour on 2 hour off work-rest schedule

(

Page 199

Behaviors

"numerical ability

". Quantitativeness
scaled graphs

Supporting Data

EN No Validation

- Validation with Questionable Results

C Validated

Cozments See also p. 117, 127, 146, 194

Nomgraph p. 200

"K-44



Reference Siegel, et al (1979)

F

Appropriate Yes

Dependent Variables
Decision accuracy

Independent Variables
Sleepless days;
0, 1.5, 3 hours sleep/night
Data on performance before sleeplessness and
following recovery

Page
206

Behaviors General reasoning, seeing implications, practical judgment

Quantitativeness
"Unscaled graphs

Supporting Data

No Validation

SValidation with Questionable Results

SValidated

Comments See also p. 117, 127, 146, 194, 199

K-45



Reference Siegel, et al (1979)

Appropriate
Yes

Dependent Variables
mean number of map reading errors

Independent Variables

Sleepless days;
0, 1.5, 3, hours sleep/night
Performance data before sleeplessness and
following recovery

Pago

209

" Beha.iors
Spatial abilities

Quantitativeness

Scaled graphs

Support :rng Data

Lq No Validation

E] Validation with Questionable Results

Q] Validated

Comments

K-46



Reference Siegel, et al (1979)

Appropriate

Dependent Variables
percent correct recall

Independent Variables
Duration of performance of an irrelevant task;
1 to S items to be remembered

Page 2212

Behaviors
Meaningful memory ability

Quantitativeness
Scaled graphs

Supporting Data

ElNo Validation

E� Validation with Questionable Results

[ Validated

Comments

Nomograph p. 213

K-47



/

Reference
Siegel et al (1979)

Appropriate Yes

Dependent Variables
Recovery time

Independent Variables

Adapting flash energy;
target luminance

Page
"-218

Behaviors

Vision

Quantitativeness scaled graphs

Supporting Data

SNo Vlidation

fJ Validation with Questionable Results

SValidated

Comments

K-4

K-48



Refererce

Siegel, et al (1979)

Appropriate Yes

Dependent Variables
Freedom from distraction

Independent Variables
Sleepless days;
0, 1.5, 3 hours sleep/night
Performance data before sleeplessness and
following recovery

Page
221 K

Behaviors
Conceptual and thinking abilities

I o

Quantitativeness
Unscaled graphs

Supporting Data

® No Validation

O Validation with Questionable Results

C Validated

.39

Comments

K-49

.4
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Roe, W.T. and Finley, D.L. Ergonomic models of humanRcperformance; source materials for the analyst.

Arlington, VA: Office of Naval Research, Technical
Dept. August 1975,. Contract No. N00014-74-C-0324 ADAD 20086

App-'opriateMeim

Dependent Variables Energy expenditure

/A
Independent Variables

Occupations, activities, pos ures, types of work

Page 31-33

Behaviors
strength •L.

Quantitativeness I
Tables

Supporting Data

D No Validation

EJValidation with Questionable Results

SValidated

Comments

K-50

,W a'

4



Reference RRoe and Finley (1975) -

"Approloriate Moderate

Dependent Variables
itress effects; heart rate;
body temperature; sweat rate

Independent Variables
heat stress

Page
43

Behaviors

Physiological, changes

Quantitativeness
Unscaled graphs

Supporting Data

"No Validation

- Validation with Questionable Results

J Validated

Comments

Intervening variable used as a predictor.

K 1-,

K-V••



Refer .ence Roe and Finley (197S)

Appropriate-
Moderate

Depend~nt Variables

Production per hour, production per week,
production rate

Independent Variak~las

hours worked per week

Page 6

Behaiorsproductivity

Quantitativeness
unscaled graphs

Supporting Data

[2No Validation
[] Validation with Questionable Results

ElValidated

Comments

Predictor for a generic behavior

K- 52



S Reference Roe 5 Finley (1975)

. Appropriate
High

* Dependent Variables

Sensing, identifying, interpreting, controlling

Independent Variables

sensirg,
identifying;
interpreting;
controlling

Page

S2

Behaviors
sensing, identifying, interpreting, controlling

uant•itativeness
nominal

Supporting Data

No Validation

SValidation with Questionable Results

DValidated
Comments

structural models

K-53



4
Reference :Pfeiffe-., MG and Siegel, A.I. Model development

4nd the assessment of competing models. Santa
* 4bnita, CA; Human Factors Society, proceedings of

the 18th Annual Meeting, 1974, 425-428

• A.ppropr'iate•- pYes

Dependent Variables
Aggregate utility U.

Indtpendent Variables
Importance weight of the jth dimension

'" Page

427

.Behaviors
System equali:ation abilities

quantitativeness

Func t ions

Supporting Data

No Validation

C] Validation with Questionable Results

"r] Validated

-Comments

- K-54



5
;u ReferenceRfecPfeiffer, M.G., Siegel, A.I., Taylor, S.E., and

"I, Shuler, L., Jr. Ba kground data for the human
performance in cont nuous operations guidelines,
Alexandria, VA: US rmy Research Institute for the Bihavioral
and Social Sciencesi Technical Report 386, July 1979,
Contract No. DAHC19-77-C-00S4

Appropriate
High

Dependent Variables

Minimum perceptible visual angle

"Indeper.eut ariables

F Backgrounw luminancL (log foot-lamberts)

Page 11

Behaviors

Discrimination

Quantitativeness

Scaled graphs

*Supporting Data

No Validation

E]• Validation with Questionable Rcsults

• Validated

K-55



5

'I Reference
Pfeiffer and Seigel (1979)

Appropriate M4edium

Dependent Variables
Time to recover visual ability from a blinding flash (seconds)

Independent Variables

"Log adapting flash energy

Page

"12

Behaviors

Discrimination

Quantitativeness

Scaled graphs

Supporting Data

"No Validation

C•: Validation with Questiornble Results

Q' Validated

SCo- its

K-56



.%.

Reference
Pfeiffer and Seigel (1979)

* Appropriate

Hi gh

Deplendent Variables
probability of detection

Independent Variables

visual angle

Page• , 11

Behaviors
Discrimination

"*" Quantitativeness
"Scaled graphs&i

* Sup~porting Data

No Validation

Q Validation vith Questionable Results

O Validated

Comments

Data from Blackwell (1946). Actual presentation
conditions uncertain

K-57

__________________________



"Reference SPfeiffer, it al (1979)

Appropriate

High

Dependent Variables Time to recover an intellective-motor ability

following a blinding flash

Independent Variables
. Visual recovery time;

Work area luminance in foot lumberts;
Minimum luminance to perceive the work under
optimum conditions;
energy of flash in ft.1 seconds

Page
13

Behaviors
Discrimination

Quantitativeness

Functions

S, ..porting Data

S[] v No Validation

J[ Validation with Questionable Results

.Q Validated

Coments

K-58



S Reference Pfeiffer, et al (1979)

Appropriate

Medium

I wpendent Variables

Speech interference level in decibels

Independent Variables

Distance in feet between talker and listener

I

Page 14

Behaviors

Scaled graphs

Quantitativeness

" Supporting Data

"No Validation

P[ Validation with Questionable Results

FJ Validated

Comments

K-59



Reference Pfeiffer, et al (1979)

Appropriate
Med.

Dependent Variables
Rest req•dred following energy expenditure above some standard

Indiepedent Variables

Total working time in minutes; energy cost in Cal/min;
energy standard

Page

15, 18 (figure)

behaviors

Stamina

Quantitati :eness

Functions

Supporting Data

MI No Validation

[] Validation with Questionable Results

U Validated

Comments

The figure on p. 18 is for several energy standards,
and is expressed in Cal/min for energy and minutes
rest per hour worked.

K-60



5
" Reference Pfeiffer, et aI (1979)

Appropriate Yes

Dependent Variables
Mean choice Rt

Independent Variables

Number of possible stimuli

Page

17

Behaviors
Reaction time

"Quantitativeness Functions

*,Supperting Data

* D No Validation

[• Validation with Questionable Resul. s

"" Validated

Comments
.-ick's Law may be too theoretical and over simplified
for MOPADS. However, it may be as good an approximation
as any other formula. K is the problem

K-61



Reference
Pfeiffer, et al (1979)

Appropriate Md

Dseundenl Variables
Rest required following energy expenditure above
some standard

Independent Variables
Total working time in minutes; energy cost in
Cal/min;
energy standard

t

Page 15, 18 (figure)

Behaviors

Stamina

Quantitativeness Fi,--ions

Supporting Data

No Validation

[] Validation with Questionable Results

D Validated

Comments
The figure on p. 18 is for several energy standards, and
is expressed in Cal/min for energy and minutes rest per.
hour worked.

K-62



Reference Pfeiffer et al (1979)

Appropriate

Med.

Dependent Variables

Percent of omissions

Independent Variables

Speed X load
(signals/min) X (number of dials monitored)

Page 17, 19

Behaviors

Time sharing

Quantitativeness
Scaled graphs

Supporting Data

D] No Validation

[ Validation with Queb•tionable Results

• Validated

Couments

Useful for a guess at the slope of the linear function

K-63



Reference Pfeiffer, et al (1979)

Appropriwae
Yes

Dependent Variables

percent efficiency

Independent Variables

Skin temperature of hand three tasks

Page 21

Fine manipulative abilities

Quantitativeness

Unscaled graphs

Supporting Data

El• No Validation

E Validation with Questionhble Results

[J Validated

Comments

See Siegel (1) for same graph

K-64

i &



Reference Pfeiffer et al (1979)

Appropriate Yes

Depindent Variables
Change in time to complete knot-tying task (seconds)

KJ

Independent Variables

Exposure time (to cold)
Two hand-skin temperatures (5SS and 60°F)

Page 21

Behaviors

Fine manipulative ability

QuantitativenessScldgah

Supporting Data

D No Validation

= Validation with Questionable Results

.. Validated

Corments

K-65
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R. enc

Reference Pfeiffer, et al (1979)

Appropriate

Yes

Dependent Variables

Productivity index

Independent Variables

Wet bulb temperature

F.:I

Page

23

Behaviors

Cross body movement abilities

Quantitativeness

Unscal ed graphs

Supporting Data

No Validation

E Validatiot with Questionable Results

S] Validated

Comments

K-66

TA
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Reference Pfeiffer, et al (1979)

Appropriate
Yes

Dependent Variables

Error

Independent Variables

Work/rest schedule (S/S to 60/60 minutes/minutes)
Vibratic~n/normal envi ronment

23

Fine manipulative ability

Quantitativeness Uscldgas

Supporting Data

No Validation

[JValidation *asith Questionauble Results

ii Validated

K- 67



S/

Reference Pfeiffer, et al (1979)

Appropriate
Yes

"Dependent Variables
Transmissibility of whole body vibration

Independent Variables

Frequency (Hz)
Types of seats

25

Behaviors
General

Quantitativeness

Unscaled graphs

Supperting ata

0 No Validation

Q Validation with Questionable Results

CValidated
Comments

"This graph is for conversion use



Refex-ence Pfeiffer, et al (1979)

~.%

Appropriate

Dependent Variables

Qualitative assessment

Independent Variables

Frequency (Hz)
Acceleration (g) due to whole body vibration

-5.%

Page
/..: 25

Behaviors
See comment

Quatitativeness
nmscaled graphs

Suqpporting Data

D 1 No Validation

l Validation with Questionable Results

.l Validated

CoUnents

This graph is for asses!ent of subjective feeling

K-69



5
Reference Pfeiffer, et al (1979)

Appropriate

Yes

Dependent Variables

Tracking error

Independent Variables

"* Days of sleep deprivation;
Three measures per day;
Administration of amphetamine

*.•. Page 27

Behaviors
Psychomotor abilities

Quantitativoness

Scaled graphs

Supporting Dta

ci 1No Validation

•'] Validation with Questionable Results

i::] Validated

Coments

K-70



Reforence Pfeiffer, et al (1979) 5

Appropriate
Yes

Dependent Variables
Recommended hours recovery

Independent Variables
Cumulative hours of sleep loss

27

Behaviors

General

Quantitativeness

Scaled graphs

Supporting Data

Dl No Validation

O Validation with Questionable Results

O" Validated

Coments

K-71



Reference Pfeiffer, et al (1979)

Appropriate
Yes

Dependent Variables

Body temperature

Independent Variables

Days of night duty;
Time of day

Page

28

Behaviors
General

Quantitativeness
Scaled Graphs

Supporting Data

E' MNo Validation

C Validation with Questionable Results

D' Validated

Comen ts

"For conversion purposes

K-72



RehferelCe Pfeiffer, et al (1979)

Appropriate Yes
h'j

Dependent Variables SNu.mber of sums done

Independent Variables Days of Night duty
Time of day

F'.

* Page

28

Behaviors

Numerical ability

Quantitativeness

Scaled graphs

Supporting Data

EJ - &3Validation

-• ~Validation with Questionable Results

E- Validated

Coiments

K-7•3



Reference Pfeiffer, et al (1979)

Appropriate

Yes

Dependent Variables

0/0 of failures relative to 24 hour.mean

Independent Variables

Time of day (9 A.M. to 9 P.M.)
Delay in answering telephone calls
Frequency of errors in reading gas meters
Frequency of falling asleep while driving
Frequency of errors in answering warning signals.

Page
28

Behaviors
Practical judgment, logical evaluation, discriminability

Time sharing; visual memory

Quantitativeness

Scaled graphs

Supporting Data

D No Validation

EJ• Validation with Questionable Results

SlValidated

Comments

K-74



Reference Pfeiffer, et a!. (1979)

Appropriate
Yes

Dependent Variables
Limits for mental performance and physical t"'- =ance

Independent Variables
Effective temperature;
Exposure time

Page 30

Behaviors Conceptual and thinking; psycho-motor

Quantitativeness

Scaled graphs

Supporting Data

D] No Validation

Validation with Questionable Results

"" Validated

Comments

" * ,K-75



5Reference Pfeiffer, et al (1979)

Appropriate

Yes

Dependent Variables

Comfort zones
0/0 relative humidity
Effective Temperature

Independent Variables
e Dry-bulb, wet pb~lb temperature

Page
30

Behaviors
Mediating variables

Quantitativeness

Scaled graphs

Supporting Data

D No Validation

SValidation with Questionable Results

SValidated

Comments

K-76



/

5.
Reference Pfeiffer, et al (1979)

Appropriate
Yes

Dependent Variables
Mean percent cor-ect responses

Independent Variables
Time duration (1-6 sec) following a 1 sec 11 odb 5 PL noise
Noisy environment vs. quiet environment

Page 31

Behaviors

perceptual speed, practical judgment, immediate memory

Quantitativeness

scaled graphs

Supporting Data

No Validation

Validation with Questionable Results

D• Validated

Comments

K-77



Reference Pfeiffer, et al (1979)

4K Appropriate
Yes

Dependent Variables
Average percent of errors while proofreading

Independent Variables
Unpredictable vs. predictable vs. no noise;
108 db vs. 56 db

Page
31

Behaviors Word fluency, practical judgment, visual memory

Quantitativeness

Scaled graphs

Supporting Data

[2 No Validation

SValidation with Questionable Results

[] Val[i dated

Comments

K-78

/



Reference Pfeiffer, et al (1979)

Appropriate
Yes

Dependent Variables

Mean percentage of letters recalled correctly

Independent Variables

Delay of instructions
(.S sec before to S sec. after presentation)
light vs. dark

Page

33

,,,haviors
immediate memory

Quantitat : ..

scaled graphs

Suppo r i- Data

UX] No Validation

SValidation with Questionable Results

[• Validated

Commen-s

K-79

..



Reference Pfeiffer, et al (1979)

Appropriate
No

Dependent Variables

Retention after learning

ZIS Independent Variables Dy ic erig

/ Days since learning;

l10%, 50%, 0% overlearning

Page

36 .4

Behaviors
Rate memory

Quantitativeness
Scaled graphs

Supporting Dt

EX] No Validation

SValidation with Questionable Results

[] Validated

Comments

K-80
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M 7 T W7 IL, 17. T-VP-X W a I

Reference Pfei tfer, et il (1979*.

AppropriateYe

Dependent Variaoles

Poning error (dw,xees)

lIndopendent Varijab les

Practice (trials 1-4);
good vs. poor sense of direction persons

Page
36

Spatial abilities

Quantitativeness

ScaleO graphs

No Validation

Validation with Questionable Results

DValiCated

Large variabili'y a.,,iong persons



RefeencePfeiffer -et &1 (1979)

AppropriateYe

Dependent Variables
Cbtaincd B (beta)

Ladependent Variables

Optimal B (beta');
probabilities variable;
Values variable

39

Behaviors
General reasoning; seeing implications, practical
judgment; memory span, integration

Quantitativeness
Scaled graphs

Supporting Data

"v No Validation

r7 Validation with Questionable Results

J~Validated

I K Comments

This illustrates the 3-uboptimal decision making
strategy of human-,. Ur.derestimation of high
beta and overestimation -)f low beta.

K-82



RefeencePfeiffer. et al (1979)

AppropriateYs

Dependent Variables

Probability of a correct report

Independent Variables

Probability of a false report
control vs. divided attention

39

A ~ Behaviors
time sharing, memory span, integration

Quantitativeness

* * Scaled graphs

Supporting Data

"" a Validation

* ~ ~Validation with Questionable Results

El Validated

Comments

p., VY-83



Pfeiffer. et al (1979)

Yes

Independent Variibles

Speech-to-noise ratio (dB)
Auditory plus visual cues vs. auditory
cues only

Page 41

Behaviors Auditory perceptual speed

QuantitativenessScldgah

Supporting Data

DINo Validation
JJValidation with Questionable Resul~ts

CValidated

Comments

K-84



Reference Pfeiffer, et &1 (1979)

Yes

Dependent Variables
Speed of communication
Richness of communic-ition

Independent Variables

face to face, voice, typed communication modes

Page40 and 41

Behaviors
Auditory perceptual speed, communication speed

Quantit~ativeness

Scaled graphs

Supporting Data"

ElNo Validation

SValidatio-'n wi-Ph Questionable Results

ElValidated
T4 Comments

Chaponi:. experimenerLS



IPW. ~W. OJ- -

-' PRgfo'gnco Pfelffer, et al (1979)

Appropriate
Yes

Dependent Variables

Mean shock intensity administered in an
anonymous environment

independent Variables

aggressive, nonaggressive
no model

*. Page
43

Behaviors
"aggression

Quantitativeness
unscaled graphs

Supporting Data

No Validation

SE-' Validation with Questionable Results

i'.i Validated

Comments

Aggressive models increase aggression

K-P6



I•' efeibce Pfei ffer. et &1 (1979)

Appropriate

Zwpnmdent Variables

Aggress ion

Independent Variables

Depersonalization
Dispersion of responsibility

Page
42

Behaviors
Aggression

Quantitativeness
Nominal

Supporting Data

D[ No Validation

* ] Validation with Questionable Results

EJValidated

Comments

Both IVs increase aggression

K-87



l "Reference

.[
Approptiate Yes

Dependent Variables

Mean shock intensity administered

p.

Independent Variables

"Aggression aroused vs. nonaroused
Other aggressive stimuli

.1,

.I

"Page
43

Behaviors

"Aggress ion

Quantitativeness

Unscaled graphs

Supporting Data

No Validation

-E Validation with Questionable Results

E Validated

Comments

Aggressive stimuli and prompting increase[. aggression

S•,-.R



J5

Reference Pfeiffer (et al) 1979

Appropriate Yes

Dependent Variables

Mean shock intensity administered

I Independent Variables

Total trials
Reinforcement vs. nonreinforcement

Page": ~44

Ii Behaviors
Aggress ion

", Quantitativeness
A. Unscaled graphs

Supporting Data

El No Validation

Validaticn with Questionable Results

r Validated

S Comments Reinforcement for aggression increases aggressive

behavior.

P -8



Reference Seigel, A.I. Human performance reliability - its measurement and impact
on system reliability. Paper presented at the Design Engineering Conference
and Show, Chicago, IL: ASME, 1978, Report No. 78-DE-17.

AppTOpriAtS Yes

Dependent Variables

Human reliability

Independent Variables

No. failures
Human reliability * 1 - Total attempts

* Page 2

g Behaviors
* ""General"

Quantitativeness

Functions

,' Supporting Data

D No Validation

.J Validation with Questionable Results

j • Validated

Comments

SKy-90



0

Reference Seigel, A.I. (1978)

Appropriate
Yes

Dependent Variables

Human availability

Independent Variables

Time lost or unmanned hours
Total mission manhours

Page 2

Behaviors
"General"

Quantitativeness

"Funcations

Supporting L6-ta

* D No Validation

r x- Validation with Questionable Results

""• Validated

Comments

K-91
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/ /
/

6Refereucs Seigel, A.I. (1978)

Appropriate Yes

Dependent Variables

Human MTTR

* Independent V•riables

Human MTTRi• Total time of second t-y
Number of second tries

,/

Page• 2

SBehaviors 
"General"

Quantitativeness
Funcations

Supporting Data

No Validation

Validation with Questionable Results

D Validated

Comuents

K-92
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.,Reference Seigel, A.I. (197R) 6

Appropriate Yes

Dependent Variables

Equipment relieability

Independent Variables

Equipment reliability 1 -Number of failures during mission
Number of iterations

Page 2

Behaviors
"General"

QuatitativenessFunctions

Supporting Data

D] No Validation

M Validation with Questionable Results

E] Validated

Comments

r,-93



Reference
Seigel, A.I. (1978)

Appropriate
Yes

Dependent Variables

Equipment Availability

Independent Variables

Equipment availability Equipment up time
Equipment up time + down time

Page 2

Behaviors
"General"

quantitativeness
Functions

Supporting Data

El No alidation

[J Validation with Questionable Results

C] Validated

Comments

K,-94



Seigel, A.I. (1978)

Appropriate

Dependent Variables

Equipment MTBF

Independent Variables

"Equipment MTBF E E times between failures
"Number of failures

%

Page 2

.1

Behaviors
"General"

* Quantitativeniess

Functions

Supporting Data

D•c N Validation

' Validation with Questionable Results

-' Validated

Comments

K-95



S ReferSce Seigel, A.I.. (1978)

if -

9 Appropriate
S. Yes

Dependent Variables

Equipment MMR
t"

I . Independent Variables
"Equpent MTR Total E WMTR values over all iterations
quip"enNumber of iterations

Page

Behaviors
"General"

Quantitativeness

Functions

Supporting Data

. •No Validation

IXJ Validation with Questionable Results

[2 Validated

Cormnts

K-96



W (

Reference
I Seigel, A.I. (1978)
kV.o

I,
App-opriitea

Yes

Dependent Variables

System reliability

, - Independent Variables

System reliability = I Number of equipment failures + Number of second try successes
Number of iterations

Page
2

i Behaviors

"General"

- Quantitativeness
Functions

.. Supporting Data

SNo Validation

, Validation with Questionable Results

Validated

Comments

p. K-97



6
Reference

Seigel, A.I. (1973)

Appropriate

Yes

Dependent Variables

System availability

Independent Variables

System availabiltr a 1 -Euipment down time X Unmanned hors
yt4ission time

Page
2

Behavio.-:
"General"

Quantitativeness

Functions

Supporting Data

No Validation

[• Validation with Questionable Results

EJValidated

Comments

K-98



6

Reference

Seigel, A.I. (1978)

ApproprirYt eYes

Depe.den-: Variables

System KM

Independent Variables
ystem Z time for repairs + E time for second try successes

Number of repairs + Number of second try successes

Page

S2

Behaviors
"General"

Quantitativeness

Functions

Supporting Data

D No Validation

" "v Validation with Questionable Results

Di Validated1

Comments

K-99



7
Reference Siegel, A.I. and Federman, P.J. Communications content training as an

ingredient in effective team performance, Ergononic, 1973, 16C4),
403-416.

Appropriate,
Medium

Dependent Variables

Independent Variables

Contains a taxonomy of categories for military radio communications
in an anti-submarine warfare task

Page
413

Behaviors "General"

Quantitativeness

Nominal

Supporting Data

ElNo Validation

S]Validation with Quesctinnable Results

L] Validated

Comments

K-lO0
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Reference
Siegel, A.I., Leahy, YR. and Wolf, J.J. Human performance
tradeoff c.wves for use in the design of Navy systems; Final
Reptrt. Washingtor, rC; Naval Sea Systems Command, April 1978,
Contract No. N0024-76-C-6126 ADA053332.

Appropziate

Yes

Dependent Variables

Overall Perfcrmance

Independent Variables
Number of mer, at each rank and specialty Average short term power output
Body weight Average capability after a full work day;
S.D. of body weight equipment: failure rate, avg. repair time,
Summary and secondary specialty profeciency S.D. of repair time, no men required to
Average work pace repair, mental load, consumable use
Average stress tolerance threshold Event data
Average caloric intake
Average aspiration interval
Average physical capability
Average hours since last sleep
Average duration in incapacity (sickness)
Minimum fatigue necessary for sleep

Page

Behaviors
Generic performance

Quantitativeness

Nominal

Supporting Data

No Validation

Validation with Questionable Results

f] Validated

Comments
Overall model for this simulation
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Reference 8
Siegel, A.I., et al (1978) j

Appropriate
Yes

Dependent Variables

Independent Variables

System reliability metrics also spelled out in other Siegel papers

I
Page 8

Behaviors "General"

Quantitativeness

Functions

Supporting Data

OX No Validation

EJ Validation with Questionable Results

El Validated

Comments

K-102
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Reference

Siegel, AoI., et al 11978)

Appropriate

Dependent Variables

Mean hours wozkee

Independent Variables N

Primary competence (high - avg. - low)
Secondary competence
Men per shift
Shift length
Pace

Page
17-19

Behaviors
"General"

Quantitativeness
Scaled Graphs, Functions

Supporting Data

No Validation

•J Validation with Questionable Results

F- Validated

Comments

K-103



ý -. 7: %9

Reference
Siegel, A.I., et al C1978)

Appropriate

Yes

Dependent Variables

Percentage of tasks performed successfully on the first attempt

Independent Variables
Crew size
Shift length
Primary competence
Secondary competence
Mental load
Pace
Level of aspiration n

Leader's expectation

Page
20-22

Behaviors
"General"

Quantitativeness

Scaled Graphs, Functions

Supporting Data

No Validation

Q• Validation with Questionable Results

O Validated

Comments

K-104



8 ,kA

Reference

Siegel, A.I., et al (1Z76)

Appropriate
Yes

Dependent Variables

Unmanned station hours - hours of work not performed due to personnel
unavilability

Independent Variables
Pace
Primary competence
Level of Aspiration i)-j
Leader's expectation
Shift length
Men per shift

Page'

23-25

Behaviors
"General"

Quantitativeness

Scaled Graphs, Functions

Supporting Data

1 No Validation

E] Validation with Questionable Results

7J Validated

Comments

K-105
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Reference
Siegel, A.I., et al (1978)

Appiopriate
Yes

Dep ndent Variables
Percentage of tasks ignored due to time, personnel, or stress constraints

Independent Variables

Crew size

Primary competence
Secondary competence
Shift lengthN
Leader's expectation
Level of Aspiration ~
Mental load ~.

Page
26-28

Behavi-ors
"General"

Quantitativeness
Scaled Graphs, FunctionE

Supporting Data

No Validation

SValidation with Questionable Results

r7 Validated

Commnents
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Siegel, A.I., et al (1973)

Appropriate

Yes

Dependent Variables

System reliability and system availability

Indepandeait Variabl',
LeiidfýO.- ýxpectation
Levyel of aspiration
Mental load
Mern pe~e shift
Shift length

Page
29-32

Behaviors
"IGeneral"

Quantitativeness

Scaled Graphs, Fun..tions

Supporting Data

?Fo Validation

SValidation with Questionable Results

SValidated

Comments
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- - Reference
Siegel, A.I., et al (1978)

Appropriate
"Yes

Devendent Variables

System ?4TTR

"Independent Variab i-
Pace
Shift length
Mental load
Aspiration
Leader's expectation

Page
33-34

Behaviors
"General"

Quaintitativeness
Scaled Graphs, Functions

:" Supporting Data

El• No Validation

* Q- Validation with Questionable Results

.l Validated

Comments
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Reference
Siegel, A.I., et al (1978'

Appropriate
Yes

Dependent Variables

Human reliability

Independent Variables
Primary competence
Pace
Shift length
Level of aspiration
Mental load
Leader's expectation

,*1

SPage
* 35-36

Behaviors
"General"

Quantitativeness
Scaled Graphs, Functions

Supporting Data

No Validation

• Validation with Questionable Results

l Validated

Comments
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Referenci
- Siegel, A.I., et al (197P)

Appropriate

Yes

Dependent Variables

Human availability

Independent Variables

Pace
Men per shift
Shift length
Level of aspiration
Mental load

IL Leaderfs expectation

Page
37-38

J

Behaviors
S• "General"

Quantitativeness
Scaled Graphs, Functions

Supporting Data

No Validation

•E Validation with Questionable Results

SValidated

Comments
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Reference

SSiegel, A.I., et al (1978)

Appropriate Yes

Dependent Variables
Hu~man KM

I Independent Varib les

Pace
Mental load
Level of aspiration
Leader's expectation

I

. PagePa39-40

Behaviors
"General"

Quantitativeness
Scaled Graphs, Functions

Supporting Data

No Validation

SC' Validation with Questionable Results

., Validated

- Comments
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Reference 8

Siegel, A.I., et al (1978)

Appropriate
Yes

Dependtnt Variables

Maximum Stress

Independent Variablcs

, }Men per shift
* Pace

I

Page
41-42

Behaviors
"Genleral"

Quantitativen 3ss

Scaled Graphs, Functions

Supporting Data

No Vilidation

E-l Validation with Questicnable Results

• [j Validated

Comments

K-112



8
Riference

Siegel, A.I., et al (1978)

Appzopriate
Yes

Dependent Variables

Hazard level

LJependent Variables
Pace
Primary Competence
Shift length
Men per shift

Page

43-44

Behaviors
"General"

Qrntitativeness

7 Scaled Graphs, Functions

Szporting Data

No Validation

[] Valida•ion with Questionable Results

U]• Validated

Comments
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Reference
Siegel, A.I., et al (1978)

/

Appropriate
Yes

Dependent Variables

Human availability and manpower utilization tradeoff

Independent Variables

Pace
Shift length

Page 45-46

Behaviors ",General"

Qoiantitativeness

Scaled Graphs, Functions

Supporting Data

ElNo Validation

SJVglidation with Questionable Results

I] Validated

Comments

K-114



Reference
Siegel, A.!., Federman, P.J., and Welsand, E.H. Perceptual/psychomovor
reqairements basic to performance in 35 Air Force specialties. Brooks
AFB, TX: Air Force Human Resources Laboratory, Technical Report
AF.RL-TR-80-26, Contract No. F33615-78-C-0032 ADA03939CI

Appropriate
Yes

Dependent Variables

Independent Variables

13 abilities: Control precision Perception of size and form,
Manual dexterity Depth perception
Finger dexterity
Multilimb coordination
Rate control (tracking)
Visual speed and accuracy
Visual memory
Positior memory
Anditory memory
Clerical perception

Page 26 and 29

Behaviors
"General"

Quantitativeness

Nominal

Supporting Data

•' No Validation

Validation with Questionable Results

El Validated

Comments
Munitions maintenance and fire protection specialities
Other also missile electronic equipment spec. & other support
Radio operator

K-115



Reference §
Siegel, A.I., et al

Appropriate
Yes

Dependent Variables

Judged need for ability in weapons mechanic

Independent Variables

Finger dexterity
Visual memory
Visual speed and accuracy
Position memory

Page 120

Behaviors
see IV

Quanti tativ ness

Nominal

Supporting Data

SNo Validation

EJ Validation with Questionable Results

J Validated

Comments

Judged by job incumbents AF

K- 116
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Reference., Siegel, A.ir., et PI

Appropriate
Yes

Depeadent Variables

Judged need for ability in LOM 25 missile mechanic

Independent Variables

Manual dexterity
Position memory

Page 120

Behaviors
See IV

Quantitativeness

Nominal

Supporting Data

No Validation

SjValidation with Questionable Results

jj Validated

Comments

K-117



Reference Siegel, A.I., et al

Appropriate Yes

Dependent Variables

Judged need for ability in information specialist

Independent Variables

Visual memory
Clerical perception

Page
121

Behaviors

See IV

Quantitativeness

Nominal

St.pporting Data

Ox No Validation

E-l Validation with Qu.stionable Results

El Validated

Comments

K-118
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Reference SieZel, A.I., et a.

Appropriate Yes

"Dependent Vpriables

Judged need for ability in missile electronic equipment specialist

Independent Variables

Manual dexterity

Page 121121 ,.,

Behaviors Se-ISee IV

Quantitativeness

Nominal
r

Supporting Data

E-D No Validation

E] Validation with Questionable Results

Fl Validated

Comments .%

.--11
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Refeence Siegel, A.I., et al

Appropriate

Yes

Dependent Variables

Judged need for abilities in missile facilities siecialist

Independent Variables

Finger dexterity
Pcositic'i memory

Page
121

Behaviors
See IV

Quantitativeness

Nominal

Supporting Data

No Validation

SValidation with Questionable Results

ElValidated

Comments

K(-120

-. - 21



Reference Siegel, A.I., et al

Appropriate
me s'I,

Dependent Variables

Judged need for abilities in ground radio equipment repair

Independent Variables

Finger dexterity
Mainual dexterity
Control precision
Visual memory
Visual speed and accuracy
Position memory

Page
121

Behaviors
See IV

Quantitativeness

Nominal

Supporting Data

LA_ • No Validation

®E Validation with Questionable Results

fl Validated

"Comments

K-121



R eferece Siegel, A.I., et al

Appropriate

Yes

Dependent Variables

Judged need for aibilities in electrician

Independent Variables
Finger dexterity
Manual dexterity
Vicual memory

Page 121

'A.

Behaviors
See IV

Quantitativeness

Nominal

* Supporting Data

No Validation

[] Validation with Questionable Results

"j Validated

Comments

K-122



Referance

Siegel, A.I., et al

Appropriate YeYesL

Dependent Variables

Judged need for ability in aircraft fuel system mechanic

Independent Variables

Finger dexterity
Manual dexterity
Position memory

,4.

"* Page
121

* Behaviors
See IV

.4

Quantitativeness

Nominal

Supporting Data

No Validation

- Validation with Questionable Results

El• Validated

-2 Comments

K-123



Reference Siegel, A.I., Federman, P.J., and Sellman, W.A. A survey of student
measurement and course evaluation procedures within the Air Training
Command, Lowry AFB, CO: Air Force Human Resourcos Laboratory,
Technical Report AFHRL-TR-74-S, July 1974, Coiatrnct No. F41609-71-C-3025
AD 786041.

AppropriateS~NO

NDpendent Variables

i Independent Variables

Page

Behaviors

"General"

Quantitativeness

Support-ing Data

No Validation

3

L4Validation with Questionable Results

CValidated

Comments
K

'C
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Reference Rouse, W.B. Proble, solving performnce of mairntenance trainees in a

fault diagnosis task. Human Fact•ors, 1979, 21(2), 11-5-203.

Appropriate
NO

SDependent Variables

-o I I ... ..
SIndependent Variables

"' Page

Behaviors
"General"

Quantitativeness

J Supporting Data

." No Validation

r 7 Validation with Questionable Results

"Li Validated

Comments

,*, K-125



Reference Rouse, W.B. and Rouse, S.H. Measures of complexity of fault diagnosis
-asks. IEEE Transactions on Systems, Man, and Cloernetics 1979, S5C-9
(11), 720-727.

Appropriate Y
Yes

Dependent Variables

Complexity of a fault diagnosis task

Independent Variables

Information metric
Number of feasible solutions to find the symptomatic component
Probability of finding a failure when testing a given connection

Page
724

SBehaviors ii ii.. ..

Seeing implications and conseluences, logical evaluation, general reasoning

Quantitativeness
Nominal, Functions

Supporting Data

El No Validation

= ' Validation with Questionable Results

S] Validated

Comments

K-126



13
Raference Rouse, W.B. A model of human decision making in fault diagnosis tasks that

"include feedback and redundancy. IEEE Transactions on Systems, ,man, and
Cybernetics, 1979, SMC-9 (4), 237-241.

Appropriate

Dependent Variables

Number of tests to solution

Independent Variables

Psychological distance
Nature of the network under fault test: presence of feedback

Page

Sehaviors Flexibility, deci31on making, general reasoning, seeing implications

and consequences

Quantitativeness

Functions

Supporting Data

D No Validation

S] Validation with Questionable Results

D Validated

Comments

Fuzzy set mod...L
Feedback use is subject specific

K-127



Reference Rouse, W.S. A model of human decision making in a fault
diagnosis task. IEEE Transactions on Systems, Man, and
Cybernetics, 1978, SMC-8 (s), 357-361.

C-

Appropriate
Yes

Dependent Variables

Numbcr of tests to solution

Independent Variables

Psychological distance

Page
359

Behaviors Decision making, foresight

Quantitativeness

Functions

Supporting Data

DlNo Validation

[• Validation with Questionable Results

Fj Validated

Comments

Model presented

K-1 28



Referenze Rouse, W.B. Problem solving performance in two semestor
maintenance trainees in two fault diagnosis tas:s. Hiaan
Factors 1979, 21 (5), 611-618.

Appropriate
No

Dependent Variables

Independent Variab les

Page

Behaviors
General

Quantitativeness

Supporting Data

No Validation

Q• Validation with Questionable Results

- Validated

Comments

K-129



Reference Rouse, W.B. A model of the human in a cognitive
prediction task. IEEE Transactions on Systems, Man,
and Cybernetics, SC-"3 (5), 1973, 473-477.

Appropriate
Yes

Dependent Variables

System stateLocation of a point

Independent Variables

System state at time N
Constants
System state at time N ÷ 1 V
Last 10 points

Page M

Behaviors Visual memory, decision making, closure abilities, detection

Quantitativeness
Functions

Supporting Data

Ei No Validation

j• Validation with Questionable Results

•J Validated

Comments
Slow time scale
Cognitive and thought factors only

K-130



ur•,--"- _ ,________,_,_+ _. - -- • , ____________ _

Reference Baron, S. Kleinman, D.L., Miller, D.C., Lwvison, W.H., and Elking, J.I.
Application of optimae control theory to the predi;tion of human performance
in a complex task. Thight-Patterson Air Force BaEe, Ohio: Air Force
Flight Dynamics Laboratory, AFFDL-TR-69-81, March 1970, F33615-68-C-1192.

Appropriate No

Dependent Variables

Error rate Observation-noise-ratios
Control input

Independent Variables
Control sensitivity
Input signal
Single axis iris full task perf.
Faveal iris peripheral vision

Page 61, 63-66, 74, 76, 78-82, 85, 95

Behaviors
Tracking

Quantitativeness

Table

Supporting Data

[ No Validation
A-

SValidation with Questionable Results

M Validated

Comments Optimal scanning model (submodel of OCM) is described on pages 14-18.

This is based on assumption that well-trained human operator behaves in
an optimal manner subject to his inherent limitations and constraints.

K-131



Reference Baron, S. and Kleinman, D.L. The human as an optimal -9
controller and information processor. IEEE Transactions on
SMan-Machine Systems, 2M4S-lO (l), 1969, 9-17.

t7

Appropriate
No

Dependent Variables

Independent Variables

Page

Behaviors
General

Quantitativeness.K

Supporting Data

[ ] No Validation

E Validation with Questionable Results

E• Validated

Comments

K-132
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Reference Levison, W.H., Baron, S., and Kleinman, D.L. A model for human
controller remnant. IEEE Transactions on Man-Machine Systems,
M4-l0, Dec. 1979, 101-108.

Appropri ateYes

Dependent Variables

Normalized observation noise freq.
Normalized error freq.

Independent Vex.iables

Mýan-squared input
Vehicle dynamics (order of control)
Input bandwidth
lnput-inj ection point

'-"V

Page
106-107

Behaviors

Tracking

Quantitativeness
Scaled Graphs

Supporting Data

2 No Validation

[2 Validation with Questionable Results

Validated

Comments
A model for human controller remnant

K-133



Reference Kleinman, DL., Baron, S., and Levison, W.H. An optimal 21
control model of human response. Part 1: Theory and
Validation, Automatica, 1970, 6, 357-369. ,

Appropriate

No - older article

Dependent Variables

Independent Variables

Page

Behaviors
General

Quantitativeness

Supporting Data

No Validation

[] Validation with Questionable Results

El Validated

Comments '"Good model specification.s

K-13A
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"Reference Baron, S., Kleinman, D.L. and .il. An optimal
,'ontrol model of human response. Pa•t ij.: prediction of"
human performance in a complex task. Automatica, 1970,
6. 371-383.

,1

Appropriate

No - older article

. Depeneent Variables

Independent Variables

Page

4• Behaviors

General

"Quantitativeress

"Supporting Data

No Validation

" Validation with Questionable Results

:. Validated

Comments

S~k-135



SReference Kleinman, DL.L., Baron, S., and Levison, W.H. A control
theoretic approach to manned-vehicle systems analysis.
IEEE Transactions on Automatic Controls, AC-16 C6), 1971,
824-832.

Appropriate
Yes

Dependent Variables

u(t) human control input to the system

Independent Variables

Vehilce dynamics
Display output
Observation noise
Time delay
"Kalman estimator
Prediction
Motor noise

Page
827

Behaviors
Gross positioning, system equalization

Quantitativeness

Functions

. Supporting Data

El No Validation

* .E] Validation with Questionable Results

MX Validated

Comments
p 830 "Of course, the model does not tell us whether observed

characteristics of the human's response ... are implemented
by muscles in the arm or in the head."

Is this the problem of identifiability?

K-136



Refert"ce Ba!on, S. Application of the optimal control model
"for the h",an operator to reliability assessment.
IEEE Transactions on ReliabilitZ, R-22 (3), 1973, 157-164.

Appropriate

Yes

Dependent Variables

Human performance reliability on a particular mission segment
Rh(X) Prubability that a given task will be correctly executed Ln
"some increment of time.

X (t) EX

Independent Variables

..V(X) r Pr (x Ct) Existress) J pdf (x(t)Istress) dx

X(t) EX

pdf a prob. dist. func.

Page
161

Behaviors System equalization abilities

Quantitativeness
Functions

Supporting Data

Ho Validation

j' Validation with Questionable Results

EJ -Validated

S Coments

"2' Investigate further

K-137



Reference Phatak, A., Weinert, H., Segall, I., and Day, C.N. Identification
of a modified optimal control model for the human operator.
Automatica, 1976, • 31-41.

A~pproprate
Yes

Dependent Variables

Tracking

I ~Independent Vari~ab les

v,.. Operator gain vector

Observation noise covariance

Page
i 35-Z8

Behaviors Tracking

K" Quanti •ativaness

Functions

V. Supporting Data[ No Validation

I J] Validation With Questionable Results

"liComments • Validated

e Simplification of the optimal control model
The intent is to increase the identifiability of the model
parameters it seems to have worked
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Reference Kessler, K.M. and Phatak, A.V. Formulation and validation of a
proportional-integral-derivative (P-I-D) structure modified
optimal control model for the human gunner in an anti-aircraft
artillery (AAA) t:acking task. IEEE Conference on Decision and
Control/15th Sym•posium on Adaptive.Processes, 1976, 1099-1105.

Appropriate

Yes

Dependent Variables

Tracking error over time (elevation, azimuth)

' Independent Variables

"Process noise
Target trajectory

Paae 1104

10

S Behaviors
System equalization abilities (41-44), tracking

Quantitativeness
Functions

Supporting Data

No Validation

0 El Validation with Questionable Results

"Validated

Comments

IK

I

____



Reference Sarma, V.V.S. and Ramchord, K. Air Fleet and Facility Planning
,.ilia optimal control models. IEEE Transactions on Systems, Man

and Cybernetics, 1979, SVC-9 (3), 131-142.

Appropriate
No

Dependent Variables

Independent Variables

p

Page

Behaviors
General

*: Quantitativeness

Supporting Data

SNo Validation

-- Validation with Questionable Results

[] Validated

Comments

Econometric Mode]

K-140
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21

Reference Johannsen, G. and Govindaraj, T. optimal control model predictions
of system performance an attention allocation and their experimental
validation in a display de.Agn study. IEEE Transactions on Systems,
Man, and Cybernetics, SMC-1 CS), 1980

Appropriate No

Dependent Variables

Independent Variables

Page

Behaviors
General

Quantitativeness

Su porting Data

No Validation

E] Validation with Questionable Results

- Validated

Comments

ON
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Reference Baron, S. and Levison, W.H. Display analysis with the optimal
ccntrol model of the human operator. Human Factors 1977, 19 (S), 437-457.

Appropriate
Yes

Dependent Variables

Displacement noise (tracking error)
Rate noise (tracking rate error)

Independent Variables

Observation noise
Attention allocation
Display variables

Page
441

Behaviors Time sharing; system eqalization abilities, tracking

Quantitativeness
Functions

Supporting Data

No Validation

E] Validation with Questionable Results

Validated

Comments
Only aspect3 of the model relevant to display analysis

K-142
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30

Reference Knoop, P.A. Survey of human operator modeling techniques ior
measurement applications. Wright-Patterson AFB, OH: Air Force
Human Resources Laboratory, Technical Report AFHRL-TR-78-35,
July 1978. ADA058327

Appropriate Yes

Dependent Variables

Independent Variables

Review and Conclusions

Page
25

Behaviors

Quantitativeness
Nominal

Supporting Data

El No Validation

- Validation with Questionable Results

• Validated

Comments
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Reference Siegel, A.I., Pfeiffer, M.G., Kopstein, F., Wolf, J.J., and
Ozkaptan, H. Human Performance in Continuous Operations:
Volume III. Technical documentation ADA 088339.

Appropriate

Yes

Dependent Variables
Effectiveness profile by combat unit ty-pe and by perforrance factor

Independent Variables

Proficiency/speed factor by unit type
Enemy/friendly material strength ratio
Enemy/friendly personnel strength ratio
Enemy/friendly terrain advantage
Light level

Unit replacement conditions
Time of day that battle starts
Hours since last sleep at battlement
Platoon action and duration for each combat unit

Page
66

Behaviors

Functions

Quantitativeness

I

Supporting Data

m] No Validation

El Validation with Questionable Results

fj Validated

Comments

K-144
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•,eference Siegel, A.I. et al

Appropriate Yes

Dependent Variables

Value of light level

Independent Variables

Light conditions (starlight to ciear, sunny day)

Page
71

Behaviors General

Quantitativeness

Nominal

Supporting Data

El No Validation

F-1 Validation with Questionable Results

E] Validated

Comments

K-145



Reference Siegel, A.I. et al

Appropriate Yes

Dependent Variables I
Effectiveness of performance for a mili tary unit

Independent Variables

Number of adverse impacts
Variabili yfimp acts

tK

Page 54

Behaviors
General

Quantitativeness

Functions[

Supporting Data

No Validation

E Validation with Questionable Results

[] Validated

Comments

K-146
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Reference Siegel, A.I. et al

Appropriate
Yes

Dependent Variables

Effectiveness of a unit

Independent Variables L

Fatigue level
Light level
Stress level
Phase of diurnal rhythm

Regression model

Page
58

Be. 3viars

General

Qrn•titativeness
Functions

urpj ,rting Data

No Validation

E• Validation with Questionable Results

E] Validated

Comments

K-147



Reference Siegel, A.I., Fischl, M.A., and MacPherson, D. The analytic
profile system (APS) for evaluating visual displays. Human
Factors, 1975, 17 (3), 278-288.

Appropriate No

Dependent Variables

Independent Variables

Page

Behaviors
General

Quantitativei.-ss

Supporting Data

El] No Validation

EJValidation with Questionable Results

Validated

Comments

K-148
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Reference Siegel, A.I. and Bergman, B.A. A job leirnirg approach

to performance prediction. Personnel Prychol gy, 1975, 2L, 325-339.

.%

Appropriate
No

Dependent Variables

Independent Variables

Page

Behaviors
General

Quantitativeness

Supporting Data

rv- I No Validation

[J Validation with Questionable Results

CValidated

Comments

"Miniature job training

K-149



•s ReferenceRen Greening, C.P. Mathematical modeling of air-to-ground

target acquisition. Hunan Factors, 1976, 18, 111-148.

Appropriate No

Dependent Variables

Independent Variables

Page

Behaviors
General

Quantitativeness

Supporting Data

No Validation

"E Validation with Questionable Results

12[ Validated

Comments
Involved air-to-ground rather than ground-to-air detection.
Presents 6 models of air-to-ground target acquisition
Author suggests that there is limited evidence of overall validation esp.
with field data.
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.I -67_ _ _ _ _ _ __W_ _ __CWtx

Refer--nce Greening, C.P. and Wyman, M.J. Experimental ev•.uati~n
of a visual detection model. Human Factors,, 1970, 12 (5),

a. 43 -45S.

Appropriate
Yet

a .. Dependent Variables

Cumulative probability of having recognized a target by a certain
point in the approach

Independent Variables

Probability of looking at the target in one glimzpz
Available resolution
Obj ect/background contrast
Sky/gruund lumninance ratio

Aircraft altitude above target
Meteorological range (visibility)

tSlant range
-" Threshold contrast ratio

Target height/width/depth
"Horizontal range to target
"Number of linear resolution elements to resolve thi target

Page

Behaviors
General

Quantitativeness

Supporting Data

D No Validation

* j• Validation with Questionable Results

.- Validated

Comments
Identification problem unsolved
Underlying neural mechanisms not considered
See also 034
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"Re5erence Greening, C.P T&erget acquisition model evaluation: final summary

report. China Lake, CA: Naval Weapons Center, Technical Report
NWC TP 5536, 1973, Contract No. N00123-73-C-0250. AD 913918L

Appropriate
No

Dependent Variables

Air-to-ground target acquisition

Independent Variables
Models: VISTRAC FRANKLIN & WHI1TENBURG

DETECT II and III CORNELL AERO LAB - RYLL
,MARSAM II SHAPE
GRC (M&B) BOEING
AIJTONETICS N.A. ROCKWELL -COLUMBUS

"SRI CRESS/SCREEN VISTARAQ
RAND NVI
FLAG

Page

".2

"Behaviors
Detection, identification

- Quantitativeness

Supporting Data

ElNo Validation

Validation with Questionable Results

D Validated

Comments
Air-to-ground
Much info. but snould be more clearly presented in later
Greening articles

K-1 52



Reference Greening, C.P. Modeling visual target acquisition: Incl,,sion of
certain psychological variables. Chine Lake, CA: Naval Weapons
Center Technical Report NWC TP 5690, August 1974, Contract No.
NOO) 23-74-C-0236. AD923266.

Appropiiate
No

Dependent Variables

Independent Variables

7/

Page

Behaviors
General

Quantitativeness

Supporting Data

"No Validation

E] Validation with Questionable Results

S- Validated

SI Comments

Air to ground target acquisition
Autonetics model

K-153



Reference Bloomfield, J.R. Peripheral acaity with complex stimuli
Sat two viewing distances. In NATO AGARD Conference Proceedings

No. 100, AGARD CP-100, Air to ground target acquisition Nov. 1972,
Neuilly-Sur. Seine, France, AD755082

(

Appropriate
Yes

Dependent Variables
.. Minimum perceptible visual angle

I Independent Variables

Eccentricity from fovea

I

Page
.- 62

SBehaviors
Detection

Quantitativeness

- Scaled Graphs

Supporting Data

No Validation

E•' Validation with Questionable Results

"E- Validated

%"* Conments

-K 1* K-154



Reference Bloomfield, J.R. (1972)

Appropriate
Yes

Dependent Variables

Minimum perceptible target-background difference (minutes of angle)

Independent Variables

Eccentricity

Page 62

Behaviors
Detection

* Quantitativeness

Scaled Graphs

Supporting Data

No Validation

E Validation with Questionable Results

•- halidated

Comments

K-155



38
Reference Bloomfield, J.R. (1972)

Appropriate
Yes

Dependent Variables

Variations in viewing distance hpve no effect on target
acquisition or visual search

Independent Variables
Providing that:
a) the search display has angular dimensions of 90 or more;
b) viewing distance is greater than two feet; and
c) viewing distance is not so great as to preclude target

resolution then

Page B6-9

Behaviors
General

Quantitativeness

Supporting Data

No Validation

[J] Validation with Questionable Results

- Validated

Comments
As long as visual angle is constant, viewing distance doesn't matter.

K-156
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Reference AGARD Air to ground target acquisition. AGAFS Conference
Proceedings No. 100, AGARD CP-lO0, Neuilly-Sur-Seine, France,
November 1972. AD755082

Appropriate
Medium

Dependent Variables

Peripheral acuity (minimum perceptible visual angle)

Independent Variables

Eccentricity from favea

(

Page 62

Behaviors
Detection

Quantitativeness

Supporting Data

j J No Validation

E Validation with Questionable Results

SValidated

Comments

K-157



39
Reference

Jones, D.B., Freitag, M., and Collyer, S.C. Air-to-ground target
acquisition source book: a review of the literature. Arlington, VA:
Office of Naval Research, Code 455, September 1974, Contract No.
N00014-72-C-0389. ADA015079.

Appropriate

yes

Dependent Variables

Independent Variables

Large amounts of data on:
Properties of the visual system
Target and environmental factors
Atmospheric conditions
Visibility parameters
Visual search
Models
Imagery paramerers

Page

Behaviors

Quantitativeness

Supporting Data

v No Validation

ElValidation with Questionable Results

E-l Validated

Comments

This is an experimental psychology text on visual detection. 154 pages.

K-158
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39
Reference

Jones, D.B., et al., 1974.

Appropriate

Dependent Variables
Log threshold contract
Search time

Independent Variables

Log target area
"ontrast and size difference of targets and distractors

:4

Page

Behaviors

Quantitativeness

Supporting Data

No Validation

E• Validation with Questionable Results
V

[•] Validated

Comments

An example of the contents of this document.

K-159



40
Reference

Gordon, J.J., Fean, C.R., and Church, P.V. Visunl detection of low
altitude aircraft (summer). Bureau of Ships; Technical Report No.
NS-714-100, November 1961, Contract No. N00024-68-C-lO00. AD512783.

Appropriate
•06

NO

Dependent Variables

Independent Variables

Page

Behaviors

IWQuantitativeness

Supporting Dataý
No Validation

F• Validation with Questionable Results
"Ag

E Validated
4,

Comments 4%

Air-to-air detection, B-52 target, 500 ft.
Motion detection, rather than shape detection, will be the cue. ',

Recon. at 20,000, 5000, and 3000 ft.

K-160
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Reference 41

Camden, R.S. Real-time air defense radar display: operator console
simulation. Aberdeen ProviV3 Ground, M.D.: U. S. Army Human Engineering
Laboratory, Technical Memorandum 23-76, June 1976. ADA028217.

Appropriate

Dependent Variables

Independent Variables

Page

Behaviors

Quantitativeness

Supporting Data

"v] No Validation

[-] Validation with Questionable Results

E Validated

Comments

An operator simulation of the SAM-D Air Defense System should exist.
These are the programs to assess the man-riachine interface.

K-161
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Reference

Hilgendorf, R. and Milenski, J. SEEKVAL Project IAl: effects of target
number and clutter on dynamic target acquisition. Wright-Patterson AFB, OH:
AMRL, AMD, Technical Report AMRL-TR-74-4, January 1976, Contract No. .
F33615-73-C-4106. ADA024.166

Appropriate

No

Dependent Variables

Independent Variables

i~ 4',

Page

Behaviors

Quantitativeness

Supporting Data.-

EXI No Validation

F] Validation with Questionable Results

F] Validated :* [

Comments

Air to ground detection.

K-162



Reference

Woodward, D.P. and Nelson, ?~.D. A user oriented review of the literature
on effects of sleeplossx, vorl'-rest scaudules, and recovery on performance.
Wash., DC: Office of Naval Researcli, Technical Report ACR-206, December

(1974. &DA009778.

Appropriate

Yen

Dependent Variables

Independent Vauiabler.

Type of tank.

Page
1, 7-9

*Behaviors

X Quantitativeness

Nominal

Supporting Data

No Validation

EValidation with Questionable Results

~] Validated

Comments

K-1 63



Reference

Woodward, D.P., et al., 1974.

Appropriate

Yes

Dependent Variables

Sleep loss decrement in performance.

Independent Variables

Work schedules most vulnerable to performance impairment by sleep loss.

Page

1, 1, 14-16

Behaviors

Quantitativeness

Nominal

Supporting Data

EuNo Validation

E-) Validation with Questionable Results

[] Validated

Comments

K-I64



Reference

Woodward, D.P., et al., 1974.

Appropriate
AUSo • yes

Dependent Variables

Performance iaiarment

Independent Variables

t r

I

•.'"Amount of sleep loss required to .in ir perfor•mace

Page
2

Behaviors

* Quantitativeness

Nmainal

Supporting Data

OXNo Validation

* El Validation with Questionable Results

Q Validated

'ACom5ents

K-165



44
Reference

!, Woodward, D.P., et al., 1974.

Appropriate

Yes

Dependent Variables

Types of performance impairment moat likely from sleep loss.

Independent Variables

Page
2, 21-22

*Behaviors

Quantitativeness

NwlIomna 1

Supporting Data

c No Validation

* • Validation with Questionable Results

-] Validated

* Coiments

K-166



44
Reference

Woodward, D.P., at al., 1974.

Appropriate

Dependent Variables

* Independent Variables

Procedures for reducing impairment risks in continuous operations.

Page
3

Behaviors

Quantitativeness

Nominal

S Supporting Data

No Validation

SValidation with Questionable Results

"C Validated

Comments

K-167
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'" 44
p Reference

Woodward, D.P., et al., 1974.

Appropriate
rw Yes

Dependent Variables

Time required for recovery

Independent Variables

Unusual work schedules

Time required for recovery and adjustment

Page

3, 14-20

Behaviors

Quantitativeness

Nominal

Supporting Data

I'.X No Validation

E Validation with Questionable Results

[ ] Validated

I::: Comments

K-168
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Reference

Woodward, D.P., et a1., 1974.

Appropriate

* Yes

Dependent Variables

I Recommended hours of recovery

Independ•rnt Variables

Cumulative hours of sleep loss

Page

* I
t4

jBehaviors

* Quantitativeness

Scaled Graphs

I

Supporting Data

No Validation

E] Validation with Questionable Results

SValidated

Comments

K

% -6



44
Reference

Woodward, D.P., et al., 1974.

Appropriate

Yes

Dependent Variables

Sleep loss decrement in performance

Independent Variables

Task duration

Page

9-13

Behaviors

Quantitativeness

Nominal

Supporting Data

l No Validation

E-l Validation with Questionable Results

E-l Validated

Comments

K-170
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Reference

Wright, A.V. The performance of ground observers in detecting,
recognizing, and estimating range to low-altitude aircraft. Fort Bliss, TX:
Human Resources Research Office, Technical Report 66-19, December 1966,
Con:tract No. DA-44-188-ARO-2. AD645537.

Appropriate

Yes

Dependent Variables

ange of incoming A/C when detected

Independent Variables

Aircraft class (jet, propeller)
Visual aiding (none, unaided detection with aided recognition,

aided detection and recognition)
Observer offset (O,650,1400me.)

Page
9

Behaviors

detection

Quantitativeness

Table X

i'- Supporting Data

ElNo Validation

SValidation with Questionable Results

SValidated

Comments

K-171



45
Reference

Wright (1966)

Appropriate

Yes

Dependent Variables

Range of incoming A/C when tentatively rec'ognized
Range of incoming A/C when positively recognized

Independent Variables

rcraft class (jet, propeller)
sual aiding (none, unaided detection with aided recognition, aided
detection and recognition)

0server offset (0,650,1400 meters)

Page 9

Behaviors

discrimination

Quantitaiiveness
Tible

Supporting Data

No Validation

E] Validation with Questionable Results

[J Validated

Comments

K-172
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45
Reference

Wright (1966)

Appropriate

Yes

Dependent Variables

Probability of detecting incoming A/C
Probability of tentatively recognizing incoming A/C
Probability of positively recognizing incoming A/C

Independent Variables

Range (0 to 20,000 weters)

Page
12

Behaviors

detection
discrimination

Quantitativeness

Table 1
Scaled Graphs

Supporting Data

ElNo Validation

E] Valido.tion with Questionable Results

SValidated

Comments

K-173



45
'Reference

Wright (1966)

Appropriate
Yes

Dependent Variables

Probability of detecting incoming A/C

Independeuat Variables

Range (0 to 20,000 meters)
Type A/C (bet A/C, propeller A/C, helicopter A/C)

Page "
13

Behaviors

detection

Quantitativeness

Scaled Graphs

Supporting Data

ri No Validation

E Validation with Questionable Results

•'J Validated

..wmments

K-174



Reference

Wright (1966)

Appropriate

Yes

Dependent Variables
Probability of tentatively recognizing incoming A/C

Probability of positively recognizing incoming A/C

Independent Variables

Range (0 to 20,000 meters) k
Type A/C (jet A/C, propeller A/C, helicopter&)

Page
13

Behaviors
discrimination

Quantitativeness

Scaled Graphs

Supporting Data

D No Validation '1

r Validation with Questionable Results

[] Validated

Comments

K-175



Reference 45

Wright (1966)

Appropriate

Yes

Dependent Variables

Probability of detecting incoming A/C
Probability of tentatively recognizing incoming A/C
Probability of positively recognizing incoming A/C

Independent Variables

Range (0 to 20,000 meters)
Observer offset (0, 650, 1400 meters)

Page

15

Behaviors

detection, discrimination

Quantitativeness

Scaled Graphs

Supporting Data

No Validation

Validation with Questionable Results

Validated

Comments

K-i 76
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Reef erence

Wright (196.6)

Appropriate

Yes

ItDependen~t Variables

Probability of detecting incoming A/C
Probability of tentatively recognizing incoming A/C
Probability of positively recognizing incoming A/C

Thdependent Variables

Range (0 to 20,000 meters)
Type A/C (F-4C, F-100, T-33)

16

detection discrimination

Quantitativeness

Scaled Graphs

Supporting Data

DNo Validation

~JValidation with Questionable Results

[] Validated

K-i7l



Reference

Wright (1966)

Appropriat

Ye

Dependent Variables

Probability of detecting incoming A/C
Probability of tentatively recognizing incoming A/C
Probability of positively recognizing incoming A/C

Independent Variables

Range (0 to 20,000 meters)
Type rotary-wing A/C (4-1A, 4-6A, 0-1A, 0

Page
17

Behaviors
detection
discrimination

Quantitativeness

Scaled Graphs

Supporting Data

No Validation

LI• Validation with Questionable Results

S Validated

Conv~ents

"K-179
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45i
Reference

Wright (1966)

Appropriate

Yes

Dependent Variables

Estimated range of incoming A/C when detectcd
Estimated range ol incoming A/C when tentatively recognized
Estimated range of incoming A/C when positively recognized

Independent Variables

Aircraft class (jet, propeller, helicopter)

Page

20

Behaviors
detection, discrimination, saLtial orientation

"Quantitativeness
Table

Supporting Data

D] No Validation

- Validation with Questionable Results

].' Validated

7Comments

S~K-179
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Refer-ance

Wright (1966)

kppropriate

Yes

De~pendent Variable~3

Estimated ran-e of incoming N/C when detected
Est.-.mated range of incormin6 A/C when tenc-atively recognized
Estimated raiga of incoming A/C when positiv'ely recognized

Independent Variables

Visual aiding (none, b~inoculars for recog., binoculars for det. and rec.)

Obser-ver offset. (none, 650, 1400 meters)

Pa e

20

K Behaviors
detection, discrimination, spatial orientation

Quantitativeness

Table

Supporting Data

01No Validation

SValidation with Questionable Results

[] Validated

Comm~ents



45Reference45

ii Wright (1966)

Appropriate

"Yes

Dependent Variables

Percent range estimation error of incoming A/C when detected
Percent range estimation error of incoming A/C when tentatively recognized
Percent range estimation error of incoming A/C when positively zecognized

Independent Variables

Type A/C (jet propeller, helicoptet)

Page
"21

"Behaviors
detection, discrimination, spatial abilities

Quantital:iveness

Table

Supporting Data

No Validation

-l- Validation with Questionable Results

'I Validated

Comments

K-1-.
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Reference

Wright (1966)

"Appropriate
Yes

'.1

Dependent Variables
Percent range estimation error of incoming A/C when detected
Percent range estimation error of incoming A/C when tentatively recognized

., Percent range estimation error of incoming A/C when positively recognized

Independent Variables

Visual aiding (none, binoculars for recog., binoculars for det. and recog.)
Observer offset (none, 650, 1400 meters)

,ill

Page

22

Behaviors

detect:on, discrimination, spatial abilities

Quantitativeness

TableVi Supporting Data

S•'] No Validation

. -- Validation with Questionable Results

7' l Validated

Comments

K-P12
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46
Reference

Baldwin, R.D. Relationship between recognition range and the size, aspect
angle, and color of aircraft. Washington, D.C.: Human Resources Research

# Organization, Technical Report 73-2, February 1973, Contract No.
DAHC 19-73-C-0004. AD758870.

"Appropriate

Yes

Dependent Variables

Recognition range to model A/C

/ .

Independent Variables

Type A/C (AF-lE, F-84, F-1O0, F-102, Mirage, MIG-15, Futer, M.G-21,
B-66, B-57, Flashlight, Frebar, Beagle)

Aspect angle (0*-0*, 15*-45", 15"-20*, 10"-15", 45"-35", 0*-90*)I. [climb-healing]

Page

8

I Behaviors
discrimination

Quantitativeness

Supporting Data

E:J= No Validation

"* Validation with Questn',,•nble Results
r.

171 Validated

Comments

Used models supported on boom mounted on truck-not realistic since truck
gave additional cues, etc.

K-183
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Reference

Baldwin (1973)

Appropriate

Yes

Dependent Variables

Recognition range to model A/C

Independent Variables

Type A/C (AF-IE, F-100, F-102, Mirage, B-66, Beagle)
Color (grey, silver)

I
Page

* 9

• • Behaviors
discrimination

Quantitativeness

Table

Supporting Data

L7] No Validation

LII Validation with Questionable Results

F[l .Validated

Comments

See head poge for this artic1-.

K,-1 •



Reference

Baldwin (1973)

Appropriate

Yes

Dependent Variables

Percent error in recognizing A/C models.

Independent Variables

Aspect angle (climb-heading] (0*-0*, 10"-15", 15"-20", 15*-45*, 45"-35*, 0"-90*)

I

Page

10

Behaviors
I Hdiscrimination

Quantitativeness

Table

Supporting Data

*E No Validation

EJ Validation with Questionable Results

"�"~ Validated

Comments

K-185
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46

Reference

Baldwin (1973)

Appropriate

Yes

Dependent Variables

"A/C size at mean recognition range.

Independent Variables

Type A/C
Aspect angle

Page

11

Behaviors

disc-imination

Quantitativeness

Table

Supporting Data

Li No Validation

Validation with Questionable Results

Validated

Cormment.;

Used model A/C

K i-•-6



Reference

Baldwin (1973)

: / Appropriate
, •/ Yes

Dependent Variables

• Observer reliability for recognizing A/C

Independent Variables

A/C aspect angle

Page
14

• Behaviors
• '" human reliability

Qu•antitativeness

Table

"" ~Supporting Data

SNo Validation

SValidation with Questionable Results

S]Validated

Comments

' Ised A/C models

K-187



46
Reference

Baldwin (1973)

Appropriate
Yes

Depenuent Variables

Mean and SO of recognition ranges to model A/C

Independent Variable,.

Aspect angle
Type A/C

Page
21

Behaviors
discrimination

Quantitativeness

Table

Supporting Data

E:1 No Validation

L7 Validation with Questionable Results

LLI Validated

Comments



Reference

Baldwin, R.D., Frederickson, E.W., and Hackerson, E.C. Aircraft

recognition performance of crew chiefs with and without forward observers.
Washington, D.C.: Human Resources Research Organization, Technical Report
70-12, August 1970, Contract No. DAHC 19-70-C-0012. AD714-UI3.

Appropriate

Yes

Dependent Variables

Percent correct recognition of incoming A/C [real & models]

Independent Variables

Team (crew, single crew chief, single observer)
Range (0 to 20,000 meters)

"Page
14

Behaviors

discrimination

Quantitativeness

Scaled Graphs

Supporting Data

El No Validation

El Validation with Questionable Results

[J Validated

Comments

K-189



Reference

Baldwin, et al. (1970)

Appropriate

Yes

Dependent Variables

Remaining engagement time (time between crew chief's positive recognition
judgment and A/C arrival at simulated weapon's crossover point)

Independent Variables

Crew vs. single observer
Observer offset (0, 900, 2500m)

Page

15-16

Behaviors
discriminatioi

Quantitativeness

Table

Supporting Data

EI1 No Validation

D Validation with Ouesticnable Results

,t Validated

Comments

* .7



SReference

Baldwin, et al. (1970)

* App rop-ate

"Yex

Det-endent Variables

COOMUn.,atioo Jo;e - su c± G cacat vaA.va af sequence codes during
o.sarvatin•ai)

Independent Variables

Crew
Flight offset (0% 90", 250W)

Page.

19
Sl~~ehaviu.-s9

Group comunication

" Quantitativeness
Table

• ~Supporting D•,tA

•:M No Validation

E3 Validation with Questiornable Results

: Validated

CoKments

K-191



"4/
SRefl-ence

Baldwin, et al. (1970)

* Appropriate

Yen

Dependent Variables

Percentage recogn±tion accuracy

Independent Variables

Crew
Observer (chief alone, chief in crew, forward observer)

Page
20

Behavzors

discrimination

Quantitativeness

Table

Supporting Data

fl No Validation

A Validation with Questionable Results

E::I Validated

Conments

K-192



Reference

Baldwin, R.D., Cliborn, R.C., and Foskeýt, R.J. ihb acqAisition and
retention of visual aircraft recognition e'4ii1.s. Arling:.an, VA: "xmy
Research Institute, AP.I Technical Ueport 11-76-t-4, .ntrast No.
DAH-19-75-C-0020.

Appropriate
No

DNpandent Variables

Independent Variables

h"I

* Page

Behaviors

Quantitativeness

Supporting Data

C No Validation

EJ • Validation with Questionable Results

"[j Validated

" Col9nt$

"" 1K-19,3



Reference

Baldwin, R.D. Capabilities of ground observers to locate, recognize, and
estimate dictence of low-flying aircraft. Alexandria, VA: Human Resourea
" eaearch Oagatization, Technical Report 73-8, March 1973, DAAC 19-73-C--000•.

) AD758873.

Appropriate

Yes

Dependp'nt Variables

Probability of detection

Independent Variables

"Range (0 to 20,000 meters)

Page
"8-9

Behaviorsn ~detectioc:

"Quantitativeness
Scaled Graphs

Supporting Data

No Validatitrn

EJ Validation with Questionabie Results

f ' Validated

K-194



RefeTauce

Teichner, W.H. and Mocharnuk, J.P, Visual jea:ch ioz cocpkcx :Argets.

Euman Factors, 1979, 21(3), 259-275.

"A-.

Aplpp oate
3igh

Depen nt Variables;
tearch time
Time' per stimuluoi

Independent Variables

Half number.of stimuli
1,2,3 dimensional search

Page

262, 266, 272

Behaviors

Perce'ptual speed

Quantitativeness-

Scaled Graph*

Supporting Data

ElNo Validation

WJVaidation with Questionable Results

Lj~ Validated

Comuents

Support for Teichner's two-strategy approach.

K-195
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Reference

Teichner, W.H., et al. (1979)

Appropriate

HigKgh

Dependent Vaziables

Total information

W Independent Variables

Information in each dimension

* Page
"268

Behaviors
Perceptual speed

Quantitativeness
Functions

Supporting Data

," No Validation

. E• Validation with Questionable Results

* :• Validated

Comments

K
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Reference

Taichaer, V.H., et al. (1979)

Appropriate

High

Lpenden c Variables

Time per stimulus

I Independent Variables

p. Total stimulus information
Stimulus familiarity

Page
270, 272

* Behaviors

Perceptual speed

Quantitativencess

Scaled Graphs
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ ... ..... _ _ _ _ _ _ _ _ _ _ _

1*. Supporting Data

,5 D No Validation

Validation with Questionable Results

.E Validated

Comments
-

4'.

9 K-197



DJ.6

refere:e

Teichner, W 1. and Krebs, M. J. Laws of visual choice reaction titae.
"?syct~¶ogical Re.,iew, 1974, 81(1), 75-98.

Appropriate

High

Dependent Variables

Choice RT

Independant ,ayiable3

Log 2 number of alternalzves
Low practice
Lighti'digit stimuli
Key/voice responses

Page
"81

Behaviors
Reaction time (45)

Quantitativeness

Scaled Graphs

*, Supporting Data

No Validation

I-J Validation with Questionable Results

[ii Validated

Comments

K-19a



Rei~eece 51

Appropriate

High

Deppendent Variables

Choice reaction time

Independent Variables

Stimulus probability

Varying S - R tasks

Critical signal probability

Page

87, 89

Behaviors
Reaction time

Quanti tativeness

Scaled Graphs

Supporting Data

No Validation

Validation with Questionable Results

[ Validated

Comments

'V-199
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.Reference

Teichner, W.H., et al. (1974)

Appropriate

High

Dependent Variables

Choice reaction time

Independent Variables

LOglo number of trials (practice)

Digit-key/light-key

Page

82, 8t.

Behaviors

Reaction time (45)

Quantitativeness
Scaled Graphs
Functions

Supporting Data

El No Validation

E-l Validation with Questionable Results

EJ Validated

Comments

K-200



Refezence

Teichner, W. H., et al. (1974)

Appropriate

High

Dependent Variables

Choice reaction time

Independent Variables

Log 2 number of alternatives
# practice trials

Page

86

Behaviors

Reaction time (45)

Quantitativeness
Scaled Graphs

Supporting Data

No Validation

S Validation with Questionable Results

j-• Validated

Comments
A:i Tractice increases, TR becomes constant as number of stimuli increases.
in other words, Hick's Law and the single channel hypothesis vanish at high
ir-vls of practice.

K-201



R~fez en'.•
52

Barber, P. Visual Search and Nuilber of Stimali Re-examined.

Psychological Bulletin, 89 (1), 176 - 132

Appropriate Sl ight

Dependent Variables

Search time

Time Per Element

Independent Variables

Half number of stimuli

Page 177- 178

Behaviors

Reaction time

Quantitativeness Scaled Graphs

Functions

Supporting Data

No Validation

S(Validation with Questionable Results

0 Validated

Comments
Critique of Teichner and Krebs, 1976, #51

K-202



Reference
Paskin. H.M. A discrete stochastic optimal control model of the
Humnan Cperal or. ktla'ita, GA: Aknericani Society of Mechanical
Engineprs, 11th Juint Automatic Control Conference with the
American Automa.-ic C.,-ntrol Council, 1970, Session Paper 24-B,
640 - 64:.

Appropriate
Nu

Dependent Variables

Independent Variab les

Page

Behaviors

Quantitativeness

Suppoi'tln7 Da~-k

DNo Validation

ED Validation with Qticstionable Results

[] Validated

K-203



Reference

, Paskin, H.M. A discrete stochastic optima;. control model of the
• Human Operator. IEEE Proceedings of th. National Aerospace Electronics

Conference (NAECON '70 ReCOV'i) * 1970, ~i07 -276.

Appropriateness Moderate

Dependent Variables

SNormalized tracking error

Independent Variables
Input bandwidth
Conpensatory/Pursuit tracking

Page

Behavioric

MoVement analysis

* ] Quantitativeness

. . Functions

Supporting Data

SNo Validation

f...3J Validatien with Q;:ýcionable ResuIts

Co, 7Ln Z nts

Tracking - specific w•1icaion of the optimal control 7,-dr.:.,

• illK-2'1



Siegel, A.I., pjaf, *T~j., and &.autman, 1..Afmi fmdl ~mesui -%h'muan reliabilityfo

Appropriate
Moderate,

Dependent Variables
Human reliability and availnbilityEqU~ipnment reliability and tvailability
SYstem performyance
Man-Machine system effectiveness

Independent Variables

Stress
Proficiency
Aspiration
Fatigue
Speed
Precision
Shifts
Not ion Sickness

112 -114

Rel~ability Assessment

Suanotitg7atavns

EXI No Validation

jJ Validation with Questionable Results

K -205



Reference

Bradford, W.H., A mathematical model for d.termining the probability
of visual acquisition of ground targets by observers in low-level
high-speed aircraft. Alberqurque, NM Sandia Laboratory Technical
Report SC-TM-66-54, 1966.

i Appropriate 
-ei-• ~Me dium

_K%.

"Dependent Variables

CDF of acquisition range
Visual air-to-ground

Independent Variables
Slant range to target
Target characteristics (size, orientation, luminence, contrast)
At.Aspheric visibility
Aircraft characteristics
Aircraft Altitude
Peripheral vision
Offset of aircraft track from target position
"Observer scan patterns
Terrain Masking

Page
¢)! , 2 2 , 30

Behaviors

Detection, Discrimination

Quantitativeness

i,:i • !'unctions

Supporting Data

DX .No Validation

E Validation with Qi•:-tionable Ressults

Validated

Comnents

K-206



"Reference
Franklin, M.E., and Whhtenburg, J.A. Development of an air-to-ground
detection/identification vdel. U.S. Army Human Engineering Laboratory
Technical Repor-. HSi-RR-6i4-D0, 1965. Contract No. DA-31-124-ARO-D-287.

or

Appropriate
LOW

Dependent Variables
Traget detection/identif5 cation air-to-ground

Independent Variables

Target size
Target shape
Target/ground contrast
Clutter
Terrain type
Aircraft altitude
Aircraft speed
Range

•. Page

62

Behaviors
Dection
Discrimination

Quantitativeness
Functions

Supporting Data

SINo Validation

DJ- Validation with Questionable Results

• Validated

Consents

K-2 07



Raference 58

Goldstein, I.L., and Durtman, P.W., Speed and load stress as
determinents of perfo,nance in a time-sharing task. Hunan Factors,
1978, 20 (5), 603 - 609.

Appropria:e

Potential

Dependent Variables

Performance on one (or several) choice RT tasks

Independent Variables

Speed of task stress
Nunber of simultaneous tasks (timesharing)

Page

ai Reaction time

QuantitativeressScaled Graphs

Supporting Data

E . No Validation

[- Validation with Qiue!tionhble Results

J"J Validatrd

Comm nts

.i-203



Reference
Rigney, J.W. and Towne, D.M. TASK TACI. A method for computer-
assisted performance training. Human Factocs, 1970, 1 (3), 285 - 296.

Approptiate
"A No

Dependent Varitbles

Independent Variables

Page%e

Behaviors

Quantitativeness

Supporting Data

E No Validation

C] Validation with Questionable Results

ElValidated

Comments

This article addresses task-analytic techniques rather than ind4.vidual
behavior modeling.

K-209
7"



60
Reference

Briggs, G.E., and Johnston, W.A. Influence of a change in system
critýri.a or team performance. Journal of Applied Psychology, bO (6),
1966, 467 - 472.

Appropriate Lo
'.• Low

Dependent Variables

Team performance oa: a simulated radar controlling task

Independent Variables

Type of training (performince emphLsis on speed or coordination)

.-. " PagePage 496- 471

Behaviors
Group compatability
"Group commnunication

Quantitativeness

Scaled Graphs

* Supporti~nr Data

El- No Validation

* ) Validation with Questionable Results

[]Validated

Co.mments
* This represents a rather obscure indepe~ndent variable for this effort.

Also, it "ould be difficult to generalize.

K-210
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Reference 61

Johnston, W.A., and Briggs, G.E. Team Perlc'.orance es a function of

team arrangement and workload. Journal of Applied Psycholoy, 52 (2),
1968, 89 - 94.

f-

Appropriate

High

Dependent Variables
Amount and type of communication among team members
Command and control performance

oW Independent Variables

Work load
I. Compensatory vs. non-compensatozy team arrangement

"Page

"92

Behaviors
Bea r Movement Analysis

Movement prediction Rate Control

Quantitativeness

Scaled Graphs

, Supporting Data

"El 0No Validation

l Validation with Questionable Results

, Validated

.9.

£ Comments
K

%1

'2'; K-211
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62
Re ferenc e

Wortman, D.P., Hixson, A.F., III, and Jorgensen, C.C., A SAINT Model
of the AN/TSQ-73 Guided Missle Air Defense System.

/

Appropriate
Low (specific behavioral components are not individually modelled)

Dependent Variables

Independent Variables

Page

* Behaviors

* Quanzitativeness

Supporting Data

L-] No Validation

- Validation wiith Ouestionable Results

Jj Validated

Comments

K-2I2



Reference 63

Frederickson, '..W., Folletie, J.F., and Baldwin, R. Aircrafr detection,
range estimation, and auditory tracking tests in a desert en-Aronment.
Fort Bliss, TX: Human Resources Research O-'ficp, Technical Report 67-3,

(" March 1967, DA-44-188-ARO-2. AD 650403

Appropriate

Yes

Dependent Variables

Probability of detecting B-52 aircraft or F-4C or A-6

Independent Variables

Range ( 0 to 20 KM )
Modality (vision, audition)
Visual aiding (unaided, 6 X 30 binoculars)

"t(6 X 30, 7 X 50 binoculars)
Length of early warning (1, 5 minutes)
Degree of terrain masking
Offset from flight path (200, 1400, 2600, 3300M)

Page
10, 15

Behaviors
Detection

Quantitativeness
Tables
Scaled Graphs

Supporting Data

No Validation

[-] Validation with Questionable Results

' Validated

Comments

K-213



63
Reference

Frederickson et. al., 1967

/

Appropriate

Yes

Dependent Variables

Range estimates of fighter and bomber flights

Independent Variables

Flight line distance (1000, 1500, 2000, 2500, 3000, 3500, 4000 meters)
Observer offset from flight path (200, 1400, 2600, 3300 meters)

Page 18, 19

Behaviors

spatial orientation

Quantitativeness
Tables

Supporting Data

F] No Validation

Validation with Questionable Pesults

Validated

Comments

K-214



Reference

-rcderickson, et. al., 1967

Appropriate

Yes

Lept,.ndent iariables

etection range for A/C structural components

Independent Variables

Observer offset (200, 1400 metes)
Type aircraft (F-4C, A-6, B-52, B-58)
Visual aiding (unaided, 6 X 30 binoculars
Structure

Page
22, 23

Behaviors Detection

Discrimination

Quantitativeness

Tables

Supporting Data

El No Validation

[] Validation with Questionable Results

SJValidated

Comments

K-215



Reference 63

Frederickson , et.al., 1967

Appropriate

Yes

Dependent Variables

Time delay between detection and identi'fication of first structural co'r.ponr'nt.

Independent Variables

Observer cffset (200, 1400 meters.)
Visual aiding (unaided, 6 X 30 binoculars)
Type aircraft (F-4C, A-6, B-52, B-S8)

Page 25

Behaviors Detection

Discri mina, ion

ýuantitativenes s

Table

Supporting Data

FlNo Validation

LI Validation with uize Results

~JValidated

Cormer'ts

K-216



IRefertnce

Frederickson, et. al., 1967

Appropriate
Yes

0ependent Variabics

Order in which A/C structures were dete'cted

Independent Variables

Observer offset (200, 1400 meters)Type aircraft (F-4C, A-6, B-52,.B-S8)
Visiual aiding (unaided, 6 X 30 binoculars)
Struct-ure

Page

24

Behaviors ----

Dis criminat ion

Quantitativeness

Table

Supporting Data ---------

So Validation

El Validation %týi~uestionable Resuits

FX Validated

K(-2117



Reference

*x *Frederickson, et. al., 1967

Appropriate

- ~pedentYes

DepedentVariables

4 ~Auaiitory tracking error

Independent Variables

y Slant range to A/C

Page

29, 30

- havi or' Auditory ceeteCtiOTI
Movement analysis

Quanti tativeness
Table
Scaled Graphs

3 unpor-t in g Data

DNo Validation

D Validation with Ques;tionalble Results

V] Validated

Comments

K-2 18



S\

"" Reference

Wokoun, W. Detection of random low-altitude jet aircraft by grounL
observers. Aberdeen Proving Ground, MD: Human Engineering Laboratory,
Technizal M.un randum 7-60, June 1960, DA Project S416-04-012. AD 238 541.

Appropriate

Yes

Dependent Variables

Probability of detecting incoming A/C

"Independent Variables

Search sector size (1-3600, 2-180°, 4-90%, -45")
Range ( 0 to 12,000 yd.)
Aircraft altitude (500, 1SO0 ft.)

Page
23 35

Behaviors
Detection

"Quantitativeness
Scaled Graphs

Supporting Data

1'] No Validation

E- Validation with Questionable Results

Validated

Comments

K-219



Reference

Wakoun (1960)

Appropriate

Yes

Dependent Variables

Probability of identifying incoming A/C

Independent Variables

Search sector size (1 - 360, 2 - 1800, 4 - 90, 8 - 45°)
Range ( 0 to 12,000 yds.
Aircraft altitude (500, 1500 ft.)

Page

Behaviors
Discrimination

Quantitativeness

Scaled Graphs

Support.ng Data

No Validation

Ei Validation with Questionable Resiults

. Validated

Comments

K-220



*" Reference
Wokoun (1960"

Appropriate

Yes

Dependent Variables

Range of incoming A/C when detected

* Independent Variables
Search sector size (1 - 360, 2- 180", 4- 90, 8- 45)
"Time (days of' second week)

o Page

50

"* Behaviors

Detection

"Quantitativeness

Table

. Supporting Data

!E No Validation

Validation with Questionable Results

Validated

Comments

K-221



Reference 64

Wokoun (1960)

Appropriate

Yes

Dependent Variables

Range of `.sicoming A/C when detected

Independent Variable.

Search sector size (1 - 360%, 2 - 1800, 4 - 90%, 8 - 450)
Intertrial interval (0 - 15, 16 - 30, 31 - 45. 46+ minutes)

Page

,V Behaviors;

Detection

Quantitativeness

Table

jSupporting Data

.nValidated

K-I( 22
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/-4

Referenco 64

-" Wokoun (1960)

Appropriate
Yes

Dependent Variables

Range of incoming A/C when detected

Independent Variables

Search sector size (1 - 3600, 2 - 180, 4 - 90, 8 - 45)
Course of incoming A/C (1 thru 6)

Page

S1

Behaviors

Detection

Quantitativeness

Table

Supporting Data

- No Validation

IEl Validation with Questionable Results

".• Validated

Comments

K
S~K-223

'S
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ago

Reference

Wokoun (1960)

Appropriate

Yes

"Dependent Variables

Range of incoming A/C when identified

Independent Variables

Search sector 3ize (1 - 360, 2 - 180%, 4 -900 8 450)
Course of incoming A/C (1 thru 6)

Page
52

' Behaviors
B o Discrimination

Quantitativeness

D

Supporting Data

El No Validation

SF'• Validation with Questionable Results

Valida•c-d

"Comments

"" ~K-2 2ý



Reference 64

Wokoun (1960)

J Appropriate

Yes

Dependent Variables

Range of incoming A/C when detected

Independent Variables
Cross-over range (445 to 1335 yds.)
Course of incoming A/C (1 thru 6)
Site o oiserver

"Page

Behaviors

Detection

." Quantitativeness

TableI

Supporting Data

No Validation

SI Validation with Questionable Results

P7 Validated

Comments
K

.•: K-225
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Reference 
64

Wokoun (1950)

Appropriate

Yes

Dependent Variables

Range of incoming A/C when identified

Independent Variables

Cross-Over range (445 - 1335 yards)
Course of incoming A/C (1 thru 6)
Site of observer

Page
53

Behaviors
Detection

Quantitativeness

Table

Supporting Data

No Validation

[• Validation with Questionable Results

OX Validated

Cormnents

K-226



64
Refe6ence

Wokoun (19601

Appropriate
Yes

Dependent Variables

Accuracy of A/C identification

Independent Variables

Type of A/C (F-86, F-100, T-33)
Altitude (500, 1500 ft.)

Page

Behaviors

Discrimination

Quantitativeness

I Table

Supporting Data

No Validation

F• Validation with Questionable Results

[] Validated

Comments

K-227



Reference 65

Malloiy, W.J., and El.rott, T.K. Measuring troubleshooting skills
using hardware-free simulative. Lowry AFB, rs. Technical Report
AFHRL-TR-78-47, December 1978, Contract No. F3361S-77-C-0040. ArA064054

Appropriat e

Low

Dependent Variables

Independent Variables

Page

Behaviors

Quantitativeness

Supporting Data

No Validation

Validation with Q tn" t

Validated

Co nm"ents
DIscussion of a personnel selection test usingu simulation.

K-228



Reference 66
Kubala, A.L. Problems in measuring team effec:iveness. ARI Professional
Paper 2 78. DAHC 1r-75.-C-0025, January 1978. ADA049560.

Appropriate

Low

De.endent Variables

Independent Varniab les

Page

Behaviors

Quantitativeness

Supporting Data

El No Validation

E] Validation with Questionable Results

L7 Validated

Comments

Concerned with measuring team effectiveness

K-229



67
Reference

Goldsteii 1 , T..G., and Ringel, S. Survey of human factors problems in
missle and conamuication systems. Army Project Research News, APRO-
RM- 60-17, October 1960. ficjpct No. SL95-60-001. ABD95127.

Appropriat'i
Low

Dependent Variables

Performance on various army systems

Independent Variables

Fatugue - stress - monotony
Team integration
Environmental conditions
Relationships with support s;.-aices
Administrative considerations

Pare
13 - 17

Behaviors

No specific behaviors

Quantitativeness

"Nominal

Supporting Data

No Validation

E• Validation with Questionable Results

E] Validated

Comments
Geneial survey, no objeztive data collected. Not likely to provide information
useful for quantitative rodeling.

K-230



Reference

Collins, J.J. A study of potential contnibutions o'ý smail gioup behavit
to team training technology development. Arlitgton, VA. ONR (code 45.'
Tachnical Report, Contract No. N0014-76-C-1076, 1977. ADA043911

Appropriate
NO

Dependent Variables

Independent Variables

Page

Behaviors

Quantitativeness

Supporting Data

ElNo Val..dation

ElValidation with Questionable Results

ElValidated

Comments

Good discussion of team performance and training. No specific models 0
data presented.

K -231



* •., -Reference

Biede on, L.R., Gomer, F.E., Levine, S.H. Dynamtic target acquisition:
EEmpirical nr dels of operator performance. Belling AFB, D.C. AFOSR

SC• T~Tchnical Report TR-80-1177, August 1980, Contract No. F496'0-77-LC-0100
ADA092263.

. •. ~ Appropriate
Potentially

Dependent Variables

* 4 Re.,ponse time and probability of target 'dection and recognition (air-to-I

-a Independent Variables

Target type
Target sigrature (including FLIR and TV signature)
Background scene complexity
Closure rate
Slant range

'" i - _ _ _ _ __"_

Page
78 8

Behaviors Detection

Discri mination

Quantitativeness

Functions

Suppo'-'ting Data

E] No Validation

-Z- Validation with Questionable Resujt3

JValidated

Jý ~ ccorents

Mtay be most iiseful for i :oorrxin. the effect of t•sinT, IR co:-~itio~i
h.e r.mo dl. Note that it is air-to-,ro•,d, ho'vwr

S . ... ' : ..... K - 2 3 ?
4 i••



Refer--ce

tMuray, N., The use of information transmission as a nonparametric

correlatIon in the analysis of complex beharior: a prelimirary report.

Office of Naval Research Technical Report, May UM30. Contyact No. N004-77-C
AEM087832.

,! ~ Ap.ropriate~o, .

Dependent Variables

Quantitativeness

Igo Validation

O Validation with Questionable Results

O Validated

Coinents

Provides an interesting tool for determining interrelationships awng
system, task, and human performance variable, not using liVear correlation
techniques. However, no models of human performance are presented, per se

K-233
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Reference

Leahy, W.R., Lautman, M.R., Bearde, J.L., and Siegel, A.I., A digital

simulation model of message handling in the Tactical Operations System:
III further extensions of the model for increased interaction. USARI
Technical Report, TR-77-A25, October 1977, Contract No. DAHC-19-72-C-0C03.

Appropriate

Low

r-ependent Variables

Independent Variables

Behaviors

Quantitativeness

Supporting Data

No Validation

[JValidation with Questionitble Results

EValidated

, ' ,i"-

Co ents

General discussion and flowcharts of MANMODEI. No specific hi~man pcrforr•a
models discussed. Rather, the structure of PM\NNODEL which incorporates hu
performance simulation is discussed.

K-234



ReZrence
Lichtenstein, S? and Fiscloff, B. How well do probability cxpurts assess
probabilities? Arlington, VA: ONR Technical Report, PTR-102-80-8,
August 1980, Contract No. N00014-80-C-0156. ADA089619.

Appropriate

Medium

"Dependent Variables

Percentage of correct responses

Independent Variables

Subjective es ima-e of percentage of correct responses (confidence)
"Training leve regarding amount of confidence in decision is warrented
"Question diffJ dulty

Page
8

Behaviors Practical Judgement

Meaningful memo ry ability

Quantitativeness I

Scaled Graphs

Supporting Data

"No Validation

C Validation with Questionable Results

),• Validated

%" ~Comments

May be useful with respect to training people on how confident they should
be for their visual IFFN identifications.

K-235



Reference

Kou, R.S., Glass, B.C., and Viknanis, M.M. Reduced-order observer
model for AAA tracker response. Wright Patterson AFB, Off. Technical
Report PARL TR-79-79. Augvst 1979. Contract No. F33615-79-C-0500.
ADA0 80932

Appr opriate

Hi gh

Dependent Variables

Tracking Error for AMA (azimuath avd eleiation)

Isndependent Variables

Approaching target angle rate
Approaching targe!t angle acceleration
Observer and controller gains

Page
26 -30

Behaviors

Tracking

Quantitativeness

Functions

Support-ing Data

No Validation

Valiatin wih Qestionable Results

XQ Validated

Commeaits
Compares model to 0(JC? in terms of predictiveness, computer run time, and
complexity. Looks very good.

K-236



74
Reference

Parris, R.N. A model of human decision making: preliminary research.
Washington Navy Yard, D.C. : NPRDC, Technical Report WTR 73-5, Augist
1972. AD748596

Appropriate

"Medium

Dependent Variables

Decision making efficiency (Boysian)

Independent Variables

Prior odds Data Fidelity
$ize of likelihood Time stress
"Amunt of Evidence Non-independence in data

• Data conflict Prior unceztainty
"Response mode
Payoffs
Data sequence characteristics
Complexity of Decisions
Sample size
Amount of experience
Type of subjective estimates

Page
26

"BehaviOrSPractical judgement
Logical Evaluation
General reasoning

"Quantitativeness
Nominal

*" Supporting Data

No Validation

r Validation with Questionable Results

O Validated

Commnts

1 ' IK-237



75

Reference
Finiley, D.L., and Muckler, F.A. Human factors research and th.e development
of a manual systems application science: The systems sampling problem
and solution. Naval Analysis Proggrams 'ccde 431), ONR, Technical Report,

,.. July 1976, Contract No. N00014-74-C-0324. ADA029417

Appropriate

Low

Dependent Variables

Independent Variab les

i.

Pagg

I.

Behaviors

Quantitativeness

Ea No Validation

El[ Validation with Questionable Results

El Validated

Cor" -ents

General discussion of taxonomicýs.

K-238



76
Reference

Baker, J.D. Quaittitative modeling of human performance in informatior
systems. Army "ehavior and Systems Research Laboratorl. Technical
Research Note 232, Project No. 20062106A723, June 1972. Ft. Belvoir, VA.
AD746096. Repriw~ed f-om Ergonomics 1970 13 (6), 645 - 654.

Appropriate
•° Low

SDependent Variables

• i Independent Variables

Page

"p,

Behaviors

*. Quantitativeness

* Supporting Data

S: No Validation

SValidation with Questionable Results

5-" •• Validated

-' Comments

General discussion )f a modeling approach, no specific performance models
presented.

K-239
p



f'I

Reference
Wylie, C.D., Dicks, R.A., and Mackie, R.R. Toward a methodology for
man-machine function allocation in the autoiotion of surveillance
systems Volume 1: sunrmary. Arlington, VA: Office of Naial Research,
Technical Report 1722 - F, Volume L, Jily 197S, Contract No. N00014-71-C-0301.
AD-A017 103.

Appropriate

Yes

Dependent Variables

Variability in performance

Independent Variables

Innate abilities
Training
Operational experience
Motivation

Page 29

Behaviors

Quantitativeness

Nominal*

Supporting Data

No Validation

" lidation with Questionable Results

fl Validated

Comments

Descrives mwdel of human information processing in surveillance system.
(p. 37 - 52)

*Taxonomy on pages 8 - 10

K-240



/
Reference

Williams, P.J. Ku-tz, C.L., ai.d Srubash, J.W. An evaluation of operator
performance on the Patriot Display and Central Console. Human
Engineering Lab, nberdeen, MD, LIEL-TM-1ý-77, May 1977. ADB020664L

AppropriLate

Low

Dependent Variables

Independent Variables

Page

Behaviors

Quantitativeness

Supporting Data

D] No Validation

r Validation with Questionable Results

C] Validated

Comments

Specific test of design changes to Patriot Console. May be useful during
validation because of data presented on operation.

K-241
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78
Reference

Teper, G.L. An assessment of the "paper pLl:,t" - An analytical
approach 0o the specification and evaluatior o22 flying qualities.
Wright-Pa terson AFB, OH: Air rorce Flight I'namics Laboratory,

I AFFDL-TR- 1, 174, June 1972, Contract No. FKYýý,.5-71-r-I071

Appropriate

No

Dependent Variables'

Pilot rating of flying qualities

/I

Indepeadent Variables

System characteristics
Environmental variables, eg. gusts

Page
4

Behaviors

Quantitativeness
Scaled Graphs (6 -8)
Nominal

Supporting Data

ElNo Validaticn

- Validation with Questionable Results

'X Validated

Comments

K-242
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Reference

Oatman, L.C. Target det~ction using black-and-white television. Study 1:

The effects of resolP,:ior. degr-dation on target detection. Aberdeen

Proving Ground, MD: Army, Human Engine.ring Laboratory, Technical Memorandum

9-65, July 1965, Contract No. AD 62523

Appropriate
No (?)

Dependent Variables

Probability of detecting an M-48 tank
(correct detection scores, response time)

Independent Var 4.ables

TV resolution (800, 600, 400, 300 lines)

Page
5, 6, 9 - 12.

Behaviors

Detection

Quantitativenoss
Scales Graphs
Tables

Supporting Data

E No Validation

Ml Validation with Questionable Results

PM Validated

Comments

Ground-to- ground oriented

K-243



80

Reference

Muralidharan, R., Baron, S., and Feehrer, C. A decision, monitoring, and

control model of the human operator applied to an RPV control problem.
Final Scientific Report. Bolling AFB, D.C. Air Force Office of Scientific
"Research, AFOSR-TR-79-u675, March 1969, Contract Po. F44620-76-C0029.
NTIS AD AO 69880.

Appropriate

Dependent Variables

Temporal monitoring behavior

Independent Variables

Stfategy
Ground speed (ETA)
Lateral deviation error (LATDEV)
Disturbances
(see input parameters p. 52 for complete list)

Page
39

Behaviors

Quantitativeness

Nominal (pgs. 20, 50) Functions (pgs. 39, 41, 44, 47, 48)
Scaled Graphs (pgs. 61, 63, 65) _'

Supporting Data

No Validation

Validation w-.,, Questionable Results

j• Validated

Conments

Dr'ision making structure of DEM'DN (decision-making, monitoring and control
mrc el) is based on expected net gain (ENG) (a criterion for national choice
among alternatives).

K-244
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Reference

Muralidharan, et. al.., 1969

Appropriate

Aý Dependent Variables

Monitoring looks

Independent Variables

Workload (nmbner of controled RPV's)

Page

67, 69

BehvirsVigilance

Discrimination

Quantitativeness
Scaled Graphs

Supportin3 Data

ElNo Validation

SValidation with Questionable Resn~lts

DX Validated by simulation

4 Comments

K-245



L ~ Refercnce

Miller, D.C., Feehrer, C.E., Muralidharan, R., Pew, R.N., and Baron, S.

~ Developracnt of htzan performance models for man-machine -system simulatioK
Boiling AFB, D.C.: Air Force Office of Scieotific Rese~rc!h, AFOSR-TR-79.
October 1978, F44620-76-C-0029. AD A069879.

Ajipropriate

Yes()

Dependent Variables

Patching decision
Patch command computation and generatio~n

Independent Vartables

* ~Disturbaicce
Presence or absence of patch control (correct deviation in flight path a

- Page
- See Quantitativeness

Behaviors

Deci sion-ma~king

Quantitativentcs
Nominal (pg. 41) Ftzmctiors (pgs. 36-39, 52-60)

Supporting Data

Dl N Validation

) C Vtlidatlia with Q cistionable Results

Lq Validated (daita not given)

Comments
.nd year report of 3 year effort

"m'ndify optim.1 control imodel of hum-an 9re rator by incorporating striicti
nozions that make it suitable for i~~izinto p-,oblems in which hung
control ac.tions are infrtequent anid in ,,hich mxonitoring and ilecision-mella
are the operator's m-in activities" (F,1. 32)

Ton-down
SAI'NT c-patible (Appi.ndix C has sof~ware rydi ficý,ions..)

7 )A C



7eoec
Roffman, H.E. Preliminary re. ults Gf trials to determine the maximum
range of perception of fast aircraft. Aixcraft Institute, German Aviatiot
and Space Research Center, R,R.E. Tiranslation No. 171, April 1967. N68 21

Yes

Maximumn perception range

Independent Variables

Horizontal standard visibility
Un~aided vs. 10 X S0 binoculari

Pae 2 - 4 (tainusiybred) unaided; 5S 7 aided

Behaviors

Detection

QUAntitatiVeneSS
Scaled Graphs

N o Validation

QValidation with Questionable Results

SValidated

44M t
K-247



Ikeference

i . Siege]., A.S. and Wolf, J.J. Man-machine simulation models. New York:
Wile) - interscience, 1969.

Appropriate

Dependent Variables

Group performance

Subtask execution time (pg. 25o
Subtask success!failure (pg. 25 - 26)

Independent Variables

Urgency (pg. 22)
Teama cohesiveness (pg. 23)
Goal aspiration (pg. 26)

Stress

Individual orientation towards group goal achievement
Communications
Environment ----------------- Group performanct
Crewmember proficiency
Crew Morale

,, a,-,e

See above

Behaviors

J Across all behaviors

Qantitativeness

Functions

Suppoiting Data

"l No Validation

. , Validation with Qvtestionable Results

... Validated

Ceome'n ts
Describes Siegel Wolf modJel, looks to be of great value for i:'i.n; some
grr:i.;p variables.

""K-248



Reference
Warner, H.D., and Meimstra, N.W. Effects o' noise intensity on visual

target-detection performance. Human Factor;, 1972, 14, 181 - 185.

Appropriate

Yes

Dependent Variables

Detection time
Detection error

Independent Variables

Noise level (0, 80, 90, 100 dB white noise) (headphones)
Difficulty (8, 16, 32 background letters in display)
Target location (central, peripheral regions of display)

.Page 183- 1i84

Behaviors

Detection

Quantitativenels
Tables
Scaled Graphs

Supporting Data

No Validation

Q Validation with Questionable Results

rX Validated

K-249



Reference

Hammill, H.B. The effect of magnification and profile scaling on the
visual traukixg system. Buffalo, NY: Cornell Aeronautical Laboratory,
Pertial Memo No. 3686, May 1972

Appropriate
Yes (?)

"Dependent Variables

Tracking error (pg. 3)
"Observer reaction time (pg. 3)

Independent Variables

'... Optical magni fication

"Aircraft/observer range vector

Page

Behaviors
Tracking
Movement prediction Rate control

Quantitativeness
Functions

Supporting Data

No Validation

Validation with Questionable Results

DValidated

Comments
Establishes a flight profile rescaling factor

JrL

K-~250

)?



86
Re•'erenca

Sugarman, R.C., Hammill, H.B., and Deutschman, J.N. A• modified mod:l for
visual detection. Paper presented at the Fifth Naval Training Equipment

Of Center and Industry Conference, February 1972.

Approp.riate
Yes

Dependent Variables

Probability of detection

Independent Variables

"Target contrast
Ratio

Threshold contrast

Page
2

Behaviors

Detection

Quantitativeness

"Scaled Graphs
•!i;' Supporting Data - NoVlatn

No Validation

S Validation with Questionable Results

EJ Validated

K-2 51



86

Reference
Sugarman, et. al., 1972

Lm,q

*4

Appropriate

Dependent Variables

Threshold difference

Independent Variab les

Size of test object
Nasal vs. temporal field

Page

7

Behaviors

Detection

Quantitativeness

Scaled Graphs
0

Supporting Data

No Validation

r[ Validation with Questionable Results

3 Validated

Comments

K-25?



86
Reference

Sugarman, et. al., 1972

Appropriate

Yes

Dependent Variables

Average detection probability for single glimpse

Independent Variables

Peripheral angle within visual field
" in the real world

" Page

3, 8

Behaviors

. Quantitativeness
Functions (pgs. 3, 8)

Supporting Data

No Validation

Q - Validation with Questionable Results

S Validated

Comments

K-253



," 86
"Reference

Sugarman, et. al., 1972

Approprý,ate

VA. 5 ?

Dependent Variables

Peripheral angle distributions

Independent Variables

Trarget location

Page
10

Behaviors
Detection

Quantitativeness

"Scaled Gra,,as

Supporting Data

No Validation

E- Validation with Questionable Results

I - Validated

Co."rents

K-254

)~



86
Referenct:

Sugarmin, et. al., 1972

C-

Appropriate

Dependent Variables

Detection probability

Independent Variables

Visibility

Page 12-13

Behaviors

Detection

"Quantitativeness
Scaled Graphs

Supporting Data

-" No Validation

r7 Validation with Questionable Results

C Validated

Comments

K-255
I



86
Reference

Sugarman, et. al. 1972

(

Appropriate

Yes

Dependent Variables

Single glimpse detection probability

Independent Variables

Magnition
Difference angle between target positi n,and fixati n point

A
SA

Page

14

Behaviors

Detection

Quantitativeness
Functions

Supporting Data

No Validation

E• Validation with Questionable Results

Validated

Co". ents

K-256

.4



87
Reference

Sugarman, R.C., hammill. H.B., and Deutschmap, J.N. Simrplifying dynamic
visual detection simulations. Paper presented at the Fifth Naval Training
Equipment renter and Industry Conference, February 1972.

Appropriate

Yes

Dependent Variables

Probability of aetection

Independeut Variables

Target subtense angle (taget size)
Contrast
Structure

Page

10

Behaviors
Detection

Quantitativeness

Scaled Graphs

Supporting Data

El No Validation

El Validation with Questionable Results

[] Validated

Comments

K-257

, j •4



Reference 
87

Sugarman, et.al., 1972

Appropriato
Yes

Dependent Variables

Detection false alarm rate

Independent Variables

Days performed

Page
8.

Behaviors
Detection

Quantitativeness

Table

Supporting Data

No Validation

Validation with Questionable Results

ax Validated

Comments

K-258



.4. -9Reference
Sugarm~an, et. al., 1972

Appropriate

Yes.4Dependent Variables
Detection hit rate

Independent Variables

Days performed

8

Behaviors

Detection

Quantitativeness

lable

Supp~rtinj Data

No Validation

CValidation with Questionable Results

SValidated

Comments



Ilammill, H.B. Visual detection model for structured targets. Paper
presented at the Twelfth Annual Pictsbirg~h Conference of Modeling and
Simulation, April/May 1981.

4 Appropriate
Yes

Dependent Variables

Detection probability

* ~Lidependent Va-iab los

Threshold conri-ast

Target contrast

Behaviors

Detection

Quantitativene~s

Fmtions

Supportinig Data

El Vd~jj~ wt~,questionabhl qeýUl~s

a Viida te d



Referen~ce

Haznud.11. 19 81

Appropriate-

Dependent Vari~ables

Detect ion time

Independjmt Variables

I1drget subtense
Contrast

Page

Dehaviors
A10 Detection

Qumnti tat~iveness
% Scaled Graphs

Supporting Data

7L No Validation

CValidation~ with Questionable Results

SVa~ldatcd

Co~ments



k , Reference
Kinkade, R.S., Kidd, J.S., ar.d Ranc, M.P. A study of tactical decision
"making behavior. lHanscom Freed, MA: Decision Sciences Laboratory,

ýx ESD-TR-66-61, November 1965, Contract No. AF :9 (626) - 4792.

Appropriate
Yes

Dependent Variables

Tactical decision making

Independent Variables

"Environment
"Weapon system
Information system
Perceived environment
Desired environment

"0 Action selection
Action evaluation

Pa ge

Behaviors

Decision mankinl

Quantitativeness

Nominal

Supporting Datz

E Validation wi*h Quvstionnble Results
S.3'

Val i '-t ed

C,0 ,,n t

V',6



Kinkade, et. al.., 1965

Appropriate

Dependent Variables

Percent of selection

Independent Variables

NumbAer of alternatives (2,4,6)

Page
53

Behaviors

Decision making

Quantitativeness

Scaled Graphs

0 No Validation

QValidation with Questionable Results

SValidated

Commts

K-263



~leereceKinkade, et. al., 1965

Appropriate

R. Dependeuit Variables

Error in estimation probability of success

Independent Variables

Number of alternatives (2,4,6)
Probability (low, medium, high)

Page

Behaviors

Probability estimation

Quantitativeness
Scaled graphs

Supporting Data

L7 No Validation

ElValidation ----,n Questionable Results

SValidated

* ~Coi~wnts

r '~ K-264



Reference
Kinikade, et. al., 1965

Appropriate
Yes

Dependent Variables
Percent of correct choices

Independent Variables

Probability of success (high, medium, low)
Number of alternatives (2,4,6)

Page
46, 51

Decision making

Quantitativeness

Scaled Graphs

DlNo Validation

SValidation with Qu-estionable Results.

SValidated

Coinents

K-265



89

Reference
0 Kinkade, et. al., 1965

Appropriate

Yes

Dependent Variables

Error in probability estimation

Independernt Variables

True probability of success (low, medium, high)
Numb~er of alternatives (2,4,6)

Page

46

Behaviors

Probability estimation

Quantitativeness

Scaled Graphs

Supposting Data

ElNo Validation

ElValidation with Questionable Results

Validated

Comments

K-266



89

Reference
Kinkade, et. al., 1965

.4

4,•

Appropriate

Yes
0

Dependent Variables

Frequency of tactic selection

"S",

Independent Variables

Number of alternatives

Page

44

.' Behaviors

Decision making

Quantitativeness
Scaled Graphs

Supporting Data

SD No Validation

D Validation with Questionable Results

! Validated

. Comments

K-267



89
Reference

Kinkade, et. al., 1965

Appr•r•),ate

I Yes

Dependent Variables

Error in probability estimation

Independent Variables

Feedback (Ps, outcome)
Instructions (correct, incorrect)

*' Page
39

* Behaviors

Probab' lity estimation

Quantitativeness,

Table

Supporting Data

No Validation

S Validatinn with Questionable Results

. Validated

Conmen ts

K-268



//

89
A Reference

::inkade, et. al., 1965

Appropriate

Yes

Dependent Variables

Percent of correct choices

* Independent Va-lables

Block of problem ( 1 to 4 )
"Feedback (true Fs, outcome)
Instruction (correct, incorrect)

7,

Page

36

Behaviors

Decision making

Quantitativeness

Scaled Gra;hs

Supporting Data

ED No Validaticn

[] Validation with Questionable Results
0

.. Validated

"Comments

[ K-269



89
Reference

Kinkade, et. al., 1965

i Appropriate

Yes

Dependent Variables

Average error

Independent Variables

Correct vs. incorrect choices
Feedback (true Ps, 5 error, 10 error, outcome)

Page

"32

Behaviors

i Decision making

Quantitativeness

Table

_ Supporting Data

J3] No Validation

"[7- l idation with Questionable Results

!' lidat d

Co'mments

t

.l-2

I: ,: (



89
-Reference

Kinkade, et. al., 1965

Appropriatot

Yes

Dependent Variables

Percent correct choices

Independent Variables
Magnitude of probability of success
Feedback (true Ps, 5 error, 10 error, outcome)

%P$ p

.:' Behaviors
S~Derision making

Q.nti .... • c ess

-. :' :••,'• •d Graphs

ýrig Data

" [..-]No Validation

'.

"• • Validation withi Questionable Results

• . Validated

,•. Cc• , ýts
".K

a,



89
Reference

Kinkade, et. al., 1965

Appropriato

Yes

Dependent Variables

Percent of correct choices

Independent Vaziatl ls

Fcedback condition (true, 5 error, 10 error, outcome)

Page
29

Behaviors
De-ision making

Quantitativeness

Scaled Graphs

Supporting Data

flNo Validation

SValidation with Questionable Results

• Validated

Comments

K-272



Reftrence

Kinkade, et. al., 1965

Appropriate

Yes

Dependent Variables

Estimate tiwe

Ind.-pendent Variables

Blocks of problems

Page

23

Behaviors
Time estimation

Quantitativeness
Scaled Graphs

Supporting rLata

ElNo Validation

SValidation witb' Questionable Results

X 'Validated

Comments

K-273



Reference

IN Kinkade, et. al.. 1965

r Appropriate

Yes

Dependent Variables
Select time

Independent Variables

Blocks of problE-s

* Page
23

Behavriors

Decision time

Quantitativeness

Scaled Graphs

Supporting Data

ENo Validation

DValidation with Questionable~ Results

7X Validated

Coinents

K-274



Re feren~ce

Appropriate

Yes

Dep~endet variables

Error in estimating probability of success

Indalm~dent Variables

Type feedback (outcome feecIback vs. correct 1answer feedback~

A
Page

21

Behaviors
Probability estimation

Qntitativeness

Scaled Graphs

Suppv.rting Data

Y). Validation

:7C Validation with Questionable Results

SValidated

Comments

K-275



I+ Reference
* Kinkade, et. al., 1965

"Appropriate
yei

ki Dependent Variables

Percent correct choices

Independent Variables

Warning vs. no warning

Page
22

"Behaviors
Decision making

Quantitativeness

"Scaled Graphs

Supporting Data

El .No Validation

. "E- Validation with Questionable Results

,, Validated

Comments

K-,2766

19 Z



Kikaee.mI. 16

Appropriate
Yes

Dependenit Variables

Q~uality of tactical decision performance
(percent of corre'ct choices)

Independent Vari*tbles

Frequency of change in system state (1 vs. 3)

Page
21

behaviors

Decision making

quantitativenes's

Scaled Graphs

Supporting Data

DNo Validation

EJValidatior, with Questionable Results

SValidated

Comments

K-277



Reference

Lewis. D. and Low, W.F. Retention of skill on the SA, complex coordinato
Acadeum of Science, M956, 63. 591 -599.

Appropriate

Dependent Variables

Num~ber of matches (red lights to adjacent green lights)

Independent Variables

Practice session
Distributed vs. massed practice

Page

594

..ehaviors

"Di scrimination

Quantitativeness

Scaled Graphs

: ;Supporting Data

7 .No Vailidation

E[ Validation with Questionable Results

. Validated

Comment:s

K473q



"• ~9(
Reference

Lewis and 'ow, 1956

S~Apprmpriato

Depende~nt Variables

Variance of matches

Independent Variables

Practice session

. Page
595

i • Beh~aviors

Dis crimination

Quantitativeness

Table

Supporting Data

: " No Validation

, ,] Validation with Questionable Results

:4 Validated

; -Coment7

"-' • K-279



90
Reference

Lewis and Low, 1956

Appropriate

Dependent Variables

Number of matches

Independent Variables

Practice session
Proficiency (high vs. low)

Page

596, 597

Behaviors

Dis criminati on

Quantitativeness

Scaled Graphs

Supporting Data

No Validation

Validation with Questionable Resuits

Validated

Comments



91
Reference 9

Wainer, H. Estimating coeffic;e'nts in linear models: it don't make no
nevermind. Psycholugical Btl11tin, 1976, 83, 213- 217.

..

Appropriate

No

Dependent Variable"

Independent Variables

Page

Behaviors

Quantitativeness

Supporting Data

No Validation

• Validation with Questionable Results

[] Validated

•'•" Comments

Presents Equal Weights Theorum: coefficients in multiple regression models
can be replaced with equal weights with almost no loss in accuracy c i the
original data sample.

K-281



92
Reference

XAernan, A., III, and Kinzly, R.E. Predicting aircrf detectability.
Human Factors, 0979, 21 (3), 277- 291.

Appropriate
• ... Yes

Dependent Variables

Contrast threshold

* Independent Variables

Daylight only . Target size (eL)

Retinal position (G)

L0

Page

27;

"* Behaviors

"Detection

* Quantitativeness

Nominal

Supporting Data

No Validation

E Validation with Questionable Results

[• Validated

Comments

VIDE, model - detectability of aircraft against sky background.

This paper revicws two components of VIDEM - Liminal contrast threshold

and frequency-of-seeing curve.

""K-28



92
Reference

Akerman, et. al., 1979

Appropriatc

Yes

Dependent Variables

Single glimpse detection probabi'ity

Independent Variables

Apparent contrast/threshold contrast (C/Ct)

.• Page

"280

Behaviors

Detection

"Quantitativeness

Scaled Graphs

Supporti.-I Data

"El No Validation

r7 Validation with Questionable Results

- Validated

Comment's

.* Koopman's empirical curve

K-283

. ...



/

92
Reference

Akerman, et. ai., 1979

Appropriate

Yes

Dependent Variibles

Liminal Brightness Contrast Threshold

.lammill/Sloan model

Indcpendw.t Variables

��~ 'arget size

04, Retinal position

Page

282

Behaviors

Detection

Qtuantitativeness

"Supporting Data

f No Validationa

Validation wi.th Questionable Results

" Validated

Co" Comnments

. is the angle betv.'een the foveal fixation axis and the observer-target axis.

"K-2 4

" ,' . ",.I



92

R.jference
Akerman, et. al., 197

Appropriate

Yes

Dependent Variables

Probability of detection

S Indepi~ndent Variables

.4 Slant range

VIDEM Model

Page

"* I- 289

* Behaviors

Detection

Quantitativeness

Nominal Functions

Supporting Data

No Validation

M Validation with Questionable Results

EX] Validated

Comments

VIDEM uses Hammill/Sloan Ct
V: .Soft shell search (p(e) for angles)

Discrete cumulation over 1/3 second gl.: •se intervals

K-295



93
ReferenceR e Cart, R.C., and CaMll, M. Regressior models of search time for

color cc-ded infnrr'ition displays. Humax- Factors, 1979, 21 (3), 293- 3U2.

I

Inpropriate

Yes

Dependent Variables

Search time

Independent Variables

Number of coding colors
Display density (number of background stimuli)

Page

Behaviors
i dent ifi cat io!1

Quantitativeness

Scaled Graphs

Supporting Data

L7 .o Validation

Validation with Questionable '.esults

fl Validated

Comments



Reference
* Carter, et. al., 1979

Appropriate
Yes

Dependent Variables

Mean search time

Independent Variables

"Number of items in each color category

* oPage

297

Behaviors

Identification

"Quantitativeness
Scaled Graphs

Supporting Data

• = No Validation

E" Validation with Questionable Results

-- Validated

Comments

Good linear fit

K-287



Reference
Burmeister, E. Uniqueness of rest points for optimal control models
in economics. Automatica, 1978, 14, 157- 160.

Appropriate

"No

Dependent Variables

Independent Variables

.1*

Fage

Behaviors

Quantitativeness

Supporting Data

SjNo Validation

" •• Validation with Questionable Results

, Validated

"Comments

Based on capita production functions economics model.

2'.8

,', K-288



'Reference
Siegel, A.I., Wolf, J.J. and Leahy, W.R. A digital simulation model
of message handling in the Tatical Operations System: I. The model, its
sensitivity, and user's manual. Alexandria, VA: U.S. Army Research
Institute for the Behavioral and Social Sciences, Technical Report
TR-77-A23, October 1977, Contract No. DAHC 19-72-C-0003. ADA047104

Appropriate

Yes

Dependent Variables

Independent Variables

"Page

Behaviors

Quantitativeness

Supporting Data

No Validation

C. Validation with Questionable Results

r] Validated

Comments

2, 20, and 99 person model versions.
. Messages are to computer-basdd system via typewriter, keyboard, CPT

*If this model is used extensively, see Part II ADA046407 #90 for added improveme
responsiveness, effectiveness, multiple input messages, undetected errors and st

K-2RQ



Reference
Siegel, et. al., 1977

Appro'riate

yes

"Dependent Variables

Pace adjustment factor

Independent Variables

Aspiration - Performance difference. This represents an operationalizati(
of goal discrepancy.

*' Stress above or below threshold. The stress/discrepancy combinations are

broken into four cases. P.29 has cases 1 3 3; in case 2, pace = I; in cal
pace = 1, stress = 90% stress.

Page

"d • 28 -30

"Behaviors

Aspiration

Quantitativeness

Nominal Scaled Graphs

Supporting Data

D No Validation

:'" Validation with Questionable Results

' Validated

Comments

K-290



7 777.717

, Reference
Siegel, et. al., 1977

Appropriate

Dependent Variables

Pace adjustment factor

"Independent Variables

Hours after starting work - up to 10 (12) hours
Over 9 days (fatigue)

Page

"-" 30- 33

Behiaviors

Quantitativeness
Scaled Graphs
Functions

Supporting Data

DNo Validation

" Validation with Questionable Results

O Validated

" Comments

Based on one study of air traffic controllers

K-291



- 4r9 .

-Reference
Siegel, et. al., 1977

Appropriate
Yes

Dependent Variables

Pace adjustment factor

Independent Variables

Stress due to message backlog

L

"Page
34

Behaviors

"Quantitativeness

""Unscaled Graphs

Supporting Data

•, No Validation

""' Validation with Questionable Results

""J Validated

C'*

omK-2en9s

p. K-2 9?



95

Reference
Siegel, et. al., 1977

I,

Yes

Dependent Variables

I Execution time

pm ,

Independent Variables

.. Individual differences due to speed
", Stress adjustment factor

Message length

,., Page

36

Behaviorz

"D No Validation

,' Validaticn with Questionable Results
I

-. D] Validated
p.

Cormments

K,

S~K-293

I ___________________________



9B

Reference
Siegel, et. al., 1977

Appropriate.

Dependent Variables

Task element success probability change

Independent Variables

Operation precision

Page

40, 122 (function)

Behaviors

Quantitativeness
Scaled Graphs
Functions

Supporting Data

DlNo Validation

[] Validation with Questionable Results

- Validated

Comments

K-294



95
Referenlce

Siegel, et. al., 1977

Appropr~iate

Yes

Dependent Variables.

Task element success probability change'

Independent Variablos

Stress

Paso

41, 122 (Functions)

Behaviors

Quantitativeness

Unscaled Graphs

Supporting Data

O No Validation

SValidation with Questionable Results

SValidated

Comments

K-295



95
Reference

Siegel, et. al., 1977

Appropriate

Dependent Variables

Information loss

Independent Variables

Nunber of errors made (simulated)
Length of message
Importance of message

Page

42

Behaviors

Quantitativeness

Nominal

Supporting Data

ElNo Validation

j~Validation with Questionable Results

SValidated

Comments

K-2 9E



95
Raft-rence

Siegei, et. a!., 1977

Appropriate

Dependent Variables

Efficiency -4 measures

Thoroughness Pesponsiveness
Completeness Accuracy

In~dependent Variables

Page
45 -46

Behaviors

Quanti tativeires3

Functions

Supporting Data

No Validation

[J Validation with Quc~stionable Results

SValiiated

Comments

See these f~ur variables

K-297



95
Reference

Siegel, et. al., 1977

Appropriate

Yes

Dependent Variables

Thoroughness

Independent Variables

Number of message blocks completed

Number of possible blocks which could be completed

Page
45

Behaviors

Quantitativeness

Functions

Supporting Data

No Validation

r7 Validation with Questionable Results

SValidated

Comments

K-298

S. . .. , ' , ,; i.'ý ,& I i



"Reference
Siegel, ut. i1.. 1977

Appropriate

Yes

Dependent Variables

Completeness

Independent Variables

• -E perf (M) = E Number of successes

Number of successes and Number of fai

Page
45, 118

Behaviors

Quantitativeness

Supporting Data

D1 L o Validation

E3 Validation with Questionable Results

D Validated

Comments

"K-299



"Reference
Siegel, et. al., 1977

V/.o

Appropriate

Yes

Dependent Variables

Responsiveness

Independent' Average iii message processing time

(e e 600 seconds

Page

4S

Behaviors

Quantitativeness

Functions

Supporting Data

E. No Validation

ElValidation with Questionable Results

.- Validated

Couments

"K-300



;, Reference

Siegel, et. al., 1977

* Appropriatn
Yes

Dependent Variables

Accuracy

Independent Variables

" 1 - Total information loss

(Number of messages completed

Page
45

* Behaviors

Quantitativeress
Functions

Supporting Data

"." No Validaticn

•'] Validation with Questionable Results

-- Validated

Comments

K-3 01



Reference
Siegel, et. al., 1977

Appropriate

Yes

*Dependent Variables

Percentage of time worked

Independent Variables

Operator skill

Page
59

Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

No Validation

Validation with Questionable Results

Ap pValidated

Comments

Sn e Simulated results

K-302



*Reference

Siegel, et. al., 1977
.I>

Appropriate
Ye;

Dependent Variabl63
/

Performance time per message

Independent Variables

Team skill level
S segments

7 Page

60 -61

,' Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

ElNo Validation

[j Validation with Questionable Res'±?

" Validated

* " Comments

K-303



Reference
Siegel, et. al., 1977

Appropriate

Yes

* Dependent Variables

Effectivenes:3
"(4 com~ponents and overall efficiency)"p

Independent V&iables

Operator skill
4

* Page

62

Behaviors

Quantitativeness

Scaled Graphs

Supporting Dita

EJ No Validation

" Validation with (Questionable Results

" Validated

Comments

Simulated results
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Reference
Siegei, et. al., 1977

Appropriate

Yes

K Dependent Variables

Mean number of message.-s, carried over to 'the next hour and completedp within the hour

*"• Indep ent Variables

Sk ill
Two job positions

Page

63" 64

Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

:. • No Validation
¢,

° Validation with Questionable Results

SValidated

Comments

Simulation data
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, Reference
Siegel, et. al., 1977

/

/

"Appropriate
No

Dependent Variables

Error

Independent Variables

Skill
No relationship

Page

"65

Behaviorsi

Quanti tativeness

P Supporting Data

L7 No Validation

. Validation with Questionable Results

El Validated

": Coments

K
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Reference
Siegel, et. al., 1971

Appropriate

Dependent Variables

Mean time used

Independent Variables

Segment
Operator mix

Page

69

"Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

" l �No Validation

% Validation with Questionable Results

..• Validated

Comments
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95:
'Reference

Siegel, at. al., 1977

Appropriate

0ependent Variables

Percent of time worked

Independent Variables

Operator Mix - three officers/ three specs.
two officers/ four specs.

Skill level

Page

67

Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

D No Validation

Q Validation with Questionable Results

D] Validated

Comments
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"-Reference

Siegel, et. al., 1977

Appropriate

Yes

Dependent Variables

Percent of time worked
Time

independent Variables

Message workload

Page
71 - 73

Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

ElNo Validation

C Validation with Questionable Results

SValidated

Comments
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'Reference Siegel, et. al., 19•77

Appropriate
Me di um

Dependent Variables

Performance adjustment

Independent Variables

Aspiration
Current performance level

Page

74- 75

Behaviors

Quantitativeness

Scaled Graphs

Supporting Data

D [ No Validation

E3 Validation with Questionable Results

D] Validated

Comments

K-310
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,Reference

Siegel, A.I., Wolf, J.J., and Liahy, W.R. A digital simulation model
of message handling in the Tactical Operations System: II. Extensions
of the model for interactivity with subjecst and emperimenters. Alexandria, V,
U.S. Arim Research Institute for the Behavioral and Social Sciences, Technical
Report TR-77-A24, October 1977, Contract No. DAHC19-?2-C00003. ADA046407.

Appropriate
Conditional

Dependent Variables

Independent Variables

Page

Behaviors

Quantitativeness

Supporting Data

O No Validation

SValidation with Questionable Results

U Validated

Comments
If #89 is used, see this for important revisions to respons 4.veness,
effectiveness, multiple input messages, undetected errors, and stress.
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97
Reference

Hendrick, C., Mills, J., and Kiesler, C.A. Decision time as a
function of the ntnber and complexity of equally attractive alternativos.
Journal of Personality and Social Psychology, 1968, 8, 313 - 38.

Appropriate

Yes

Dependent Variables

Decision time

Independexit Variables

Choice set (2, 4)
Number of dimensions (1, many)
First vs. second choice

Page

316

Behaviors

Decision making

Quantitativeness

Table

Supporting Data

Nv Validation

E-l Validation' with Questionpble Results

f Validated

Comments

K-312
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Ripf.,rence
Andrews, R.S. Jr., and Ringel, S. Certitude iudgements and accuracy a

* information assimilation from visual displays. U.S. Army Personnel

%! Research Office, Technical Research Note 145, May 1964

Appropriate

"Yes

' Dependent Variables

Certitude (certainty rating 1 to 7)
Accuracy of detection

Independent Variables

Number symbols removed (2, 4, 6, 8)
Amount of targets (12, 16, 20, 24)

S. Page

Behaviors Decision making
Discrimination
Visual memory

Quantitativeness

Scaled Graphs

.. Supporting Data

No Validation

jr Validation with Questionable Results

: Validated

Comments

K-313



8 Reference

Andrews, et. al., 1964

*q 9

r:

Appropriate

q Dependent Variables

Frequency of use of ratings of certitude

Independent Variables

Rating number

Page
20

Behaviors
Decision Makin'g

Quantitativeness
Table

* Supporting Data

DI No Validation

D " Validation with Questionable Results
0

u Validated

Comments

"K-314



*Reference
Andrew3., et. al., 1964

Appropria'.e

Yes

., Dapendenw Variables

Certitude

*:: Independent Variables

Number symbols removed (2, 4, 6, 8)

A

Page
-. 13

"Behaviors Decision Making
Discrimination
Visual Memory

"* Quantitativeness

Scaled Graphs

Supporting Data

. No Validation

• Validation with Questionable Results

' Validated

"•Comments

.. K-315



Reference

Andrews, et. al., 1964

Appropriate

Yes

Dependent Variables

Certitude

Independent Variables

"Amount of targets (12, 16, N0, 24)

Page

Rehaviors Decision Making
Discrimination
Visual Memory

. Quantitativeness

Scaled Graphs

* Supporting Data

"- No Validation

. Q] Validation with Questionable Results

:- [ Validated

Coments

"K-316



P Reference

Williams, E. Human performance sinulatioT. Bolling AFB, Washington, D.(

Air Frce Office of Scientific Research, Tecinical Report AFOSR-TR-78-123

* August k977. Contract ;'o.'F44620-76-C-0013. ADA058940

Appropriai e

Low.

Depondenz Variables

RT

Independent Variables

S-S Translation
. S-R Translation

Response initiation

Page

Behaviors

Reaction time

Quantitativeness
Functions

Supporting Data

No Validation

rl Validation with Questionable Results

""- Validated

Comments "This is part of Teichner's RT formulation.

K
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i-INTRODUCTION

To facilitate the develnpment and analysis of a data base on models
of human performance, a set of computer programs and a computerized data base

were developed. Through the use of these programs, human performance models

can easily be stored into the data base, and later analyzed in any number of

different ways. This approach was believed to be more practical than hand-

recording this data base. First, computer input of the data would be less

time consuming than hand recording if a well designed input program was used.

Second, each computer analysis requires only simple programming, whereas

manual manipulation would require slower hand calculations and data restructuring

Finally, additions or modifications to the data base would be less cumbersome

using a computerized data base.

Currently, three program are available to create, modify, and

analyze the data bases. They are currently on an APPLE II plus microcomputer

with 48 K RAM. These programs and brief descriptions are as follows:

1. ENTER ARTICLES - This program allows the entry of models from

articles in the open literature into the computer data base.

2. DATA BASE ANALYSIS - This program permits an examination of

the data base to determine independert variables which are

linked to skill categories, number or times the link is

referenced, and articles referencing skill categories.

3. IV REF COUNT - This program counts the total number of times

that all independent variables are referenced in the data base.

Sample on each of these programs will be provided in the following three

sections of this report. Printouts of the three programs are presented in

Appendices A, B, and C. Nine data files are required to support these

programs. Six of them represent the independent variables, one of them

represents the skills taxonomy, and one of them represents the literature

data base.

L-5



The first five files include all independent variable titles, as noted below,
and the sixth file (IND VARS-lo) provides some information required by the.

programs for file manipulation.

IND VARS-l - Aptitude

IND VARS-2 - Learning or practice

IND VARS-3 - Environment

IND VARS-4 - Task procedures and/or strategies

IND VARS-5 - Huan/machine interface

IND VARS-i0- This file includes the total number of titles in
each of the five other files.

The five files with independent variable titles have been categorized

in the above manner to provide an intuitive structure for the analyst. If the
independent variables were stored in an arbitrary manner, alphabetically for
example, an analyst might look for a variable such as "screen clutter" under
any number of titles such as "number of targets per unit area" or "display

clutter." The process of searching for the particular variable of interest
would be difficult. Given the above structure, however, the analyst can

reasonably assume- that it is a "human/machine interface" variable and search

for it within that file. The number of independent variable titles within

each file are relatively small; 21, 12, 12, 33, and 42 for files IND VARS-l,2,

3,4, and 5, respectively. Printouts of the data in each of these files as

of this report date are presented in Tables 1 through 5.

These files were structured to be dynamic. In other words, every

time a model is encountered in which a new independent variable is presented.

this new variable should be added to these data files. Consequently, as the

L-6
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Table I

INWEPEMDENT VARIABLES- APTITUDE

RISK ACCEPTANCE
INTELLEGENCE
AGE
OPERATOR TYPE
SENSE OF DIRECTION
WILLINGNESS TO TAKE RISKS
OBSERVATION NOISE
PERCEPTUAL TIME DELAY
MOTOR NOISE
OPERATOR GAIN (B&9 COMBINED)
GENERAL PROFICIENCY FACTOR
THRESHCLD CONTRAST
ASPIRATION LEVEL
OPERATOR PRECISION
TEAM SKILL LEVEL
TRACKING ABILITIES
MOTIVATION LEVEL
VISUAL ACUITY
GENERAL APTITUDE SCORE
MORALE LEVEL
LEADERSHIP ABILITY

L-7
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Table 2

INDEPENDENIT VARIABLES-LEARhI •G/PRACTICE

# PRACTICE TRIALS
TIME SINCE LAST PRACTICED
AMOUNT OF OVERLEARNING
TIME SINCE INITIALLY LEARNED
TRAINING EMPHASIS(SPEED VS COORDINATION)
AMOUNT OF TRAINING
PRESENCE OF FEEDBACK
NUMBER OF CORRECT CHOICES
MASSED VS DISTRIBUTED PRACTICE
AMOUNT OF INITIAL TRAINING
TYPE OF FEEDBACK

*,SUCCESSFUL TRIALS

W

ei

p
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Table 3

IND EPEMt ENT VAR IABLES- ENV IROW ENITAL

AMBIENT TEMPERATURE
SKIN TEMPERATURE
TIME OF DAY
NOISE LEVEL
LIGHT LEVEL
DISTANCE BETWEEN COMMUNICATORS
TYPE OF NOISE
WET BULB TEMPERATURE
VIBRATION LEVEL
EFFECTIVE TEMPERATURE
GENERAL STRESS
FLASH INTENSITY

L-9



Table 4

INDEPEnDENT VARIABLES-TASK STRATEGY

INFORMATION QUANTITY (SAMPLE SIZE)
TIME SPENT ON TASK
ORGANIZATION PERFORMING (SQUAD
DAYS SPENT ON TASK
WORK/REST CYCLE
SESSION NUMBER(SHORT SESSIONS)
NUMBER OV POSSIBLE RESPONSES
MONOCULAR VS BINOCULAR VIEWING
SLEEP DEPRIVATION
NUMBER OF TASKS PERFORMED AT ONCE
HOURS WORKED PER WEEK
IMPORTANCE OF TASK PARAMETERS

SPHYSICAL ENERGY COST OF TASK
NUMBER OF DISPLAYS MONITORED
SIGNAL RATE
DRUG USAGE
TIME BETWEEN STIMULUS AND RESPONSE
PERCEIVED PROBABILITY OF AN EVENT
PERCEIVED COST OF DA-TERNATE DECISIONS
PROBABILITY OF AN EVENT
MATER IAL STRENGTH RAT IQp-FR IEND/IFOE
PERSONNEL STRENGTH RATIO FRIEND/FOE
ENEMY TERRAIN ADVANTAGE
UNIT RESUPPLY CONDITIONS
TEAM STRUCTURE
NUMBER OF OBSERVERS
OBSERVER SCAN PATTERNS
SPEED OF TASK STRESS
BACK"LOG OF WORK
CONSISTENCY OF DATA
OBSERVATION TIME PER DISPLAY
HISTORY OF SYSTEM STATES
URGENCY OF TASK

L-10
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Table 5

INDEPENDENT VARIABLSS-TASK IAN/",,AC!IINE INTERFACE

TARGET SIZE
TARGET BACKGROUND TYPE
BACKGROUND LUMINANCE
PERCENT TARGETS AMONG SIGNALS
"TARGET BRIGHTNESS
DISTANCE TARGET HAS TRAVELED
RELATIVE DIRECTION OF TARGET MOTION
TARGET SPEED
TARGET TYPE
CONTRAST RATIO (TARGET/BACKGROUND)
TARGET ANGLE RELATIVE TO FOVEA
BLINDING FLASH ENERGY
NUMBER OF CUES FOR A SIGNAL
COMMUNICATION MODE
CONTROL SENSITIVITY
"CONTROL DYNAMICS (ORDER)

o" TARGET MOVEMENT BANDWITH
PROCESS NOISE
SEARCH AREA
"TARGET DISTANCE
METEOROLOGICAL RANGE(VISIBILITY)
"TARGET HORIZONTAL DISTANCE
VISUAL AIDING
TARGET COLOR
STIMULUS MODE
RESPONSE MODE
LENGTH OF EARLY WARNING
DISPLAY TYPE
"DISPLAY RESOLUTION
DISPLAY CLUTTER
NUMBER OF DISPLAY COLORS
MESSAGE LENGTH
MESSAGE IMPORTANCE
NUMBER OF SIGNAL/TARGET DIMENSIONS
SIGNAL DURATION
INTER DISPLAY ANGLE
DIRECTION OF ILLUMINATION SOURCE
SCENE COMPLEXITY
TARGET POSITION ON DISPLAY
TASK TYPE(PROCEDURAL
"SIGNAL AMPLITUDE
STEP VS RAMP FAILURE

.- L-1 1



overall literature data base was being entered into the computer, new

independent variables were constantly being added. This was accomplished

through the ENTER ARTICLES program.

The SKILLS data file included the titles of all skills in the skill

taxonomy. These skills represented the general nature of the dependent

variables included in each model. This file was not intended to be dynamic

since the skills taxonomy was believed to be comprehensive. There were some

general skill titles added to include models with poorly defined dependent

variables. Table 6 presents a printout of this file.

The fiial data file is (Skills by Independent Variables). This incl

the information used to identify the models presented in the literature. Thi

file is created and added onto by the ENTER ARTICLES program. Each record

in the file includes the following information:

1. The number of the skill being modeled.

2. The number of the independent variable file (1 to 5).

3. The number of the independent variable within the file type

identified above.

4. The degree of quantitative development of the model (ranging

from 0 to 3, 0 a nominal, 3 = specific function identified).

"S. The number of skill categories linked to one model.

The fifth piece of information above is relevant when the specific model

presented in the literature corresponds to several skills. For example, if a

article presented a model for detection and identification time, but did not

"separate the total time into a detection component and identification

component, this model would be stored on the records, once with the skill

identified as detection and once with the skill as identification. However,

the fifth data point on each record would be a "2", indicating that this mod4

"was stored in another location under a different skill title. This informati

was included in the data base so models with multiple skills could be elimina

from analysis if desired.
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Table 6

PRINTOUT OF SKILLS DATA FILE

GENERAL BEHAVIORS
•, VIGILANCE

PROBABILITY ESTIMATION

T'ME ESTIMATION
HUMAN RELIABILITY ASSESSMENT
MEANINGFUL MEMORY ABILITY
VERBAL KNOWLEDGE
WORD FLUENCY
NUMERICAL ABILITY
CONCEPT1FLUENCY
DISCOVERY OF PRINCIPLES
FLEXIBILITY
SYMBOL MANIPULATION
DECISION MAKING
INTELLEGENCE
FINE MANIPULATIVE ABILITIES
POSITION ESTIMATION
GROSS MANIPULATIVE ABILITIES
CONTROL PRECISION
SPEED OF ARM MOVEMENT
MULTILIMB COORDINATION
POSITION REPRODUCTION
"MOVEMENT ANALYSIS
MOVEMENT PREDICTION
ACCELERATION CONTROL
REACTION TIME
TRACKING
DETECTION
"DISCRIMINATION ABILITIES
TIME SHARING
CLOSURE ABILITIES(PERCEPTUAL)
AUDITORY ABILITIES
SPATIAL ABILITIES-ORIENTATION
SPATIAL ABILITIES-VISUALIZATION
ASSOCIATE MEMORY-ROTE MEMORY
ASSOCIATE MEMORY-MFANINGFUL MEMORY
MEMORY SPAN-SHORT TERM MEMORY
"MEMORY SPAN-INTEGRATION OF INFORMATION
VISUAL MEMORY
EXPLOSIVE STRENGTH-GENERAL
EXPLOSIVE STRENGTH-LEG EMPHASIS
EXPLOSIVE STRENGTH-UPPER BODY EMPHASIS
STATIC STRENGTH-ARM/HAND/SHOULDER
STATIC STRENGTH-LEG/TRUNK
DYNAMIC STRENGTH-ARMS

L-13



Table 6 (continued)

DYNAMIC STRENGTH-LEGS
TRUNK STRENGTH
EXTENT FLEXIBILITY
DYNAMIC FLEXIBILITY
GROSS BODY EQUILIBRIUM
BALANCE-VISUAL CUES
GROUP COOPERATION
GROUP COMMUNICATION
LEADERSHIP
GENERAL COGNITIVE ABILITIES
GENERAL PHYSICAL ABILITIES

4.M

IL
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In the following three sections, examples are presented of interactiol

with the three sets of computer programs, ENTER ARTICLES, DATA BASE ANALYSIS,

and IV REF COUNT. In these sections, all input by the analy5t are underlined.

All other information is printed by the computer.
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2-Ex*iPLE OF ENTERING ARTICLES

Below is an example of an interaction between the analyst and the
computer program ENTER ARTICLES. The example illustrates an analyst
attempting to add a model from article number 100, skill number 14
(Decision Making), and an initial attempt to link this model to the
independent variable Visual Acuity. After this first attempt, the analyl
decides to create a new independent variable, then again changes his
mind and decides not to add the model at all.

NOTE: All information entered by the analyst is underlined.
jRUN ENTER ARTICLES

DO YOU WANT TO ADD A NEW ARTICLE TO
THE DATA BASE? (Y/N) Y
ENTER ARTICLE NUMBER-100
ENTER QUANTITATIVENESS-TNDEX (0-3)-2
DO YOU NEED A SKILL CATEGORY MENU? (Y/N) Y
1 GENERAL BEHAVIORS
2 VIGILANCE
3 PROBABILITY ESTIMATION
4 TIME ESTIMATION
5 HUMAN RELIABILITY ASSESSMENT
6 MEANINGFUL MEMORY ABILITY
7 VERBAL KNOWLEDGE
8 WORD FLUENCY
9 NUMERICAL ABILITY
10 CONCEPT FLUENCY
11 DISCOVERY OF PRINCIPLES
12 FLEXIBILITY
13 SYMBOL MANIPULATION
14 DECISION MAKING
15 INTELLEGENCE
16 FINE MANIPULATIVE ABILITIES
17 POSITION ESTIMATION
18 GROSS MANIPULATIVE ABILITIES

HIT 'SPACE' KEY TO CONTINUE
ANY OTHER KEY TO EXIT MENU

(SPACE KEY)
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1 ER MO6F5WAIRMENT
21 MULTILIMB COORDINATION
22 POSITION REFRODUCT!ON
23 MOVEMENT ANALYSIS
24 MOVEMENT PREDICTION
25 ACCELERATION CONTROL

26 REACTION TIME
.27 TRACKING

28 DETECTION
29 DISCRIMINATION ABILITIES
30 TIME SHARING
31 CLOSURE ABILITIES(PERCEPTUAL)

32 AUDITORY ABILITIES
33 SPATIAL ABILITIES-ORIENTATION
34 SPATIAL ABILITIES-VISUALIZATION
35 ASSOCIATE MEMORY-ROTE MEMORY
36 ASSOCIATE MEMORY-MEANINGFUL MEMORY

HIT 'SPACE' KEY TO CONTINUE
ANY OTHER KEY TO EXIT MENU

(SPACE KEY)

L- T8
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37 MEMORY SPAN-SHORT TERM MEMORY
38 MEMORY SPAN-INTEGRATION OF INFORMATI
39 VISUAL MEMORY
40 EXPLOSJVE STRENGTH-GENERAL
41 EXPLOSIVE STRENGTH-LEG EMPHASIS
42 EXPLOSIVE STRENGTH-UPPER BODY EMPHAS
43 STATIC SIRENGTH-ARM/HAND/SHOULDER
44 STATIC STRENGTH-LEG/TRUNK
45 DYNAMIC STRENGTH-ARMS
46 DYNAMIC STRENGTH-LEGS
47 TRUNK STRENGTH
48 EXTENT FLEXIBILITY
49 DYNAMIC FLEXIBILITY
50 GROSS BODY EQUILIBRIUM
51 BALANCE-VISUAL CUES
52 GROUP COOPERATION
53 GROUP COMMUNICATION
54 LEADERSHIP

HIT 'SPACE' KEY TO CONTINUE
ANY OTHERs KEY TqyEXIT MENU

55 GENERAL COGNITIVE ABILITIES
56 GENERAL PHYSICAL ABILITIES

ALL SKILL CATEGORIES DISPLAYED
ENTER SKILL CATEGORY NUMBER OR
HIT RETURN IF ALL SKILL CATEGORIES
HAVE BEEN ENTERED- 14
ENTER NEXT SKILL CATEGORY
DO YOU NEED A SKILL CATEGORY MENU? (Y/N) N
ENTER SKILL CATEGORY NUMBER OR
HIT RETURN IF ALL SKILL CATEGORIES
HAVE BEEN ENTERED- (RETURN KEY)
WHAT TYPE OF VARIABLE IS INDEPENDANT
VARIABLE NUMBER 1

APTITUDE=I
LEARNING/PRACTICE=2
ENVIRONMENTAL=3
TASK-PROCEDURE/STRATEGY=4
TASK-MAN/MACHINE INTERFACE=5

HIT 'RETURN' IF ALL VARIABLES ARE IN
ENTER '9' TO SKIP THIS ARTICLE I
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I RISK ACCEPTANCE
2 INTELLEGENCE
3 AGE
4 OPERATOR TYPE
5 SENSE OF DIRECTION
6 WILLINGNESS TO TAKE RISKS
7 OBSERVATION NOISE

8 PERCEPTUAL TIME DELAY
9 MOTOR NOISE
10 OPERATOR GAIN (B&9 COMBINED)
11 GENERAL PROFICIENCY FACTOR
12 THRESHOLD CONTRAST
13 ASPIRATION LEVEL
14 OPERATOR PRECISION

15 TEAM SKILL LEVEL
16 TRACKING ABILITIES
17 MOTIVATION LEVEL
18 VISUAL ACUITY
HIT RETURN FOR MORE
ENTER VARIABLE NUMBER IF FOUND
ENTER 'A' IF NEW VARIABLE IS REQUIRED
ENTER 'M' TO RETURN TO VAR TYPE MENU
ENTER 'R' IF MENU MUST. DE REVIEWED
? I

SKILL=14 IND VAR=18 ARTICLE=1O0
ALL INFORMATION CORRECT? (Y/N) N
ENTER VARIABLE NUMBER IF FOUND
ENTER 'A' IF NEW VARIABLE IS REQUIRED
ENTER 'Mý TO RETURN TO VAR TYPE MENU
ENTER 'R' IF MENU MUST BE REVIEWED M

F WHAT TYPE OF VARIABLE IS INDEPENDANT
VARIABLE NUMBER I

APTITUDE=I
LEARNING/PRACTICE=2
ENVIRONMENTAL=3
TASK-PROCEDURE/STRATEGY=4

* TASK-MAN/MACHINE INTERFACE=5

HIT 'RETURN' IF ALL VARIABLES ARE IN
ENTER '9' TO SKIP THIS ARTICLE 3

L-20



S -~ T- ' .. r~ •J w*L .ia 5 ' - L',, ,ri••• • •r. ' ..•W • .¶2 •, . r•.. 1P2•r • i• • -.

1 AMBIENT TEMPERATURE

2 SKIN TEMPERATURE
3 TIME OF DAY
4 NOISE LEVEL
5 LIGHT LEVEL
6 DISTANCE BETWEEN COMMUNICATORS
7 TYPE OF NOISE

8 WET BULB TEMPERATURE
9 VIBRATION LEVEL
10 EFFECTIVE TEMPERATURE
11 GENERAL STRESS
12 FLASH INTENSITY

ALL VARIABLES DISPLAYED

ENTER VARIABLE NUMBER IF FOUND

ENTER 'A' IF NEW VARIABLE IS REQUIRED

ENTER 'M' TO RETURN TO VAR TYPE MENU
ENTER 'R' IF MENU MUST BE REVIEWED

ENTER NAME OF NEW INDEPENDANT VARIABLE
ENTER 'SPACE' TO RETURN TO MENU

(SPACE BAR)
i AMBIENT TEMPERATURE

2 SKIN TEMPERATURE
3 TIME OF DAY
4 NOISE LEVEL
5 LIGHT LEVEL

SDISTANCE BETWEEN COMMUNICATORS
;' TYPE OF NOISE
8 WET BULB TEMPERATURE
9 VIBRATION LEVEL
10 EFFECTIVE TEMPERATURE
11 GENERAL STRESS
12 FLASH INTENSITY

ILL VARIABLES DISPLAYED

ENTE'4 VARIABLE NUMBER IF FOUND
TNTF.R 'A' IF NEW VARIABLE IS REQUIRED
rNTER 'M' TO RETURN TO VAR TYPE MENU
ENTER 'R' IF MENU MUST BE REVIEW•D M
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WHAT TYPE OF VARIABLE IS INDEPENDANT

VARIABLE NUMBER I

APTITUDEil

LEARNING/PR,'CTICE-2
ENVIRUNMENTAL-3
TASK-PROCEDURE/STRATEGY-4
TASK-MAN/MACHINE INTERFACE=5

HIT PRETURN' IF ALL VARIABLES ARE IN
EtNTER '9' TO SKIP THIS ARTICLE (RETURN KEY)
DO YOU WANT TO ADD A NEW ARTICLE TO
THE DA"A BASE? (Y/N) N
DO YOU JANT TO QUIT? (Y/N)Y

i% 3

0 NOTE: In this example, no articles, models, or new independent
variables were added to the data base. These additions were
avoided by respondidg "NO" to the question "IS THIS CORRECT?".
New data could have been added simply by responding "YES"
to this question.

p
4
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3-EX LE OF DATA PASE AMLYSIS

Below is an example of the interaction between the analyst and
the DATA BASE ANALYSIS computer program. This example shows the
analyst looking at the cftmbination of skills DETECTION and DISCRIMINAT
Additionally, he only wants to review those models which were tied
"exclusively (i.e., unambiguously) to either detection or discriminatio

]RUN DATA BASE ANALYSISDI

DO YOU NEED A SKILL CATEGORY MENU? (Y/N) Y
1 GENERAL BEHAVIORS
"2 VIGILANCE
:3 PROBABILITY ESTIMATION
4 TIME ESTIMATION
5 HUMAN RELIABILITY ASSESSMENT
6 MEANINGFUL MEMORY ABILITY
7 VERBAL KNOWLEDGE
8 WORD FLUENCY
"9 NUMERICAL ABILITY
10 CONCEPT FLUENCY
11 DISCOVERY OF PRINCIPLES
12 FLEXIBILITY
"13 SYMBOL MANIPULATION
14 DECISION MAKING
15 INTELLEGENCE
16 FINE MANIPULATIVE ABILITIES
17 POSITION ESTIMATION
18 GROSS MANIPULATIVE ABILITIES

H!r 'FPACE' KEY TO CONTINUE
ANY OTHER KEY TO EXIT MENU

(SPACE KEY)
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19 CONTROL PRECISION
20 SPEED OF ARM MOVEMENT
21 MULTILIMB COORDINATION

4, 22 POSITION REPRODUCTION
23 MOVEMENT ANALYSIS
24 MOVEMENT PREDICTION
25 ACCELERATION CONTROL
26 REACTION TIME
27 TRACKING
28 DETECTION
29 DISCRIMINATION ABILITIES
30 TIME SHARING
31 CLOSURE ABILITIES(PERCEPTUAL)
32 AUDITORY ABILITIES
33 SPATIAL ABILITIES-ORIENTATION
34 SPATIAL ABILITIES-VISUALIZATION
35 ASSOCIATE MEMORY-ROTE MEMORY
36 ASSOCIATE MEMORY-MEANINGFUL MEMORY

HIT"SPACE' KEY TO CONTINUE
ANY OTHER KEY TO EXIT MENU

(SPACE KEY)

137 MEMORY SPAN-SHORT TERM MEMORY
--3 MEMORY SPAN-INTEGRATION OF INFORMATI
739 VISUAL MEMORY
40 EXPLOSIVE STRENGTH-GENERAL
41 EXPLOSIVE STRENGTH-LEG EMPHASIS
42 EXPLOSIVE STRENGTH-UPPER BOOY EMPHAS
43 STATIC STRENGTH-ARM/HAND/SHOULDER
44 STATIC STRENGTH-LEG/TRUNK
45 DYNAMIC STRENGTH-ARMS
46 DYNAMIC STRENGTH-LEGS
47 TRUNK STRENGTH
48 EXTENT FLEXIBILITY

0 49 DYNAMIC FLEXIBILITY
50 GROSS BODY EQUILIBRIUM

- 51 BALANCE-VISUAL CUES
52 GROUP COOPERATION
53 GROUP COMMUNICATION
54 LEADERSHIP

"HIT 'SPACE' KEY TO CONTINUE
ANY OTHER KEY TO EXIT MENU

(SPACE KEY)
J
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55 GENERAL COGNITIVE ABILITIES
56 GENERAL PHYSICAL ABILITIES

ALL SKILL CATEGORIES DISPLAYED

ENTER SKILL CATEGORY NUMBERS
TO BE REVIEWED
TYPE 'END'WHEN LIST IS COMPLETE
? 28

?29
"?END
"ARE YOU INTERESTED ONLY IN
EXCLUSIVE ARTICLES? (Y/N)Y

ARE YOU INTERESTED IN THE ARTICLES
REFERENCING THESE SKILL CATEGORIES? Y
ARTICLE NUMBER #TIMES REFERENCED�

S1 17
.5 3
38 1
45 8
46. 3

S47 5
49 1
63 6
64 15
79 1
8 82 2
84 3
86 5
"87 5
B8 4
HIT ANY KEY TO CONTINUE

"(SPACE KEY)

0
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ARTICLE NUMBER #TIMES REFERENCED

90 z
92 6
93 3
101 1
11Z 2
116 4
117 3

-121 1
124 5
133 6
142 4
143 3
147 2
"148 1
149 6
HIT ANY KEY TO CONTINUE

(SPACE KEY)

- ARTICLE NUMBER *TIMES REFERENCED
- - -- --- - -- - - -

S152 2
157 2
181 9
182 1
109 2
190 3
198 10

"TOTAL NUMBER OF ARTICLES-37
"TOTAL NUMBER OF REFERENCES-158

ARE YOU INTERESTED IN THE INDEPENDANT
VARIABLES WHICH WERE REFERENCED? Y

. INDEPENDENT VARIABLE NAME TIMES
-• ---- - -- --

OPERATOR TYPE I
GENERAL PROFICIENCY FACTOR 1
THRESHOLD CONTRAST 3
VISUAL ACUITY 2
"GENERAL APTITUDE SCORE 1
* PRACTICE TRIALS 2
AMOUNT OF TRAINING I
PRESENCE OF FEEDBACK 1
MASSED VS DISTRIBUTED PRACTICE 1
TYPE OF FEEDBACK 1
TIME OF DAY
NOISE LEVEL 3
LIGHT LEVEL I
FLASH INTENSITY 1
TIME SPENT ON TASK 2
HIT ANY KEY TO CONTINUE

(SPACE KEY) L-26



2

SINDEPENDENT VARIABLE NAME TIMES

DAYS SPENT ON TASK 2
SESSION NUMBER(SHORT SESSIONS) 1
NUMBER OF POSSIBLE RESPONSES I
MONOCULAR VS BINOCULAR VIEWING 1
SLEEP LEPRIVATION 2
NUMBER OF DISPLAYS MONITORED 2
SIGNAL RATE 4
PERCEIVED PROBABILITY OF AN EVENT 2
TEAM STRUCTURE I
NUMBER OF OBSERVERS 1
TARGET SIZE 7
TARGET BACKGROUND TYPE 5

BACKGROUND LUMINANCE 2
PERCENT TARGETS AMONG SIGNALS
"TARGET BRIGHTNESS 3 f
HIT ANY KEY TO CONTINUE

(SPACE KEY)

INDEPENDENT VARIABLE NAME TIMES

DISTANCE TARGET HAS TRAVELED 1
RELATIVE DIRECTION OF TARGET MOTION12

- TARGET SPEED 2
TARGET TYPE 12
CONTRAST RATIO (TARGET/BACKGROUND) 8
TARGET ANGLE RELATIVE TO FOVEA 7
NUMBER OF CUES FOR A SIGNAL 2
SEARCH AREA 7
TARGET DISTANCE 16
METEOROLOGICAL RANGE(VISIBILITY) 3
"TARGET HORIZONTAL DISTANCE 4
VISUAL AIDING 4
"TARGET COLOR 4
STIMULUS MODE 2
LENGTH OF EARLY WARNING I
HIT ANY KEY TO CONTINUE

(SPACE KEY)
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INDEPENDENT VARIABLE NAME TIMES

DISPLAY RESOLUTION 2
DISPLAY CLUTTER 6
NUMBER OF DISPLAY COLORS 1
SIGNAL DURATION I
DIRECTION OF ILLUMINATION SOURCE I
SCENE COMPLEXITY 1
TARGET POSITION ON DISPLAY 1
STEP VS RAMP FAILURE 1

"- DO YOU WISH TO REVIEW THE RESULTS? N

L-2 8
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4-EXNuLoF IV REF CowN

This is an example of the execution of the program IV REF COUNT.
It prints the total number of times each Independent Variable is referenced
in the data base.

*-

]RUN IV REF COUNT

SINDEPENDANT VARIABLE NAME #TIMES

RISK ACCEPTANCE 0

INTELLEGENCE 2
AGE .0

OPERATOR-TYPE 4
SENSE OF DIRECTION 2
WILLINGNESS TO TAKE RISKS 1
OBSERVATION NOISE 4,
PERCEPTUAL TIME DELAY 3
MOTOR NOISE 3

OPERATOR GAIN (8•9 COMBINED) 2
GENERAL PROFICIENCY FACTOR 10
THRESHOLD CONTRAST 3
ASPIRATION LEVEL 6

"OPERATOR PRECISION 1
HIT ANY KEY TO CONTINUE

(SPACE KEY)
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INDEPENDANT VARIABLE NAME #TIMES

TEAM SKILL LEVEL 1
TRACKING ABILITIES 1
MOTIVATION LEVEL 1
VISUAL ACUITY 2

* GENERAL APTITUDE SCORE I
MORALE LEVEL I

LEADERSHIP ABILITY I

HIT ANY KEY TO CONTINUE

(SPACE KEY)

INDEPENDANT VARIABLE NAME #TIMES

# PRACTICE TRIALS 15
TIME SINCE LAST .-RACTICED 5
AMOUNT OF OVERLEARNING 1
TIME SINCE INITIALLY LEARNED 3
TRAINING EMPHASIS(SPEED VS COORDINAT 2
AMOUNT OF TRAINING 6
PRESENCE OF FEEDBACK 3
NUMBER OF CORRECT CHOICES 1
MASSED VS DISTRIBUTED PRACTICE I
"AMOUNT OF INITIAL TRAINING 2

TYPE OF FFEDBACK I
"# SUCCESSFUL TRIALS

* HIT ANY KEY TO CONTINUE
(SPACE KEY)

INDEPENDANTVARIA•BLE NAME #1IMES

AMBIENT TEMPERATURE 2
SKIN TEMPERATURE 3
TIME OF DAY 10
NOISE LEVEL 9
LIGHT LEVEL 5
"DISTANCE BETWEEN COMMUNICATORS 3
TYPE OF NOISE 2
WET BULB TEMPERATURE 1
VIBRATION LEVEL 1
EFFECTIVE TEMPERATURE 2
GENERAL STRESS 6
FLASH INTENSITY I

"HIT ANY KEY TO CONTINUE

{SPACE KEY)
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INDEPENDANT VARIABLE NAME #TIMES

INFORMATION QUANTITY (SAMPLE SIZE) I
TIME SPENT ON TASK 25
ORGANIZATION PERFORMING(SQUAD 1
DAYS SPENT ON TASK 9
WORK/REST CYCLE 9
SESSION NUMBER(SHORT SESSIONS) 1
NUMBER OF POSSIBLE RESPONSES 16
MONOCULAR VS BINOCULAR VIEWING 1
SLEEP DEPRIVATION 1i
NUMBER OF TASKS PERFORMED AT ONCE 8
HOURS WORKED PER WEEK 1
IMPORTANCE OF TASK PARAMETERS 4
PHYSICAL ENERGY COST OF TASK 4
NUMBER OF DISPLAYS MONITORED 5
HIT ANY KEY TO CONTINUE

(SPACE KEY)

INDEPENDANT VARIABLE NAME #TIMES

SIGNAL RATE a
DRUG USAGE 1
TIME BETWEEN STIMULUS AND RESPONSE 3
PERCEIVED PROBABILITY OF AN EVENT 11
PERCEIVED COST OF ALTERNATE DECISION 4
PROBABILITY OF AN EVENT 7
MATERIAL STRENGTH RATIO-FRIEND/FOE 1
PERSONNEL STRENGTH RATIO FRIEND/FOE I
ENEMY TERRAIN ADVANTAGE 1
UNIT RESUPPLY CONDITIONS 1
TEAM STRUCTURE 7
NUMBER OF OBSERVERS 5
OBSERVER SCAN PATTERNS 2
SPEED OF TASK STRESS I
BACKLOG OF WORK 2
HIT ANY KEY TO CONTINUE

* (SPACE KEY)

L-31



77, 777-77.

INDEPEADANT VARIABLE NAME #TIMES

CONSISTENCY OF DATA 1
OBSERVATION TIME PER DISPLAY 2
HISTORY OF SYErEM STATES 1
URGENCY OF TASK 1

HIT ANY KEY TO CONTINUE

(SPACE KEY)

INDEPENDANT VARIABLE NAME #TIMES

TARGET SIZE 15
TARGET BACKGROUND TYPE 13
BACKGROUND LUMINANCE 4
PERCENT TARGETS AMONG SIGNALS 2
TARGET BRIGHTNESS 6
DISTANCE TARGET HAS TRAVELED I
RELATIVE DIRECTION OF TARGET MOTION 26
TARGET SPEED 12
TARGET TYPE 24
CONTRAST RATIO (TARGET/BACKGROUND) 16
TARGET ANGLE RELATIVE TO FOVEA 12
BLINDING FLASH ENERGY 3
NUMBER OF CUES FOR A SIGNAL 8
COMMUNICATION MODE I
HIT-ANY KEY TO CONTINUE

(SPACE KEY)

INDEPENDANT VARIABLe NAME #TIMES

CONTROL SENSITIVITY 1I
CONTROL DYNAMICS (ORDER) 4
TARGET MOVEMENT BANDWITH 7
PROCESS NOISE 5
SEARCH AREA 12
TARGET DISTANCE 35
METEOROLOGICAL RANGE(VISIBILITY) 7
TARGET HORIZONTAL DISTANCE 10
VISUAL AIDING 7
TARGET COLOR 4
STIMULUS MODE 5
RESPONSE MODE I
LENGTH OF EARLY WARNING 2
DISPLAY TYPE 2
DISPLAY RESOLUTION 2
HIT ANY KEY TO CONTINUE

fSPACE KEY)
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INDEPENDANT VARIABLE NAME #TIMES

DISPLAY CLUTTER 8
NUMBER OF DISPLAY COLORS I
MESSAGE LENGTH 1
MESSAGE IMPORTANCE I
NUMBER OF SIGNAL/TARGET DIMENSIONS 1
SIGNAL DURATION 2
INTER DISPLAY ANGLE 1
DIRECTION OF ILLUMINATION SOURCE I
SCENE COMPLEXITY I
TARGET POSITION ON DISPLAY 1
TASK TYPE(PROCEDURAL 1
SIGNAL AMPLITUDE 3
STEP VS RAMP FAILURE I

HIT ANY KEY TO CONTrINUE

(SPACE KEY)

REPEAT? (Y/N)N
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Appendix A

PRINTOUT OF
ENTER ARTICLES

COMPUTER PROGRAM
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LOAD ENTER ARrICLFS
]LIST

10 LP - 1l
20 DIM NI(5),IDS(5,1000),SK(1O),

TI(100)
30 D$ - CHR$ (4)
42 PRINT DS;"OPEN SKILLS X IND V

ARS, D2"
46 PRINT OS;"APPEND SKILLS X IND

VARS"
50 PRINT DlO;*PEN SKILLS,DI"
70 PRINT D*;*READ SKILLS": INPUT

SCa DIM STS(SC): FOR I - I TO
SC: INPUT STS(I): NEXT I

72 PRINT DS;"CLOSE SKILLS"

73 PRINT DS; "OPEN IND VARS-1O"
75FOR I - 1 TO 5

75 PRINT D$;"READ IND VARS-lO"
90 INPUT NI(I)
100 PRINT OS;"DPEN IND VARS-";I:

PRINT D$;"READ IND VARS-";I
i FOR J - I TO NI(I): INPUT
IDS (I * )

105 NEXT Js PRINT DS;"CLOSE IND
VARS-"; I

110 NEXT I
120 PRINT Ds""
500 HOME : PRINT"DO YOU WANT TO

AtD A NEW ARTICLE TO ": PRINT
"THE DATA BASE? (Y/N)": GET

* 510 IF LEFTS (0$,1) - "Y" GOTO
1000

512 INPUT "DO YOU WANT TO OUIT?
(Y/N)";O$s IF LEFTS (Q$,I) <

> "Y" GOTO 500
513 PRINT Ds;"CLOSE"
515 END
1000 INPUT "ENTER ARTICLE NUMBER

A-"tA PRINT "ENTER QUANTITAT
IVENESS INDEX (0-3)-": GET 0

1005 IF ASC (Os) - I THEN PRINT
s PRINT " ERROR": GOTO 1000

1007 QU - VAL (O$)
1010 SN - 0
1100 PRINT "DO YOU NEED A SKILL

CATEGORY MENU? (Y/N)"s GET 0
S: IF Q$ < > "Y" GOTO 1500

1110 1 = INT (SC / LP):J - I
1115 HOME i FOR K a (J - 1) * LP

+ I TO 3 * LP: PRINT K;" ";
LEFTS (ZTS(K),36): NEXT K: PRINr

1120 PRINT "HIT 'SPACE' KEY TO C
ONTINUE": PRINT " ANY OTHER
KEY TO EXIT MENU": GET Q$O IF
0$ < > ""THEN PRINT : GOTO
1500

1125 IF LEN (0O) < I GOTO 1500
1130 IF J < I THEN J = J + 1: GOTO
SA 1115

I I) Pr I iP p ~r rnrn i Ann
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1160 HOME i FOR K -LP S ;I 1 TO
0 SC, PRINT K" ";• LEFTS (ST$(

K),36)s NEXT K
1400 INVERSE t PRINT i PRINT 'AL.

L SKILL CATEnORIES DISPLAYED
"a NORMAL

"1500 PRINT "ENTER SKILL CATEGORY
NUMBER OR"s PRINT "HIT RETU

RN IF ALL SKILL CATEGORIES":
INPUT "HAVE BEEN ENTEREJa-";

1505 IF 0 , " AND SN - 0 THEN
INVERSE i PRINT "NO SlIXLL C

ATAGORIES ENTERED FOR": PRINT
"THIS ARTICL:.-START AGAIN": NORMAL GOTO 1100

1510 IF 00 "" GOTO 1700
1515 IF VAL (00) < I OR VAL (0

$) > SC THEN INVERSE s PRINT
"VALUE OUT OF RANGE-START AG
AIN": NORMAL i GOTO 1100

1520 SN - SN + I:SK(SN) - VAL (O
,): HOME i PRINT "ENTER NEXT

SKILL CATE3ORY": COTO 1100
1700 IV - I
1710 HOME v PRINT "WHAT TYPL OF

VARIABLE IS INDEPENDANT": PRINT
"-VARIABLE NUMBER " IV

"1720 PRINT t PRINT " APTITUDE-I"
t PRINT * LEARNING/PRACTICE,
"2": PRINT " ENVIRONMENTAL-3"
' PRINT " TASK-PROCEDURE/STR
ATEGY,4"

17,0 PRINT - TASK-MAN/MACHINE IN
TERFACE-5": PRINT

1740 PRINT "HIT 'RETURN' IF ALL
VARIABLES APE IN": FRINT "EN
TER '9' TO SKIP THIS ARTICLE

1900 GET Ott IF ASC 0) * 1. OCTO
500

1910 IN - VAL (90)s IF IN 1 9 SOTO
500

1920 IF IN > 0 AND IN < 6 GOTO 2
/". 0OO

1970 INVERSE s PRINT "OUT OF RAN
GE-REENTER": NORMAL : GOTO 1
7'0

2000 N - LP
2010 HOME
2020 IF N NI(INI THEN FOR I-

N - LP + I TO Nt PRINT I1 TAB(
5)tIOS(IN.I)a NEXT It PRINT
"HIT RETURN FOR MORE': GOTO
2500

2050 FOR I - N - LP *1TO NI(IN'
)s PRINT 1; TAB( 5);ID*(INI
)t NEXT I

2080 INVERSE a PRINT : PRINT 'AL
L VARIAEBLES DISPLAYED': NORMAL

PRINT
2500 PRINT "ENTER VARIABLE NtI.iE

R IF FOUN)"t PRINT "ENTER 'A
IF NEW VARIABLE IS REOUIRE

:505 PRINT 'ENTER ',' TO RET,• N
T L-3AR TYPF MF 7
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-w 2510 PRINT *EN7ER 'R' IF PIN' MlU
ST SE REVIEWED": INPUT 0S

2515 IF 0S - "M" SOTO 1710
"2600 IF QS < > "" SOTO 3000
2620 IF N > - NI(IN) 60T0 2080
2630 a N + LPt GOTO 2010
3000 IF G$ < > "A' SOTO 4000
3010 NI(IN) - NI(IN) + to PRINT

*, ENTER NAME OF NEW INDEPENDAN
T VARIABLE"s PRINT "ENTER 'S
PACE' TO RETURN TC RENUas INPUT
IDO(IN.NIC (I))

3012 IF LEFTS (IDO(IN,NZ(IN)),1
. -" OR LEN (ID$(IN,NI(t

"6Si)) < 1 THEN NI(IN) - NI(IN

,- Is OTO 2010

3013 PRINT DS;1OPEN IND VARS-";I
N ".01"

3015 PRINT Ds$"POSITIn.N IND VARS
' . -";I;NI,R";NI(IN) -- I

3020 PRINT D$1"WRITE INO VARS-"I
INs PRINT ID*(IN,NI(IN))

3025 PRINT DOS"CLOSE IND VARS-";
IN

3027 PRINT O51 CLOSE IND VARS-1O
"I PRINT DOS"OPEN IND VARS-1I) 0"

"=070 PRINT D$NWRITE IND VARS-1O
": FOR I - I TO 51 PRINT NI(
Ii) NEXT Is PRINT DOt""

3040 I0 - NI(IN)i GOTO 4500
40)00 IF 0S - *R" GOTO 2010
4005 IF VAL. (0S) < I OR VAL (C

*i > NI(INi THEN PRINT "INC
CRPECT ENTRY", GOTO =500

4010 10 - VAL (OS)
4500 FOR I - I TO SN: PRINT s PRINT

"SKILL."ISK(I);" "I;IND VAR
.tiOu" ARTICLE-"sAs NEXT I

A502 PRINT 'ALL INFORMATION CODR
ECT• (V/N)": GET 0G* IF LEFT$
4(0,1) < . 'Y" GOTO 2500

4503 PRINT D$I APPEND SKILLS X I
No VARS"

"4505 FOR I , I TO SN
4507 PRINT DOSI'WITE SVILLS X IN

0 VARS"
4510 PRINT SK(I)I" "ItNI" ";I01"

"AI" *;OUI" "ISN
4520 NEXT I
45Z0 PRINT MS:""
5000 IV a IV 1. Is G"O 1710
5010 END
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* )L6AD DATA BASE ANALYSIS
... I U1T

5 HOME
U 35 - - *
10 LP - 1aS •N)20 IA NI (5) , 0$ (5, 1000), SK ( I),

TI (I00),SR(b0) ,NAC(5,150) ,AR(
300)

30 DS - CHRO (4)
50 PRINT DW'OPEN SKILLS,Dl"
70 PRINT DS; "RU.D SKILLS"s INPUT

SCs DIM 5T$(SC)i FOP I a 1 TO
SCs INPUT STS(I)s NEXT I

72PRINT Os;'CLOSE SKILLS"
73 PRINT DS;"OPEN IND VARS-IO"
75 FOR I - I TO 5
SO PRINT D$;"READ IND VARS-lO"
"90 INPUT N!(I)
100 PRINT D$;"OPEN IND VARS--"I'

PRINT DSIREAD INO VARS-"iI
FOR J w I TO NI(I)I INPUT

I DS (I, 3)

105 NEXT 3s PRINT D*I*CLOSE IND
"VARS-"is

ITO NEXT I
120 PRINT Dos:
1100 PRINT "DO YOU NEED A SKILL

CATECZORY MEU'P (Y/NW": GET 0
Sw IF CS < > "Y' SOTO 1500

1110 I - INT ý3 I LP):J - I
1115 HOME : FCFi P , (J - 1) * LP

0 1 TO J 2 LPi PRIN
T 
K;^ 'I

LEFTS (STS(Y),36)t NEXT Ki PRINT

i120 PRINT "HIT 'SPACE' KEY TO C
ONTINUE"s PRINT " ANY OTHER
"KEY TO EXIT MENU's GET Oft IF
OSf > " THEN PRINT i GOTO
1500

11-5 tF LEN 0s0) < I SOTO 1500
11"-o IF J < I THEN J a J 1Is GOTO

1115
1150 IF I S LP - SC GOTO 1400
116b4 HOME i FOR K - LP e I 1 0 TO

SC: PRINT #.. " LEFTS (STS(
K).36i, NEXT K

1400 INVERSE I PRINT I PRINT "A.
"L SKILL CATEGORIES DISPLAYED

"1500 PRINT v PRINT *ENTER SVILL
CATEGORY Wj",BEPS": PRINT "To

KE REVIEWED"
1510 P"INT 'TvPE 'END'W",EN LIST

IS COMPLETE'tNS - 0
;* ~I20 INPu/T OS: IF LEFTS (0S.1) .

"E", GOTO 20,00

1Z'IF VA&. (00) 1 30 VAL.~
: ,SC T•*N P.INT s PPINT
ZUT OF A•GE-PEE.aTER-t GOr

1520
1540 SR! VAL. (OSk LNS -NS

Is GOTO 1Z
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2000 PRINT oS;OPEN SKILLS X INO
VARS-MQD. D2"

2010 PRINT "ARE YOU INTERESTED 0
NLY IN It INPUT "EXCLUSIVE A
RTICLES? (Y/N);"0*t IF LEFTS
(0*,1) - "Y" THEN EX a 1

2100 PRINT DS;'READ SKILLS X INDVARS--MOD"
20') ONERR SOTO 30

2=9 FOR K " I TO 6. INPUT X(K).

NEXT K
2310 IF SR4X(l)) < I SOTO 2300
2320 IF EX - I AND X(&) > I SOTO

2300
230 AR(X(4)) - AR(X(4)) + IsNA(X

(2),X(Z)) - NA(X(2),X(3))
Is GOTO 2300

3000 IF PEEK (-2=) < > 5 THEN
PRINT "111 ERROR ****a END

3010 POKE 216.0v PRIPNT t PRINT "

"ARE YOU INTERESTED IN THE AR
"TICLES Is INPUT *REFERENCING

THESE SKILL CATEGORIES? "iO

St IF LEFTS (0$,I) a IN" GOTO

302-0 I IiTA - O1TR a 0

I030 Pl. It MOM t PRINT "ARTICL
E NUMBER *TIMES REFERENC
.EDs PRINT I

,- -- " PRINT

=040 IF ARCI) > 0 THEN PRINT Il
TAB( 2I)-AR(ITPL Pl. * Is

TA - TA * ITR w TR * AR(I)

3:O50I I -I s ii IF I > 300 GOTO 4
000

30•0 IF P.. ) 1! THEN PRINT "HIT

ANY KEY TO CONTINUE': GET 0
*: WOTO 3030

,070 GOTO 3040
4000 PRINT i PRINT 'TOTAL NUMBER

OF ARTICL)ESw'sTAs PRINT "TO
TAt. NUMSER OF REFERtNCES--TR

4005 PRINT s PRINT *ARE YOU INrE
RESTED IN THE !NDEPýNDANT-t IPUT
"VARIAEPLES WHICH WE,' REFERE
NCED1 ";0S1 IF LEF~* (06,1)
a "N" GOTO 5000

4010 1 a iIJ " I

40020 P. - Is HOME i PRIN IINDEP-
NOENT VARIABLE HARE

TIMESEt PRINT

403. IF tJA(I.J) > 0 THEN PRINT
LEFT$ (:O.(I.J).:3), TAB( 3

6)tNA(I.J)IPoL - PL * I

"40•5 J - J *
4(,40 IF J > NI(I) THEN J l It-

I * I1I IF 1 1 5 GOYO Zt(.00
4060 IF PL ý 15 THEN PRINT "-IT

ANY VEY TO CONTINU"': SET 0
ts GOTO 4020
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5000 ,PiNv ";'INPUT -0 you wU l8*
TO REVIEW THE RES,•LTS' ";OtS

IF LEFT$ (QI,t) "Y" eaTO3000
'5010 END

L-42
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* T

LOAD IV REF COUNT
ILIST

5 HOMEI9 DI$-""

10 LP - 19
20 DIM NI(5),ID6(5,1000),SK(IO),

TIll00),SR(6O),NA(S,150),AR(
300)

30 Do - CHRS (4)
73 PRINT Ds;"OPEN IND VARS-10,D1

75 FOR I - I Tn 5
80 PRINT DS;"READ IND VARS-lO"

90 INPUT NI(I)
100 PRINT D$W"OPEN IND VARS-";I:

PRINT D$1"READ IND VARS-"Il
i FOR J - I TO NI(I)s INPUT
ID$(I.J)

105 NEXT 3. PRINT DSI"CLOSE IND
VARS-*;I

"110 NEXT I
120 PRINT D$0""
200 PRINT DO;"OPEN SKILLS X IND

VARS-MODD2"s PRINT DI;"READ
* SKILLS X IND VARS-MOD"

220 ONERR GOTO 500
320 INPUT A.9,C,D,E,F

240 NA(B,C) - NA(B,C) + 1: GOTO 2
30

500 IF PEEK (422) < > 5 THEN STOP

510 POKE 216,0
550 FOR I -1I TO 5
555 PL = O: PRINT i HOME : PRINT

"INDEPENDANT VARIAPLE NAME
*TIMES": PRINT

560 FOR 3 - 1 TO NI1
562 PL - PL+ I
570 IF PL - 15 THEN PRINT "HIT

ANY KEY TO CONTINUE": GET O$
: HOME t PRINT "INDEPENDANT
VARIABLE NAME *TIMES

" PRINT --------------------

0
590 PRINT LEFTs (IDO(I.J),:6); TAB(

Z8);NA(I,J)
590 NEXT J
595 PRINT s PRINT "HIT ANY KEY T

0 CONTINUE": GET Q$
600 NEXT I
610 INPUT "REPEAT" (Y/N)":OS: IF

"O0 < "N" GOTO 551)
620 END
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MOPADS FINAL REPORT:

THE UNDERLYING PERSON MODEL BEHIND
HOMO (HUMAN OPERATOR MODEL)
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SECTION :J. TECHNICAL DISCUSSION

This report presents a model of the human that will be used in
MOPADS. This model is distinct from the quantitative models which will
be used to predict human performance times. The quantitative models
are not aimed at treating the human holistically; rather, they treat
the human as a performer. of' particular tasks such as identification,
tracking, and so on. The model presented herein is a formal model of
the underlying human. The reason for creating such a formal human
model is first, to provide a holistic framework within which the
overall operator models can be described and discussed, and second,,
to serve as a cross-check on the quantitative models. The method
of cross-checking will be presented later in this report.

The development of this "underlying person-model" began with
a review of the air defense scenario to be modeled. We determined
that the following pieces of air defense equipment would. be used.
Missile Minder (AN/TSQ-73), HAWK missile, Redeye missile, Chaparral
missile, and Vulcan gun. The scenario involves the loading, aiming,
firing, and other uses of these weapons and devices, but not setup,
teardown, or movement of the weapons. Given this context, we iden-
tified six overall tasks to be performed at various positions in the
air defense network. These are: tracking of targets on a CRT,
assignment of targets using automated or semiautomated equipment,
communication via voice or teletype, command decision making and
team coordination, ammunition preparation and loading, and gunnery
involving optical tracking and physical guidance of the weaponsystem.

Proceeding from this knowledge of tasks to be performed, we
constructed a model of the human operator. Systems used extensively
in air defense tasks are given greater emphasis and definition in
relation to the less important body parts and activities. For
example, our person-model has no digestive system, but has a huge
finder dexterity system.

This model will enable the modelers to focus on those aspects
of the human which are most important. It will be used in part to
decide which skills are involved in any given air defense task. It
will also be used as a check on the completeness of the skill mod-
erator functions, to ensure that all moderating functions have been
fully specified, that is that all important variables have been
included. A moderating function is specified in terms of terms of
individual, environmental, and human-machine system variables that
will affect performance of any skill from the skills taxonomy, a
copy of which is presented in Table 1-1.

M-7
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Table 1-1. Skills Taxonomy.

GENERAL BEHAVIORS
VIGILANCE
PROBABILITY ESTIMATION
TIME ESTIMATION
HUMAN RELIABILITY ASSESSMENT
MEANINGFUL MEMORY ABILITY
VERBAL KNOWLEDGE
WORD FLUENCY
'LNUMERICAL ABILITY
CONCEPT FLUENCY
DISCOVERY 9F PRINCIPLESB ~FLEXIBILITy
SYMBOL MANIPULATION

DECISION M KING
"INTELLEGENCE
FINE MANIPULATIVE ABILITIES
"POSITION ESTIMATION
GROSS MANIPULATIVE "tBILITIES
CONTROL PRECISION
SPEED OF ARM MOVEMENT
MULTILIMB COORDINATION
POSITION REPRODUCTION
MOVEMENT ANALYSIS
MOVEMENT PREDICTION
ACCELERATION CONTROL
REACTION TIt1E
TRACKING
DETECTION
DISCRIMINATION ABILITIES
TIME SHAR4NG
CLOSURE AqILITIES(PERCEPTUAL)
AUDITORY ABILITIES
"SPATIAL ABILITIES-ORIENTATION
SPATIAL ABILITIES-VISUALIZATION
ASSOCIATE MEMORY-ROTE MEMORY

* ASSOCIATE MEMORY-MEANINGFUL MEMORY
MEMORY SFAN-SHORT TERM MEMORY

,*• MEMORY SPAN-INTEGRATION OF INFORMATION
VISUAL MEMORY
EXPLOSIVE STRENGTH-GENERAL

M
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Tatle I-i (coutinued)

EXPLOSIVE STRENGTH-LEG EMPHASIS
EXPLOSIVE STRENGTH,-UPPER BODY EMPHASIS
STATIC STRENGTH-ARM/HAND/SHOULDER
STATIC STRENGTH-LEG/TRUNK"DYNAMIC STRENGTH-ARMS

DYNAMIC STPENGTH-LEGS
"TRUNK STRENGTH
EXTENT FLEXIBILITY
DYNAMIC FLEXIBILITY
GROSS BODY EQUILIBRIUM
BALANCE-VISUAL CUES
GROUP COOPERATION
GROUP COMMUNICATION
LEADERSHIP
GENERAL COGNITIVE ABILITIES
GENERAL PHYSICAL ABILITIES

• . . '~~~~ ~~.I; '.I;. ' ". '".'.... ..........
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The person-m;del itself is a collection of h-uan systems and
activities. One constraint, stated above, is that they be relevant
"to the air defense scenario. Activities which are not relevant rXr
not part of the model. Another constraint on these activities is
that they can be viewed as bodily systems.

The model divides the human into five systems: 1) perceptual,
"2) information processing, 3) information storage, 4) motor, and
5) affective. In accordance with the abonve description of the
model's purpose, these five systems represent areas of importance
to the air defense modeling goal. It would have been possible to
compress or expand this list, but it was felt that these represent
equivalent levels of description. Each of the systems is then
subdivided into one or more activities.

The model can be understood best by reviewing these systems
and activities, along with a definition of each activity. The
reader who wishes to understand this model is urged to build a
mental picture of a human which has only these activities as its
attributes. Table 1-2 presents an overview of the activity listing.

Figure I-I presents a matrix of the interrelationships
between the skills in the taxonomy and the subsystems of the
person-model. Those cells of the matrix which are marked by an
"X" indicate that the subsystem (identified by the column title)
plays a significant part in the performance of the skill (identi-
fied by the row title). This matriy was prepared based upon an

* intuitive examination by the authors.

The next step in the use. of this person-model behind MOPADS,
will be as a cross-check on the completeness of the moderator
functions. Once the candidate set of independent variables that
will mediate human performance is prepared, (to be summarized in
Laughery (1983)) another matrix will be developed. This matrix
will be similar to that presented in Figure 1-2. The cells in th I"
matrix marktd with an "X" represent e. subsystem which is affected

- . in some manner by an independent variable.. This matrix will also
be developed on the basis of intuitive Judgements by the authors.
Since it is intended to be only a cross-check on the completeness
the moderator functions, a full-scale research effort on the devel4

* ment of this matrix is unnecessary. Finally, simple matrix algebri
17 will be performed on the matrices in Figures I-i and 1-2 to deter-

mine which independent variables should be included to moderate
each skill in the taxonomy. These results will then be compared to
the moderator functions being developed to determine whether they
include all of the independent variables suggested by this analysi:

*• At this point, suggestions for further literature review and
research where required will be amended to this report.

M-10
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I. PURPOSE

The purpose of this report is to document the thinking
and procedures behind the development of the ,;kill moderator
functions described in MOPADS Report 5.10. In report 5.10.,
a series of computer subroutines are defined which will
facilitate more realistic modeling of human operator
performance. Herein, we will discuss the logic behind this
approach and the steps taken to develop the subroutines
presented in MOPADS Report 5.10.

The remainder of this section will present some
background information fnr individuals with a limited
understanding of human operator modeling via network
simulation. Section II will discuss the logic behind the
development of these subroutines as well as presenting a

I'brief description of how they would be incorporated into a
simulation (a more detailed discussion of specific steps s
presented in MOPADS Report 5.6). Section III will dlscu4.s
the steps which were followed in the development of these
skill moderator function subroutines. Finally, Section IV
will bricfly define some advantages and disadvantages of this
approach.

1-1 Background

Simulation modeling is a powerful analytic tool whose
"potential is just being recognized. Low cost computational
capabilities and readily available simulation languages are
sure to result in a rise in the use of simulation to answer
questions which would otherwise go unanswered.

Additionally, simulation modeling is being applied to
new problem areas. One of the more promising applications of
simulation is in modeling and evaluating human operator
"performance. In the past, the primary means for evaluating
human performance was empirical data collection. For systems
or 7ituations which did not yet exist, the only recourse
available to the analyst was to look for existing analogous

[. .situations. Then, the analyst could draw inferences about

N-9
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p.

s, how the human would perform in the new situation by
estimating the differences between the new and the old
situation. In many cases, req.sonably analogous situations
did not exist. Even when they' did exist, the process of
extrapolating to the new siturtion was largely based on
intuition. The result was 3 poor, if any, estimate of human
performance.

Now, simulation tools exist which are specifically
designed for modeling the human opacator Qf a system. The
analyst interested in evaluating human performance can use
these tools to construct a computer model of the human in
much the same way that a bridge designer can build a computer
model of a bridge. Then, the computer model can be used to
test various con epts of human operator/system design in a
reasonable manne long before the system or situation
actially exists. Additionally, exercising computer models is
"far less costly :han experimentation with human subjects.
Therefore, more alternatives can be considered within the
same amount of time and resource expenditpres.

pI

Over the past few years, techniques for better
simulation of humans within systems have become available
(e.g., Wortman, Duket, Hann, Chubb, and Seifert; 1976, Streib
and Wherry, 1979). One of the most notable approaches is
task network simulation as used by the SAINT (Systems
Analysis of Integrated Networks of Tasks) simulation
language. With SAINT, human performance is separated into a

- network of tasks. Each node of the network represents a
discrete task performed by the human. The human only
performs one task at a time. The network structure of the
tasks defines ordering relationships representing how the
human performs the tasks. Therefore, the task that the human
Js performing during the simulation is represented by the
node in the netw rk currently being executed. Associated
with each node aýe the following attributes:

* 1. Time to complete the task.

N- 10



2. If the task is alonys followed by the same task,
the task to be performed after the current task
is complete.

3. If the task can be followed by several tasks, the[L• list of possible tasks to be performed after the

current task is complete as well as decision rules
for selecting among each of the possible next
tasks.

% 4. Any user code to modify simulation variables whenthe task is performed, if performance of the task
affects any of these variables.

5. Task number (arbitrarily assigned).

"6. Task name.

Once these attributes are determined for each subta3k, a
computer model of the task network can be readily developedp, via the SAINT modeling language. Once the model is
computerized, simulation experiments can be conducted by
varying the subtask attributes. For example, if we want to
explore the overall effect of the slower performance of some
of the subtasks, we would simply change the "time to perform"
attribute of those subtasks and then run the simulationI •Imodel. Since performance times are probabilistic (i.e., they
are randomly sampled from a known dist.-ibutiorn), we cai
obtain estimates of the probability distribution
representing time to perform the overall task network.

To provide an example of a SAINT network, let us use an
i •example of a human fishing. Figure 1-1 presents a visual

depiction of our proposed network of a human fishing. As one
follows through the network, you can see the human cast, wait
for a nibble, attempt to catc.h a fish if a nibble occurs, or
"reel in the line after a period of time if no nibble occurs.
If, for example, we wanted to explore the effect on the time
required to catch a fish of reeling in the line more
"frequently to check the bait, we would simply change the
attribute of task number 4 from 120 seconds to whatever
"number is desired. This, of coJrse, would confound with the

-
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Figure I-I

SAINT NETWORK FOR A HUMAN FISHING
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probability of a nibble occurring in task 3. A parametric
experiment testing the effects of these two variables could
easily be conducted using SAINT. This example is intended to
provide the reader with an e:.amplp of SAINT modeling using a
famtliar task. Far more practical applications have been
found ror SAINT including visual search (e.g., Kraiss and
Knaeuper, 1982) and aircraft piloting (e.g., Miralidharan,
Baron, and Feehrer, 1979). It is safe to say that SAINT has
become the de facto standard language in task network
m•odeling of human performance.

The remainder of this report discusses an approach to
improving the predictive ability of SAINT or other task
network models of human operator performance.

IN-1
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II. THE LOGIC AND CONCEPTS BEHIND
THE MODERATOR FUNCTION APPROACH TO

INCLUDING HUMAN VARIABILITY IN SAINT MODELS

In most previous applications of SAINT, the time
required by the human to perform any task in a network was
defined by a probability distribution type and the associated
distribution parameters (e.g., normal distribution with a
mean of 4 seconds and a standard deviation cf 1 second). No
attention was given to the fact that human performance
variability is not truly random but, rather, somewhat
predictable. in other words, when a human's performance
"speeds up or slows down significantly, it is not usually
because of random variation but because of causal factors
such as heat stress, training level, and/or a host of other
ability, environmental, or task variables which could affect
the human's performance. We know that these variables
influence human performance but how can we quantify these
relationships in a manner that can be used by task network
models?

What was needed to include the effects of "human
factors" into SAINT models were mathematical functions which
relate changes in human performance to the values of
independent variables of interest (e.g., ambient temperature,
drug use, etc.). MoreoveŽr, we can assume that these changes
in performance will not be constant among all tasks in a task
network. For example, the use of some drugs may affect

.g cognitive performance but not motor performance.
Consequently, those tasks in the network involving cognitive
behavior would be affected and those tasks involving motor
behavior would not be affected. In essence, a unique
r.3athematical relationship linking human performance to the
values of human factors independent vari.ables needed to be
developed for every task in a network. Stated mathematically
for every task in the task network we need the following:

r
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Change in
time to f1 (X1, x2, x3. . . . .. Xn )
perform task i
in the network

where

the function relating changes in
performance of task i to the
independent variables known to
affect performance of task i

x.- value of independent variable j
3 which affects the performance of

task i

n - the number of independent variables
which affect the performance of task i

Even in a relatively small task network of 100 tasks,
this would entail the development of 100 functiors to
"moderate" task performanze. What -as needed, and Nas been
developed, is a method of building these moderator functions
in a logical and timely manner.

On the other hand, one general moderator function could
be developed for all tasks. The problem with using the same
moderator function for each task in a network is that human
factors variables will affect different skills in different
manners. As was mentioned previously, some variables will
affect cognitive skills only, some will affect only motor
skills, and some will affect both. Even a variable which
affects cognitive skills only may not affect ail kinds of
cognitive skills. For example, fine-motor skills may be
affected by cold stress whereas numeric manipulation skills
may not be. However, there may be a level of skill breakdown
where all tasks involving a certain skill type will be
similarly affected by human factors variabl]s. In other
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words, we mayibe able to define a finite set of skill
categories solthat all tasks requiring a particular skill is
affected by the huma) factors variables in approximately the
same way.

For exam ble, if one of the skill categories is "fine
motor manipul. tion", then all tasks which involve the skill
of fine motor manipulation will be affected by human factors
variabies in •he same way. Then, we should be~able to
develop a moderator function for tasks requiring fine motor
manipulation which relates task performance changes to
independent vriables known to affect fire motor manipula-
tion. For example, let us assume that we know the
relationship between fine motor manipulation and the variable
"hours since last sleep was received" to be the following:

Change in time t
perform a task Mean time (hours since
involving fine = to perform X last sleep) - 10
motor manipulation the task
skills 20.0

(if hours since last sleep >10.0)

or

=0

T s t (if hours since last sleep <10.0)

This says that fur any task involving fine motor manipula-
tion, we can expect a 5.0% increase in time to perform the
task for every hour beyond 10.0 hours since the operator last
slept. Note that this function would only apply to tasks
involving fine motor mianipulation. Other skills might have
other functions relating skill performance changes to sleepdeprivation. AddJioinally, fine motor manipulation might be

affected by a host of other independent variables such as
ambient temperature, hours of sleep received, etc.

N.
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We took the aforementioned approazh for the MOPADS
effort. Obviously, in selecting this approach, two major
hurdles had to be overcome. First, what was the set of
skills which could be used to describe all operator task
types? Second, for each skill, wlat human factors variables
affected skill performance and what was the quantitative link
(e.g., moderator function) between skill performance and
these independent variables?

Two years were spent answering the above questions. The
skill categories were selected by reviewing numerous L
categorization schemes of human performance. We were looking
for the right balance of detail and, yet, not so many
categories that it would be difficult to decide which skill L
correctly describes a task. The categories which were 0
finally selected are presented in Table 1.

Table 1
SKILL CATEGORIES

1. Detection
2. Fine Manipulative Ability
3. General Physical Effort
4. Gross Manipulative Ability
5. Long-term Memory/Sensory
6. Long-term Memory/Symbolic ,
7. Numeric Manipulation
8. Probability Estimation "
9. Reaction Time

10. Recognition
II. Short-term Memory/Sensory
12. Short-term Memory/Symbolic
13. Team Coordination
14. Time Estimation
15. Timesharing
16. Tracking

N- 18



Then, we had to quantitatively link performance of a
task requiring that skill to variables known to affect that
skill. This required two steps. First, we had to determine
which human factors variables affected each skill. Second,
we had to mathematically define how the variables affected
the skills. Obviously, we did not want to develop "armchair"
models. Rather, we wanted our model to reflect sound theory
and/or empirica; data regarding human behavior.
Consequently, we wanted to base the moderator functions on
existing human performance literature.

The development of these skill moderator functions will
be described in detail in the following section. The
functions and their use are presented in detail in MOPADS
Report 5.10. To better facilitate an understanding of this
approach, let us briefly describe how they would be u:,d in a
task network simulation.

2-1 Using the Moderator Functions

The task to the modeler is reduced to relatively few
activities. First, he or she must identify the skills
involved in each task. It is anticipated that some tasks
will involve more than one skill. In this case, the modeler
must decide the relative importance of each skill by
assigning a percentage to each of the component skills of the
task (the percentage must add up to 100 percent).

Second, the modeler must dnvelop a data structure scheme
to maintain the independent variables. In the MOPADS
context, the information is maintained in the MOPADS data
base. If these moderator functions are used in another
setting, the data may be maintained in any data base
accessible to the moderator function module' in a standard K
format. To accomplish this, the modeler mu t build the
following four subroutines to transfer the talues of the
independent variables to the moderator funct!ion subroutines:

N-19
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1. CETEVA_
2. GETOVA
3. GETTSA
4. TIMEA

More detail on the parameters which are passed to and from
these subroutines are covered in MOPADS Report 5.10.

Finally, the modeler must write a small amount of
software to identify the skills involved in the task
currently being executed by the model, call the moderator
function subroutines for these skills, and then combine the
new estimates of the mean (if multiple skills are required by
the task) into a single weighted estimate.

A specific task moderator function, which determines t'ie
modified value for an individual task performance at any
point in the simulation, will then be represented by the
following weighted. sum.

Moderated mean
task performance = M + PA + pA + .... pL

for task t t t 1S1 t 2  m m

where-

M = the a priori mean value for task performance
t

m = the number of skills required in the ".
performance of task t

th
S. = the i skill involved in task performance

1 (from the skill list in Table .1)

P the proportion of skill S required in task t
ti i
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Sthe value of skili moderator function i at'
this point in the simulation

As the simulation proceeds, the endogenous independent
variables which affect the value of will change
reflecting environmental or task changes. Betweensimulations, the analysts may wish to change the value ofi• •
exogenous independent variables, such as aptitude or learning

variables, to examine their effect on performance.

As an example, consider an aselbLIy li ff ..spectiALon •- k.

which is one of several performed by an operator. For this
particular task, the operator must pick up an object, move it
around in his or her hands, check to see if there are any
flaws in the object and, if so, decide whether to accept or
reject it, This task involves three skills (from Table 1):

1. Fine motor manipulation (pick the object up
and move it around)

2. Visual Detection (check to see if there are
any flaws)

3. Visual Recognition (if there are flaws, decide
to reject or accept the item)

This task may be represenced by one task node in the tasi
network. Moreover, by watching at, operator performing the
task, we determine that the task requires 30%, 50%, and 20%
of fine motor manipulation, visual detection, and visual
recognition, respectively. Mean time to perform the task
(the parameter of interest) is normally 20 seconds. In this K
case:

m = 3 (the number of skills involved in the task)

S = 13 (fine manipulative ability from Table 1)

N-21
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S2  ' 2 (visual detection)

S3  4 (visual recognition)

P - 0.3
ti

P - 0.5
t 2

Pt, 0.2

Mt - 20

"Therefore, the moderator function for this task will be the
"following:

Moderated
task performance 20 + 0.3A + 0.5% + 0.24
time

where

13 = 13 (X13 )

A 2  f 2 (X2 )

"A4  = f 4 (4)

where

Xi the array of independent variables
1 known to affect performance of skill i.
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SFor argument's sake, let us say that A - 3, L - -1,
and L j; 5. At some hypotbetical point'?n the simulation.
The moderated mean performance time v-nuld equal the
following:

time - 20 + .3(3) + .5(--I) + .2(5)
L - 21.4 seconds

It is also worthy to note that these moderator functions
should not be viewed as "sacred cows not to be fooled with."
In fact, we hope that the moderator functions can continue to
develop and grow with the state-of-the-art in mathematical
modeling of human performance. Special care has been given
to dccument every segment of code which affects modeled human
"performance so that the source of that mathematical
relationship can be determined. During ths course of
developing these subroutines, many decisions had to be made
as to which model was best and, therefore, should be
included. Others may justifiably dispute these judgements.
We encourage anyone wishing to change these subroutines to
do so. We ask only that, if rossible, these changes be
forwarded to the authors so that we may continue to improve
the fidelity cf the skill moderator subroutines.
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III. THE MODERATOR FUNCTION DEVEILOPMENT PROCESS

The human factors literature is particularly weak in
most areas of quantitative human performance modeling and
prediction . Therefore, our task was basically two-fold.
First, we had to review the literature to locate articles andS~publications which were conducive to quantitative human

performance modeling. The second, and more difficult, job
was to take this conglomerate of literature and process it
into usable computer code.

For the remainder of this seLtion, we will separate our
efforts in the development of modetator functi.ons into the
following five steps:

1* . Literature review
2. Development of a computerized literature data

base
3. Selection of articles/publications for us'

in the moderator functions
4. Development of equations relating human

"performance to variables which effect
performance

5. Development and testing of moderator functions

3-1 Literature Review

* j A computer literature search was conducted on the DTIC
* .and Pyschological Abstracts files of the DIALOG data base.

The underlying search theme was Quantitative Human
"Performance Models. Also, an iterative search procedure

o.[ yielded a number of key words which might yield literature
relevant to this topic. A total of 350 abstracts were
reviewed from which 115 articles were selected as potentially
useful for the proposed effort.
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During the review, the reference sections ofparticularly intererting articles were examined. Those
references which were not aheady in the inventory were
ordered and also reviewed. Two articles which significantly
affected the final model were Siegel (1979) and Pew, et al
(1977).

All articles were given a cursory review to determine
their potential utility. If this review was positive, a more
thorough examination was conducted. This thorough review was
summarized on a form, an example of which is shown in Figure
II-1.

Each model within an article was also summarized on the
form shown in Figure III-1. Because some articles included a
number of human performance models, it was frequently the
case that an article was summarized on more than one form.

The categories on the formls are defined as follows:

1. Reference. information regarding author(s),
title, and other source data.

2. Appropriateness. A judgement was made by the
reviewer regarding the extent to which this
"article would be useful. These judgements
were based upon two criteria. First, did the
article present a significant contribution to
human performance modeling? If the answer was
yes, the article was appropriate. Secondly,
did the article provide data which would be
useful for modeling or validating air defense
systems? In other words, while the article
may not be generally useful for modeling,
could it provide some task specific information?
If so, the article was appropriate.

3. Dependent Variables. The specific dependent
v variable(s) defined by the model is described.

4. Ind--pendent Variables. Independent variables
which were included as mediators of the dependent

LNS
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Figure III-1
FORMS USED TO SUMMARIZE LITERATURE

Refereoce Phatak, A., Weinert, H., Segall, I., and Day, C.N. Identification
of a modified optimal control model for thi htman operator.
Automatica, 1976, 12 31-41.

Appropri, j SYes

Dependent V7.r-aL ls

Tzacking

Indepondint Variables

Operator gain vector
/ •Observation noise cavariance

Page
3S-38

Behaviors Tracking

Quantitativeness
Functicns

Suplporting Data

Q o Vai~ieation

SJ Validation with Questionable Results

Validated

Comments
Simplification of the optimal contrcl model
The intent is to increase the idantifiability of the model
paramters it seems to have worked
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variables are defined. No units were recorded,
but a short description was included.

5. Page. The paee(s) where the model was best
summarized was recorded. This was intended to
simplify future references to the model.

6. Behaviors. The general behavior categories which
were modeled were defined. These categories were
selected from the taxonomy in Table II-i.
Normally, a model would fit under only one
behavior category. If this was not the case,
all relevant behavior categories were listed.

7. Quantitativeness. The degree of quantitative
mode1 development was recorded. The lowest
degree of quantitativeness was nominal, or
zero quantitativeness. This implied that only
a verbal description of the relationship between
the independent and dependent variables was
provided. The next level was unscaled graphs,
in which the independent and dependent variables
were presented as constructs without specific
units. The third level was tables, or scaled
graphs, in which units were attached to
independent and dependent variables. Finally,
the highest level was functional, in which case
mathematical models were presented.

8. Supporting Data. The extent to which the model
was supporte-d-y data was determined. If no data
or references were presented, "No Validation"
was indicated. If the data were questionable,
this was also indicated. Admittedly, this
judgement was subjective; however, at some point,
this type of judgement must be made.

9. Comments. Additional comments were recorded.
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3-2 Development of a Computerized Literature Data Base

To facilitate the development and analysis of a data
base on models of human performance, a set of computer
programs and a computerized data base were developed.
Through the use of these programs, human performance models
can easily be stored into the data base and later analyzed in
a number of different ways. This approach was more practical
than hand recording of the data because computer input of the
data was less time consuming than hand recording, and each
computer analysis required only execution of a program,
whereas manual manipulation would require slower hand
calculations and data restructuring. Also, additions and
modifications to the data base were less cumbersome using a
computerized data base.

Three programs were written to create, modify, and
analyze the data bases. They are currently on an Apple II
"Plus microcomputer with 48K RAM. These programs are as
follows:

-4 1. £NTER ARTICLES. This program allows the entry of

models trom articles in the open literature into
the computer data base.

2. DATA BASE ANALYSTS. This program permits an exam-
ination of the data base to determine independent
variables which Affect skill categories, number of
times the variable is referenced, and articles
referencing the skill categories.

3. IV REF COUNT. This program counts the total
number o? times that all independent var.iables
are referenced in the data base.

For more details on the programs, see Laughery (1982a).
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3-3 Selection of Articles/Fublications For Use In The
Moderator Functions

In many cases in the literature, there were several
articles which related skill performance to a particular
human factors independent variable or seL of independent
vari3abes. This provided two alternatives regarding how to
model that skill/independent variable relationship in our
moderator functions:

1. Take the data and/or models from all of the
articles and use them simultaneously• (e.g.,
average the predicted results from all of
the models).

2. Select one model and/or data set and use that
to link skill pe:formance to independent
variables.

The first alternative was rejected because of two
factors. First, it would necessarily increase the leigth
and execution time of many moderator functions. While
execution time was not a driving factor in moderator function
development, it was an issue to which we were sensitive.
However, if the moderator functions were overly complex, as
they would be if all models were included, we believed that
this would decrease the face validity of the moderator
function approach. Consequently, we elected the second
alternative, select one model and/or data for inclusion, as
our approach.

The selection of which model tc include was made by
considering the following factors:

1. Was the model based on theory, data, or both?

2. Had a predictive validation study been conducted
on the model?

We would accept models which were based upon data over those
based strictly upon theory. Additionally, if a model had
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been validated, we would accept it over ancther model which
had not.

There are two other points which should be mentioned
here. First, if interactions were involved we would accept a
variable more than once. For example, if variable A were
found in two separate models to interact with variables B and
C, iespectively, then variable A would be included in both
models in the moderator function. To do otherwise would have
required that we "hypothesize away" interactions.

The second point relates to the modular nature of these
models. In each moderator function every model is clearly

documented with respect to its source including references
and page numbers. As stated in the previous section, if any
use- of the moderator functions has a etter model, then that
model can be substituted by changing a few (e.g., less than
five) lines of computer code. This mo iarity was seen as
necessary for expansion and improvemen of the moderator
functiotis.

3-4 Development of Equations Relating Human Performance to
Variables That Affect Human Performance

To say that the human factors literature is not
j| generally aimed at quantitative human performance prediction

is to understate the point. The human factors community has
largely ignored the development ot quantitative human

* performance prediction models in favor of normative models
and infere'itial statistical analysis. fhere are, of course,
some notable exceptions. However, we have generally
contented ourselves with statements regarding the direction
of effects of variables affecting human performance without
attempting to determine the extent of ýhe effect as a
function of the variable's value. I

Perhaps the best examples of this are the frequently
encountered studies which use regression analysis to analyze
their data. In many cases, a variety of regression
statistics were reported, including percent of variance
accounted for and type I error probability; however, the
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coefficients of the regression equation were not reported.
From the modeler's perspective, the ccefficiTntFs of the
regression equation are the essence of the data.

Because of this inattention of the human factors
literature to predictive model development, the greatest
portion of the task of developing equations involved the
running of statistical analyses on either raw data or
descriptive statistics in order to develop the equations.

Calspan developed a set of computer programs for an
Apple II microcomputer which allowed us to develop the
predictive models interactively. The programs were written
so that when the data from an article or report were entered
into the computer they were automatically stored in a data
file where they could then be analyzed via one of the
following seven methods:

1. Simple Regressicn (y = a + bx) bx ?

2. Exponential Regression (y = a + ebx )3. Inverse Exponential Regression (y = a + ebX) • •,

4. Squared Exponential Regression (y -a + ebx2 )

5. Inverse Squared Exponential (y - a + e-bx2)

Regression

26. Polynomial Regression (y - a + blx + b 2  ) x.;

7. Multiple Regression (y - a + blxI + b 2 x2 )

where a and b are parameters estimated from the
data, y is the dependent variable, and x is the
independent variable.

Once the data were stored in a data file, they could be
reanalyzed by any of the seven methods simply by specifying
the file name at the beginning of program execution. The
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analys.s of each data file consisted of the following two
types of information:

1. The summary statistics of the regression analysis.

2. A plot of the line which would be predicted by the
"regression model vs. the data points in the data
file (which were used to create the model). Thegraph axes were automatically scaled to the data.

Examples of the summary statistics and plots for each of the
seven analysis types are included in Figures 111-2 through
111-8. Printouts of each of the seven computer programs (one
for each model type) are included in Appendices A through G.

To select the "best" equation (i.e., tegression model

type), both the percent of variance accounted for and a
visual examination of the predicted vs. actual points were
considered. The visual examination helped to ensure that a
model was a good predictor over the range of values of the
independent variable. Additionally, the law of parsimony was
considered in that if two models predicted equally well with
respect to both variance and a review of the range of values,
the least complex model was selected using the following
order of complexity:

Least complex Simple Regression
Exponential Regression
Inverse Exponential Regression
Squared Exponential Regression
Inverse Squared Exponential

Regression
cmePolynomial Regression

Most complex Multiple Regression

Finally, for those studies where a predictive model was
presented, that model was incorporated into the moderator
functions without changes.

'-3
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Figure 111-2

EXAMPLE OF SUMMARY STATISTICS AND PLOTS FOR

SIMPLE REGRESSION

H)T RETURN FOR PLOTINTRIEPT=.4564
2 6 6 3 1

SLOPE=.031385e695

R SQUARED=.924762 2 3 8

MEAN OF X=3.3
MEAN OF Y=.56

EQUATION
.456426631 + .0313858695 X

HIT RETURN FOR PLOT
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Figure 111-3

EXAMPLE OF SUAMARY STATISTICS AND PLOTS FOR

EXPONENTIAL REGRESSION N

ASSYMPTOTE=. 1 ;390625
SLOPE = o283110194
EXPONENT = .0851536923

R SQUARED = 0e63426997

EQUATI ON
.173 + .283 * E./( .08 * X)

HiT RETURN FOR PLOT OF DATA AND FUNC

'INq

N I I ,.•
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Figure 111-4

EXAMPLE OF SUMMARY STATISTICS AND PLOTS FOR
INVERSE EXPONENTIAL REGRESSION

HIT RETURN FOR PLOTý OF DATA AND FUNC
ASSYMPTOTE= 13.75
SLOPE = -2.593128651
EXPONENT = .325059264

R SQUARED = .996388943

EQUATI ON
13.75 - 2.593 , EXP(.325 * X)

HIT RETURN FOR PLOT OF DATA AND FUNC

,"1!I I I, If11 I II I I II If I IIII fi 1 II1
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Figure 111-5

EXAMPLE OF SUMMARY STATISTICS AND PLOTS FOR
SQUARED EXPONLENTIAL REGRESSION

bJ

ASSYMPTOT'i-7. 659375
SLOPE = 9.35758531
EXPONENT - .0197928057

R SOUARED .943536258

t EOUAT 1 ON
-7.86 + 9.357 • EYP(.019 * X2 )

HIT RETURJI FOP PLOT OF [£ATA AND FLtNC

2 . -
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"Figure 111-6

EXAMPLE OF SUMMARY STATISTICS AND PLOTS FOR
INVERSE SQUARED EXPONENTIAL REGRESSION

ASSYMPTOTE! . 9590625
SLOPE - -1.10631385
EXPONENT - 1. 8 2153652E-03

R SQUARED m .723429619

EQUAT I ON
1.959 - 1.106 * EXP(IE-03 * X2)

HIT RETURN FOR PLOT OF DATA AND FUNC

¶7
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Figure 111-7

EXAMPLE OF SUMMARY STATISTICS AND PLOTS FOR
POLYNOMIAL REGRESSION

REGRESSION ANALYSIS

6(0)-n.433579061
B(I )=.0593711891',*,,•-•8<2)=-3.62761549E-03

R SQUARED = .981618056

% ~ANOVA
'" SS DUE TO Y=.0384794273

MS DUE TO Y=.0192397137
-. SS. DUE TO ERROR=7.20572192"E-04
i•"MS DUE TO ERROP=3.6O286096E-04

,":• F( 2,2)=299.04

EQUAT ION

.433 + .058 * X ÷ -4E-03 * X'2

HIT RETURN FOR PLOT

" I I I I ! ! I I l I !N - I I I I I I 1
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Figure 111-8

EXAMPLE OF SUMMARY STATISTICS AND PLOTS FOR
MULTIPLE REGRESSION

REGRESS: ON ANALYSIS

SB(0)=-14.8842778
B(1)=-2.59297686
B(2)=4.31843572

R SQUARED = .975755838

ANOVA
SS DUE TO Y=774.750136k• MS DUE TO Y=387.375068
SS DUE TO ERROR=19.2498646
MS DUE TO ERROR=4.81246615

F(2,4)=450.76

EQUATION
-14.885 + -2.593*X(1)) + 4.318*X(2))

N-40
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3-5 Development and Testing of Moderator Functions

Once all of the equations had been prepared for each
N skill category, they had to be combined into FORTRAN

subroutines which represented the moderator function for each
skill category. Aside from simply including all the
equations, two other issues had to be considered as well.

First, there was the issue of whether some equations
should be weighted more than others. We immediately decided
that there were no readily justifiable means for subjectively
or objectively weighting the quality of each model (i.e., the
equation). Therefore, we decided that the only weighting we
would do would be based upon the number of independent

S• variables in the model. For example, if one equation
1 included three independent variables, then it would have

three times more influence in moderating skill performance
0 •than an equation which included only one independent

variable. This provided a roughly equal weighting for each
independent variable.

Second, we had to ensure that the final moderated skill
times or probabilities did not exceed legitimate bounds.
Times had to be greater than zero and probabilities had to

Srange beLween zero and one.

Once the FORTRAN subroutine was completed and loaded
". into the computer, debugging and sensitivity testing

commenced. Sensitivity testing simply involved manipulating
each of the independent variables used in a routine toj g determine if that moderated skill performance behaved
reasonably. For example, if increased sleep deprivation led
to improved performance, the odds were good that there was

S,• either a model development or coding error. As errors were
identified, the software was reviewed and corrected.

Currently, all software has been debugged and
........ sensitivity tests conducted. The next step would logically

be a study of the predictive validity of one or several of
the functions in an operational environment. Unfortunately,

N.4
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I
neither the MOPADS uperator ctimputer models nor real-world
data were available at the completion of this study for this
analysis.

i
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IV. ADVANTAGES AND DISADVANTAGES

The advantage of %he approach described in the previous
chapters is expected Zo be higher fidelity simulation. IA
assessment of human performance is one of the simulation
objectives, this approach will allow'more accurate simulation
of performance under a variety of conditions. The model will
beh ve more like humans behave th'an it would if static task
performance parameters were used.

i An ancillary advantage is that it does not require a
human performance modeling expert. Once the task network is
created, all that is required of the analyst is to specify
theiskills required for each task (from the predetermined
list presented in Table I-I) and the proportion of each skill
for' task performance. Then, the skill moderator functions
will. be used to automatically manipulate task performance
parameters. The skill moderator functions have been

'.4 developed modularly so that they may be improved as the human
factors profession gains more knowledge about quantitative
human performance modeling. That is, as better data become
available linking the independent variables to consequent
skill performance, these data can be translated into models
and these models can be incorporated into the moderator
function software. The software is well documented in this
"regard.

The primary disadvantage is that the subroutines require
the additional human factors independent variables to be
included in the computer model. Endogenous variables will
have to be updated during the simulation and exogenous
variables will need to be specified. This can be a

* . formidable task. The current moderator functions have been
"designed to accommodate default values so theanalyst may
"skip" some human factors variables, if desired. However, if

* the modeler wants improved fidelity, he or she must pay for
it with the maintenance of additional variables. However, in
any simulation, the modeler must be prepared to maintain the
variables that he or she wishes to study.

N-
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The other currert disadvar.tage is the absence of a
predictive validation study. The skill moderator functions
have internal validity in that they were developed from
validated human performance models or data in the open
literature. However, the "bottom line" of predictive
validity is, as yet, undetermined.

NM,
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, LOJIEM: 16385
10 D$ = CHR$ k4)
15 DIM D(2.200).
20 PRINT OENTER NAME OF DATA BASE FOR ANALYSIS': PRINT OR 'RETURN' IF

DATA ARE TO BE ": PRINT ' ENTERED MANUALLY'
:0 INPUT DS$: IF LEN (DS$) < I GOTO 500
35 ONERR GOTO 60
40 PRINT D$;"OPEN ";DS$: PRINI D$;'READ ";DS$: INPIJ7 ND: POKE 216,0:N N

ND / 2:FL = 1: GOTO 500
:0 IF PEEK (222) < ) 5 THEN STOP
70 POKE 216,0
30 PRINT : PRINT 'THIS DATA SET DOES NOT CURRENTLY EXIST': PRINT " ENTER

DATA TO CREATE IT OR HIT': PRINT * 'RETURN' TO EXIT THE PROGRAM"
I) I = 0: DIM A$(500)

110 PRiNT
"10 PRINT TYPE '$$' TO QUIT"
.20 PRINT " TYPE '$B' TO BACKUP'
;25 PRINT "IND VARS ARE ODD ENTRIES': PRINT "DEP VARS ARE EVEN ENTRIES"
30 I = I + I

!40 FRRINT "INPUT #0:I -
'50 INPUT As(])
:55 IF I = I AND A$(I) = "U THEN PRINT D$;"DELETE ';DS$: STOF
:60 IF AW(I) = "$B" THEN I = I - 1: GOTO 140
:70 IF A$(]) =.'$$u GOTO 200
.30 GOTO 100
.90 PRINT
-00 PRINT D$:"OPEN ";DS,
'10 PRINT D$;"WRITE ";oS$
-20 PRINT I - 1

--30 FOR J = I TOI -I
240 PRINT A$(J)
,50 NEXT J
260 PRINT D$.;"CLOSE ";DS$ ,.,

270 GOTO 40
00 REM BEGIN REGRESSION
'1l0 IF FL = 0 THEN INPUT 'NUMBER OF DATA PAIRS U;N

520 FOR I = I TO N
530 IF FL = 0 THEN PRINT * DATA PAIR #';I;* (IND VAR, DEP VAR)"
540 INPUT A,B:D(I1,I) = A:D(2.1) = B
550 Al = Al + A:A2 = A2 + A * A:B = 81 + 8:82 = 82 + B * B:AB AB + A *,

B
560 NEXT I
565 FRINT D$;"CLOSE'
570 SX = A2 - (Al * Al) / N
580 SY = 82 - (BI * BI) / N
590 SP = AB -. ((Al * 81) IN)
600 Al = Al / N:BI = 81 / N
610 HOME - PRINT "INTERCEPT=";Bl - (SP /SX) *A"
620 IC = 81 - (SP / SX) * Al
630 PRINT "SlOPE=";SP / SX
,.40 SL = SP / SX
A50 PRINT , PRINT : PRINT R SQUARED=':(SP * SP) ' (SX * SY)
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660 PRINT : PRINT "MEAN OF X=";At: PRINT "MEAN OF Y="O;B1 FL
665 PPINT PRINT "EQUATION"
666 PRINT IC;" + ";SL;" * X": PRINT
670 INPUT "HIT RETURN FOF PLOT",.Q$
o80 DEE- FN RG(WW) = IC + 'L * WW
690 T7 = 270:05 = 150:01 = I
700 LX = 99999:LY = 99999:HX = - 99999:HY - 9999?

710 FOR I = I TO N
720 PRINT D(Ii),D(2,I). FN RG(D(I,))
?30 IF D(I,I) > HX THEN HX = D(1,I)
740 IF .I1,I) < LU THEN LX = D(1,1)
750 IF D(2,•' < LY THEN LY = D(2,1)
760 IF D(2,1) > HY THEN HY = D(2,1)
770 IF FN RG(D(1,I)) > HY THEN HY FN RG(D(I,I))
780 IF Fl- RG(D(1,I)) ( LY THEN LY = FN RG(D(I,I))
790 NEXT I
:?0o LX = LX - 0.1 * (HX - LX)
i10 HX = HX + 0.1 * (HX - LX)
ý20 LY = L" - 0.1 * (HY - LY)
330 HY = HY + 0.1 * (HY - LY)
340 HGR : HCOLOR= 3: HPLOT 0,0 TO 0,150 TO 270,150 TO 270,0
350 FOR I = I TO 140 STEP 10 H
360 HPLOT 0.1 TO 5.1: HPLOT 265,1 TO 270.1
370 NEXT I
ý80 FOR I = 10 TO 270 STEP 10
390 HPLOT 1,145 TO 1,150 x"
,,00 NEXT I
?10 MX = 270 / (HX - LX):MY = 150 / (HY - LY)
,20 FOR I = I TO N
-"70  HPLOT (D(I,l) - LX) * MX,050 - (C(2.1) - LY) * MY
;40 NEXT I
?50 FOR I = 15 TO 253
'60 HPLOT I - 01,05 - ( FN RG((I - 01) / MX + LX) - LY) * MY TO 1,05 - (

FN RG(I / MX + LX) - L") * MY
'70 NEXT I
?80 LX = INT (LX * 100) / 100:LY = INT (LY * 100) / 100:HX = INT (HX *

100) / 100:HY = INT (HY * 100) / 100 " -

98! VTAB 21: PRINT "FILE=";DS$: PRINT "LOW X VALUE=";LX; TAB( 21);"HIGH
X VALUE=";HX: PRINT 'LOW Y VALUE=";LY; TAB( 21);"HIGH Y VALUE=";HY

:'90 INPUT "HIT RETURN TO CONTINUE, .E' TO END";QW$: IF QuS "Eu THEN TEXT
END C".

1000 TEXT K.
1010 GOTO 610
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5 LOMEI: 1636510 D$ - CHR$ (4)

20 PR'NT "ENTER NAME OF DATA BASE FOR ANIALYSIS*; PRINT " OR 'RETURN' IF
DATA ARE TO BE 'z PRINT 0 ENTERED MANUALLY"

" 30 INPUT DS$: IF LEN (DS$) < I GOTO 500
35 ONERR GOTO 60
"40 PRINT D:'OPEN *;DS$: PRINT D-;'READ ";DS$: INPUT ND: POKE 216.0:t/f-

ND / 2:FL -. I: GOTO 500
60 IF PEEK (222) < > 5 THEN STOP
70 POKE 216.4
80 PRINT : PRINT *THIS DATA SET DOES NOT CURRENTLY EXIST': PRINT " ýNTER

DATA TO CRFATE IT OR HIT': PRINT 'RETURN' TO EXIT THE PROGRAtis
"" 90 1 a 0: DIM A$(500)

100 PRINT I
110 PRINT ' TYPE '$$' TO QUIT'

* 120 PRINT ' TYPE '$B' TO BACKUP;
125 PRINT 'IND VARS ARE ODD ENTRIESO: PRINT 'DEP VARS ARE EVU,, I ES'
130 1 - I I
'40 PRINT 'INPUT #';I4
;50 INPUT A$(I)

155 -IF I = I AND AS(I) = THEN PRINT D$;"DELETE ';DS$: STOP
160 IF AS1) = rSB3 THEN I = I - 1: GOTO 140
170 IF AS(I) = '$SO GOTO 200
190 GOTO 100
190 PRJNT

.00 PRiNT D$:'OPEN ";DS$
"210 PRINT D$:'WRITE ";DS$
220 PRINT I - I
"230 FOR J = I TO I - 1

• 240 PRINT AS(J)

260 PRINT D$;'CLOSE ";DS$ I
270 G0"T0 40

500 H = - ?999:L = 9999
,510 DIM D(2,500)

520 IF FL = 0 THEN INPUT "NUMBER OF DATA PAIRS;N N
'430 FOR I = I TO N
540 IF FL - 0 THEN PRINT " DATA PAIR i4';I;6 (IND VAR, DEP VAR)'
550 INPUT D(I,I),D(2,I)
560 IF O(2,1) > H THEN H = 0(2,1)

.- 570 IF D(2,I) ( L THEN L = 0(2,1)
3 80 NEXT I

* 585 PRINT D$:'CLOSEI: HOME
. 600 DIM EX(5):CV .001:SN 25

I610 IR - I
"o020 HI - L:LI = 2 *L - H

.-- 630 EV(I) = 0

".640 EX(5) = 0
'.6 45 5I =HI - L!
'-50S C =LI # .5 * SI

,60 GOSUB 10000:EX(3) = R2
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700 C - LI + .25 * SI: GOSUB 10000:EX(2) = R2
710 Y-" LI + .75 * SI: 60SUB 10000F..X(4) - Rk
720 r - 999
730j FOR i ",=2TO 4

,I 74 IF EX(M) ) 9• THEN B = li:BV = EX(I)
75. N4EXT I
7 f0 AX = EX(BS - 1):AY a EX,:BS):AZ = EX(BS + 1)
0 EX(:) - 4AX:EX(3) " AY:E<((5) - AZ

90 IR = IR 4 I
0J0 LI - LI + (8S - 2) * .25 * SI:SI = SI / 2.0

ftI0 IF EX(3) - EX(1) CV OR EX(3) - EX(3) ( CV GOTO 1000
15 IF IR a SN GOTO 1000

920 GOTO 700
!000 C - LI * St / 2
1100 FOR I a I TO N

- 1110 A - 0(I.I)=B - LOG 'D(2,I) - C)
"i130 Al Al A:A2 A2 + A * A:81 = +1 * B:B2 8 B2 B * BiAB a AB + A *

r8 B
, •.- .;40 NEXT I

:150 SX - A2 - (Al Al) / N
i,. 160 SY - 82 - (B1 * 81) / N
: 70 SP a AB - ((A * 81) / WJ

.. 80 Al = Al / N:BI = 1I 'N
:90 SL = -t - (SP / SX) * Al

u. 200 SL - EXP (SL)
210 EX = SP / SX

:215 ?RINT ONLIBER OF ITERATIONS=";IR - 1: PRINT
* "20 PRINT : PRINT 'ASSYMPTOTE=";C

`230 PRINT "SLOPE = ';$L: PRINT "EXPONENT ";EX
.235 R2 = (SP * SP) / (SX * S0)
".240 PRINT : PRINT . PRINT " R SQUARED = ;R2

,245 PRINT : PRINT "EOLATION": PRINT U; INT (C * 1000) / 1000:0 + "; INT
"(SL * 1000) / 1000i" * EXP('; INT (EX * 1000) /-1000;0 * X)m: PRINT

1250 PRINT : INPUT "HII RETURN FnR PLOT OF DATA AND F.YNCO;Q$
1260 DEF FN RG(WW) = + SL * EXP (EX * WW)
1270 T7 = 270:05 = 150:qI = I
1280 LX = 99999:LY = 99 99:HX = - 99999:HY = - 99999
1290 FOR I = I TO N

* 1310 IF D(1,I) > HX THEN HX = 0(1,1)
1320 IF D(I,I) < LX THEi LX = D(1,1)
1330 IF D(2,I) ( LY THEk LY = D(2,I)
1340 IF D(2,1) > KY' THEN HY = DZ2,1)
1350 IF FN RG(D(t,)) .l HY THEN Y' - FN RG((1,I).)
1360 IF FN RG(D(I,I)) LY THEN LY = FN RG(D(I,I))
1370 NEXT I
1380 LX = LX - 0.1 * (HX F LX)
1390 HX = HX + 0.1 * (HX LX)
.1400 LY = LY - 0.1 * (HY LY)
1410 HY = H'( + 0.1 * (HY " LY)
1420 HGR : HCOLOR= 3: HPLOT 0,0 TO 0,150 TO 270,150 TO 27CO

S *- 1430 FOR I = I TO 140 STEP 10
1440 HPLOT 0,1 TO 5,1: HPLOT 265.1 TO 270.1
1450 NEXT I



1460 FOR 1 16 TO 270 STEP 10

1470 HPLOT 1,145 TO 1,150
1480 NEXT I
1490 MX = 270 / (HX - LX):MY = 150 / (HY - LY)
1500 FOR =1 TO N
1510 HPLOT (D(1.1) - LX) * MX,150 - (D(2.1) - LY) * MY
1520 NEXT I

* 1530 FOR I = 25 TO 250
1540 HPLOT I - 01.05 - ( FN RG((O - 01) / MX + LX) LY) * MY TO 1,05 -

( FN RG(I / MX LX) - LY) * MY
.. 1550 NEXT I

1560 LX = INT (LY * 100) / 100:LY = INT (LY * 100) / 100:HX = INT (HX *

100) / 100:HY INT (HY * 100) / 100
* 1570 VTAB 21: PRINT "FILE=';DS$: PRINT "LOW X VALUE=*;LX; TAB( 21);"HIGH

X VALUE=*tHX: PRINT 'L0W Y VALUE=4;LY; TAB( 21);"HIGH Y VALUE=";HY
1580 INPUT "HIT RETURN TO CONTINUE, 'E' TO ENDI;QW$: IF QW$ - 'Em THEN TEXT

S. , END
"- 1590 TEXT : GOTO 1220

10000 FOR I = I TO N
". 10860 A = D(.II):B = LOG (D(2,I) - 0)

S10870 Al = +l * A:A2 = A2 + A * A:81 - 81 4 6:82 = 82 B * B:AB z AB S A

10880, NEXT I
10890 SX = A2 - (Al * Al) / N
10900 SY = 82 - (81 * 61) / N

. 11000 SP AS - ,(Al * BI) / N)
11500 R2 = (SP * SP) / (SX * SY)
12000 Al = 0:i2 = 0:Bl = 0:82 a O:AB = 0
12020 RETURN

N'-
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5 LOMENi: 16385
10 D$ - CHR$ (4)

20 PRINT 'ENTER NAME OF DATA BASE FOR ANALYSIS': PRINT " OR 'RETURN' IF
DATA ARE TO BE *: PRINT " ENTERED MANUALLY"

30 INPUT DS$: IF LEN (DSS) < I GOTO 500
35 ONERR GOTO 60
46 PRINT D$-'OPEN ';DS$: PRINT D$;'REAO ';DS$: INPUT NDs POKE 216,0:N -

ND / 2:FL = 1: GOT 500
60 IF PEEK (222) < ) 5 THEN STOP
70 POKE 216,0
80 PRINTrl : PRINT 'THIS DATA SET DOES NOT CURRENTFLY EXIST*: PRINT 0 ENTER

DATA TO CREATE IT OR HIT': PRINT ' 'RETURN' TO EXIT THE PROGRAM'90 1 = 0: DIM A$(500)
P HSE00 PRINT

110 PRINT Y TYPE '$$' TO QUIT'
120 PRINT B TYPE '$B" TO BACKUP'

PS !25 PRINT "IND VARS ARE ODD ENTRIES': PRINT 'DEP VARS ARE EVEN ENTRIES'130i1= I +

140 PRINT 'INPUI #';I
150 INPUT A$(I)
153 IF I = I AND A$(I) = "" THEN PRINT D$;'"DELETE ';DS$: STOP
160 IF A$(I) = '$B' THEN I = 1 - 1: GOTO 140
170 IF AS(I) = "$$' GOTO 200
180 GOTO 100

* 190 PRINT
"200 PRINT Dl;"OPEN ";DS$
210 PRINT D$;"WRITE ";DS$
220 PRINT I .- I
230 FOR J = ITO. -1
240 PRINT A$(J)
250 NEXT J
260 PRINT ')$;"CLOSE ";DS-S
270 GOTO 40
500 H = - 9999:L = 9999
510 DIM D(2,500)
520 IF -L = 0 THEN INPUT "NUMBER OF DATA PAIRS';N
530 FOR'] = I TO N
540 IF FL = 0 THEN PRINT ' DATA PAIR #';I;' (IND VAR, DEP VAR)"
550 INPUT D(1,I),D(2,i)
560 IF D(2,I) ) H THEN H = D(2,I)
570 IF D(2,I) < L THEN L = D(2,1)
580 NEXT I
"585 PRINT D$;"CLOSE': HOME
600 DIM EX(5):CV = .001iSN = 25
610 IR = I
620 LI = H:HI = 2 H - L
630 EX(1) = 0
640 EX(5)=0
645 SI =HI - LI
650 C LI + .5 * SI
660 GOSUB 1O000:EX(3) R2
700 C = LI + .25 * SI: GOSUB 10000:EX(2) = R2

/ 710 C = LI + .75 * SI: GOSUB 10000:EX(4) = R2
"720 BV= -999
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730 FOR I 2 TO 4
740 IF EX(1) 1 B1 THEN BS = I:PV 9 EX(I)
750 NEXT I
"760 AX = EX(BS - I):AY a EX(BS):AZ - EX(BS + 1)
'70 EX(I) = AX:E,((3) = AY:EX(5) - AZ
'90 IR = IR + I
800 LI = LI + (BS - 2) * .25 * SI:SI SI / 2.0
610 IF EX(3) - EX(1) < CV OR EX(3) - EX(5) ( CV GOTO 1000
815 IF IR - SN GOT0 1000
820 GOTO 700
1000 C - LI + SI / 2
1100 FOR I - I TO N
1110 A = D(I,I):B - LOG (C - D(2,1))
"1130 Al a Al + A:A2 = A2 + A * A:B1 = BI 4 8:B2 8 92 4 B * 8:AB a A6 + A *

B

1140 NEXT I
1150 SX - A2 - (Al * Al) / N
!160 SY - 82 - (81 * B1) / N
!170 SP = AB - ((Al * B"1) / N)
"1180 Al Al / N:BI 81 / N•..1190 SL = 81 (SP IS:;) *Al

1200 SL = EXP (SL)
1210 EX - SP / SX
1215 PRINT 'NUMBER OF ITERATIONS=':IR - 1 PRINT
1220 PRINT : PRINT "ASSYXPTOTE=';C
1230 PRINT 'SLOPE = ": - SL: PRINT *EXPONENT =, ;EX
1235 R2 = (SP * SP) / (SX * SY)

S;1240 PRINT : PRINT PRINT w R SQUARED = ";R2
1245 PRINT : PRINT "EQUATION': PRINT ' "; INT (C * 1000) / 1000;" -': INT

.**(SL * 1000) / 1000;' * EXP('; INT (EX * 1000) / 1000;4 * X)': PRINT

"1250 PRINT : INPUT "HIT RETURN FOR PLOT OF DATA AND FUNC';G$
1260 DEF FN RG(WW) = C - SL * EXP (EX * WW)
I 7' - T7 = 270:05 -150:01 1
1280 LX = 99999:LY = 99999:HX - 99999:HY - 99999"•1290 FOR I = I TO N

.1310 IF D(1,) > HX THEN HX = D(1,I)
. 1320 IF D(1,I) < LX THEN LX = D(1,1)

1330 IF D(2,1) < LY THEN LY = D(2,1)
- , 1340 IF D(2,1) ) HY THEN HY = D(2,I)

1350 IF FN RG(D(1,I)) H Y THEN lY = FN RG(D(I,I))
"1360 IF FN RG(D(I,I)) ( LY THEN LY = FN RG(D(1,I))
"1370 NEXT I
1380 LX - LX - 0.1 * ('X - LX)
1390 HX - HX * 0.1 * (HX - LX)
1400 LY = LY - 0.1 * (HY - LY)
1410 HY - HY + 0.1 * (HY - LY)
1420 HGR : HCOLOR= 3: HPLOT 0,0 TO 0,150 TO 270.150 TO 270,0
1430 FOR I = I TO 140 STEP 10
1440 HPLOT 0,1 TO 5,1: HPLOT 265,1 TO 270,1

' 1450 NEXT I
1460 FOR I = 10 TO 270 STEP 10
1470 HPLOT 1.145 TO 1,150
1480 NEXT I

-N57
Ao

.1



1490 MX " 270 / (HX - LX):MY 150 / (HY - LY)
1500 FOR I a I TO N
1510 HPLOT (D~1,,') - LX) * MX,150 - (0(2,I) - LY) * MY
1520 NEXT I
1530 FOR ! = 25 TO 250
1540 HPLOT I - 01,05 - ( FN RG((] - 01) / MX * LX) - LY) * MY TO 1,05 -

( FN RG(! / MX + LX) - LY) * MY
1550 NEXT I
:560 L, INT (LX * 100) / 100:LY a INT (LY * 100) / 100:HX a, INT (HiX 0

100) /100:HY * INT (HY * 100) / 100
1570 VTA8 21: PRINT "FILE=':DS$: PRINT "LOW X VALUE=",LX; TAB( 21);'HIGH

X VALUE,';HXs PRINT "LOW Y VALUE"I;LY; TAB( 21);IHIGH Y VALUE=;NHY
1580 INPUT "HIT RETURN TO CONTINUE, 'E' TO END';QW$: IF M - "E" THEN TEXT

: END

1590 TEXT : GOT0 1220
:0000 FOR I = 1 TO N

'960 A = D(0.1):8 LOG (C - D(2,1))
.?•870 : 11 Al + AzA2 - A2 * A * A:B1 - 61 * 8:82 8 62 * 0 * B:AB - AB + A

2380 NEXT I
.,'l90 SX - A2 - (At * Al) / N

.. 900 SY - 82 - (B1 * 81) / N
,:000 SP - AB - ((AI * 91) / N)
"i1500 R2 = ",SP o SP) / (SX * SY)
A2000 Al 0:A2 0:81 = 0:92 u 0:AB S 0
12020 RETUFW

'5
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5 LOMEM: 16385
10 D$ = CHR$ (4)
20 PRINT *ENTER NAME OF DATA EASE FOR ANALYSIS': PRINT OR 'RETURN' IF

WATA ARE TO BE ': PRINT a ENTERED MAL'.LLY"
30 INPUT DS$: £F LEN (DS$) < I COTO 500
35 ONERR GOTO 60
40 PRINT D$;'OPEN ";DS$: PRINT D$;'READ ";DS$: INPUT ND: POKE 216.0:N =

ND / 2:FL = 1: GOTO 500
60 IF PEEK (222) < ) 5 THEN STOP

'70 POKE 216.0
80 PRINT : PRINT 'THIS DATA SET DOES NOT CURRENTLY EXIST': PRINT * ENTER

DATA TO CREATE IT OR HIT': PRINT I 'RETURN' TO EXIT THE PROGRAM1

90 1 = 0: DIM A$(503)
100 PRINT
110 PRINT " TYPE '$$' TO QUIT*
120 PRINT " TYPE '$B' TO BACKUP'
125 PRINT "IND VARS ARE ODD ENTRIES': PRINT "DEP VARS ARE EVEN ENTRIES'

130 1 = I + I
140 PRINT 'INPUT #'0I
150 INPUT A(1)'
155 IF I = I AND AS(I) = '' THEN PRINT D$;'DELETE ";DS$: STOP

160 IF AS(I) = O$W' THEN I = I - 1: GOTO 140

170 -IF A$(I) = '$$' GOTO 200
180 GOTO 100
190 PRINT
200 PRINT D$;'OPEN ";DS$
210 PRINT D$;"WRITE ";DS$
220 PRINT I - I
230 FOR J = I TO I - I
240 PRINT A$(J)
250 NEXT J
26& PRINT D$;'CLOSE ';DS$
270 GOTO 40
500 H = - 9999:L = 9999
510 DIM D(2,500) p
320 IF FL = 0 THEN INPUT 'NUMBER OF DATA PAIRS';N
330 FOR I = I TO N
340 IF FL = 0 THEN PRINT " DATA PAIR #';I;" (IND VAR, DEP VAR)"

350 INPLF" D(1,I),D(2,1)
560 IF D(2,I) ) H THEN H = De2,I)
370 IF D(2,I) < L THEN L = D(2,I)
380 NEXT I
585 PRINT D$;"CLOSE": HOME
-Ž00 DIM EX(5):CV = .001:SN = 25 I610 IR = I

620 HI = L:LI = 2 * L - H
630 EX(I' = 0
640 EX(5) = 0
64591 = HI - LI
-50 C = LI + .5 * SI
,60 GOSUB 10000:EX(3) = R2
"-0 C = LI + .25 * SI: GOSUB 10000:EX(2) = R2

710 C = LI + .75 * SI. G0SU8 10000:EX(4) = R2
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720 BV = -999
730 FOR I 2 TO 4
740 IF EX(I) ) BV THEN BS = I:BV = EX(I)5 750 NEXT I
.760 AX = EX(BS - 1):AY = EX(BS):AZ = EX(BS + 1)
770 EX(1) = AX:E.(3) = AY:EX(5) = AZ
.90 IR = IR + I
".300 LI = LI + (BS - 2) * .25 * Sl:SI = SI / 2.0
'10 IF EX(3) - EX(1) < CV OR EX(3) - EX(5) < CV GOTO 1000
,?15 IF IR = SN GOTO 1000
320 GOTO 700
;000 C = LI + SI / 2
!100 FOR I = I TO N
1110 A = D(1,I) * D(I,I):8 = LOG (0(2,1) - C)
1130 Al = Al + A:A2 = A2 + A * A:BI 81 + B:B2 = B2 + B * B:AB AS 4 A *

B
1140 NEXT I
':50 SX =A2 - (AI * Al) / N
:160 SY -= 82 - (BI * BI) / N
;!70 SP = AB - ((A* BI) N)
* .80 Al = A! / N:B 81 / N
-7 20 SL = BI - (SP / SX) AlI
.;00 SL = EXP 1.5L)
"A O0 EX = SP / SX

.215 PRINT "NUMBER OF ITERATIONS=";IR - 1: PRINT
:220 PRINT : PRINT "ASSYMPTOTE=':C
,230 PRINT "SLOPE ";SL: PRINT "EXPONENT EX
'235 R2 = (SP * SP) / (SX * SY)
'240 PRINT : PRINT PRINT " R SQUARED ` ;P2
.245 PRINT : PRINT "EQUATION": PRINT "" INT (C * 1000) / 1000:. + "; INT

(SL * 1000) / 1000;" * EXP(u; INT (E:;( * 1000) 1 1000:" * X^2 )": PRINT

;250 PRINT : INPUT "HIT RETURN FOR PLOT OF DATA AND FUNC";Q$
:260 DEF FN RG()AJW) = C + SL * EXP (EX * WA *WW)
,270 T7 = 270:05 = 150:01 1
:230 LX = 99999:LY = 99999:HX - 99999:HY = 99999
1290 FOR I = I TO N
1310 IF D(1,I) ) HX THEN HX = D(1,1)
1320 IF D(1,I) < LX THEN LX = DA.,I)
1330 IF D(2,1) < LY THEN LY = D(2,I)
1340 IF D(2.1) ) HY THEN HY = D(2,I)
1350 IF FN RG(D(.II)) ) HY THEN HY = FN RG(D)(1,I))
1360 IF FN RG(D(I,1)) < LY THEN LY = FN RG(D(I,I))
1370 NEXT I
1380 LX = LX - 0.1 * (HX - LX)
1390 HrX = HX + 0.1 * (HX - LX)
1400 LY = LY - 0.1 * (HY - LY)
1410 HY = HY + 0.1 * (HY - LY)
1420 HGR : HCOLOR= 3: HPLOT 0.0 TO 0,150 TO 270,150 TO 2.0,0
1430 FOR I = I TO 140 STEP 10
"1440 HPLOT 0,1 TO 5,1: HPLOT 265.1 TO 270,1
1450 NEXT I
1460 FOR I = 10 TO 270 STEP 10
1470 HPLOT 1,145 TO 1,150
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1480 NEXT I
1490 MX = 270 /L(HX - LX):MY 50 / (HY - LY)
1500 FOR I = I TO N 4
1510 HPLOT (D(I,I) - LX) * MX,150 - (2 .1) - LY) * MY
1520 NEXT I
1530 FOR I = 25 TO 250
1540 HPLOT I - 01,05 - ( FN RG((I - 01) MX + LX) - LY) * MY TO 1,05 -

( FN RG(I / MX + L;() - LY) * MY
1550 NEXT I
1560 LX = INT (LX * 100) / 100:LY = IN41 (LY * 100) / 100:HX = INT (HX *

100) / 100:HY = INT (HY * 100) / 100
!570 VTAB 21: PRINT "FILE=.:DS$: PRINT %LOW X VALUE=O;LX; TAB( 21);"HIGH

X VALUE=";HX: PRINT "LOW Y VALUE=';LY; TAB( 21)•HIH Y VALUE";HY
1590 INPUT "HIT RETURN TO CONTINUE, 'E' T0 END" ;QW$: IF QW$ = E THEN TEXT

END
'590 TEXT I30T0 1220
:0000 FOR I'= I TO N
:0860 A D(1.1) * D(1,I):8 = LOG (D(2,i) -. C)
10870 Al = Al + A:A2 = A2 + A * A:B1 = Bl + B:82 = 82 + B * B:AB = AB + A F

. ~*8
!0880 NEXT I
:0890 SX = A2 - (At * Al) / N
;0900 SY = 82 - (B * 81) / N
:1000 SP = AB - ((Al * 81) / N)

.1500 R2 = (SP * SP) / (SX * SY)
!2000 Al = 0:A2 = 0:Bl = 0:82 = 0:AB = 0
:2020 RETURN

Iv.
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ADDendix E

COMPUTER PROGRAM USED FOR
INVERSE SQUARED EXPONENTIAL REGRESSION
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5 LOMEM: 16385
10 DS sm CH.R$ (4)
20 PRINT I'ENTER NAME OF DATA, BASE ýCOR ANLYS IS' PRINT *OR 'RETURN' IF

DATA F-RE TO BE Os PRINT *ENTERED MANUALLY"
30 INPUT V^)t-: IF LEN <PSS) < I 6070 500
35 ONERR 6070 60
40 PRINT OS:OOPEN' O;DSV: PRINT DW;READ ';DS$: INPUT ND: POKE 216.0:N

ND / 2:FL - 1: GOTO 500
60 IF PEEK (222, < > 5 THEN STOP
70 POKE 216,0
80 PRINT : PRINT *THIS DATA SET DOES NOT CURRENTLY EXIST*: PRINT *ENTER

DATA TO CRSATE IT OR HIT": PRINT 'RETURN' TO EXIT THE PR0GRFt1'
90 1 =0: DIMI A4<~500)
100 PRINT
110 PRINT 0 TYPE '$$' TO QUITO
120 PRINT 4 TYPE lSBl TO BACKUP*
125 PRINT *IND VARS ARE ODD ENTRIES*: PRINT 'DEP VARS ARE EVEN ENTRIES'
130 I = I + I
140 PRINT 'INPUT #':I
150 114PUT A$(l)
155I IF I =I AND As(I) ='THEN PRIN.1T D$T'DELETE ";DS$-: STOP
160 IF A$(b = "18' THEN I = 1 1: 6070 140
170 IF A$(I.J ",S$' GOTO 200
!80 6070 100
190 PRINT
-00 -RN *D;OPEN *,DS$

210 PRINT D "~WRITE ;S
ýs ~ 220 PRINT I -I

2 30 FOR J = I70 TOI1
140) FPIiNTr A$(J)
45 0 NEXT J -

260 PRINT D$;'CLOSF ";DSS
2' ?0 GOTO 40
300 H =-9999:L = 9999
310 DIM D(2.500)
520 IF FL = 0 THEN INPUT 'NU1MBER OF DATA PAIRS";N
530 FOR I = I TO N
540 IF FL = 0 THEN PRINT 'DATA PAIR #0;1;" (IND VAR, DEP V
550 INPUT D(1.I)¾D(2,I)
560 IF D(2,1) > H THEN H = b2,1)
570 IF D.',I) < L THEN L =D(2,I)
580 N EXT
585 PRINT D$;*CLOSE': HOME
600 DIV. EX(S):CV .001:SN =25
610 IR =J
620 LI = H:HI =2 4H -L

630 EX(1) = 0
645J EX(5) = 0
645-SI HI - LI
650 C =LI 4 .5 4SI

6~60 00508 10000:E/.(3) -~R2

700 C =LI 4 .25 * SI: 60508 10000:EX<(2) = R2
710 C = LI +.75 * SI: GGSIJB 10000:ZX(4) aR2
720 V= -999
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',i,730 FOR 1 2 TO4

740 IF EX(1) BV THEN BS = I:8V m Ex<(1)
750 NEXT
760 AX = EX(BS - 1):AY - EX(BS):AZ u EX(BS + 1)
-70 EX(1) - fX:EX(3) - AY:EX(5) = AZ

,•!•.700 IR a IR *1

900 LI LI + (BS - 2) * .25 * SI:SI SI / 2.0
810 IF EX(3) - EX(I) ( CV OR EX(3) - EX(5) ( C' GOTO 1000
315 IF IR = SN GOTO 1000
820 6070 700
"1 000 C - LI S1 / 2

S -1100 FOR I =I TO N

1110 A = 0(1,1:' * D(1,l)B " LOG (C - D(2,1")
.0 ! 130 Al Al + A:A2 = A2 + A * A:B1 81 + 8:82 - 82 8 * B:AB - AB + A *

140 NEXT I
:150 SX = A2 - (A1 * Al) / N

160 SY -B2 - (81 * 81) / N
170 SP = AB - ((A! * 81) / N)
1180Al=A!i/N:81= 81/N
:190 SL = 81 (SP / SX) *Al

.200 SL = EXP (SL)
210 EX = SP / SX
"215 PRINT "NUMBER OF ITERATIQNS=";IR - 1: PRINT
22 0 PRINT : PRINT "ASSYMPTOTE=";C

.23.. PRINT "SLOPE =; - SL: PRINT "EXPONE:',T = ";EX

.235 R2 = (SP * SP) / (SX * SY)
-40 PRINT : PRINT : PRINT " R SQUARED ";R2
.245 PRINT PRINT *EQUATION": PRINT ";INT (C *1000) /1000;u " INT

(SL * 1000) / 1000;" * EXP("; INT (EX * 1000) / 1000;" * X'2)": PRINT

r 1250 PRINT : INPUT "HIT RETURN FOR PLOT OF DATA AND FbNC";Q$
1260 DEF FN RG.:WW) = C- SL * EXP (EX * UW * WW)
1270 T7 = 270:05--= 150:i= 1
1280 LX = 99999:LY = 99999:HX = - 99?:HY = 99999
!290 FOR I = I TO N
1310 IF D(1,I) > FIX THEN HX = D(1,I)
1320 IF 0(1,I) < LX THEN LX = D(I,I)
.330 IF D(2,I) < LY THEN LY = 0(2,1)
1340 IF 0(2,1) > HY THEN HY = 0(2,1)
1350 IF FN RG(D(I,I)) ) HY THEN HY = FN RG(D(I,I))

* 1360 IF FN RG(D(I,I)) < LY THEN LY = FN RG(D(I,I))
1370 NEXT I
1380 LX = LX - 0.1 * (RX - LX)
1390 HX = HX + 0.1 * (HX - LX)
"1400 LY = LY - 0.1 * (HY - LY)

'• .1410 HY = HY + 0.1 * (HY - LY)

1420 HGR : HCOLOR= 3: HPLOT 0,0 TO 0.150 TO 270,150 TO 270,0
1430 FOR I = TO 140 STEP 10
1440 HPLOT 0,1 TO 5,1: HPLOT 265.1 TO 270,1• ;'• ... '.1450 NEXT I

"1460 FOR I = 10 TO 270 STEP 10
"1470 HPLOT 1,145 TO 1,150
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!480 NEXT 1
.490 MX a 270 / %W( - LX):MY I' 150 / (HY - LY)

e4. 500 FOR I = 1 TO N
i =2x.* .310 HPLOT -D(I.D) - LX) * MX,150 - (0(2.1) - LY) I MY

i!120 NE.;J I
:!30 FOR I = 25 TO 250
:=40 HPLOT I - 01,05 - ( FN RG((I - 01) / MX 4 LX) - LY) * MY TO 1,05 -

.. FN R(<I / MX + LX) -LY) * 'MY
"50 NEXT I
:560 LX = INT (LX * 100) / IO0:LY a INT (LY V 100) / 100:WX - INT (HA *

"100. / 100:HY - INT (NY * 100) / 100
""570 VTAB 211 PRINT "FILE"'.DS$: PRINT "LOW X VAlUE".LX; TAB( 21);HIGH

X VALUrn*;HX: PRINT 'LOW Y VALUE=';LY; TAB( 21):IHIGH Y VALUE=";HY
e.-, :580 INPUT "HIT RETURN TO CONTINUE. 'E' TO END";OW$: IF OWtS - "E THEN TEXT

"END
.4?0 TEXT : GOTO 1220
JOOO FOR I " I TO N

.:.,a60 A = D(1,1) * D(I,I):B = LOG (C - D(2.1))

.. '370 Al Al + A:A2 - A2 + A A:BI = 81 + B:B2 = 82 + 6 * 6:AB = AS * A

.. 380 NEXT I
3931 SX = A2 - (Al * Al) / N

".'?00 SY = 82 - (B1 * 81) / N
".:000 SP = AS - ((A1 * 61) / N)
'!50O R2 = (SP * SP) / (SX * SY)
:2000 Al = O:A2 = 0:BI = 0:B2 = O:AB = 0
,i,020 RETURN
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5 LOMEM: 16385
10 D$ a CHRI (4)
25 PRINT 'ENTER NAME OF DATA EASE FOR ANALYSIS': PRINT * OR "RETURN' IF

DATA ARE TO BE *: PRINT •ETERED MANUALLY'
10 INPUT DSS: IF LEN (OS$) ( I GOTO 500
25 ONERR GOTO 60
40 PRINT D;WOPEN ";DS$: PRINT D$;'READ ";DS$: INPUT NO: POKE 216,0:N =

ND / 2:FL a 1: GOTO 500
50 IF PEEK (222) ( ) 5 THEN STOP
70 POKE 216,0
O0 PRINT : PRINT 'THIS DATA SET DOES NOT CURRENTLY EXIST*: PRINT a ENTER

DATA TO CREATE IT OR HIT': PRINT * 'RETUF4" TO E_'X!T THE PROGRkl*
10 1 a 0: DIM A$.500)
1:10 PRIN'T

:10 00I,.t" ' TYPE '$$" TO QUIT'
"o20 PRI1,T " tiPE '$B' TO BACKUP"
:25 PR!NT *IND VARS ARE ODD ENTRIES': PRINT "DEP VARS ARE EVEN ENTRIES'

r.•, 40 PRINT• *INPUT V"0:

.50 INPUT AS(I)

.55 IF I = I AND AS(I) = " THEN PRINT D)':DELETE ";DS$: STOP
. .60 IF AV(I) a '$B' THEN I I - 1: GOTO 140

-. O IF AS(I) a "O$" GOTO 200
'"80 GOTO 100
.40 PRINT
.OG PRINT DW:OPEN *';DSS
410 PRINT D$:'WRITE ';DS$
-20 PRINT I - 1
230 FOR J ,- TO I - I

-.40 PRINT AS(J)
150 NEXT J
260 PRINT Dt;':LOSE O:051
270 GOTO 40
500 DIM D(2,500)
510 PRINT :D4 a CHR$ (4)
520 IF FL = 0 THEN INPUT "# DATA GROUPS" ;N
530 FOR I - I TO N
540 IF FL = 0 THEN PRINT "INPUT DATA GROUP ";1;' (IND VAR, DEP VAR)*
550 INPUT A,C:B a A * A:D(1,I) a A:D(2,1) a C
560 X =X + A:Y "Y +Blz a Z + C

570 X2 U X2 + A AiY2 = Y2 + B * B:Z2 n Z2 + C * C
580 XY = XY 4 A B:XZ = XZ + A * C:YZ = YZ # 9 0 C

S .... 590 NEX{T I

600 PRINT Di:ICLOSE': HOME
610 DT = N * X2 * Y2 + X * XY * Y * 2-1 * X2 Y y-N 4•XY eXY -X * X

Y2
"626 DIM XI(3,3),YM(3),8M(3)

YM130 (1) - Z:YM(2) = X&:MY(3) YZ
-.40 XI(I,I) - X2 * Y2 - XY * XY
:50 YI(1.2) a- X * 12 - XY * Y)
--60 XI(1,3) a X 4 XY - X2 * Y
""70 XI.(2.2) a N Y 12 - Y 4 1
680 XI(2,3) - (N K (Y - X * Y)



690 XI(3,3 N* X2- X *X700 XI(2.1) a XI(I,2)
710 XI(3 I) -, XI(I,3)

720 XI(3,26) =' XI(2,3)730 FOR I m I TO 3: FOR J = I TO 3:XI(I.J) = XI(1,J) / DT: NEXT J: NEXT

740 FOR I = I TO 3
750 rOR J = I TO 3:B6?(I) - BM(1) + XI(I,J) * YM(J): NEXT J

I 760 NEXT I
770 FOR I - I TO 3:ZH - ZH t p(1) * 'YM(I): NEXT I
780 R - I - (Z2 - ZH) / (Z2 - (Z * Z) / N)
790 HOME
800 VTAB 5: PRINT REGRESSION ANALYSIS"
310 PRINT
820 FOR I - I TO 3

K 330 PRINT B(O;I - 1;)=';BM(I)
340 NEXT I
350 PRINT : PRINT "R SQUARED - ";R
360 SY - R * (Z2 - (Z * Z) / N)
M7 SE - Z2 - ZH

380 PRINT: PRINT I ANOVA
390 PRINT 'SS DUE TO Y=';SY
?00 PRINT 'MS DUE TO Y-*iSY / 2
;10 PRINT 'SS DUE TO ERROR=';SE
;20 PRINT "MS DUE TO ERROR=":SE / (N - 3)

: ;0 PRINT : PRINT ' F(2,0;N - 3;)=: INT (((SY / 2) / (SE / "N - 3))) *
560) / 100

ý32 PRINT : PRINT "EOUATION
,34 PRIr4T I14T 'Eti(1) * 1000) / 1000;1 + "; INT (6M1(2) 1 1000) / 1000;"

,X + m INT (Efi(3) * 1000) / 1000;' * X'20
;40 INPUT "HIT RETURN FOR PLOT*:0$
M50 DEF FN RG(WW) - BV.(1) I Bt(2) * WW + BM(3) *WW WW
;60 T7 - 270:05 - 150:01 = I
970 LX = 99999:LY " 9099o:HX " - 99999:HY - 99999
;179 FOR 1 a I TO N•,990 PRINT O(I,I),D(2,1), FN RG(D(I,I))

1000 IF D0(1,.) MX THEN HX - 0(1,1)
1010 IF 0(1,1) ( LX THEN LX - 0D(,I)
1020 IF 0(2.1) ( LY THEN LY n D(2,I)

* 1030 IF D(2.1) ) KY' THEN NY a D(2,I)
1040 IF FN PG(D(I,1)) ) NY THEN HY - FN RG,:D(1,1))
1050 IF FN RG(D(I.I)) ( LY THEN LY - FN RG(D(1,I).
1060 NEXT I
1070 LX a LX - 0.1 * (fX - LX)
1080 MX - MX H 0.1 * (Kx - LX)
1090 Lf w Lf - 0.1 * (NY - LY)
1100 14'Y wNY0.1 4 (HY1- LY)
1110 HGR i HCOL0R= 3: HPLOT 0.0 TO 0,1q0 TO 270,150 TO 270,0
1120 FOR I = 1 TO 140 STEP 10
i130 HPLOT 0,1 TO 5,1: HPLOT 265,1 TO 270.1

140 r4EýT I
;150 FOR I * 10 TO 270 STEP 10
1. 01 MPLUT 1,145 TO I,150

','.:'170 t1 WX 1 N-69



1180 MX = 270 / (HX - LX)jMY 1 150 / (HY - LY)
1190 FOR I I TO N
1200 HPLOT (0(0,I) - Lx) * MX,150 - (0(2,I) - LY) * MY
!211l NEXT I
1220 FOR I = 20 TO 250
1230 HPLOT I - 01.05 - ( FN RG((I - 01) / MX + LX) - LY) * MY TO 1,05 -

( FN RG(I / MX + LX) - LY) * MY I
1240 NEXT I
1250 LX = INT 'L(X * 100) / 100:LY a INT (LY a 100) / 100:HX - INT (HX

100) / 100:HY = INT (HY * 100) / 100
1255 WTA8 21: PRINT "FILE,';DS$: PRINT "LOW X VALUE,";LX; TAB( 21);"HIGfi

X VALUE=':HX: PRINT "LOW Y VALUE='ILY; TAB( 21);'HIGH Y VALUE=";HY
1260 INPUT 'HIT RETURN TO CONTINUE, 'E' TO END';OW$:
!27) TEXT
21260 INPUT "HIT RETURN TO CONTINUE, "E' TO END';OW$: IF QW$ < ) "E" THEN

TEXT : GOTO 800
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I I

I
i

3 LCAtEM: 16385
10 D$ CHR$ 4).O PRINT (4)TER IAE OF DATA EASE FOR ANALYSIS': PRINT * OR 'RETV"i" IF

DATA ARE TO BE ": PRINT ENTERED MANUALLY'
30 INPUT DS$: IF LF14 (DS$) I GOTO 500
35 ONERR GOTO 60S40 PRINT D$ "OPEN *;DS$t PRINT [.-'READ *;DS$s INPUT ND: POKE 216,0:N m

ND / 2:FL = 1: GOTO 500
60 IF PEEK (222) < > 5 THEN STOP
'0 POKE 216,0
30 PRINT : PRINT 'THIS DATA SET DOES NOT CURRENTL'N EXIST': PRINT * ENTER

DATA TO CREATE IT OR HIT': PRINT ' 'RETURN' TO EXIT THE PROGRAM'
.• O I - 0: DIM A$(500)

.u0 PRINTJ
PRINT " TYPE "$$' TO OUIT"
PRINT " TYPE '$B' TO BACKUP*

S.. PRINT OORDER-IND VAR 1, IND VAR 2, DEP VAR'
+I

PRINT "INPUT #';I
f5O INPUT A$(I)

IF I = I AND AS(I) = '' THEN PRINT D$;"DELETE -;DS$: STOP
.:'U IF AS(I) = l$B" THEN I = 1- : GOTO 140
1-3 IF AS(1) = "$$' GOTO 200
. GOTO 100

190 PRINT
"".00 PRINT D$:"OPEN ";DSs
210 PRINT D$;'WRITE ";DS$
220 PRINT I - I
230 FOR J = I TO I -i
"240 PRINT A$(J)
"250 NEXT J
2 2-,0 PRINT D$;'CLOSE ';DS$
270 GOTO 40

L 500 DIM D(2,500)
510 PRINT :D$ = CHR$ (4)
520 IF FL = 0 THEN PRINT 'INPUT DATA GROUP *;I

* 530 FOR I = I TO N
540 PRINT 'INPUT DATA GROUP ";I:
550 INPUT A,B,C I
560 X = X + A:Y = Y + G:Z = Z + C

570 X2 = X2 + A * A:Y? = Y2 + B * B:Z2 = Z2 + C * C
580 XY = XY + A * B:XZ = XZ + A * C:YZ = YZ + B * C
590 NEXT I
600 PRINT D$;'CLOSE"
610 DT = N * X2 * Y2 + X * XY * Y * 2 - Y *X2* Y -N *XY XY -X *X*

* Y2
"120 DIM XI(3,3),YM(3),Efl(3)
630 YM(1) = Z:YM(2) = ,Z:YM(3) = YZ
640 XI(l,l) X2 * Y2 - XY * XY
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650 XI (.2) - - (X * Y2 - Y)

o60 XI(1,3) - X * XY - X2 *
170 XI(2,2) - N * Y2 - Y * Y
*80 XI(2,3) = - (N * XY- X Y)
690 XI(3.3) - N * X2 - X X
,00 XI(2,1) = XI(1,2)
710 XI(3,1; - XI(1,3)
720 XI(3,2) - XI(2,3)
730 FOR I a I TO 3: FOR J a I TO 3:XI(I,J) XI(I,J) / DTs NEXT Ji NEXT

740 FOR I = I TO 3
750 FOR J - I TO 3:BM(1) I RM(I) I XI(I,J) * YM(J): NEXT J
.760 NEXT I
770 FOR I = I TO 3:ZH.= ZH + BM(I) * YM1(): NEXT I
780 R = I - (Z2 - ZH) / (Z2 - (Z * Z) / N)
790 HOME
'00 VTAB 5: PRINT REGRESSION ANALYSIS'
310 PRINT
,20 FOR I I TO 3
".'30 PRINT ' B(x;I -

S340 NEXT I
.350 PRINT : PRINT "R SQUARED =";R

'60 SY = R * (2 - (Z * Z) / N)
"-70 SE = Z2 - ZH
.?80 PRINT : PRINT " ANOVA

S4,;0 PRINT "SS DUE TO Y=";SY
00 PRINT "tlS DUE TO r=" ;SY / 2
ý10 PRINT "SS DUE TO ERROR=';SE
ý'20 PRINT "MS DUE TO ERROR=";SE /(N -3)
?30 PRINT PRINT * F(2,";N - 3:")="; INT (((SY / 2) / (SE / (N - 3))) *

560) / 100
932 PRINT : PRINT "EQUATIONW
934 PRINT INT (BM(l) * 1000) / 1000;, * "; INT (BM(2) * 1000) / 1000;0*

X(1)) + "; INT (BM(3) * 1000) / 1000;"*X(2))"
940 END
950 DEF FN RG(WW) = BM(1) BM(2) * WW + BM(3) * WW WW
960 T7 = 270:35 = 150:01 = I
"970 LX = 99999:LY = 99999:HX = - 99999:HY - 99999
980 FOR I = I TO N
990 PRINT D(1,I),D(2,1), FN RG(D(1,I))
"1000 IF D(1,I.) > RX THEN HX = D(I,I)
1010 IF D(1,I) ( LX THEN LX = D(I,1)
"1020 IF D(?,I) < LY THEN LY = D(2,1)
1030 IF 0(2,1) ) KY' THEN HY = D(2,1)
1040 IF FN RG(D(1,I)) ) HY THEN dY = FN RG(D(I,I))
1050 IF FN RG(D(1,I)) < LY THEN LY = FN RG(D(I,i))
1060 NEXT I
"1070 LX = LX - 0.1 * (HX - LX)
1080 HX = HX + 0.1 * (HX - LX)
1090 LY = LY - 0.1 * (HY - LY)
1100 HY = HY' + 0.1 * (HY - LY)
1110 HGR : HCOLOR= 3. HPLOT 0,0 TO 0,150 TO 270,150 TO 270,0
1120 FOR I = I TO 140 STEP 10
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1130 HPLOT 0,1 TO 5,1: HPLOT 265.1 TO 270.1
1140 NEXT I
1150 FOR I = 10 TO 270 STEP 10
1160 HPLOT 1,145 TO 1,150
!170 NEXT I
1180 MX = 270 / (eHX - LX):MY = 15P / (HY - LY)
!190 FOR I = I TO N
1200 HPLOT (D(1,I) - LX) * MX,150 - (D(2,1) - LY) MY o

:210 NEXT 1
1220 FOR I = 20 TO 250
1230 HPLOT I - 01,05 - ( FN RG((I - 01) / MX + LX) - LY) * MY TO 1,05 -

( FN RG(I /' NX + LX) - LY) * MY
1240 NEXT 1
1250 VTAB 21: PRINT "LX=":LX;* LY=*;LY: PRINT "MX=";MX;" MY=';MY
!260 INPUT "HIT RETURN TO CONTINUE";QW$
1270 TEXT
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Standard WKPADb Termin~ology

AIR DEFNSE. SYSTEN A ccspcncnt of Air tDeferve which Iriclus-li
*quipment and operttors and for vhich
technical and tactical training are required.
Examples are IHAJK and the AVITSQý-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
NODULE characteristics for Air Defense Systcns in

the MOPAWl software. These models are pre-
pared with the SAINT! simulation lanpux. e.
Air Defense System Modules include the
SAINT! model and all data needed to c=~-
pletely define task element times, task
sequencing requirements,, and hi~an factors
influences.

AIR SCENARIO A spatial end temporal rer-ord of aerial
activities and charactezistics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
also Tactical Scenario.

BRANCHING A term used in the SAIN~T simulation lang-
ur-ge to mean the process by which TASK nhodes
are sequenced. At the completion of the
simulated activity at a TASK node, the
Branching from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOPADS software which
SYST EM performs all d~irect commuication with the

MOPADS Data Base. All information transfer
to and from the daza base is performed by
invoking the subprogramis whrLch make up the
Dsta Base Control System.

DATA SOURCE A s-ne-ialist in obtaining and interpreting
SPELIALIST Arny documentation anl other data needed to

prepare M'-r Defense System M~odules.
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ENVIRONMEKTfAL An element or an Evj. roentsal State
STATE VARIABLE Vector.

ENVIRONMENTAL An array of values presenting conditions
STATE VECTOR or characteristics t at may affect more

than mie operator. flements of Enivironmen-
* tal State Vecturs ua change dynamically

during a MOPADS simulation to represent
changes in the environment conditions.

MODERATOR FbNCTION A mathematica!/logical relationship which
alters the nominal time to perform an opera..
tor activity (usually a Task- Element). The
nominal time is changed to represent the
operator's capability to perform the
activity based on the Operator's State
Vector.

MOPADS DATA BASE A computerized data bbase designed specifi-
cally to support the MOPADS software. The
MOPADS Data Base contains Simulation Data
Set(s). It communicates interactively with
MOPADS Users during pre- and post-run data
specificatioiu and dynamically with the SAINT
software during sinLulation.

MOPADS MODELER An analyst who will develop Air Defense
System Modules and modify/develop the
MOPADS software system.

VDPADS USER I, An analyst who will design and conduc"; simu-
lation experiments with the MOPADS so:tware.

MSAINT The variant of SAINT used in the MOPADS
(MOPADS/SAINT) system. The standard version of SAINT has

been modified for MOPADS to permit share-
able subnetworks and more sophisticated
inter upts. The terms SAINT and MSAINT are
used interchangeably when no confusion will
result. See also, SAINT.
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"OPERATOR STARE One element of an Operat~or State Vector.
VARIABLE

OPERATOR STATE An array of valres representing the condi-
VECTOR tion =nd characteristics of an operator of

an Air Defense System. Many values of the
Operator Stati Vector uill change dynamically
during the course of a P)PAID simulation to
represent changes in ope-ator condition.

OPERATOR TASK An operator activity identified during
weapons syztem front-end analyses.

SAINT The underlying computer siamultior' inguage
aused to model Air Defense Systems in Air
Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated Networks
of Tasks. It is a well documented language
designed specifically to represent human
factors aspects of man/machine systems.
See also MSAI T.

SIMULATION DATA SET The Tactical Scenario plus all required
simulation initialization and other experi-
mental data needed to perform a MOPADS
simulation.

SIMULATION STATE At any instant in time of a MOPADS simula-
tion the Simulation State is the set of
values of all variables in the MOPADS soft-
ware and the MOPADS Data Base.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus s.necification of
critical assets and the air defense con-
figuration (number, type and, location of
weapons and the command and control system).
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TACTICAL SCENARIO An element of a Tactical S3cenario, e.g.,
COMPONENT it a Tactical Scenario coateins several

Q-73's, each one is a Tactical Scenario
Component.

"TASK See Operator Task.

TASK ELEKENTS Individual operator actions which, when
grouped oppropriately, make up operator
"tasks. Task elements are usually repre-
sented by single SAINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used in the SAINT simula-
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Elemmnt,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathematicAl/logical relationship which
MODERATOR selects the next Operator Task which an
FUNCTION operator will perform. The selection is

oased upon operator goal seeking character-istics.

0--
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I. INTRODULTION

Operators modeled by MOPADS perform rule-based activities
called "operator tasks." These are checklist actions consisting of
a) elemental (at least as far as MOPADS is concerned) actions such
as entering numbers on a keyboard, and b) simple decisions. The
operators memorize the procedures for these tasks.

A different sort of activity is required by the operators
when they decide which task to perform. Such decisions by the
operators represent tactical decisions required to accomplish their
"missions. These decisions are influenced by the current tactical
situation, standard operating procedures, the cperator's exper-
ience, and the operators persoaal motivations. It is necessary to
model this "knowledge based" activity, because the MOPADS simulated
operators must sequence these tasks in such a way that they respond
realistically to the air battle. This report describes the model
used by MOPADS for operator "task sequencing."

The intended audience is the MOPADS modeler who will imple-
ment or modify the task sequencing procedures for an air defense
system module. MOPADS users need to be familiar with the material,
but a less detailed discussion is contained in Polito (1983a). The
"system module specific details which instantiate this procedure for
a particular system module are contained in the user and reference
documents for that module, e.g., Goodin & Polito (1983a); Goodin &
Walker (19 8 3a).

Section II discusses the issues in selecting a task sequencing
methodology for MOPADS. The selected algorithm is presented in
Section III, and the implementation ,,etails are discussed in
Section Ill. A brief example of specifying the data and preparing
subprograms is given in Section V.

0
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II. FACTORS I SELECTING A TASK SEQUENCING METHOD

FOR MOPADS

1-0 DESIRABLE FA"TURES OF A TASK SENUJCITNG MTfHOD

In selecting i method to sequence MOPADS operator tasks,
several objectives were considered. Each of them is discuzsed
below.

1. Causal. The methodology must be causal. In other words,
the operator should sequence his/her tasks in response to the air
battle and other pertinent tactical scenario issues. This consider-
ation immediately ruled out simple sequencing rules such as random
or cyclic sequencing.

2. Consistent with Established ThEerv. The selected method
should have been considered as a reasonable decision making model
by researchers. This consideration lead to examination of utility
theory and goal seeking approaches.

3. Computationally Attractive. The method should not
require frequent accomplishment of extensive numerical procedures
such as curve fitting or solution of simultaneorz equations.

4. Intuitively Meaningful. The data required from the user
should be meaningful to an air defense speciaLlst. In other words,
abstract or derived parameters should not be required.

°5. Economical in Terms of Data Requirements. The method

should not require unusually large amounts of data.

The above considerations represent an ideal profile against
which candidate methods were compared.

2-0 CANDIDATE TASK SEQUENCIING .-:ETHOKCLOGIES

As stated above, utility theory and goal seeking methods were
considered in order to satisfy objective (2) above. Both of these
methods satisfy the need for causality, since the evaluation of a
particular utility function or set of goals can be based upon para-
meters derived from the current state of the air battle and environ-
ment. Both techniques have a body of literature suggesting that
humans make decisions in a way to optimize a utility function or
to satisfy goals.

"There can be a substantial difference in the computational
effort required to i 'lement the two methods. To use the utility

0-13
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theory approach we would define a function U(S) which maps the
multidimensional vector S onto the non-negative real numbers. The
vector S represents the state or attributes of the air defense
system for a particular operator. Once U(S) is known, the steps in
selecting the next task are simple:

i) Evaluate U0 = U(So) for the carrent sybtem state,So

ii) If alternatives a, b, c, etc. are available to the
operator, estimate the state vecto-s, Sa, Sb, Sc,
etc., that will result from selecting each
alternative

iii) Evaluate Ua= U(Sa), ULb = U(Sb), etc. and select the
alternative that most improves the operator's
utility.

The difficulty with this method results from determination of
the utility function, U. To do this in its most general form would
require obtaining values of utility at a large number of points and
developing the function U(S) from some curve fitting technique such'
as linear regression. Prestumably, su-h data would be gathered from
more than one subject; also this prozedure would have to be repeated
for each operator type since we would not expect a single utility
function to apply to the AN/TSQ-73 7actical Director and to the
UlAWKFire Ccntrol Operator. Since the dor'ain of S is a continutum,
the utility values obtained from a subject will, of necessity, be
cardinal values. These will have to be normalized in some way to
make the data from several subjects comparable.

In addition to these considerations, it is desirable to pro-
vide at least the potential of dynamically altering an operator's
decision making structure during the course of the simulation. This
would represent an operator who changes the relative importance of
his/her objectives based upon the state of his current situation.
It can be argued that this type of behavior can b2 embodied in the
utility function by ex-anding the set of independent variables. While
this is theoretically crue, from a practical standpoint, a set of
parameters whose values change discretely with changing conditions
is easier to implerent. This is true because the data collection
and reduction problem discussed above would be great]y expanded if
the effects on goals of stress, fatigue, etc. had also to be
estimated. A more practical approach is to attempt to parameterize
the utility functions with these variables and to re-compute the
coefficients of the utility function as conditions change.

Any implementation of this dynamic capability with traditional
utility functions will involve extensive data collection and/or
computation. It could conceivably require re-computation of utility
function coefficients during the course of a simulation which would
correspondingly increase run time. In short, it would not be

0-14
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economical in terms of data requirements or computn •mial needs tc
implement this capability with utility functions.

Finally, it is desirable to have an individual editing capa-
bility for operators th:.t is analogous to the editing features for
other human factors parameters. Each simulated operator in a MOPADS
simulation can be individually edited so that his/her responses need
not be identical to those for a nominal operator. A simi.a' capa-
bility for task sequencing should be available, so the MOPADS user
can test the effects of variations in the operator's objectiv:s..

In order to do this, parameters must be available for the
MOPADS user to edit. These parameters should have intuitive meaning
to the user. Therefore, the ability to alter coefficients in the
utility function (which may have been determined by, say, linear
regression) is really not sufficient. On the other hand, altering
the data from which the utility function is determined requires that
the function coefficients be re-computed and also may lead to
unintended effects on the operators utility function. In other
words, it may be difficult for the user to predict the impact of
certain changes on the resulting utility function.

The othe." major alternative, a gcal. seeking procedure, can be
implemented in such a way so as to satisfy most of the goals in 1-0
above: Suppose an operator has a set of (not necessarily indepen-
dent) goals, GI, G2 , G , etc., each of which has an associated goal
state. For example,if the goal is to maximize the distance of enemy
aircraftto any protected site, then the goal state is the minimunm
distance of any hostile aircraft to any protected site. Each goal
state iz a function of certain variables whose values are known.
There is a subset of the range of each goal state in which the goal
is satisficd. When the goal state is not in this subset, it is
to some degree unsatisfied.

The cperE.tor must be able to assign , degree-of-dissatisfac-
tion to unsatisfied goals which is a function of its 1*oal state.
He then identifies his most dissatisfied goal(s) and ' elects a task
which will improve his/her level of satisfaction. Th steps in this
process are:

i) Evaluate each goal state G (S) G I(o) (So
at the current set of system varlao±es, .

ii) Tf alternatives a, b, c, etc., are avallable to
the operator, estimate the system variables whici
will result from eacn alternative, Sas Sb, So,etc.

iii) Evaluate the goal states expected to result from
each alternative, G1(Sa), G2 (Sb), etc.

iv) Select the alternative that most improves the
operators level of dý'z-atisfaction with the
extcctF-d gcal states.
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Now, there are many ways to implement a procedure like that
above. Not all of them would necessarily be less cowplex thpn the
general utility function metthod. There are several aspects of the
goal seeking approach, however, that give it the potential of
satisfying the objectives of 1-0 above.

First, the operators' objectives are stated as a discrete set
of goals. It is not necessary that the goals be independent. In
other words, the sets of variables used to evaluate the goal states
need not be mutually exclusive. This makes the 'state space,"' over
which data must be collected from subject matter experts, discrete
rather than continuous. Thus. the experts' estimation of the rela-
tive dissatisfaction (called "goal priorities" in the next section)
of two or more goals can be obtained by pairwise comparision3.
These comparisons can be made by consideringoaly a limited set of
variables (i.e., "other things equal"). This contrasts: with the
utility function approach in which a utility value must be assigned
(or derived) which is, at least in theory, a function of dll of the
state variables.

Furthermore, when comparing two goals, it is necessary only to
rank the goals for various values of their goal states rather than
to assign cardinal u-ility values. Naturally, eventually some
(arbitrary) scale of goal dissatisfaction ("goal priority") must be
established, but since the rankings are the most significant aspects,
it is easier to develop a scale that resolves the rankings of more
than one expert with the goal approach than with the utility method.

Thus, the data requirements are reduced when using a goal
seeking approach. A1lso, the computational burden of the method
need not be excessive. The computation of the goal priorities can
be simplified by using a restricted, but flexible class of func-
tional forms (this will be discussed in Scction III below) which
yield a goal priority from a goal state. Since it is these goal
priority functions, not the goal states, which are parameterized,
intuitive editing of operator task sequencing parameters is possible.

Another way to say this is that while the goal states may be
complex functions of the state of the system, the priority (or dis-
satisfaction level) of the goal is a function of only the computed
goal state. Therefore, the goal priority is a function only of a
single variable, and, since an operator's goal seeking behavior is
dependent on the priorities of the goals, this behavior can be
altered by editing the priority ftun.c.ons only.

To illustrate, consider Figure 11-1. Suppose an opeiator has
two goals, A and B. The goal priority functions for these goals
are labelled A. and B in 1'igure II-1. The goal states for these
goals run along the horizontal axis and the goal priorities are
represented on the vertical axis. At a goal state of y, the line
B is greater than the line Al so the operator assigns a higher
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"" Figure II-i. Illustration of Goal Priority Function Editing.

0 priority to goal B than to goal A at this value of the goal state.
The situation is reversed for goal states greater than z. For goal
states less than z, the operator will select actions that improve
goal B. This behavior can be modified by altering the goal prior-
ity functions only. Suppose now that the goal priority function
for goe. A is line A in Figure II-i. Now goal B is most importent

only for goal states less than x. For values greater than x, the

operator selects actions to imj,-:- goal A. Note that this change

in behavior was ac¢-'mplished without modification to the definitions
for the goals or th.e method of computation of the goal states. Also,

modifying the goal priority function from AI to A is relatively
intuitive since the impact of the change is readily apparent.

A goal seeking method based on this discussion was selected
and is presented in greater detail in the next section. In fact,
the goal seeking appioach is a special case of the general utility

theory ideas discussed earlier. This correspondence between the

utility and goal methods will also be shown at the appropriate time
in the discussion that follows.
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I11. THE TASK SEQUENCING ALGORITHM

! 1-0 GOAL PRIORITY FUNCTIONS

The goal seeking behFvior of the operators is characterized
by the following:

1. The operators have a set of goals which they desire to
* satisfy simultaneously. They are capable of deter-

mining the value or state of each goal. For example,
the operator may desire to maximize the distance from
a critical asset to any hostile aircraft. The goal
state is the minimum distance to any hostile track.

2. The operators can rank the importance of their goal
states. In other words, they can assign priorities

* to their goals based upon their current states. For
example, an AN/TSQ-73 operator can determine whether

* an uncleared alert message or a hostile aircraft within
30 miles of a critical asset should be attended to next.

3. The operators are capable of estimating the changes
that will occur in their goal states if a particular

*• task is performed.

4. Operators are limited in their ability to satisfy their
goals. They may not be able to consider all of their#
goals at once.

"These concepts are implemented in the following ways. For
each operator goal, the goal state (denoted GS) must be explicitly
specified in a way that allows GS to be assigned a unique value'
(e.g., GS = the number of unassigned hostile tracks). Then a go~l
priority function, GP, is specified for the goal that assigns a non-
negative value to each value of GS. Figure III-1 shows an hypothe-
tical example. The goal is satisfied when the goal state, GS, is
between m and M. This is signified by GP = 0 when m < GS < M. If
the goal state is less than m or greater than M, then the priority
of the goal (i.e., Its degree of dissatisfaction) increases linearly.

The meaning of the particular goal priority function in
Figure IIl-1 is that the operator is satisfied and indiffersnt to
any value of the goal state between m and M. Downside deviations
(i.e., values of GS less than m) are apparently more important than
upside deviations (i.e., values of Go greater than M) since the
slope for downside deviations is greater than the slope for upside
deviat ions.
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GS - Goal State
GP- Goal Priority
GP- 0 Implies that

the goal Is
satisfied.

GP

0

U N

GS

Figure III-I. Example Goal Priority Function.

Each goal that an operator has may have a different priority

function. See Figure 111-2 for examples. The values of the goal

priorities for each goal are compared in an ordinal fashion during

task sequencing to determine the most dissatisfied goal or goals.

This scheme allows the parameters for a goal priority function to

be specified or changed without affecting the priority functions

for other goals. Of course, complete independence is not obtained

because the modeler must always be awara of the priority functions

of the rest of the goals.

In order to simplify the implementation, a standard functional

form for goal priority functions is used in MOPADS. Six parameters

are associated with each goal for each operator. In the discussion

that. follows, subscripts on the notation are suppressed for simpli-

city. The reader shouJ ' be aware, however, that parameters such as
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Figure III-?. Example Coal Priority" Function Forms.
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"little'm" should be written ik to indicate the parameter value
for operator i and goal k.

For each goal a range of satisfaction (m,M) is specified. If
the goal state, GS, falls in this interval, then the goal is satis-
fied and the goal priority, GP, is zero. For values outside tha
range of satisfaction, the goal priority is evaluated using an
exponential function with four parameters denoted a, b, A, and B.
The complete goal pxiority functional form is given below.

If GS < m then GP a a(m-GS)b b > 0

If m < GS < M then GP - 0

If GS > M then GP - A(GS-M)B B > 0

The purpose of specifying two sets of exponential parameters (i.e.,
(a,b) and (A,B))is toprovide different priorities for "upside"
deviation above the range of satisfaction and "downside" deviations
below the range of satisfaction.

This functional form provides considerable flexibility in
specifying goal priority function. All of the forms in Figure 111-2
can be obtained with appropriate values of the six parameters. For
example, in Ill-2(a), b<l and B>i; in III-2(b),m = M and b = B a 1.
In 111-2(c), mi - and B>I; the values of a and b need not be
specified. In 11-2(d), M = - and b = 0. Since the upside and
downside priority functions may be specified independently, a wide
variety of functional forms can be obtained. Of course, certain
types of functions cannot be represented; for example, asymptotic
priority functions are not possible.

Certain types of functions are prohibited by the restriction
that b > 0 and B > 0. Negative exponentc result in functions such
as that shown in Figure 111-3. With B <0, the priority first
increases then decreases for ever increasing deviations from the
range of satisfaction. Since this type of goal priority function
represents unusual behavior, the MOPADS software does not accept
priority functions with b or B negative (the MOPADS user can
circumvent this representation by using the basic user interface
commands EXAMINE and DEPOSIT to directly insert negative values
into the operator state vectors. Descriptions of EXAMINE and
DEPOSIT are contained in Polito (1983 ),and the goal priority
functions for the IHAWK and AN/TSQ-73 are contained in Goodin &
Walker (1983a,b).

Specification of the parameters of the goal priority functions
can be made simple and intuitive by recognizing that a and b, for
example, can be determined uniquely by knowing two points on the
downside d-viation function. Suppose we know two such points as
follows:
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GP GP "A(GS-M)

M
GS

,Fgure 111-3. Example of Prohibited Goal Priority Function with 3 < 0.

point 1 (GS1, GP1 )

point 2 (GS2 , GP2 )

where m is finite, GS1 < GS2 <m and GP1 > -. P9 > 0.

The logorithm (to any base) of the downside priority function is

log (GP) = log(a) + b log(m - GS) .

Substituting the two known points into this equation, eliminating
log(a), and solving for b yields

ý log(GPI/GP2 )
log( [m-GS] / [fi-GS 2 ])

Then, solve for a from

GP1

(mCS1)b
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For the upside deviation prioAty function, the corresponding
equations are (Ior two points numbered 3 and 4)t

M finite, M < GS3 < GS4' and 0 < GP3 <GP4

B log(GP 3/GP4)

log( (GS3 -M] / [GS4-M])

GP
3

(GS3 "M)B

Using the above four equations, the goal priority functions
can be determined automatically from intuitively meaningful data
specified by the user.

2-0 THE OPERATOR OBJECTIVE FUNCTION

Suppose an operator evaluates his/her gnals and obtains values
for each goal priority, GPi, i = 1, 2...N (where N is the number of
goals). At this point he must decide which goal or goals he/she will
try to improve. There are several objectives he/she might use.
For example, he might try to improve that goal state which has the
highest goal priority. This is "putting out the biggest fire first."
Or he might seek a course of arction that would improve the states
of several gorals simultaneously. An operator who does this would be
taking a more global approach to problem solving.

The operator might also attempt to obtain rapid improve-
ment in his/her goal states. This would involve estimating the time
required to perform the various options available to him and select-
ing the one which yields the most rapid improvement in one or
several goals.

MOPADS provides operator objective functions which can account
for all of the above considerations. Suppose the operator considers
NG goals (1 < NG < N) when selecting the next task. Compute weights
for the NG largest goal priorities as follows:

GP
wi I

NG

GPi'
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ilotc that the goal priorities have been ranked from highest to lowest

and the wi are comp-ted only for the NG largest priorities.

Now comrute the special weighted average goal priority,
AVFG, as follows:

NG
AVN' = • ('vi GPi)

WVG is the composite goal priority for the operator. Note that
the highest weight is assigned to the most dissatisfied goal. If
NG is one, then AVNG is the priority of the most dissatisfied goal
(the "biggest fire"). As NG increases, the operator is able to
consider more and more goals, but he still assigns the greatest
weight to the most dissatisfied. In fact, the wi assign weights
to the goals that are proportional to each goal's cont:ibution to
the "total dissatisfaction" (i.e., the sum of the NG most largest
goal priorities).

When seiEcting the next task, the operator evaluates AVNG for ¾

the current goal states, then the outcomes of each option are
eraluated and an expected value of AVNG is calculated for each
option. The option which yields the greatest expected reduction in
AVNG is selected. In computing the expected values of AVNG, the.
values of vi are not re-computed and the same set of NG goals are
used as in computing the current value of AVNG. If the operator
seeks rapid improvement in his/her goals, then an estimate of the
time to perform each option is made, elso, and the improvement in
AVNG is divided by this time to obtain the improvement per minute.
The option that yields the greatest improvement per minute is
selected.

As stated earlier, this formulation can be stated in a utility
theory framework. The utility function is AVNG which is a function
of NG and the goal priorities, i.e., AVNG (NC, GP1 , GP2 , ... GP4).
Each of the goal priorities is a function of its related goal state
which is in turn a function of the state of the system, S:

U(S) AVNG(NG,GPi(GSi(S)), i = 1, 2,...N)

The operator's seek to minimize the "bove utility function.

Thus the goal seeking methodology is a special case of utility
theory in which the utility function has been restricted to a
special clasL of parametric expressions which are fairly easy to
deal with. The intermediate functions, GPi, are adjusted by the
"user to affect the decision making behavior of the simulated
operators.
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3-0 A PRECISE STATEITT OF THE TVSK 0ECKUENCING ALGORITHM

Before a formal specification of the task sequencing algorithm
can be given, two more concepts must be introduced. First, MOPADS
maintains a last-in-first-ouiý stack of operator tasks which the
operator will perform. This is bLcause in task sequencing the
operator may select to sequentially perform two related tasks. Alter
each task the operator returns to the task sequeucing procedure,
but if the stack is non- empty, the next task on the stae is
selected automatically without a complete goal evaluation. An
example of a situation where this capability is needed concerns the
Azimuth Speed Operator (ASO) in the IhAWK. This operator has two
tasks (Detect New Target and Establish Target Priority) which are
always performed in sequence. The second task, Establish Target

Priority, is loaded on his/her task stack when the first task isselected. i.

Secondly, a method is also provid d to interrupt this stack
processing. Interruptions are always c used by high. priority
messages. The artifact used to implemeit this in MJPADS is to "
make the priority of interrupting messa es negative. When an in-
terrupting messag. is present, a normal goal evalation takes place
-. en if the task stack is non-empty.

Finally, some sequences of tasks on the task stack are so
important in terms of mission accomplishment and in terms of correct
operation of the MOPADS models that a method is provided to over-
ride the interrupting message mechanism. This is a programming
convenience that allows the MOPADS modeler to ensure that certain
illogical contingencies do not occur in the m-delo

Also, while it is not strictly v. part of task sequencing, an
operator can be interrupted during the pprformance of a task element V
using normal MSAINT features. Thus it is possible with MOPADS to
interrupt the actions of an operator during the performance of anoperator task as well as between the performance of operator tasks.

Figure 111-4 shows a flow chart of the task sequencing algor-
ithm. If the stack is empty at decision 1, a complete goal evalua-
tion is performed starting at box 5. Otherwise, decision 2 deter-
mines if the stack may be interrupted; if not the next task is
selected from the stack at box 3. If the stack can be interrupted,
decision 4 determines if interrupting messages are present. If not,
the stack is not interrupted and the next task iz selected at box 3.
If interrupting messages exist, a goal evaluation is performed

beginning at box 5. ~i
The goal states are computed at box 5. Exarple goal states

are:

1. The maximut priority of any message for this operatcr.
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COMPUTED EXPECTED GOAL STATES, GOAL
PRIORITIES NiD AVNG FOR EACH
AVAILABLE OPERATOR TASK

9

SELECT THE TASK TKAT YIELDS THE
GREATEST EXPECTED REDUCTION

(OR REDUCTION PER MINUTE) FOR AVNG

Figure 111-4. The Task Sequencing Algorithm.
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2. The minimum time for any hostile aircraft to arrive.
at any protected site.

3. The number of uzidentificd -rs:ks. I
The goal priorities are calculated at box 6 using the goal states
and the exponential functions discussed 'n Section 1-0 above.
AVNG is computed at box 7 as discussed in Section 2-0 above.

In box 8, the list of available operator tasks is examined.
For each available task, an estimate is maide of the expected
chan'es that will occur to the goal states. These expected goal
states are used to compute expected values of the goal priorities
and, finally, of AVNG. If the operator's objective is to rapidly
reduce AVNG, then an estim;te of the time to perform each available
task is also obtained.

Suppose AVNGJ is the expected value of AVNG if operator task J
is selected andTJ is the estimated time to perform task J. Then
for each task J compute:

DEWJ = AVNG- AVNGJ

or

DEJ = (AVNG - AVNGJ)/TJ

and select task J which gives the largest value of DEWJ. Each L-

operator has an idle or scan-screen task which is selected if all
DEJ are negative or if no other task can be selected. This
activity is performed at box 9 of Figure i11-4.

0-28



IV. IMPLEMENTATION OF THE TASK SEOUENCING PROCEDURE

1-0 TASK SEQMUCING SUBPROGRAMS

The task sequencing procedure has been organized in a modular
vay to facilitate modification of additions of additional system
modules. Figure IV-1 shows the stricture of the software. The
four programs ending in "Y", TSEQY, GEVALY, GFRIY, and OEVALY, are
contained in the common system module programs, Goodin & Polito
(1983b), and need only minor modification as new system modules are
,added.

SUBROUTINE GEVALY is responsible for evaluating the goal
states, GSi, at box 5 in Figure I1I-4. It calls a separate sub-
routine for each system module type (-.g., IHAVK, AI.T/TSQ-73). The
three programs GEVPL•, GEVALQ, and GBVALW evaluete the goals for
the operators of that particular system module type. For example,
GEVALQ calls programs GEVIQ, GEV2Q, etc. to evaluate the goal states
"*for goal. 1, goal 2, etc. of the battalion AN/TSQ-73 operators.

SUBROUTINE OEVALY is responsible for calculating the expected
goal states that will result from selection of available operator
tasks (box 8 in Figure III-4). OEVALY calls a program for each
"system module type (0FVALG, OEVALW, or OEVALQ). The organization
"in Figure IV-I is used for the IHAWK. OEVALW calls a program for
each operator type. For example, 0EASOW is called to evaluate tasks
performed by the ASO.

Programs which are specific to a particular system module type
are documented in the reference report for that system module. For
example, all subprograms ending in the letter Q in Figure IV-1 are
contained in Goodin & Walker (19 8 3a).

Modification of the task sequencing programs for the IHAWK
"ASO would require changes to only SUBROUTINE OBASOW. Addition of
a new system module would require trivial modification to GEVALY
and OEEVALY,and then programs analogous to GEVALQ and OEVALQ and
their descendents would need to be written.

2-0 TASK STACK PARAJ-TERS

The task stack is more than a list of tasks to be performed.
Associated with each task is a list of four parameters which can
be retrieved at any time. The perameters are used to pass informa-
tion to MOPADS about a task being performed. For example, if an
AN/TSQ-73 operator selects a task to assign a track to a fire unit,
"the track number and the fire unit identifier will be stored as
parameters in the stack for later retrieval when the task is
performed.
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A task sequencing pr)cedUrr for a new system module can be

developed by using tie existing programs as guides, and making use

of the stack parameter feature.
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V. AN EXAMPLE OF GOAL PRIORITIES

There are three inportant steps in developing a task

sequencing procedure for an opeiator:

1. determining the operator's goals,

2. specifying the goal priority functions, and

3. writing the subprograms GEVAL? and OEVAL? That
evaluate the goal states and estimate change's to the
goal states that will result from performing
various operator tasks.

Steps one and two require discussion with subject matter
experts, and they require modeling judgement. An operator's goals
munt be sufficient to motivate the eimulated operator to perform all
of his/her tasks if the correct conditions arise. Some of the
operator's goals will be straightforward. Subject matter experts
will readily identify them. For example, a goal of the IHAWK
Tactical Control Officer (TCO) is: maximize the minimum time to
arrive at any protected site of any threatening airc 'aft. This
goal motivates the TCO to take actions that protect his critical
assets.

Other goals, however, may need to be added as modeling con-
veniences in order to accommodate the way the MOPADS software repre-
sents information. For example, the ICO also has the goal "minimize
the maximum priority of ouxtstanding messages." This "goal" is a
surrogate for the TCO's obvious attention to messages from a Batta-
lion or Group AN/TSQ-T3 aid to voice cormunications from other members
of the IHAWK crew. MOFADS represents all of these cormiuni6ations as
messages, and it would be impractical to specify a separate goal for
responding to each of these cormunication chminels. This goal is
somewhat contrived, but does reflect real behavior by the tperator.
It also allows sul-ject matter experts to give their intuitive
priorities to the various messages that the operator receives.

The goals for the IHAWK TCO are shown in Table V-1. Goal
six may need some explanation. The IAWK will engage unknown pop-
up targets that threaten it or its assets. Pop-up targets may be
engaged without being identified if events occuzr so quickly that
identification is precluded. However, if stch an aircraft is
identified as friendly during the course of an engagement, the
TCO will immediately take action to prevent the aircraft from
being destroyed. In the current MOMADS simulations, this situa-
tion is the only one in which a friendly aircraft will be engaged.
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Table V-1. Goals for the IHAWK Tactical Contral Officer.

1. ENGAGE ASSIGNED TRACKS

.I State: The minimum time for any in range,
assigned,but not engagedtrack to
arrive at the 111AWK or its pro-
tected site if it immediately
turned inbound

2. SELF DEFENSE

Goal State: The minimum time for any hostile
or unknown, not receding, .un-
assigned track to arrive at the
IHAWK it it immediately turned
inbound

3. PROTECT CRITICAL ASSETS

Goal State: The miniium time for any hostile
or unknown, not receding, un-
assigned track t- arrive at a
protected site if it immediately
turned inbound to the site

4. ATTEND TO MESSAGES

Goal State: The maximum priority of any out-
standing messages

S. CONSERVE AMMUNITION

Goal State: The total number of hot and cold
missile available less those
expected to be fired at currently
engaged tracks

6. PROTECT FRIENDS

Goal State: Number ,f friendly tracks
currently being engaged
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Figure V-I shows a set of caudidae goal priority functions
for the goals given in Table V-1. The goal priority functions are
identified by the goal number enclosed in a circle. By convention,
a goal priority value of 10 is conside:red an emergency. Thus, for
goal two, an aircraft less than about 1.3 minurtes from the IRAWK 7
constitutes an emergency, and the TCO would select actioric to
immediately attack such an aircraft. Ncte that in the region less
than 1.3 minutes, self defense (goal 2) as the wost important goal
followed by protection of critical asset3 (goal 3). Both of these
goals take priority over similar tracks assigned by a Battalion
AN/TSQ-73. At a time greater than 1.3 minutes, the situation is
reversed, however, and the TCO would engage tracks assigned from
the battalion before self-initiating engagements on other tracks.

Note that self defense and protection of critical assets
takes precedence over protection of friendly aircraft in the critical
range below 1.3 minutes but not above this time. The TCO is con-
cerned about conserving anmmunition only when three or less remain,
since this is the number of missiles on one launcher.

The priority functions for messages is the same as the message
priority. In other words, a message whose priority is 5 has a goal
priority of 5, also. Be sure to note that the goal state axis at
the bottom of Figure V-i has different units depending on the pzr-
ticular goal. It is possible that goal one has a goal state of
three minutes which implies a goal priority of about three while the
highest priority outstanding message has priority six. In this case
the goal priority function for goal four would have a value of six,
and thc- TCO would respond to the message before attending to an
assigned track.

The goal priority functions in Figure V-I were developed in
consultation with subject matter experts by asking them pairwise
type questions. For example, "Which is of greater concern to the
TCO, an unengaged hostile aircraft within 2 minutes or a new assign-
ment message from the Battalion?" The results of these discussions
can be synthesized to goal priority functions whose ordinal rankings
reflect the priorities of the experts. This task is made easier by
the fact the ordinal rather than cardinal rankings are most signi-
ficant. For example, consider goal 2 (self defense) and goal 6
(protect friendly). The significant characteristics of their goal
priority functions is that for a goal 2 goal state under about 1.3
minutes, the self defense goal is more important than protecting
friendly. The amount by which the goal 2 priority exceeds the goal
6 priority is not significant. This fact greatly simplifies the
task of developing goal priority functions.

The task sequencing algorit.,m presented in this report sep-
arates the functions of goal evaluation, goal priority evaluation,
arid task sElictioll. By doing so, it simplifies the third step in
developing a task sequencing procedure, i.e., writing the subprog-
rams that evaluate goal states and estimate the impact on goal
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states of various operator actions. These subprograms can be
developed without regard to how the operttor will weight the
importance of the goals.

The modularity achieved by this goal seeking methodology:

1. permits goal evaluation programs to be written
independently of other goals.

2. allows the MOPADS user to alter an operator's goal
seeking behavior by changing only parameters of
the goal priority functions,

3. allows automatic generation of goal priority functions
from intuitive inputs frora the MOPADS user, and

4. causes the simulated operators to respond to the air
battle in a rational manner.

Thus, the methodology satisfies all of the desirable features of a
task sequencing method discussed in Section I1, 1-0.

I
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I. INTRODUCTION

This manual i" intended as a guide for both authors and t./pists
of MOPADS reports. Its purpose is to ensure uniform organization
for MCPADS reports, to expedite the distribution of reports, and
to satisfy contractual requirements for form and format.

Authors will be primarily concerned with Section II which
describes report organization. Topics discussed in this section
are section and subsection numbering, figure and table numbering,
and preparation of references and footnotes.

Typists must also be familiar with Section II, but they will
be most concerned with Sections III and IV. These last two sec-
tions describe typing and delivery of reports.

The requirements presented in the subsequent sections are
minimal and should not hinder preparation of reports. Any special
cases which arise should be discussed with the Pritsker & Associates
Project Leader.

P-5



P-6



II. REPORT ORGANIZATION

1-0 SECTION AND SUBSECTION ORGANIZATION.

Figure II-i is an example Table of Contents for u MOPADS
report. It shows ho- major sections and subsections are to be
designated. Important features of this organization follow,

1-1. Major sections are designated by Roman Numerals.
Titles are in upper case and no text is inserted between the major
section title and the first subsection. Major sections begin new,
right-hand pages.

1-2. First subsections are numbered 1-0, 2-0, 3-0, etc. A
first subsection has a title and is capitalized. No text appears
on the same line as a first subsection heading.

1-3. Second subsections are numbered 1-1, 1-2, 1-3, etc. The
first few words of these sections may be underlined. Also, text may
begin on the sare line as the subsection title.

1-4. Third subsections are lettered with lower case letters,
e.g., l-2.a, l-2.b, etc. The first few words of the title may be
underlined, and text may begin on the same line as the subsection
numiber/letter.

1-5. The beginning of each subsection is indented six spaces.
Subsequent text extends fully from the left to the right marg.iLs.

2-0 FIGURES AND TABLES.

2-1. Figures.

Figures will be placed on a separate page Lnd will be
numbered consecutively within major sections (e.g., 1-1, 1-2, 11-1,
11-2, etc.). Figures must fit within the typing guide (see Section
III), but figures may be continued to additional pages. Figure 11-2
is a sample of a List of Figures page and Figure 11-3 is a sample
figure. Note that the figure title appears at the bottom of the I
page on the margin line. The format shown in these figures should
be followed. Computer output may be used as figures.

Generally, foldout pages are to be avoided, but very large
figures which will be difficult to bre,,kup or reduce may be presented
on foldouts. Authors must retain original drawings in case refor-
matting is later required.
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TABLE OF CONTENTS

Section Page
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III REPORT PREPARATION ........................... 111-1

1-0 Arrangement of the Report............... III-1
1-1. Cover ............................. I... --1
1-2. Title Page ........................ III-1

IV DELIVERY OF THE REPORT ....................... IV-I

1-0 Distribution and Binding ................ IV-I
1-1. Binding ........................... I. V-I
1-2. Distribution ...................... IV-1

1.2.a. Originals ................. IV-1
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V REFERENCES ................................... V-1

VI DISTRIBUTION LIST ............................ VI-I

VII CHANGE NOTICES ................................ VII-I
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A Appendix A - Forms ........................... A-1

or

Appendix A (Bound Separately), MOPADS Report
Volume 3.2DI, Appendix A ...................

Figure II-I. Example Table of Contents.
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2-2. ables.

rables will be numbered consecutively in each major
R section (e.g., I-1, 1-2, II-i, 11-2, 11-3, etc.). Table titles

will be centered above the table, and more than one table may
appear on a single page if they will fit. Tables may also be
continued tc more than one page. Foldout pages are also permitted.

Figure 11-4 is a sample List of Tables, and Figure 11-5 is
a sample table. The format shown in these figures should be
followed.

Computer output may be used in tables, but must conform to
margin requirements, see Figure 11-6. Program listings and other
long output should be put in appendices. As a rule, long program
lists will not appear in reports since the programs themselves are
deliverable items.

3-0 REFERENCES AND FOOTNOOT.

3-1. References.

'References cited in the text and listed in the RFFERF-PESW
section will conforz 'o the recommended format of the American
Psychological Association. The reference for this standard is:

Publication Ma',uLl of the tmerican Psychological
"Association, 2nd ed.

Copies may be ordered from Publication Sales, APA, 1200
Seventeenth St., N.W., Washington, D.C., 20036.

Pages 59 through 63 of this manual contain the pertinent
material on references. References to other MOPADS reports should
inolude the term "MOPADS" (e.g., MOPADS Volume 5.3). Figure 11-7
is a sample REFERENCE. section.

3-2. Footnotes.

Footnotes will be nxmbered consecutively throughout the

report. Footnotes will appear on the page they are noted. Long
footnotes should be incorporated in the text or left out. Footnotes
are designated as follows: 2/ 7! This notation is used both in
the text and at the bottom of the page where the footnote text appears.

* Footnotes in figures and tables will use strings of asterisks
•= ~~~~(e.g.,"*,"*")

" 4-0 APPENDICES.

S Appendices are major sections that are designated by capital
letters instead of Roma-n numerals (e.g., A, B, etc.). Tables and
Figures will be numbered within the appendix as in other major
sections (e.g., A-l, A-2, etc.).
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LIST OF TABLES

Table Lge

11-2 Independent Variables-Aptitude .............. 11-9

11-5 Human Factors ............................... 11-10

vii

Figure 1I-4. Sample List of Tables.
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Table 11-3

AN/TSQ-73 FOWCHART CODES

D - Display Console Contrc.s

E - AN Keyboard Entry

RIE - RIE Panel 1

PU - Requires use of keyboard printing unit

R - System Response

--------- -------.-------------------------

Numeric codes:

DC - Display console controls

XX.YY.ZZ

XX:

Alerts I

Background data display 2

Track data display 3

Fire unit data display 4

System imode 5

Task selections 6

Task functions 7

Faults 8

Symbol brightness 9

Video brightness 10

Video selections 31

ARO data selections 12

Voice comm station 13

AN keyboard 14

VAR SCALE 15

POSN TAB 16

YY: Row number

Figure 11-5. Sample Table.
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Table II-4

INDEPENDENT VARIABLES-APTITUDE

RISK ACCEPTANCE
INTELLEGENCE
AGE
OPERATOR TYPE
SENSE OF DIRECTION
WILLINGNESS TO TAKE RISKS
OBSERVATION NOISE
PERCEPTUAL TIME DELAY
MOTOR NOISE
OPERATOR GAIN (89 COMBINED)
GENERAL PROFICIENCY FACTOR
THRESHOLD CONTRAST
ASPIRATION LEVEL
OPERATOR PRECISION
TEAM SKILL LEVEL
TRACKING ABILITIES
MOTIVATION LEVEL
V:SUAL ACUITY
ZENERAL APTITUDE SCORE
MORALE LEVEL
LEADERSHIP ABILITY

Table 11-5

INDEPENDENT VARIABLES-LEARNING/PRACIICE

4 PRACTICE TRIALS
TIME SINCE LAST PRACTICED
AMOUNT OF OVERLEARNING
TIME SINCE INITIALLY LEARNED
TRAINING EMPHASIS(SPEED VS COORDINATION)

AMOUNT OF TRAINING
PRESENCE OF FEEDBACK
NUMBER OF CORRECT CHOICES
MASSED VS DISTRIBUTED PRACTICE
AMOUNT OF INITIAL TRAINING

TYPFE OF FEEDBACK
# SUCCESSFUl_ TRIALS

Figure 11-6. Sample Tables with Ccmputer Output.
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Manual, Aerospace Medical Research Laboratory, AMRL-TR-77-62,
July 1978 (b).

Figure 11-7. Sample References.
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5-0 COMPUTER OUTPUT

All computer output in figres and tables will be trimmed,
and pasted before duplication for u professional appearance. No
lines from lined paper or tractor holes should be visable.

Long lists of raw computer generated information are to 3
'L, avoided. Where such data can be considered a deliverable item,
magnetic tapes will be delivered and only pertinent sections will
be reproduced in repofts. This restriction is not intended to
preclude the usepof computers to generate graphical or tabular
information for use as tables and figures.

P-20
J



III. REPORT PREPARATION

1-0 ARRAMUNGM]T OF THE REPORT.

The report will be arranged as shown in Figure II-1. Each
section is described briefly below.

1-1. Cover. Company covers may be used until a standard
MOPADS cover is available. The MOPADS volvine number and date
appear in the upper right corner of the cover. See Figure III-1
for an example.

1-2. Title Page. A sample title page is shown in Figure
111-2. The format of the title page must be followed exactly.

1-3. Disclaimer Statemient. This statement will appear in
all MOPADS documents. Figure 111-3 contains the disclaimer. It
may be copied and used directly in future documents.

1-4. DD1473. This form will be-prepared by Pritsker &
Associates when the document is distributed. Preparers must leave
space for it. A sample is shown in Figure 111-4.

1-5. Table of Contents, List of Figures,List of Tables,
Abbreviations and Terminology. See Figures 1-i1, 2, 4, and 5II-
for samples.

1-6. Main Body of Report. Text.

1-7. References. Figure 11-7 is a sample.

1-8. Appendices. When appendices are present, they should
be placed directly after the references. For bulky apendices,
appendices may be bound separately. The appendix section must
contain a note explaining the separate binding. The separately
bound appendices will contain the table of contents for the entire
volume but only the text for the appendices.

1-9. Distribution List. Distribution will be coordinated
with the Pritsker &'Associates Project Leader prior to duplica-
tion. As a general rule, the distribution list shown in Figure
111-6 will be used.

1-10. Change Notices. This section will contain the cover
pages of change notices. The section will be present but empty
when the document is first prepared.
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MOPADS VOLUME. 4.3DF
A•RIL 15, 1982

DOCUMENTATION REQUI.'iMENTS AND DEVELOPMENT GUIDELINES

FOR

MOPADS AIR DEFENSE SYSTEM MODULES ,

Author(s) Jack L. Valker Pritaker & Associates, Inc.
Josep•b Polito Pritaker & Associates, Inc. .

U. B. Arwf Contract MDA9C3-81-C-AM06
U. B. Army Research Institute Field Unit

P. 0. Box 6057
Fort Bliss, Texas 79916

i. *

PA-

Pritsker & Associates, Inc.

Figure III-i. Samiple cover Page.
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MOPADS VOLUME 4.2DF
FEBRUARY 28, 1982

FORTRAN SJTYLE AND DOCUMENTATION REQUIREMENTS 1
FOR MOPADS

OPERATOR AND NON-OPERATOR SOFTWARE

Author(s): Jack L. Walker Pritsker & Associates, Inc..
Joseph Polito Pritsker & Associates, Inc.

U. S. Army Contract MDA903-81-C-AA06
U. S. Arry Res earch Institute Field Unit

P. o. Box 6057Fort Bliss, Texas 79916
Contract Expiration Date: July 31, 1983

Prime Contractor: Pritsker & Associates, Inc. UP. 0. Box 834

Albuquerque, New Mexico 87198
(505) 255-5597

Subcontractor: Arvin/Calspan
Advanced Technology Center
Applied Technology Group
P.O.Box 400

BiUfalo, New York 142254 .(716) 632-7500

Figure 111-2. Sample Title Page. K ~
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The views, opinions, and/or findings contained in
this report are those of the authois and should
not be construed as an official Department of the
Army position, policy, or decision, unless so
designated by other official documentation:

Figure 111-3. Disclaimer Statement.
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ABBRF"IATIONS AND TERMINOLOGY

1-0 ABBREVIATIONS

(This section starts on a new page.)

BCC Battery Control Central

CWAR Continuous Wave Acquisition Radar ,

CWTDC Continuous Wave Target Detection Console •- I
FC Firing Console

HIFIR High-Powered Illuminator Radar ,-.

PCP Platoon Com- and Post

TAS Tracking Adjunct System

TCC Tactical Control Console

TDECC Tactical Display and Engagement Control Con3ole

2-0 STANDARD MOPADS TERMINOLOGY

(See Appendix A for contents of this section. This section
starts on a new page.)

3-0 OTHER TERMINOLOGY

(As required for the report. Use the format in Appendix A.)

Figure 111-5. Sample Abbreviations and Terminology.
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V. DISTRIBUTION LIST

Dr. Charles Jorgensen (5)
PERI-IB
U. S. Anrm Research Field Unit
P. 0. Box 6057
Fort Bliss, Texas 79916

Pritsker & Associates, Inc. (5)
P. 0. Box 8345
Albuquerque, New Mexico $7198

ACO- Loretta Mclntire (2)
DCASMA (Sl5O-A)
Building 1, Fort Benlamin Harrison

*,' Indianapolis, Indiana 46249

Mr. E. Whitaker (1)
Defense Supply Service - Washington
Room ID-245
The Pentagon
Washington, DC 20310

Dr. Robert Sugerman (1)
Caispan Corporation
Advanced Technology Center
P. 0. Box 400
Buffalo, New York 14225

Mr. Ron Laughery (1)
Calspan Corporation
Advanced Technology Center
9132 Thunderhead Drive
Boulder, Colorado 80302

Figure 111-6. Distribution List.
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% 2-0 TYPE FACE, MARGINS, AND SPACING.

2-1. Type Face.

An Elite 12 (12 characters/inch) typing elcent will
be used for the text typing of all reports (this requirement does

not apply to computer output used in figures and tables). It is

recommended that major section headings be type4 in upper case

with an Orator element. This may not be possible if the report is

produced on a word processor, hence upper case Elite 32 is

acceptable.

2-2. Margins.

The margins shown below are to be used without

variation.

Top Edge: 3/4" from top of paper
Left Side: 1-3/4" from side of paper

"Fight Side: 1-1/8" from side of payer
Bottam Edge: 1-10/16 from bottco of page

Page No: 1-1/8" from bottom of paper, centered

Text Body: 5-1/2" wide by 8-1/2" high

The above assumes 8-1/2" x 11" paper. The margins are

designed to provide correct margins when duplicated on 8" x 10-1/2"

paper. A sample typing guide is shown in Figure 111-7. Originals

for local reproduction may be obtained from Pritsker & Associates-

3 or may be copied from the sample in Appendix B.

2-3. Spacing.

The following rules apply for spacing.

1. Text will be single spaced.
2. Double space between Iiragraphs. -

3. Double space between subsections and between
"subsection headings and text in that subsection.

4. Double space after table number and table title.
5. Double space twice after a major section, table

"of contents, list of figures, list of tables,
abbreviations, references, appendices, distribution
list, and change notices.

"6. Indent six space- for each subsecticn heading and
"for new paragraphs.

"7. Triple space before the beginning of first sub-.
sections (2-0, 3-0, etc.).
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3-0 PRELIMINARY PAGES AND PAGE NUMBERING.

3-1. Preliminary Pages.

The preliminajy pages are made up of the following:

1. Cover and title page
2. Disclaimer statement
3. DDlhT3
4. Table of Contents
5. List of Figures
6. List of Tables
7. Abbreviations

3-2. Page Numbering.

Pages are numbered as follows:

Page Number

cover not numbered
title page i (not numbered)
"disclaimer statement ii
DD1473 iii and iv (not numbered)
Table of Contents v
List of Figures vi
List of Tables vii
Abbreviations viii

Main body numbered within mejor sections
(e.g., 1-l, 1-2)

Appendices numbered within appendix
(e.g., A-l, A-2)

P Page numbers will be centered at the bottom of the page 1/2" below
the bottcm margin (see Figure 111-7).

"4-0 A LIST OF KEY WORDS AND ABSTRACT.

A list of "key words" is to be provided to Pritsker & Associates
when the reports are delivered. These words will be incorporated
into the DD1473.

An abstract is to be written for each report and also sent
on a separate sheet of paper to Pritsker & Associates when the
reports are delivered.
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IV. DELIVERY OF THE REPORT

1-0 DISTRIBUTION AND BINDING.

-1. Binding.

Reports one inch (1") thick or less will be bound with
General Binding Corporation combs. Reports over one inch will be
bound in three-hole loose leaf notebooks. Long reports should be
copied on both sides of the pages to fit within the one inch size
if possible.

1-2. Distribution.

Distribution of copies will be handled as follows:.

l-2.a. The author will keep the "original" in a
camera-ready form (i.e., copied on one side of the paper, unbound,
no holes, staples, etc.).

l-2.b. A "reference copy" will be sent to Pritsker &
Associates which will be a copy of the original in the same con-
dition (unpunched, unbound, clean, no holes, staples, etc.). For reports ( -
authored by Pritsker & Associates, the reference and original copies
may be the same.

1-2.c. Sufficient copies for distribution will be
sent to Pritsker & Associates with prepared covers. They will be
drilled or punched (excluding the reference copy) fur the appro-
priate binding but will be unbound. and collated. This includes the
copies t6 bb distributed to the author(s). Pritsker & Associates
will supply the bindings and/or notebooks. Do not three-hole punch
thL prepared covers for repotts over one inch thick.

l-2.d. Pritsker & Associates will bind the copies and
ship them to the recipients.

l-2.e. When final versions of MOPADS documents are
to be submitted to the Army or whenever the Army requests, camera-
ready copies will be prepared from the originals.

2-0 SUBMISSION OF CILP.GFS.

When changes are made tc drafts, those pages which are changed
will be distributed to all recipients of the document. Distribution
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ane binding requirements will be the same as in Sectio. 1--0
above. If the report was distributed copied on both sides of
the paper, changed pages must be similarly copied so one-for-one
replacement is possible. Changed pages will contain no annotation
to indicate that changes have been made.

Inserted pages will be numbered fractionally (e.g., VT-2.1,
V-2.2, etc.). Deleted pages will be denoted by multiple page
references on the preceding page (e.g., "111-2 to III-4" to indicate
that pages 111-3 and III-h have been deleted).

Packets of changed pages will be accompanied by a Change
Notice form shown in Figure IV-1. Copies for local reproduction
are contained in Appendix B.

Recipients of changes will insert/delete pages from their
reports and file the Change Notice in the Change Notice section.
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MOPAIS Volume 4.2

CEA1NGE Date: V1/5/1982

No. 01

FORTRAN Style and Documentation RequirementR
for MOPADS

Operator and Non-Operator Softwere

Contract ARI Field Unit, MIDA903-81-C-AA06

MOPADS Volume 4.2, dated February 28, 1982, is changed as follows:

1. Remove old pages and insert new pages as indicated below.

Remove Pages Insert Pages

vvi v ,vi
11-3 11-3

IV-3 (this form)

2. File this change sheet in the back of the publication under
Change Notices.

Figure IV-I. Sarple Change Notice Form.
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V. DISTRIBUTION LIST I
M-'. Charles Jorgensen (5)
PERI-IB
U. S. Army Research Institute Field Unit
P. 0. Box 6057
Fort Bliss, Texas 79916

Pritsker & Associates, Inc. (5)
P. 0. Box 8345
Albuquerque, New Mexico 87198

ACO-Loretta Mclntire (2)
DCASMA (SIS01A)
Bldg. #1, Fort Benjamin Harrison
Indianapolis, Indiana 46249

Mr. E. Whitaker (1)
Defense Supply Service - Washington
Room ID-245
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Calspan Corporation
Advanced Technology Center
P. 0. Box 400
Buffalo, New York 14225
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Calspan Corporation
Advanced Technology Center
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VI. CHANGE NOTICES
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MopADS vojumc! 5. 8 DF

CHANGE Date: August 16, 1982

Contract AI Field Uni%, MDA903-.81-c-AAO6

1. Remov~ old pages and insert new pages as indicated below.

Remnove Pages Insert Pages

115611-5,6W-
11-9,10 11-9,10
111-3,4 111-3,4

2. File this change sheet in the back of the publication uander
Change Notices.
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APPENDIX A

The following pages contain the Standard MOPADS Terminology
which will be used in the MOPADS documents. These pages are to
be placed following the Abbroeviations section in the reports.
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STANDARD MOPADS TERMINOLOGY

AIR DEFENSE SYSTEM

A component of Air Defense which includes equipment and
operators and for which technical and tactical trainiilg
are required. Ex,'mples are IHAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM MODULE

.Models of operator actions and equipment characteristics
for Air Defense Systems in the MOPADS software. These
models are prepared with the ,.,AINT simulation language.
Air Defense System Modules include the SAINT model and
all data needed to completely define task element time,
task sequencing requiremento,and human factors influences.

AIR SCENARIO

A spatial and temporal record of aerial activities and
characteristics of tin air defense battle. The Air Scenario
"includes aircraft tracks, safe corridors, ECM, and other
aircraft and airspace data. See also Tactical Scenario.

P BRANCHING

"- A term used in the SAINT simulation language to mean the
"process by which TASK nodes are sequenced. At the comple-
tion of the simulated activity at a TASK node, the Branching5 from that node determines which TASK nodes will be simulated
next.

DATA BASE CO!?TRBOL SYSTEM

That part of the MOPADS software which performs all direct
P communication with the MOPADS Data Base. All information

transfer to and from the data base is performed by invoking
the subprograms which make up the Data Base Control System.

"DATA SOURCE SPECIALIST

* A. specialist in obtaining anýd interpreting Arrt' documentation
and other data needed to proFrrre Air Defense System Modules.

EvV1-CI,!xiTAL STATE VARIABLE

An element of an Enviroenrntai State Vo'!tor.

-
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ENVIRONMENTAL STATE VECIOR

An array of values representing conditions or characteristics
that may affect wre than one operator. Elements of Environ-
mental State Vectors may chanege dynamically during a MOPADS
simulation to repi'esent changes in the environment conditions.

MODERATOR FUNCTION

A mathematical/logical relationship which alters the nominal
time to perform an operator activity (usually a Task Element).
The nominal time is changed to represent the operator's capa-
bility to perform the activity based on the Operator's State
Vector.

MOPADS DATA BASE

A computerized data base designed specifically to support the
14OPADS software. The MOPADS Data Base contains Simulation Data
Set(s). It communicates interactively with MOPADS Users during
pre- and post-run data specification and dynamically with the
SAINT software during simulations.

MOPADS MODELER
An analyst who will develop Air Defense System Modules and

modify/develop the MOPAPS software system.

MOPADS USER

An analyst who will design and conduct simulation experiments
with the MOPADS software.

MSAIXT (MoPADs/sAINT)

The variant of SAINT used in the MOPADS system. The standard
version of SAINT has been modified for MOPADS to permit share-.

* able subnetworks and more sophisticated interrupts. The terms
, SAINT and MSAINT are used interchangeably when no confusion

will result. See also, SAINT.

OPERATOR STATE VARIABLE

One element of an Operator State Vector.

OPER2ATOR STATE VECTOR

"An array of values representing the condition and character-
istics of an operator of an Air Defense System. Many values
"of the Operator State Vector will change dynsmlcally during
the course of a MOPADS simulation to represent changes in
operator condition.
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OPERATOR TASK

An operator activity identified on DirectQrate of Training
Development (DYTD) "critical tack lists" or alalogous docu-
mentetion for Air Defenae Systems.

SAINT

The underlying computer simulation language used to model Air
Defense Systems in Air Defense System Modules. SAINT is an
acronym for Systems Analysis of Integrated Networks of Tasks.
It is a well documented language designed specifically to
represent human factors aspects of man/machine systems. See
also MSAINT.

SIMULATION DATA SET

The Tactical Scenario plus all required simulation initiali-
zation and other experimental data needed to perform a MOPADS
simulation.

SIMULATION STATE

At .ny instant in time of a MOADS simulation the Simulation
State is the set of values of all variables in the MOPADS
software and the MCPADS Data Ba.se.

SYSTEM MOLULES

See Air Defense SyEtem Modules.

TACTICAL SCENARIO

The Air Scenario plus specification of critical assets and
the air defense configuration (number, type and location of
weapons and the c'maand and control system).

TACTICAL SCENARIO COMPONENT

An element of a Tactical Scenario, e.g., if a Tactical Scenario
contains several Q-73's, each one is a Tactical Scenario Com-
ponent.

T10K

See Operator Task

TASK ELAEMTS

Individual operator actions which, when grouped appropriate]y,
make up operator tasks. Task elements are usually represented
by single SAINT TASK nodes in Air Defense System Modules.
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TASK NODE

A modeling symbol used in the SAIrNT simulation language. A

TASK node represents an activity; depending upon the modeling

circtunstances, a TASK node may rtpresent an individual activity

such as a Tas. Element, or it may represent an aggregated
activity such as an entire Operator Task.

TASK SEQUENCING MODERATOR FUNCTION

A x •hematical/logical relationship which selects the next

Operator Task which an operator will perform. The selection is

bared upon operator goal seeking characteristics.
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Standard MOPADS Terminology

AIR DEFENSE SYSTEM A component of Air Defense which includes
equipment and operators and for which techni-
cal and tactical training arerequired.
Examples are 1HAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

AIR SCENAR!O A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft arnd airspace data. See also
Tactical Scenaro.

BRANC,:i NG A term used In the SAINT simulation language
tc mean the process by which TA0*T$ nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
that node determines which TASK nodes will be
simulated next.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM all direct comnunication with the MOPADS Data

Base. All information transfer to and from
the data base is p,ýrformed by invoking the sub-
programs which naae up the Data Base Control
System.

DATA SOURCE A specialist in olttaining awd interpreting
SPECIALIST Army doc'unirntaticnn and other data needed to

proapare Air '>Žftense Sst2r.: I.odu•les.

ENVIROtWMENTAL An elem-rnt of an 1.xviroriental State Vector.
STATF VARIABLE
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ENVIRONMENTAL An "rray of values representing conditions or
STATE VECTOR characteristics that may affect more than one

orenator. Elenents of Environmental State
Vectors mW, change dynamically during a MOPADS
simulation to represent changes in the environ-
ment conditions.

MODERATOR FUNCTION A mathematical/logical relationship which
alters the nominal time to perform an operator
activity (usually a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based on the
Operator's State Vector.

MOPADS DATA BASE A computerized data base designed specifically
to support the MOPADS software. The MOPADS
Data Base contains Simulation Data Set(s). It
communicates interactively with MOPADS Users
during pre- and post-run data specification and
dynamically with the SAINT software during
simulation.

MOPADS MODELER An analyst v.ho will develop Air Defense System
Modules and modify/develop the MOPADS software
system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

MSAINT(MOPADS/SAINT) The variant of SAINT used in the MOPADS system.
The standard version of SAINT has been modified
for MOPADS to permit shareable subnetworks and
more sophisticated interrupts. The terms SAINT
and MSAINT are used interchangeably when no
confusion will result. See also, SAINT.

OPERATOR STATE One element of an Operator State Vector.
VARIABLE

OPERATOR STATE An array of values representing the condition
VECTOR and characteristics of an operator of an Air

Defense System. Many values of the Operator
State Vector will change dynamically during
the course of a MOPADS simulation to represent
changes in operator condition.

P-47



7I

OPERATOR TASK An operator activity identified on Directorate
Of Training Development (DTID) "critical task
lists" or analogous documentation for Air
Defense Systems.

SAINT The underlying computer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated Networks of
Tasks. It is a well, documented language designed
specifically to represent human factors aspects
of man/machine systems. See also MSATN`

SIMULATION DATA SET The Tactical Scenario plus all requtred slimu-
lation initialization and other experimental
data needed to perform a MOPADS simulation.

SIMULATION STATE At any instant in time of a MOPADS simulation
the Simulation State is the set of values of all
variables in the MOPADS software and the MOPADS
Data Base.

SYSTEM MODULES See Air Defense System Modules.

0
TACTICAL SCENARIO The Air Scenario plus specification of critical

assets and the air defense configuration
(number, type and location of weapons and the
command and control system).

TACTICAL SCENARIO An element of a Tactical Scenario, e.g., if a
COMPONENT Tactical Scenario contains several Q-73's, each

one is a Tactical Scenario Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when grouped
appropriately, make up operator tasks. Task
elements are usupaly represented by single

SAINT TASK nodes in Air Defense System Modules.
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TASK NODE A modeling symbol used in the SAINT aimulation
language. A TASK node represents an activity;
depending upon th,: modeling circumstances, a
TASK node may represent an individual activity
such as a Task Flement, or it may represent an
aggregated actii ity such as an entire Operator
Task.

TASK SEQUENCING A mathematical/logical relationship which
MODERATOR FUNCTION selects the next Operator Task which an

operator will perform. The selection is based
upon operator goal seeking characteristics.

P.
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APPENDIX B

This section contains blank forms which may be locally
reproduced.
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TERM I NOLOGY

1-0 STANDPRD MOPADS TERMINOLOGY.

AIR DEFENSE SYSTZM A comionent of Air Defense which includes
equipment and operators and for which techni-
cal and tactical training are required.
Examples are IHAWK and the AN/TSQ-T3.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. The~se models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the SAINT
model and al- data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and .
other aircraft and airspace data. See also
Tactical Scenario.

BRANCHING A term used in the SAINT simulation language
to mean the process by which TASK nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
that node determines which TASK nodes vill be
simulated next.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM all direct communication with the MOPADS Data

Base. All information transfer to and from,
the data base is performed by invoking the sub-
programs which make up thb Data Base Control
System. @

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

prepare Air Defense System Modules.

ENVIRONMENTAL An element of an Environmental State Vector.
STATE VARIABLE

Q-3
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ENVIRONMENTAL An array of values representing conditions or
SrATE VECTOR characteristics that nay affect'more than one

operator. Elements of Environuenta2 State
Vectors may change dynamically during a MOAW
simulation to represent changes in the envirao-
merit conditions.

MODERATOR FUNCTION A matheatical/logical relationship which
alters the ,cninal time to perform an operator
activity (usually a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based on the
"Operator's State Vector.

MOPADS DATA BASE A computerized data base designed specifically
to support the MOPADS software. The KOPADS
Data Bease contains Simulation Data Set(s). It
ca inicates interactively with MOPADS Users
during pre- azd post-run data specifir-t!iz and
dyDamically with the SAMIfT software during
simulation.

. MOPADS MODELER An analyst who vill develop Air Defense System
Modules and modify/develop the MOPA=S softvwre
system.

MOPADS USER An analyst who will design and conduct sinu-
lation experiments with the MOPADS software.

MSAINT(MOPADS/SAINT) The variant of SAINT used in the MOPADS system.
The standard version of SAINT has been modified
for MOPADS to permit shareable subnetworks and
more sophisticated interrupts. The terms SAINT
and MSAINT are used interchangeably when no
confusion will result. See also, SAINT.

OPERATOR STATE One element of an Operator State Vector.
VARIABLE

* OPERATOR STATE An array of values representing the condition
SVECTOR and characteristics of an operator of an Air

Defense System. Many values of the Orerator
State Vector will change dynamically during

* the course of a MOPADS simulation to represent
changes in operator condition.
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OPERATOR TASK An operator activity ide-tified dt•ing
veapons system front-end =Z-'ayses.

SAINT The underlyirg computer simulation language
used to model Air Defense Systems in AirI Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated Networks of
Tasks. It is a well documented language designed
specifically to represent human factors aspects
of man/machine systems. See also MSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required simu-
lation initialization and other experimental
"data needed to perform a MOPADS simulation.

SIMULATION STATE At any instant in time of a MOPAI•S simulation
the Simulation State is the set of values of all
variables in the MOPADS software and the MOPADS
Data Bnse.

SYSTEM MODULES See Air Defense System Modules.

"TACTICAL SCENARIO The Air Scenario plus specification of critical
assets and the air defense conaigtution
(number, type and location of veapons and the
commanL and control system).I

"TACTICAL SCENARIO An element of a Tactical Scenario; e.g., if a
COMPONENT Tactical Scenario contains several Q-73's, each

one is a Tactical Scenario Comoonent.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when grouped
appropriately, make up operator tasks. Task
elements are usually represented by single

0 SAINT TASK nodes in Air Defense System Modules.

tS



L

TASK NODE A modeling symbol wed in the SAMlT simvleatio
language. A TASK node represents an activity;
,epending upon the modeiirg circi•stances, a

* TASK node may represent an individual activity
such as a Task Element, or it may rep.,esent an
aggregated activity such as an entire Operator
Task.

"TASK SEQUENCING A matbematical/logical relatior-shbp vbich
MODERATOR FUNCTION selects the next Operator Task vhich an

operator viLi perform. The selection is based
upon operator goal seeking chzracteristics.

Q
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I. PURPOSE

This documert describes a collection of utility programs
used by the MOPADS software. Each of the major modules has
similar needs for performing routine operations such as array
copying, initialization, Limple input and output, and file
opening and closing. Also, there are several functions rela-
tively specific to MOPADS such as certain geometric calculations
and encoaIng/decoding of operator information that ar.z also
performed by more than one module. IL keeping with the modular
design approach of MOPADS, these functions have been collected
into a separate module and documented separately here.

Q-7
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II. DATA STRUCTURE DESCRIPTION

Since UTIL is a c llection of more or less unrelated prc-
grams it has no major internal data structure. The single
exception to this is a set of programs that perform encoding
and decoding of characters to numbers and vice versa (see LP)SU
and CPOSU in Section V)I. A single array containing these corres-
pondences is contained in a COMMON block described in Section VIII.

For all other subprograms in UTIL, the required data. is
passed as fcrmal parameters.

i
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III. OVERVIEW OF THE FLOW OF CONTROL

As a general rule, the programs of UTIL are at the lowest
level of processing. In other words, they call only other
routines in L'UIL or implicit FORTRAN functions. Some I/0 pro-
grams, however, call- programs in the FFIN2 module (Polito).

I
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IV. EXTERNAL FILE USAGE

In every case where a UTIL program must perform operations
with external files, the unit number (and/or the file name) is
passed to the program as a formal parameter. With the exception U
of Subroutines OPENSU and OPUrIDU (whose functions are to open
files), the MTIL programs assume that an appropriate file has

been correctly associated with the unit number by the calling
module. The UTIL programs do no error checking on the files.

Q
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V. SUBPROGRAM DESCRIPTIONS

Thle MOPADS assigned suffix for LT.UL is the letter "U".
AUl subprograms, COMMON block labels, bnd variables in COMMON
end with this letter.

Q-15
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BLOCK( IDATA BLOCKUL

C**MIODULE: ) OPADS/UTIL
C*#REFERENCE: MOPADS VOLUME 5.9

LOGICAL FUNCTION CEOVU (CHR,CREF)c
C**MODULE: MOPADS/UTIL .' "•
C**REFERENCE: MOPADS VOLUME 5.9

C**PURPOSE: THIS FUNCTiON IS USED TO DETERMINE IF A CHARACTER IS
C EQUAL TO A REFERENCE CHARACTER.
c
C**INPUT PARAMETERS: CHR=CHARACTER TO BE COMPARED AGAINST SOME
C REFERENCE CHARACTER TO SEE IF THEY ARE
C EQUIVALENT
C CREF=REFERENCE CHARACTER
C
C**OUTPUT PARAMEIERS: CEOVU=.FALSE. IF CHR DOES NOT EQUAL CREF
C =.TRUE. IF CHR EQUALS CREF
C

SUBROUTINE COPYCU (CARAYI,N,CARAY2)
C
C**NODULE: rIOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C
C**PCRPOSE: THIS SUBROUTINE COPIES THE CONTENTS OF THE CHARACTER APRAY
C CARAYt TO THE CHARACTER ARRAY CARAY2.
c
C**INPUT PARAMETERS: CARAYI=THE CHAq!ACTER ARRAY TO BE COPIED INTO
C CARAY2
C N=THE DIMENSIO OR LENGTH Oc ARRAYS CARAYI AND
C CARAY2
C
C**QOUTPUT PARAMETERS: CARAY2=THE CHARACTER ARRAY COPIED FROM CARAYI
C

---------------- -------------------------------------------

Q-16
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SUBROUTINE COFYIU (IARAYINlARAY2
C

C**MqDULE: hOPADS/UTIL
C**REFEREHCE: HOPADS VCLUME 5.9
C !

C**PURPOSEt THIS SUBROUTINE COPIES THE COiTENTS OF THE INTEGER ARRAY
c IARAYI TO THE INTEGER ARRAY IARAY2. •

C
C,*INPUT PARAMETERS: IARAYI=THE INTEGER ARRAY TO BE COPIED INTO
C IARAY2
C N=THE DIMENSION OR LENGTH OF ARRAYS IARAYI A1-D
C IARAY2
C
C**OUTPUT PARAMETERS: IARAY2=THE INTEGER ARRAY COPIED FROM IARAYI
C

SUBROUTINE COPYRU (RARAY!,N,RARAY2)
c
C**MODULE MOPADS,'UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C
%,**PURPOSE: THIS SUBROUTINE COPiS THE CONTENTS OF THE REAL ARRAY
C RARAYt TO THE REAL ARRAY RARAY2.
C
C**INPUT PARAMETERS: RARAYI=THE REAL ARRAY TO BE COPIED INTO RARAY2
C N=THE DIMENSION OR LENGTH OF THE ARRAYS RARAYI .-

C AMD RARAY2

C**OUTPUT PARAMETERS: RARAY2=THE REAL ARRAY COPIED FROM RARAY-
C

CHARACTER*I FUNCTION CPOSU (LPnS)

C**MODULE: MOPADS/UTIL
C**REFERENCE: tHOPADS VOLUME 5.9
C
C**PUR'OSE: THIS FUNCTION IS USED TO CONVERT A TUO DIGIT INTEGER
C CODE VALUELPOSINTO ITS ONE CHARACTER ALPHANUMERIC
C EQUIVALENT..
C
C**INPUT PARAMETERS: LPOS=INTEGER VALUE TO BE DECODED
C

4
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C**OUTPUT PARAMETERS: CPOFU' " IF LPOS.LE,.. OR LPOS.6T.36,ELSE
C *ALPHANUMERIC CHARACTER Eq'IIVALENT OF LPOS
C UHERF 1-26 REPRESENI A-7 AND 27-31
C 0-9

FUNCTION EXSMU (A',v1,t2,X2)
C

C.*NODULE: NOPADS/UTIL
C**REFERENCE: QOPADS VOLUME 5.9
C
C$#PURPOSE: THIS FUNCTIOK RETURNS THE SMOOTHED VALUE
C. FOR TU0 DATA POINTS.
C
C*sINPUT PARAMETERS: AI'SMOOTHING COt.ST7NT FOR Xl
C XIxDATA POINT
C A2xSMOOTHING CONSTA7' FOR X2
C X20DATA POINT
C
C$*OUTPU1 PARAMETERS: EXSMU-SMODTHEb VALUE gETUPtEI

SUBROUTINE FSPU(LIhENCOL,ICODE)
C

C**P'RPOSS: FSPU UILL EXAMINE LINE TO DETERMINE IF IN
C IS THE FIRST OR LAST STATEMENT OF A FORTRAN PROGRAM
C UKIT OR A NEU LAMP DECK OR COMDECK.
C FSPU CHANGES THE SEPARATORS AND THE LINE TERIMIATOR
C CHARACTER FOR THE FFIN2 PROGRAMS. THESE CHANGES ARE
C NQT REVERSED BY FSPU.
C
C*'INPUT PARAMETERS: LINE-CHARACTER VARIABLE CONTAINING A FORTRAN
C STATEMENT
C NCOL-THE NU48ER OF CHARACTER POSITIONS IN LINE
C**OUTPUT PARAMETERS: ICOVE-OUTPUT CODE
C -I-END STATEMENT
C O-NOT A NEU PROGRAM UNIT, LAMP DECK,
C 0R END STATEMENT
C I-*PROGRAM"
C 2-"SUDROUTINE"
c ]-*FUNCTION" (ALL TYPES)
c 4-01LCCK DATA"
c 5*'o0ECK"

C &-**COhDEC¢"
C

Q-i 8
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C--STATEMENTS THAT START A NEU PROGRAM UNIT MUST HAVE BLANKS OR
C "to AS SEARATORS.
C E.G.
C =|LOCK BATA= NOT "FLOCKDATA"
C OFUNCTION ONi" NOT 'FUHCTIONONE"
C

SUBROUTINE HEADMU (POSlPOS2,HDNDt,D2)
C
C**MODULE: HOPADS/UTIL
CssREFERENCE: HOPADS VOLUME 5.9
C
C**PURPOSE% THIS SUBROUTINE IS USED 10 CALCULATE THE COMIPASS AZIMUTH
C FROM POSITION I TO POSIlION 2,THE GROUND DISTANCE DETUEEN
C THE TUB POINTS (DISTANCE ISNORING ALTITUDE),AND THE
C LINEAR DISTANCE (SHORTEST PATH) DETUEEN THE TUO POINTS.
C
C*sINPUT PARAMETERS: POS1(3)aCOORDINATES POINT I
C 1 *X COORDINATE POINT I (U4ITS=MILCS)
C 2 *1 COORDINATE POINT I (UNITSuMILES)
C 3 mZ COORDINATE POINT I (ALTITUDE IN FEET)
c POS2(3)-COORDINATES FOINT 2
C 1 *X COORDINATE POINT 2 (UNITSxhILES)
C 2 zY COORDINATE POINT 2 (UNITS-hILES)
C 3 *Z COORDINATE POINT 2 (ALTITUDE IN FEET)
C
C*#OUTPUT PARAMETERS: HDN=CONPASS AZIMUTH FROM POSI TO POS2-HEADING
C (RADIANS FROM NORTH)(+Y AXIS IS NORTH)
C DI-6ROUND DISTANCE FROM POSI TO P0S2 (Z1ZI.0)
C (UNITS'NILES'
C D2-SHORTEST D!STAKCE METUEEN POSt AND POS2
C (UHITS-MILES)
C

FUNCTION IDFCU (LOCNPEY,NKEY,NDEX)
C

C'#IIODULE: NOPADS/UTIL
C**REFEREMCE: MOPADS VOLUME 5.9
C
COOPURPOSE: THIS FUNCTION ATTEMPTS TO LOCATE LOCN AMONG THE KEYUORDS IN
C KEY.ONLT THE NON-BLANK PART OF LOCN I5 COMPARED UIIN THE LE
C CHARACTERS OF KEY.THUS THE USER MAY ABBREVIATE THE KETUORDS
C
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C**INPUT PARAHETERS: LOCNxCHARAC*Ek VARIABLE REPRESEATIiUG THE KEYUORD
C TO BE LOCATED
C KEY=CPARACTER ARRAY OF KEYUORDS TO BE SEARCHED
C NKEYsTOTAL UIESER LF KEYUORDS IN KEY AND THE
C LENGTH OF TIE NDEX ARRAY
C
C**INFUT/OUTPUf PAR: NDýXs]NTIER CROSS REFERENCE ARRAY.IDFCU USES A
C BINARY SEARCH TO LOCATE LOCNDUT THE USER
C NEED NOT ARRANGE KEY IN THE CORRECT
C COLLATING ORDEk.ON THE FIRS( CALLSET
C NSEX(1)zO.IBFCU UILL COLLATE KEY BY STORING
C THE CORRECT INDECES IN NDEX.DD NOT CHANGE
C NDEX DETUEEN CALLS.
C
C**OUTPUT PARAMETERS: IDFCU=-I -LOCH AMBIGUCIJS
C 0 -LOCN NOT FOUND IN KEY
C I -LOC" EOU LS KEY(I)
C

--------------------------------------

FUNCTION IFCU (LOCN,KEYNKEY.
C

C**MODULE: HOPADS/UTIL
C*SREFEkENCEt NOPADS VOLUME 5.9
C
CeePURPOSE: THIS FUNCTION ATTEMPTS TO LOCATE LOCH AMONG THE KEYUORDS
C IN KEY.ONLY THE NON-BLANK PART OF LOCH IS HATCHED UITH THE
C LEFMOST CHARACTERS IN KEY.THUSTHE USER MAY ADREVIATE
C THE KEYUORDS.IFCU USE A LINEAR SEARCH,SEE ALSO IBFCU.
C 0

CeSINPUT PARAMETERS: LOCN=THE KEYUORD TO BE LOCATED (CHARACTER)
C KEY(NKEY)zAN ARRAY OF KEYUORDS TO SEARCH FOR
C LOCH (CHARACTER)
C
C**OUTPUT PARAMETERS: IFCUs -1 - LOCH A4 IGUOUS
C 0 - LOCH NOT FOUND IN KEY
C I - LOCN-KET(I)
C

SUBROUTINE INOIRU (LUOPENDFILENACCS,FORMAIERR)
C
C**MODULE: NOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C
C*#PURPOSEt THIS SUBROUTINE DETERMINES THE CURRENT STATUS OF A
C SPECIFIED UNIT.
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C
CesINPUT PARAMETERS: LUsUNIT NUMBER FOR UPICH THE STATUS IS BEING
C CHECXEL
C
Cs*OUTPUT PARAMETERS: OPEND=LOGICAL VARIABLE DESIGNATING UHETHER OR
C NOT A UNIT NUXPER 15 CONNECTED TO A FILE
C (s.TRUE. IS CONNECTED TO A FILE,=.FALSE.
C IS NOT C(1NNECTED TO A FILE)
C FILEN=CHARACT7E VARIArEt REPRESENTING THE NAME
C OF THF FILE CONNECTED TO THE UNIT PUMBER
C ACCS-A CHARACTER VARIABLE INDICATING THE ACCESS
C METHOD OF THE FILE
C FORMAmA CHARACTER VARIABLE INDICATING UHETHER
C THE FILE IS OPENED FOR FORMATTED 1/0
C OPERATIONS OR UNFORMATTED 1/0 OPERATIONS
C IERRsSYSTEN ERROR CODE.EQUALS ZERO IF NO ERROR
C OCCURS.
C

SUDROUTINE INSCLU (MN,LCOLMFIRST,IARRAYJCFILL, IERR)
C
Cs*MODULEt MOPADS/UTIL
C*SREFERENCE: HOPADS VOLUME 5.7

C*sPURPOSE: THIS SUBROUTINE IS USED TO INSERT A COLUMN OF VALUES INTO
C AN ARRAY.THIS SUBROUTINE IS USED UITH ARRAYS THAT ARE
C UTILIZING A POINTER (WFIRST) THAT POINTS TO THE NEXT
C AVAILABLE COLUMN IN THE ARRAY UHERE VALUES MAY BE LOADED.
C BEFORE THIS SUBROUTINE IS CALLED IHE USER SHOULD CALL
C SUBROUTINE SETVU TO SET UP THE POINTER STRUCTURE.
C
LssINPUT PARAMETERS: ANUHNDER OF ROUS IN IARRAY
C N*NUSMER OF COLUMNS IN RARRAY
C LCOL(N-I)aVECTOR OF VALUES TO DE LOADED INTO A
C COLUMN OF IARRAY (NO VALUE FOR ROU R
C TO AVOID DESTROYING POINTER SYSTEM)
C
C--INPUT/OUTPUT PARAMETERS:
C MFlRSTzFIRST AVAILABLE COLUMN FOR STORING VALUES
C IARRAY(M,N)*ARRAY THAT VILL HAVE A COLUMN OF
C VALUES LOADED INTO IT.A -1 UILL BE
C LOADED INTO ROU A OF THE COLUMN
C KEING FILLED,TO SHOU THAT IHE COLUMN
C IS FILLED.
C
CssOUTPUT PARAMETERS: JCFILLsTHE NUMBER OF THE COLUMN THAT VAS FILLED
C IERR'ERROR FLAG
C of NO ERROR
C -I IARRAY IS FULL (NFIRST.O)
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C**OUTPUT PARAMETERS: JCFILL*IHE NUhJER OF THE CP)LUMN THAT UAS FILLED
C IERR=E2ROR FLAG
Cso Nm ERROR
C at JARRAY IS FULL (MFIRST=O)
C

FUNCTION ISUMU (IARTrNA)
C

Cw*MOPADS/UTIL
C**REFERENCE: ROPADS VOLUME 5.9
C*ePURPOSEs TO SUN THE ELEMENTS OF AN ARRAY.
C
C**INPUT PARAMETERS: IARY(NA)BARRAT UHOSE ELEMENTS ARE TO BE SUMMED

C

SSUIROUTINE LOADCU (CVA..iN,,NRUUCARRAY)

C*e'ODULE: NOPADS/UTIL
Ce*REFERENCE: NOPADS VOLUME 5.1
C
Ce*PURPOSEs THIS SUlRqUTINE IS USED T7 LOAD ONE ROU OF A CHARACTER
C ARRAY CARRAY VITH THE VALUE STORED IN CVAL.
C
C**INPUT PARAM!ETERSs CVALsTHE CHARACTER VALUE TO BE LOADED INTO CARRAY
C NhaNUMER OF ROUS IN CARRAY
C NWXUNDER OF COLUMNS IN CARRNY
C NROUW1HE IOU OF CARRAY TO BE LD4DED
C
C**INPUT/OUTPUT PARs CARRAYsTHE CHARACrER ARRAY TO BE LOADED
C PARTIALLY OR COMPLETELT.RETURNED AS
C THE LOADED ARRAY.
c1

SUBROUTINE LOADIU (IVALMN,NROUIARRAY)

tCshODULE: NOPADS/UTIL
C**REFERENCEt MOPADS VOLUME 5.?
C
CisPURPOSE: THIS SUBROUTINE IS USED TO LOAD ONE ROU OF AN INTEGER
C ARRAY JARRAY UITH THE VALUE STORED IN IVAL.
c
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C**INPUT PARAMETERS: IVAL=THE INTEGER VALUE 10 BE VOADED IN IARRAY
C N=NUMBER OF ROUS IN IARkAY
C N=NUHBER OF COLUARS IN IARRAY

WROUYTHE ROU OF IARRAY TO BE LOADED
C
C**INPUT/OUTPUT PAR: ItRRAY=THE INTEGER ARRAY TO BE LOADED
C. PARTIALLY OR COMPLETELY.RETURHED AS
C THE LOADED ARRAY.
-

SUBROUTINE LOADRU (RVALNNNROURARRAY)
c
C**MODULE: NOPADS/UTIL
C**REFERENCE: NOPADS VOLdME 5.9
C
CS*PURPOSE: THIS SUBROUTINE IS USED TO LOAD ONE ROU OF AN REAL ARRAY
C RARRAY UITH THE VALUE STORED IN RVAL.
C
C**INPUT PARAMETERS: RVAL=THE REAL VALUE TO BE LOADED INTO RARRAY k *
C IMrNWIBER OF ROUR IN RARRAY
C N=NUMBER OF COLUMNS IN RARRAY
C NROUVTHE ROU OF RARRAY TO BE LOADED

C**INPUT/OUTPUT PAR: RARRAY=THE REAL ARRAY TO BE LOADED
c PARTIALLY OR COMPLETELY.RETURNED
C AS THE LOADED ARRAY.
C

FUNCTION LPOSU (CHP.)
C "

C**MODULE: MOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9

C*#PURPOSE: THIS FUNCTION IS USED 10 CODE ALPHANUMERIC CHARACTER
C INTO AN INTEGER REPRESENTATION OF THE CHARACTER.THE NUMBERS
C 1-26 REPRESENT THE CHARACTERS A-Z AND THE NUMBERS 27-36
C REPRESENT THE CHARACTERS 0-?.
C
C**1NPUT PARAMETERSt CHRmCHARACTER STRING 10 BE CODED AS AN INTEGER
C
C**OUTPUT PARAMETERSt LPOSU=N iINTEGER CODE VALUE FOR THE CHARACTER
C (CHR)
C
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SUBROUTINE NBLCU (STRINi,LOI,LO2)
C

C*#MODULE: MOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C

C*#PURPOSE: THIS SUBROUTINE RETURNS THE FIRST AND LAST NON-BLANK
C CHARACTER POSITIONS OF A STRING.
C
C**INPUT PARAMETERS: STRING=TIIE STRING TO DELINEATE CCHARA'Ter)
C
C**OUTPUT PARAMETERS: LOlLO2=T7E POSITION OF THE FIRST AND LAST NON-
C BLANK CHARACTFR IN STRING.IF STRING !8
C ALL lLANKLO1L02z0
C

FUNCTION NCLIPU (INCLIPLOU,IHIGH)
C
C**NODULE: MOPADS/UTIL
C**REFERENCEi MOPADS VOLUME 5.9
C**PURPOSE: THIS FUNCTION EVALUATES THE VARIABLE INCLIP TO DETERMINE

C IF IT LIES UITHIN SOME SPECIFIED RANGE OF VALUES.IF IT
C IS LARGER THAN THE UPPER BOUND,THE FUNCTION
C RETURNS THE VALUE OF THE UPPER 8OUND.IF IT IS SMALLER
C THAN THE LOYER BOUND THE FUNCTION RETURNS
C THE VALUE OF THE LOUER BOUND.IF IT LIES UITHIN THE RANGE
C THE VALUE OF INCLIP IS RETURNED.
C
C**INPU7 FARANETERSS INCLIP:VARIABLE TO BE EVALUATED ON THE RANGE
C FROM LOU TO IHIGH
C LOUxLOUER SOUND ON THE RANGE OF ACCEPTABLE
C VALUES FOR INCLIP
c IHIG6HUPPER SOUND ON THE RANGE OF ACCEPTABLE
C VALUES FOR INCLIP

C#*OUTPUT PARAMETERS: NCLIPU=VALUE OF THE FUNCTION RETURNED.IF INCLIP
C > IHIGH THEN NCLIPU2IHIGM.IF INCLIP <
C LOU THEN NCLIPU2LOU.OTHERUISE NCLIPU-
C INCLIP.
C
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SUBkOUT;NE OPENDU (LU,FILEN,STAT,Fft,NREC.IERR,*)
C
C*.MDUJLE: nbiIADW/UTIL
C~sscEFERENCEt Ma;ADS YO~AiME 5.9
C
C**KijRPOSE: THIS SUBRIVtT T14E OPENS A DIRECT ArcESS F!LE
C
C**INPUlo PARANEIF3S: LUrIQGICAL UNIT NUMBER 9F'04E FIlE TO BE OlPENED
C FILEN=A CHARACTER EXPRESE!O0e RLPRS.'NTING THE
C FILE NAME TO BE OE::ED
C STAT=A CHARACTER EXPRESSION WFPRLr.iNTING THE
C FILE STATUS (OLD,NEU,SCiATCHUtNKNOUNi
C FM=A CHARACTER EXP!hiSSYON DESIGNATING UHETHER

THE FILE IS FORhATTED OR UNFWfdATtEDl

PREC:RECORD LENGTH
csOTTPAAEES ERTEERRNIER(0I NEF1N)
C*DTUTPRMTR: ER-TEERRNME(2IF'N flN
c*ATRTERTRS i NL ALENE ER CCF :NIEi
C**LENT REU SS NlE OT L EQALTZERO.ER-UR C~il:.NI

C

-------------------- I-------------------------------~---

SUBROUTINE OPENSU(LU,FILEN,STAT,FM,IERR,sý)
c
C--MODULE AOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9

C--PURPOSE: TO OPEN A SEQUENTIAL FILE
C
C--INPUT PARAMETERS: LU-UNIT NUMBER
C FILER-FILE NAMIE (CHARACTER VARIABLE)
C STAT-STATUS (CHARACTER)
C FM-FILE FORMA: (CHARACTER)
C
C--OUTPUT PARAMETERS: IERR-CONDITION CODE
C 0-NO ERROR
C .NE.0-SYS7EM ERROR CODE
C
C--ALTEkNATE RETURNS: 0-NO ERROR -

C I-ERROR, IERR.NE.0
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SUBROUTINE PAUEU (JFL,NL1,MAXL,LINES,NPAGE)

00*0DULE: MOPADS/UTIL

C**REFERENCE: MOPADS VOLUME 5.9

C*sPURPOSE: THIS SUBROUTINE IS USED TO COUNtT THE NUMJBER OF 1INES
c PRINTED ON A PAGE AND ISSUý. A ?AGE E.ECT IF NE~E"Z.CALL

C.*INPUT PARAMETERS: JFLmTHE FILE NUMBER (IF .LE. (',REIIJRN 111TH NO __

C ACTION)
C NL2NUMBER OF NEU LINES TO BE ADDED
C IIAXLuIIAXIMUM NUMBER OF LINES/PAGE

CS*INPU7/CUTPUT PAR: LINE='IHE NUMBER OF LINES ON 4. PAGE 2EFORE HL4
C ~ARE PRINTED (I:IPUT)

C &THE NUMBER OF LINES OW~4 PAGE AFTER NL LINES
C ARE PRINTED (IF A PAGE EJECT HAS BEEN ýSSUED
C LINES 'JILL EQUAL NL+2) (OUTPUT)
C NPAGE=THE PAGE NUNDER.PAGEU VILL INCREMENT THE
C PAGE NUMBER AND PRINT A PAGE INDICATOR IF A
C PAGE EJECT IS ISSUED.IF NPAGE IS SENT

C NEGATIVE THIS FEATURE IS SUPPRESSED

rQ

SUBROUTINE PRMU(LFD,MSG,MPRNT)
C
C- -MODULE MOPADS/UTIL
CseREFERENCE: MOPADS VOLUME 5.9
C
C--PURPOSE: TO PRINT A MESSAGE ON A FILE.

C--INPUT PARAMETERS: LFD-CONTROL PART OF FORMAH CHARACTER)
c (E.G. '//4X') UP TO 35 CHARACTERS.
C NSG-MESSAGE STRING TO PRIN7(CHARACTER)
C NPRN.T-FILE NUMBER TO URITE TO. IF NPRNT.LE.0
C RETURN VITH NO PRINTING.
c

C--EXAMPLES: CALL PRhU('H1II5X','THIS IS A NESSAGE',6)
C CALL PRrIUVI8HMESSAGEs','ANY STRING-',6)
C CALLPRU'XI6J-'' ,)
C
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SUBRqUTINE PRI1SU(MSG,N1 RN7,NBC)

C--MODULE OASUI
C*4REFERENCE: MOPADS VOLUME15.9LA
C
C--PURPOSE: TO PRINT A liESSAIE ON A FILE UITH NO TRAILING
C ILANKS. SMEl

C--INPUT ?ARAMETERS: MGhS'GE STR~ING (CHARACTER)
C NPRNT-FILE NUMBER. IF NPRNT.LE.O,
C RETURN lI7N NO PRINTING
£
C--OUTPUT PARAMETERS: NBC-NUMBER OF LAST NON-BLANK CHARACTER
C IN MSG.
C

C SUBROUTINE PUTCU (c~loh,NF,I1,NT,C'iO

C**MODULL: HOPADS/UTILV
C**REFERENCE: MOPADS VOLUME 5..9
C
C'sPURPOSE: THIS SUBROUTINE TRANSFERS THE CON TENTS OF THE CHARACTER

CVECTOR CFROA 7O THE CHARACTER VECTOR CIG STARTIRO UITHFV
C THE I! ELEMENT OF CTO.IF THE TRANSFER LEADS TO AN GO'YF !WU
C ON CTO (TRANSFER EXCEEDS DIMEfNSION OF CTO) THE OVER7ýt  ý
C VALUES VILL NOT BE TRANSFER~t.D TO CTO.
C
C**INPUT PARAMETERS: CFRtJM=CHARACTER VECTOR COHTAINIH3 'VALUES TO B~E
C TRANSFERED 70 CTO

0C NFvNUIBER OF ELEMENTS OF CFROM
C II:ELEMENT NUIIEER OF CTO WHERE THE TRANSFER OF
C THE CONTENTS OF CUROM TO CTO VJILL BEGIN
C NTxNUMBER OF ELEMENTS IN ClOG
C

C**lNPUT/3UTPUT PAR: CTOtCHARACTER VECTOR TO UNICi4 THE CONTENTS OF
C CFRON UILL-BE TRANSFERRED.RETURNED AS THE
C ORIGINAL VECTOR UITH THE TRANSFER MODIFl-

C CATIONS COMPLETED
C

61
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SUBROUTINE PUTIU (IFROM,NF,II,NTITO)
C
C**MODULE: IOPADS/UTIL
C*oREFERENCE: MOPADS VOLUME 5.9
C
C**PURPOSE: THIS SUBROUTINE TRANSFERS THE CONTENTS OF THE INTEGER
C VECTOR IFROM TO THE INTEGER VECTOR ITO STARTING WITH THE
C I1 WORD OF ITO.IF THE TRANSFER LEADS TO AN OVERFLOW ON ITO
C (TRANSFER EXCEEDS DIMENSION OF ITO) THE OVERFLOW VALUES
C WILL NOT BE TRANSFERED TO ITO.
C
C**INPUT PARAMETERS: IFROh=INTEGER VECTOR CONTAINING VALUES TO BE
C TRANSFERED TO ITO
C NF=NUMBER OF WORDS IN IFROM
C II=UORD NUMBER OF ITO WHERE THE TRANSFER OF THE
C CONTENTS OF IFROM TO ITO MILL BEGIN

C NT=NUHBER OF WORDS IN ITO
C
C**INPUT/OUTPUT PAR: ITO=INTEGER VECTOR TO WHICH THE CONTENTS OF
C IFROM WILL BE TRANSFERED TO.RETURNED AS THE
C ORIGINAL VECTOR WITH THE TRANSFER tIODIFI-
C CATION COMPLETED
C

SUBROUTINE PUTRU (RFROMNFI1,NTRTO)
C
C**MODULE: MOPADS/UTIL J
C*$REFERENCE: MOPADS VOLUME 5.9
C
C**PURPOSE: THIS SUBROUTINE TRANSFERS THE CONTENTS OF THE REAL VECTOR
C RFROM TO THE REAL VECTOR RTO STARTING WITH THE 11 UORD OF
C RTO.IF THE TRANSFER LEADS TO AN OVERFLOW ON RTO (TRANSFER
C EXCEEDS DIMENSION OF RTO) THE OVERFLOW VALUES UILL NOT BE
C ThANSFERRED TO RTO. J

C
C*sINPUT PARAMETERS: RFROM=REAL VECTOR CONTAINING VALUES TRANSFERRED
C TO RTO
C NF=NUMBER OF WORDS IN RFROM
C IIZUORD NUMBER OF RTO WHERE THE !RANSFER OF THE
C CONTENTS OF RFRON TO RTO WILL BEGIN
C NT=NUMBER OF WORDS IN RTO
C
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C**IN?UT/OUITPUT PAR: RTO=REAL VECTOR TO UHICH THE CONTENTS OF RF.OtM
C UILL BE TRANSFERRED TO.RETURNED AS THE
C ORIGINAL VECTOR UITH TRANSFER MODIFICATIONS
C COMPLETED
C

SJBROUTINE RETRYU(JINJOUT,*,*)
C--HODULE: AOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C--PURPOSE:
C RETRYU UILL ASK IF THE USER UANTS TO RE-TRY UHATEVER
C HE IS DOING. lF YES, TAKE ALTERNATE RETURN 1. IF NOT
C USE RETURN 2.
C
C--INPUT PARAfiETERS:
C JIN-INPUT FILE NUMBER
C JOUT-OUTPUT FILE NUMBER
C
C--ALTERNATE RETURNS
C I-YES,RETRY
C 2-NO, NO NOT RETRY

SUBROUTINE RNVCLU (JCDLN,MN,MFIRSTIARRAY,IEI•R)

C**MODULE: MOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.?
C
C**PURPOSE: THIS SUBROUTINE IS USED TO MAKE A COLUMN OF AN ARRAY
C AVAILABLE FOR LOADING VALUES INTO IT.THIS SUBROUTINE !.S •I

C USED U1TH ARRAYS THAT ARE UTILIZING A POINTER (tiFIRST)
C T0 THE FIRST AVAILABLE COLUMN IN IKE ARRAY WHERE VALUES

C MAY BE LOADED.
C
C**INPUT PARAMETERS: JCOLN=COLUMN THAT IS TO BE MADE AVAILABLE
C ,I=NUMBER OF ROUS IN IARRAY
C NaNUNBER OF COLUMNS IN IARRAY
C
C**INPUT/OUTPUT PAR: MFIRST=POINTER TO THE FIRST AVAILABLE COLUMN IN
C THE ARRAY THAT A COLUMN IS BEING MAiDE
C AVAILABLE IN.THIS SUBROUTINE UPDATES
C THIS POINTER UITH THE NUMBER OF THE

COLUMN BEING REMOVED (JCGLN).

C IARRAY(NH)=ARRAY IH UHICH A COLUMN IS BEING 4ADE
C AVAILABLE FOR STORING OTHER VALUES.
C COLUMN JCOLN OF ROU M UILL BE UPDATED

Q. 2.%9 .

t-9

i i i l i l II II



C_

C**OUTeUT PARAMETERS: IERR=ERROR FLAG
C m1 IF TRIED TO MAKE A COLUMN AVAILABLE THAT
C DOES NOT EXIST (COL I .GT. N ,OR. COL I .LE.
C 0)
C =2 IF COLUMN TO PE MADE AVAILABLE IS NOT

CURRENTLY OCCUPIEP

----- -------------------------------------------------------------

FUNCTION PSUNU (RARY,NA)
C

C**MODULE: MOPADS/UTIL
C*sREFERENCE: MOPADS VOLUME 5.9
c

C**PURPOSE: TO SUM THE ELEMENTS OF AN ARRAY.
C
C**INPUT PARAMETERS: RARY(NA)=ARRAY UHOSE ELEMENTS ARE TC BE SUMMED

%C

CHARACTER..I FUNCTI01 RYNU(.INJOUT)
C--MODULE: MOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C--PURPOSEs

"' C RYNU UILL QUERY THE USER FOR A YES OR NO RESPONSE.
C
C--INPUT PARAMETERS:
C JIN-INPUT FILE NUMBER

* C C JOUT-OUTPUT FILE N•BER

C--OUIf:T PARAMETERS:
C RYNU-'T" Fbg YES

'UBROUTINE SETVU (INITVflN,IARRAY,NFIRST)
C
C**MODULEs MOPAPS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9

•* C
C**PURPOSE: THIS SUBROUTINE IS USED TO INITIALIZE ALL THE ELEMENTS
SC EXCEPT ROU N OF IARRAY TO SOME VALUE (INITV).THE NEXT
C AVAILABLE COLUMN POINTER IS SET UP :0 ROU N AND NFIRST
,C (FIRST AVAILABLE COLUMN) IS INITIALIZED TO 1.SEE SUBROUTINE
""C INSCLU AND SUBROUTINE RMVCLU.
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C
C**INPUT PARAMETERS: IKITV=THE VALUE TO INITIALIZE ALL THE ELEMENTS
C OF IARRAY TO
C M=NUMBER OF ROUS IN IARRAY
C N=NUMBER OF COLUMNS IN IARRAY
C
C**INPUT/OUtPUT PAR: IARRAY(MN)=AaRAY TO BE INITIALIZED.ROU h IS
C UORKING STORAGE USED TO STORE PJ.JNTER
C 70 THE NEXT AVAILABLE COLUIN FOR
C STORING VALUES.
C NFIRST=POINTER TO FIRST AVAILABLE COLUMN IN
C IARRAY
C

SUBROUTINE VECU (ZPOl ,ZPOS2,HDND2,VELMAGVEC)
C

C*SMODULE: MOPADS/UTIL
C**REFERENCE: MOPADS VOLUME 5.9
C

C**PURPOSE: THIS SUBROUTINE IS USED T0 CALCULATE THE COMPONENTS OF A
C THREE DIMENSIONAL (X,YZ) VELOCITY VECTOR.THIS SUBROUTINE
C USES OUTPUT FROM SUBROUTINE HEADNU TO CALCULATE THE
C COMPONENTS OF THE VELOCITY VECTOR.
C
C**INPUT PARAMETERS: ZPOS1zTHE Z COORDItIATE OF THE INITIAL PO0IT.ON
C (THE ALTITUDE MEASURED IN FEET)
C ZPOS2=THE Z COORDINATE OF THE FINAL POSITIOH (THE
C ALTITUDE MEASURED IN FEET)
C NDNuCOMPASS AZIMUTH FRO14 INITIAL POINT T7 FINAL
C POINT IN RADIANS FROM NORTH.(+Y AXIS IS NORTH
C l2zTHE STRAIGHT LINE DISTANCE FROM THE INITIAL
C POSITION TO THE FINAL POSITION IN SIATUTE
C MILES
C VELMAG=KAGNITUDE OF THE VELOCITY VECTOR (MILES/HR
C
COSOUTPUT PARAMETERS: VEC(3)=THE COMPONENTS OF THE VELOCITY VECTOR
C 1IX COMPONENT (MILES PER MINUTE)
C 2-Y COMPONENT (MILES PER MINUTE)
C 34Z COMPONENT (FEET PER MINUTE)
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VI. USER INSTRUCTIONS

1-0 LOADING ARRAYS.

1-1. Initializing Arrays.

Subroutines LOADCU, LOADIU, and LOADRU will initialize
all or part of character, integer, &nd real arrays, respectively,
with a single value. They are written formally to initialize a
single row of a two dimensional array. This structure, however,
permits initializing of all or part of both one and two dimensional
arrays.

As an example, consider initializing the following integer
arrays to zero.

DIMENSION IRY(15,10), JRY(15)

a. CALL LOADIU(0,15,10,3,IRY)

b. CALL LWADIU(0,l,l5,l,JRY)

c. CALL LOADIU(0,l,15,l,.RY(l,4))

d. CALL LOADIU(o0..,1510,I,IRY)

e. CALL WADTU(0,l,5,lJRY(ll))

Example (a) above 3ets row 3 of IRY to zero according to
the desnription of LOAMYU in eetion V. In example (b), the array
JRY is set to zero. The parameters imply that JRY is a two dimen-
sional array with 1 row and 15 columns. The CALL to LOADIU initial-
izes row 1 (the only row, of course). This example demonstrates how
a one dimensional array can be initialized. It works because the
elements of JRY are stored contiguously in memory by FORTRAN.

Example (c) is an extension of this idea to Initialize
column 4 of IRY. Since FORTPAN stores two dimensional arrays by
columns, column 4 is cont-igous in memory and element (1,4) is the
location of its beginning. Exwnmple (c) treats the fourth column as
a one by 15 two dimensional array auI initializes the first row
(which is in fact the fourth column oi IRY).

Example (d) shows how to use this idea to initialize the
entire IRY array with a single call to LOADIU. Prr this case, IRY
is treated as a one by 150 two dimensional array.
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Finally, tb-e 1&-t five elements of JRY can be initialized
with the 3tatement in example (e). Here, JRY(il1) is the first
element to be initialii~ed.

2-0 COPYING INF~ORMATION '1O AR~RAYS.

The Subroutine COPYCU, COPYIU, and coprhU vini copy data
from one chiracter, integer, or real array (respectively) to
another. A second set of programs, W!TCU, WrTIU, and PIRYM, vermit
array* to be copied with an offset to other arrays. For example,

CALL PuTiu(RY,14,16,20 ,LRT)

wini copy elements ones tbrough four of W~ to elecents 16 through
.19 of LRY. LRY Is of length 20.

3-0 op12IIN AnD cLSiI, FiLY.

Subroutine* OPEND and OPENSU willopen direct access and
sequential access files, respectively. The most commonly used (or
required) parameters of the FORTRAN T7 OP~EN statement are passed
to these programs as formal parameters (i *e., uniit number, file
name, status, and format). The files are opened with the FORTRAN
IOSTAa' parameter and the resulting error code is returned through
the formal parameter IFAR. Thus, if a system 1/0 error occurs,
during opening of the file, the system error code is returned frazi
OPIXDU or OPE2USU.

Subroutine INQUIRU can be used to execute a YORTRAN TT INQUIRE
statement. IVQUIPU returns parameters indicating if a file Is
opened, its file name, access method, and format. If an 1/0 error
occurs, Its value Is also returned.

~~o TEXT 1/O.

VI!. contains several utilities for printing messages to an
interactive terminal ane to resad back responses. UTIIL makes use
of programs in the FMI2 package (Polito) for thirs purpose.

Subroutine PTP4U is a general purpose program for printing
message3 to a terminal. The calling sequence is as follows.

sUBROUTIN PrwH(LFD,msG ,NPRnT)
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NPRMT is the unit number to write to. MSG is a CHARACTER expres-
sion which is the mescage to be vritten. LFD is a CHARACTER
expression of up to 35 characters. LFD is a portion of a FORMAT
statement to be executed befcre MSG is printed, For example,

CALL PMU( ' 5X','MFsSAGE',6)

will skip five spaces before printing MESSAGE. A more complew
example is

CALL PM( "//l2XM NAME1,',POLIT•O' ,10)

Subroutine PAGEU will count lines on a page and execute a
page eject if insufficient space remains for the next section of
opuput

Subroutine NBLCU will delimit the non-blank portion of a
CHARACTER variable. NBLCU will examine a CHARACTER variable and
return the character position of its first and last non-blank
character.

Subroutine PTMSU prints a text message to a file with no trail-
ing blanks. Subroutine NBLCU can be used to find the last non-
blank character.

Character function RYNU obtains a yes or no response from the
terminal and returns a single character that is one of 'Y' or 'I.'.
The user may respond with any abbreviation of Yes or No (e.g., Y,
YE, or YES). RYWU must be declared CHARACTER *1 in any program
whict uses it.

Subroutine REWRYU will ask thas user if he/she wishes to r,.-try
an operation which has failed. Two alternate returns are provided:
one for yes and one for no.

5-0 SEARCHING CHARACTER ARRAYS.

Function IFMU will search a character array to match it with an
input character expression. In other words, if the input character
expression equals the fotirth element in the character array, ITCU
returns the value four. Only the non-blank portion of the input
expression is compared, and it in matched with the leftmost characters
of the array elements. Thus, the input text may abbreviate the array
elements to any unique string. IFCU returns indications of success,
failure, or ambiguous inpt strings. IFCU performs a linear search
in tht character array.
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Function T3FCoJ has the same characteristic as IFCU except It
performs a binary sean-Lh UL the character array. The user need
not arrange the array In the ccmputer's collating sequence, however.
IBFCU will do thiV auxomaticaU.y by setting values in an index
arrw, (also provided by the user). IBFCU does not pbyuically
rearrange the character array. If the character array is long and
if many searches will be made, IBFCU will be much. faster than IFCU.

6-0 LOCATIOG PROGRAM UNI•TS IN FORTRAN 77.

Several utilities were vritten for the MOP.'I2S project to aid
in management of the FORTRAN 77 source code. Subroutine FStU was
used by these utility programs. FSPU is not called from any of the
execution or user interface MOPADS programs.

FSPU examines a character string to deteimine if it is the
first or last statement of a FORTRAN 77 program unit. FSPU
recognizes the folloving: PROGRAM, SUBROUTINE, FUNCTION (all types),
BLOCK DATA, and END (FSPU assumes that a line with only the character
"IED" is an END statement. It does r ,t examine a subsequent line to
see if it is a continuation statement wtich might cause the total
statement to be DIDIF).

FSMU requires "normal" separation of the above FORTRAN state-
ments. In other words it vill recognize

CHARACTERIPl FUNCTIOf RYNU

but not

CtARACTEROIFUNCTIONRYNU

All of the MOPADS source code was developed with the PMA LAMP
utility (Sutton, Hixson), so FSPU will also recognize "DECK", and
"*CONDECK" statements. Distributed versions of the MOPADS software
do not contain these statements.

T-0 MANAGING AN ARRAY •TACK.

tTIL contains programs that generalize the familiar notion
of raintaining a stack of values onto which numbers are "PUSH"ed
and from which they are "POP"ed. The stack which is maintkined by
UTIL programs is a stack of arrays.
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Subroutine SETVU intializes the stack storage array. The
vwer passes this array to SEIMVU s a parameter. The array (name.d
IMMRAY in Section V) has M revs and N columns. V must be the
maximum size that the stack will 'aver &row to. Integer arrays of
length M-1 may be stored in the staik. The M-th row is used by the
utility programs to manage the storage. The array IARRAY and the
variable MFIRST must not be chuungad by the user between calls to
these programs.

After calling SETVU once, Subroutine INSCLU is called to "push"
an array of M-1 values onto the stack. INSCLU returns the column
number that the input array is stored in. The user program must
"remember" this column number, because the "POP" operation is essen-
tially random access. In other words, any column of IARRAY may be
"POP"ed without regard to the order of insertion.

Subroutine lTWCLU does the "POP". It clears the specified
column and makes it available for a new array to be stored with
INSCLU. Note that RMVCLU does not return the 4 nformation stored in
the "POP"ed column. The user must access this informatioa directly
from the specified column of IARRAY.

8-0 A PSEJDO-COLLATING SEQUENCE.

MOPADS has need to code single characters into integers and
vice versa. The UTIL package has two programs that do this in a
way that does not depend upon the coxr-ter's collating sequence.
Function LPOSU accepts a single character and returns an integer
code. Only the capital letters and numbers may be coded. The
letters A-Z are mapped to the integers 1-26, and the digits 0-9 are
mapped to the numbers 27-36, respectively

Character, Function CPOSU performs the reverse operation. It
accepts an integer in the range 1-36 and returns a single character
A-Z, 0-9, respectively.

9-0 DISTANCE, HEADING, SPEED.

Subroutine HEADNU computes the distance between twu points.
Given two points, each consisting of x, y, and z coordinates, HEADNU
computes the compass azimuth from the first to the second (radians
from north), the straight line distance between them (miles), and the
ground distance between their projections on the xzO plane (miles).

Subroutine VECU computes the oonpnnts of a velocity vector.
The input data are the z coordinates of two points, the heading from
one to the other, the straight line distance from the first point to
the second, and the magnitude of the velocity vector from the first
to the second. The outputs are the components of the velocity vectorin the x, y, and z directions.
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10-0 MI.•CELIANWIYS.

In addition to the %bove, UTIL containz programs to compare
character strings (CEQVU), compute exponentially smoothed values
(EMC4U), sum the elements of ar, array (ISUMU, RSJ•UM), and clip an
Integer expression (NCLIPU). The use of these programs is explained
in Section V.

I.
ti.
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VII. ERROR PROCESSING

The UTIL programs have no centralized error processing. Where
appropriate, each program in IYIL performs its own error processing.
See Section V and VI.
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VIII. COMMON VARIABLE DEFINITIUMS

The UTIL programs contain a single COMMON block which is
initialized in BLOCK DATA BLOCKU. BLOCKU must be loaded with
any programs using UITL. The COMMON block is labelpd COM01U.

Variable Value Defintion

CHARS(36)*l The letters A-H This character array contains
and the digits the characters coded by LPOSU
0-9 and CPOSU in the orrect

pseudo-col3lating rder.
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APPENDIX R

MOPADS FINAL REPORT:

HUMAN FACTORS MODERATOR FUNCTIONS



Standard MIPADS Terminolog

AIR DEFENSF SYSTEM A coamponent of Air T tense vbich includes
equipmAent end operatm-s and for vhich
tecknicai and tactical training arercq•ired.
Examples are MXAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPAD6 software. These iodels are pre-
pared with the SA33T simulation language.
Air Defense System Modules include the
SAII. model and all data needed to cor-
pletely define task element times, task
sequencing requirements, and human factors
influences.

AIR SCENARIO A spatial and temporal record of aerial
• activities and characceristics of an air

defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
also Tactical Scenario.

BRA•NCHING A term used in the SAINT simulation lang-
uage to mean the process by which TAaK nodes
are sequenced. At the ccmpletion of the
simulated activity at a TASK node, the
Branching from that node determines vhbch
TASK nodes will be si-r31ed next.

DATA BASE CONTROL That part of the MOPADS software which
SYSTEM performs all direct com=mication with the

MOPADS Data Base. A,.l information transfer
to and from the datn base is performed by
invoking the subprograms vhich make up the
Data Base Control System.

DATA SDLRCE A specialist in obtaining and interpreting
SPECIALIST Arny documentation and othtr data needed to

prepare Aix Defense System Modules.
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EN VIRONM*EN IAL An elemat of an Rovira~ents3. State
STATE VARIA3LE Vector.

RE I ROhME~TAL An arzsq ae values repietsenting conditions
STATE YECTOR cir characteristics that may affect aowe

t)I.rt on operator. Elemexts; of Invrommn.'
t~i State Vectors asy change tynamicany1
duzrinzg a )MPADS simulation to rep~ esen'.
changes in the onvfrommuet couditions.

MODERATOR flmcTIm A mathematical/logical relationship which
i-2ttars the noninal time to perform an opera-
tar activity (usually a Task Elemewt). The
zoinia' time is dhwnged to represent the
operator Is capability -to perforis the

*activity 'based on the Operator*& State
Vector.

IDPA!)S DATA BASE A cominterized data base designed specifi-
tally to mrpport the XDPAD uoftva~re * The
W.)PA IS Data Uase contains Simulation Data
Set(s). it caznica~tes int eractively with
IHPAIS Users during pre-- and post-ron data I
specification and dynamicallyv with the SAINT
software during si~lation.

MOPADS MODELER An analyst tho villdevelop, Air Defense
Systemt Modules and -modify/develop the
3MPADS software system.

MOPADS USER An analyst who will design and condixt siza- R
lation experiments with the W)PADS software.

MSAINT The variant of SA3NT used in the MOPADS
(MDPABS/SAINT) system. The standard version of SAINT has

been modified for NOPAflS to permit sabrz-
able subnetworks and more sophisticated
intezra~pts. The terms SAINT and MSAINT are
wsed iaterchangeablr when no confusion viii
result. See also, SAInT.
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OPERATOR STATE One element of an Operator State Vector.VAaIABLE

OPERATOR STATE An array of values representing the candi-
VECTOR tion and characteristics of an operator of

an Air Defense System. My values of the
Operator State Vector wiU change dynamic.'lly
ding the course of a MDPAJS sijmlation to
ZePresent changes in operator Condition.

OPERATOR TASK An operator activity identified during
weapons system front-end antlyses.

SAINT M2 i~ yzaei•g coputer s111at o" laenguae
used to model Air Defense Systems in Air
Defense System Modules. SA33T Is an acronTI
for Systems Analysis of Integrated Netvcrks
of Tasks. It is a well doc~meted lauguage
designed specifically to represent human
factors aspects of manfnanb~ne systems.
Se also NSMlTZ.

SIMUATIONt DATA SET The Tactical Scenario plus all required
sinatlsion initialization and other experi-
mental data needed to perfo'r• a MOPADS

* u~imiltioii.

SIMULATION STATE At any instant in tire of a MOPADS suimula-
tion the Simulation State is the set of
values of all variables in the MOPADS soft-
ware and the MOPADS Data Bate.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of
critical assets and the air defense con-,S~figuration (nmaber, type and location of
veapms and the command and control system).
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TACTICAL SCENARIO* An elment of a Ta-.-Ar-,' Scenario, e.g.,
COMPONENT if a Tactical S:enL•..-c •outains several

Q-73's, each one isa :!actical Scenario

TASK See Operator Task.

TASK ELEMENTS Indivifbial operator actions which, vhengrouped apmpropriat ely, make up operator "

tasks. Task elements are usua Xy repre- .
sented by single SAINT TASK nodes in Air
Defense System Modules..

TASK NODE A modeling rynb~l used in the SAM si=mla-
tion language. A TASK node represents en
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
indivi&nal activity such as a Task Ilement,
or it may represtmt an aggregated activity

.such as an entire Operator T~k.

TASK SEQLUENCING A athe~matichl/logical relationship which
FUNCTION operator vill perform. The selection is

based upon operator goal seeking character-
istic.

ADDITIONAL MOPADS TEW4INOLOGY

SKILLS Components of human task performance
which are required for successful
completion of the task.

SKILL MODERATOR FORTRAN subroutines which dynamically
FUNCTION alter simulated skill performance during

the course of a simulation run. -

TASK VECTOR or A list of data that is associated with a
TASK SPECIFIC task element rather than with the operaLor
CHARACTERISTIC who performs the tasks, e.g., the energy 4

expenditure required to perform the ' V,
task elements.

-.. .



I. PURPOSE

The purpose of the software described herein in to
make the huaxn operator models 'behave' more like
humans when keriables known to affect human performance
are considered. In previous SAINT modeling efforts,
parameters associated with human performance, such as
time to perform and probability of successful
performance, were treated simply as random variables
with a known distribution and distribution parameters
(e.g, normal distribution with a mean of 2.0 and a
standard deviation of 0.60). We know, however, that
variability around the mean of human performance is not
simply random. This variability is, by and large,
cjusod by a variety of factors which affect the human's
ability to perform his tasks. Obvious examples of
these factors are environmental stressors (e.g., heat,
noise), operator variables (e.g., intelligence,
traJning), and task variables (e.g., workload, task
difficulty).,

The problems faced when developing causal
relationships between these factors affecting
performance and corresponding human performance are
many and varied. To be of use to atsimulation modeler,
these relationships must be represented mathematically.
With some notable exceptions, the human factors
literature is relatively weak in documenting causal
relationships. In cases where causal claims are made,
they are not usually represented mathematically. A
classic example of this is a report describing a study
where regrasaion analysis is used to positively link
human performance to some variable, yet all that is
reported is the significance level of the test and not
the derived regression equation.

Therefore, our first task was to reformulate as
much of the relevant human factors literature as
possible into these mathematical relationships. This
process is outlined in NOPADS reports 5.1, 5.2, 5.5,
and 5.6 in considerable detail. To briefly summarize
this process, the human factors literature was reviewed
and each piece of literature was categorized with
respect to the type of skill which was studied. The
skill taxonomy which was used is presented in Table
I-1. Furthermore, the articles were categorized with
respect to how skill performance was measured (i.e.,

R- 5
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Table 1-1
SKILL CATEGORIES

1 PROBDABILITY-ESTIMATION
2 TIME-ES71MATION
3 LTM-SENSORY
4 LIN-SYNBOLIC
5 SIN-SENSORY
6 STH-SYMBOLIC
7 NUNERIC-MANIPULATION

SE OUNUSED
10 UNUSED
11 7IME-SHARING
12 DETECTION
13 FINE-MANIPULATION
14 BROSS-NANIPULATION
15 UVI'IIED

16 b RAL-PHYSICAL-EFFORT t:
17 Pf. I-TN
is TR ',INO

19 TEAEI-CCORDINATION

R-6
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time to complete or probability of task completion was
measuzed). Then, those articles which provided
sufficiently detailed information were used to build
mathematical relationships between the skill studied
and the independent variable(s) studied. Curve fitting
techniques were employed and many relationships
quantitatively defined.

At this point in the project, we had a number of
mathematical relationships describing how 'gerneric'
skill performance was affected by a set of independent
variables. To be useful to the simulation modeler, this
information had to be translated into a form which K
could be readily incorporated into a task network
simulation.

The approach selected involved the development of a
set of skill moderator functions from the literature.
These ski!l moderator functions take, as input, the
mean time or probability of performing the task (which
requires use c' that skill) and the current values of
thi' independent variables which will affect performance
of this skill. Then, the moderator functions reestimate
the mean time or probability based upon the values of
the independent variables and provide this as output.
The result is an estimate of mean performance based
upon the state of the system as represented by the
independent variables.

The task to the modeler is reduced to relatively
few activities. First, he must identify the skills
involved in each task. It is anticipated that some
tasks will involve more than one skill. In this
case, the modeler must decide the relative importance
of each skill by assigning a percentage to each of the
component skills of the task (they must add up to 100).

Second, the modeler must develop a data structure
scheme to maintain the independent variables. In the
MOPADS context, the information is maintained in the

IOPADS date base. If these moderator fun=tions are

J.
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used in another setting, the- data may be maintained in
any formLso long as they are accessible to the mcderator
function module in a standard format. To accov',.hiil.1k 4
this, the analyst must build the following three
subroutines to transfer the values of tha independent
variables to the moderator functJon subroutines:

1. GETEVA
2. GET(VA
3. GIETTSA
4. TIMEA

Nor* detail on the parameters which are passed to and
from these subroutines will be covered in Section IV of
this report.

Finally, the modeler must write a small amount of
software to identify the skills involved in the tasl"r
currently being executed by the model, call the "'
moderator £unctlion subroutines for these skills, and "
then combine the new estimates of the mean (if multiple
skills etre required by the task) into a single weighted 4
estimate.

The rwmainder of this report will focus on the
&kill moderator functions. Only S"ction IV will
address any details of external requirements of the
subroutines. It should however, be strongly emphasized W
that these moderator functions are not HOPADS specific. .'- ."%N
If the interfaces discussed above are developed, these
moderator functiont can be used in any task network ,
simulation. Their utility is only limited by the extent to t "• .
wehich the skill categories are appropriate for the tasks
being modeled. We anticipate that most tasks which are
low-level cognitive, procedural, and/or physical in nature
can be appropriately modeled with these subroutines. On
the other hand, tasks which are predominantly cognitive
(e.g., problem solving) or require predominantly highly
skilled psychomotor behavior may be better modeled with
other techniques. ,;

R-8
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It is also worthy to note that these moderator
functions should not be viewed az 'sacred cows not to
be fooled with.' In fact, we hope that *.he moderator
functions can continue to develop and grow' with the
atate-nf-the-art in mathematical modeling cf human
perfor~ance. Special care has been given to document
every' segment of code which affects model'.ed human
performance so that the source of that mat bematical •
relationahip can be determined. During the course of •.
developing these 4ubroutines, many decisions had to be
made as to which model w4a beat and, therefore, should "
be included. Others may justifiably dispute these
judgments. We encourage anyone wishing to change these
subroutines to reflect their judgment and/or tcG
reflect new findings in human performance to do so. We
ask only that, if possible, these changes be forwarded
to the authors "o that we mny continue to improve the
fidelity of the axill moderator subroutines. ....

R4
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11. DATA STRUCTURE DESCRIPTION

IL
Since the moderator functions are a set of more or

less unrelated subprograms, they have no ms3or internal
data structure. The exception to this is the set of
independent variables which are considered in
determining moderated performance. However, the
specific nature of where and how these variables ore
stored is not of concern to the moderator functions.
Rather, it must be considered by those writing the
interface subroutines GETEVA, GETOVA, and GETTSA to be

S* discussed in Section IV.

In summary, these subroutines contain no CORMOK
blocks and all requirid data are passed as formal

K parameters.

IN
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.111. OVERVIEW OF FLOW OF CONTROL

The moderator subprograms are called by user
programs (in this case MOPADS). Each moderator
function has the same calling sequence as described in
Section VI. This standardization ensures that

i" information is passed to and from the moderator
functions in a uniform way.

The moderator functions return revised estimates
of the task time or probability to complete. To do

Sr this, they may require access to the operator state
vectors, the environmental &eate vectors, end/or
various date that are particular to the task (called
task vectors here). Four alandard subprograms are
called by the moderator functions to obtain this
information. They are:

i GETOVA - Gt operator state vector iniormation
GETEVA - Get envircnmental stete vector

.: G SA information
GETTSA - Get task vector information
"TINEA - Get the current military time

! I In HOPADS, these programs are provided as database
"application programs and are described in HOPADS Volume
5.18. In other applications, these programs would have

. to be written to accase the data structures created by
the modular procedures for writing these interfaces as

- contained in Section VI.
p

Outputs from the moderator functions include a
moderated mean, a moderated standard deviation, and a
new distribution type. At this writing the moderator

- • functions only affect the mean. This As becaune of a
lack of data to make estimates of variability or

S "" distribution changes. The module, however, has been
designed to %ccommodate such estimates in the future
without changes to the information interface.

R-13
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IV. EXTERNAL FILE USAGE

No external files are used.

R 1

4..



J-

.I
TV V

let

R-1 6



V. SUBPROGRP•r DEECRIPTIONS

The following pages include printouts for eamh of
the 32 moderator sibroutines. Theme subroutines are
listed alphabetically in the following order:

1. Detection probability
.2. Detection time
3. Fine manipulative ability probability
4. Fine manipulative ability time
5. General physical effort probability
6. General physical effort time
7. Gross manipulative ability probability
8. Gross manipulative ability time
9. Long term memory-sensory probability
10. Long term memory-sensory time
11. Long term memory-symbolic probability
12. Long term memory-eymboiic time
13. Numeric manipulation probability
14. Numeric manipulation time
15. Probability estimation probability
16. Probability estimation time
17. Reaction time probability
18. Reaction time

. 19. Recognition probability
20. Recognition time
21. Short term memory-sensory probability
22. Short term memory-senaory time
23. Short term memory-symbolic probability
24. Short term memory-symbolic time
25. Team coordination probability
26. Team coordination time
27. Time estimation probability
28. Time estimation time
29. Time sharing probability
30. Timesharing time
31. Tracking probability
32. Tracking time

AI

We should note that a number of these moderator

subroutines do not contain any executable code. This

" R-17
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14 due to either a lack of date in the human factora
literature regarding that akill or our inability to'
locate the"e date within the available contract
zesources. Again, we encourage any individuals with
Information on these &kill& to forward thia
Information to the authors.

The comment sections at the beginning of each
subprogram describe all parameter and local variable
definitions. Note that the HOPADS assigned auffix foru
this module is "H". All subprogram& end with an "H".

R-18
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Ce
SUSROUTINE DITEPH(IDO. I1E. N. DIST. ITASK. S. ]iN)

C it

C$ *MODULAEtHUMAN FACTO" MODERATOR PUICTIONS
C$SfREFERENC[IMOPADS/VOLU, 5.10 OF

CosPu•ro1[ rHIS SUSROUlINI RETURNS PRODABILITY-TO-DETECT MODERATORS
C FOR AUDITORY AND/OR VISUAL TASKS

C
C** INiu PARAETER a
C 1D0(N) - ADORCSBINS INFORMATION FOR THE OPERATOR
C IDE(N) - ADDRESSING INFORMIATION FOR THE ENNVIROtNIENT
C flASK - ADDMESSINB INFORMATION FOR THE TASK
C N - INDEX FOR ,DO AND IDE
C HIS - INDEX FOR ITASK
C DIST;3) -. NOMINAL. TASK PARAMTEP1S
C (l) WEAN
C (2) STANDARD DEVIATION
C (3) DIUTRIBuTION TYPE
C
C*COUTpIJT PARAMITERS,
C X"(Iý - SKILL. CATRORY MODERATOR VALUES
C XMKI) - DIFFERENCE BETWEEN DERIVED 0#S BASELINE
C WA
C X*M2) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C STANDARD DEVIATION
C XM(3) - DERIVED DISTRIBUTION TYPE
C

CoC*LOCAL VARI ABLESs
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUINCTION I
Cr K[ - NJMBER OF ENVIRJN.ENTAL INDEPENDENT VARIABLES usE IN
C THIS MODERATOR FUNCTION
C Nt - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THI MO4ERATOR FLUNCTION
C NIO(KO) - ELEMENT NMIDERS OF VARIABLES IN THE OPERATOR
C STATE VICYOR
C WEE(WE) - ELEMENT NUMIBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C NTASK(NT) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR
C "HE - NUJMBER OF MODERATOR EOUATIOG4S
C NIV(II - NUMBER OF INDEPENDENT VARIABLIES IN MODERATOR
C EQUATION I
C P(l) - ROBAPILITY TO COMPLETE CALCULATED FROM MODERATOR
C EOUATION I
C
CISOIWENSION ARRAYS
C

DIMENSIO' V100(N). IDE(N). DIST(3). ITASK(NTS)
DIMENSlON ý1OI(). NEE(2). NTS4k(2). .41V(6). P(*). XM(3)
DIMENS I ON XE(2).XO(I3).XTSi(2*.

C P

Cf*DEFIHE LENGTH OF ENVIRONMENTAL. OPE•ATOR.

R-1 9
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c Am TASK STATE VECTORS

DATA KE/2/

C DATA KO/13/ 1
CISSKFINIE NEEDED ELEMENT NUMBERS
C

DATA NEE/&.1/
DATA NEO/32.".3.44. 12. 40.27.3&. 15.34.4. 14.45.49.47/
DATA NTSK/3.6/

C
CISSEPINE THE VECTOR ELEMENTS
C Xl( I )-NDER OF OPERATORS ON DUTY
C XE(2)-AMBIENT DRY SULB TEMPERATURE IN DEGREES CENTIGRADE
C XOII)-THE NUMB1ER OF CONSECUTIVE NiGHT3 FOR WHICH THE
C DURATION OF THE OPERATOR'S SLEEP PER
C NIGHT 1S KNOWN
C X0(2)-THE OPERATOR'S AVERAGE AMOUNT OF SLEEP PER NIGHT IN HOUR
C XO(3).TIME ON TASK IN HOURS
C 10(4)-THE OBSERVER'S FIELD-OF-VIEW IN DEGREES
C XO(5).TARGET TYPE
C XO(&)-HORIZONTAL RANGE TO TARGET IN NAUTICAL MILES
C XO(?).TARGET/BACKGROUND CONTRAST RATIO
C XO(B)-THE APPARENT CONTRAST/THRESHOLD CONTRAST RATIC
C XO(V)-OBSERVEW'S SEARCH AREA IN DEGREES
C XO(IO)'.AIRCRAFT ALTITUDE ABOVE GROUND IN FEET
C XO(II)-OPERATORSB DAYS ON DUTY
C 10412)-U)SE OF BINOCULARS
C X0113)-OSSERVER OFFSET IN NAUTICAL MILES
C XO(14)-LINE RESOLUTION ON A CRT
C XO,'5)-TARClET LOCATION ON SCREEN
C XTSK(I)-tASK MODALITY
C XTSK((2) .THE OBSEAVER-TO-TARGET POSITION
C 4
CSSRETRIEVIE VALUES FOR OPERATOR. ENVIRONMENTAL AND TASK STATZ VECTORS
C

CALL GETOVA iIDO. N. NEO. 1<0. X0)
CALL GETEVA (IDEL. N, MEE. 1<1. XE)

C
C8*NTSK CONTAINS ELEMENT NMBIERS OF THE TASK SPECIFIC HUMAN FACTORS DATA

IOPTI 4.
CALL. GETTSA (I(PT.ITASK. NTS. ATSK. NT. XTIK) . I

C
CSSINITIALIZE NME. NtV
C

IIE-0
NI V(1) .0

C
C*SEVALL'rtE XM
C*SXTS<(l)-TASK MIODALITY 4
C

IF (XTSK(I).EO.I.0)00 TO I
IF lXTSKII).EG.IO0.)SO TO 2 r., '-
IF (IS<I.OI.)OTO 30

C08H TARGET 1S AUDITORY

Cff,ýO(I)-THE NUMBER OP CONSECUTIVE NIGHTS FOR WHICH THE DURATION OP THE OPERA-
C TOR'S SLEEP PER NIGHT IS KNOWN
CISXO(2)-THE OPERATOR'S AVERAGE AMUUNT OP SLEEP PER NIGHT IN HOURS
C**DAtA FROM SIEGEL.. PFEIFFER. KOPSTEIH. WILSON. AND OZKAPTAM. 1979. PAGE 127
C

I -NME-t4E.

IF *~).OI'THEN
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P (#41)-0. 4340.0. OSSO(2)-0.004S (XO(2) R*2)

CSSEO(3) TIME ON TASK IN HOURS

C**DATA FROM SIEGEL. PFEIFFER. KOO-STEIN. WILSON. AND OZKAPTAN. 1979. PAGE 154

C

XMIN-XO(3) *60.0
PINME).0. 937-0.O00$XtIIN4Q.O0,005S (XMINS *2)

C
CS SCALL ABSPNH TO DERIVE SKILL MODERATORS FOR AUDITORY DETECTION
C

CALL ABSPft44DIST.NIV.NMIE.P.XM)
G0 TO 9"9

*SOTHE TARGET IS VISUAL

CS*XTSK(2)-THE OBSERVER-T(C TARGET POSITION
C**NPOS-THE OBSERVER~-TO-TPAGET POSITION AS AN INTEGER VAR2A.EL
C

2 NPOS-NINT(XTSK(2))
GO TO (3.4.3.26.29)FPOS

CS*1NIS 19 A GROUND-TO-I3ROUND.VISUAL DETECTION TASK

CS**MIN.'tIME :)N TASK IN MINUTES
C**DATA FROM SIEGEL. PFEIFFER. KOPSTEIN. WILSON. AND OZKAPTAN. 1979. PAGE 154
C

3 NM1E-N1E~I
NI V(NME) -1
KMINIXO(3) *60.0
PtNIlE)CLS676-0.009*IMIN0.O.00I* (XMIN**2)

C -

C**CALL ABSPMH TO DERIVE SKILL. MODERATORS FOR GROUNRD-TO-GAOUND.VISUAL DETECTIONN
C

CALL ABSPMH(DIST.NIV.NFE.P.XM)
0O TO "99

cII rHIS 1S AN AIR-TO-GRO(10. VISUAL DETECTION TASK
C**XO(4)-THE OW .-RVER'S FlELD-OF-VIEW IN DEGREES
CII*DAtA FROM SCANLAN. 1976. PAGE 67 7

C
4 1,1EE-NEE+I

NIV (NE) -I
P(NM,.0.556.0.022*XO(4)-0.002S (X0(4) *52)

C
CISCALL ABSSE"* TO DERIVE SKILL MODERATORS FOR AIR-TO-GROUND VISUAL DETECTION -
C TASK ~
C ~

CALL ABSPMH (DIST. NIV.NME. P. 00)
GO TO "99

C
C**11415 IS A GROUND-TO-AIR. VISUAL DETECTION TASK
C**XQ(5)-TAROET TYPE
C**HIAPG-lARGEf TYPE AS AN INTEGER VARIABLE

C**XU(6)-$4ORIZONJTAL RANGE TO TARGET iN IHPU'ICAL RILES
CSSAI-ýN-ORIZONIAL RANGE TO TARGET IN KILOMEfERS V
CL**O'lrM FROM WRIGHT. 1966. PAGES 16. 17. AND 13.

5 NTARGONINT(XO(S))
xKt1-TO(6) 1.852
IF (XO(5).GT.I0.O)GO TO 17
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00 TO (....1.11.1.1.1)TA
C
C*-lTARGET 1S AN F-4C

6 P(NPE).-0.401.1.447S(-0.002SXKPISW2)
ea TO 17

CSSTARGET 10 AN F-100

I *(N*E)-0.071+0.Y9bSEXP(-0.004PSXKNS*2)%
GO TO 17

CISTARGET 13 A T-33
C

C*STAROET 1S ANOTHER TYPE OF JET
C

9ý P(INSU)-0.0U7.U.SYiSEXP(-0.000*XKMSS$2)
GO TO 17

CgStARGET 1S A U-IA

10 P(WE) -0.350+I.42I*EXP(-O.03*XKM*1S2)

00 TO "17 
X

CeSSAROET 1S A U'-ýA
C

11 P(F4E)-0.006+1.143SEXP(-0.01&*IKMSS2)
C43 TO 17

C
COSIARGET IS ANOTHER TYPE OF PROPELLER AIRCRAFT -

C,-
12 P(NL)--o.011+1.071*EXP(-0.0O9SXKKN*2) ~

GO 70 17

CWSAROET 1S AN 0-IA
C

13 P(HPW)-0.010+1.Z121EXPI-0.02251KM112)
00 TO 17

C*
CMrARGET 15 AN ON-23

14 P(*S1)-0.0104.0.941*EXP(-0.019SXKMS*2)
GO TO 17

CISTARGET IS ANOTHER TYPE OIF HELICOPTER

15 P(NMiE)-0.019+0.937*EXP(-0.O30SXKMSS2)rt \
C**X0(7)-tARGET/9ACKGROUND CONTRAST RATIO
CSSIXOT(!~TI-TESAMOD TAROET/SACK0OROUND CONTRAST RATIO U
CS*CCTHE APPARENT CONTRAST/THRESHOLD CONTRAST RATIO
C**DATA FROM SUGARMIAN. HAM*1ILL. AND DEUTSCHMN.'N 1972. PAGE 0-2
C

1' HUIC.*UE+1
HIVINME)-2
CCI-XO(7)/XOi@,
PQ*VE-I.011-1. I736SEXP(-1.574.iCCT**2)

C*SKO(9)-OSSERVER'g SEARCH AREA IN DEGREES
C$*XO(1O)-AIRCRA71 AL.TITUDE ABOVE LIROUND IN FEET
C**XkYM4RD-HORIZONTAL DISTANCE ro TARGET IN THOUSANDS OF YARDSN.
C*SDATA FROM WOK(DUt. 1960. PAGES 25 TO 35
C
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XKYARD,.IO;6Ls.g!02S

17F (XO( 10 .LT. .,00.O)G0 TO 22
IF (XO (9).GST. 160. 0) GO TO 18
to, (X0(9LE I80.0.AND.X0C9).GT.90.0)00 TO 19
IF (XO 9 .LE.9o0.0AND.XO2(9).GT.45.0t0O TO 20

I F ( X o ( 9# ) .L L 4 S.4 5 O T O a 2 1

C

1U P( E).0.0.49+0.7SZ$EXP(-0. I45SXKYARDS*2)
00 TO 27

C*RGTALTITUDE 1S AT LEAST 500 FECT

C*SOaSERVER SEARCH AREA 91 TO 100 DiGREES A
C

19 P(Ntf)-0. 05940. .'9SIEXP (-0. IhS*XKYAR.D**2t i

00 TO 27
C.
c**rARsEt ALTITUDE 1S AT LEAST 1500 FEET
CS*OBSERVER SEARCH AREA 46 TO 90 DEGREES
C

20 P(NME)0.O).33+0.668SEXP(-0.057I1KYARD**2)
00 TO 27 r

Cl*rARaET ALTITUDE IS AT LEAST 1500 FEET
CS*BSBERVKR StEARCH AREA LESS THAN 46 DEGREES

21 P(NtIE)--0. 115+0.961IEXP(-0.0156*IKYMRD**2)

00 TO 27
2-2 IF (XO,9).GT:leO.0)GODTO 23 L

IF (I0(9)LE.180.0.PND.XO(9).QT.90.0)00 TO 24
IF (XO(9).LE.90.0.ANO.X0(9).GT.45.0)GBO TO kZ
IF CXO(9.LE.45.010O TO 26

ESSIARGET ALTITUDE IS LFSS THAN 1500 FEET
CSSOBZERVER SEARCH AREA GREATER THAN 180 DEGREES
C

23 P(t41E)-0.O19+Q.733SEXP(-0.0O2tXKYARDS*2)
GO TO 27

C
cssrARGET ALTITUDE 1S LESS THAN 11500 FEET
C*SODSERVER SEARCH AREA 91 TO 180 DEGREES

24 P(Nt )0k.030.0. 709WEXP(-U. 105tXKYARV)St2)
GO TO 27

C
CUSTARGET ALTITUDE IS L...S9 THAN 1500 FrET
CS$OGSERVER SEARCH AREA 46 TO 90 CEGREES

215 P(NME)-0.039i0.607*EXP(-0.039S;*KvARD$S2)
GO TO 27

CIITARGET ALTITUDE 13 LESS THAN 1500 FEE;
CSSODSERVER SEARCH AFEA LESS THAN 46 DEIWEES
C

26 P(NI¶E)-0.046,.0. 790*EXP(-0.O55tXKYARD**2)
C
C*tXOdII-OPERATOR'S DAYS ON DUTY
C**DATA FROM SUtGARflAN. HAMtIILL. AND DEUTCHt4AN. 1972..PAGE C-6

27 W~E-NNE.1
NI V (tiE) 1
P(?iME)-0. 7'9-0.B07*EXP(-I.0SXO(11)S*2(
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CSIXK04121-M OF 9IPOCULARS
COSOATA P'SN s1T. 19&h. Pow 14

IF 4X04I2),60.0.00 THEN OLK. 2

PfIqlO0. 0361 0

SC
CS6IO(M-OBSERVER OPprKt IN H~iTICAd. MIL.ES
C,,,,XNETEORO3SERVER OFFSKI MN PIETRS
cp*DArA F~mo ,SqieNT. ig". PASS I&

116TEP-90W1)SISM2.0
it~ (R#IETSR.LT.&5O.0)T)6N

IF fXNIETSR.L?. 3400.0)1161
P(N6)40. 0754O.9S701P (-0.01 ISVGISSZ)

"SIM

COS*CAL ABP494 TO DERIVE SKILL MODERATORS FOR P401WD-TO-AIR.
C VISUAL. DETECTION TASKU
C

CALL A0P994(DIST. NIV. NNE. P. XN
so TO 9"9

C
c0SM11IS 19A AIR-TO-AIR. VISUAL DETECTION TAsk

HIV(*146'I
P(MM61019Tt11

C*SCALL RWPMJ-* TO DERIVE SWILL MOOERATORS PON AIR-TO-AIR.
C VISUAL DETECTION TASKS

IC

CALL Mc.RS4(DIST. NIV.Ms. P. X")

COSI1141 TASK INVOLVES DETECTING TARGETS ON A DISPLAY
C::I0(I'ji-LP6 RESOLUTION ON A CRT
CIBDAA FROM OAT)W4. 1965. PAWE 9
C

"I9 P6-H.

71 c P(NM)-o.509P+*.0002SXO( 34)

CO*tSE(l).$4MM OF OPERATORS ON DUTY
C$*DATA FROM DER" AND LEHRl. 1962. PAGE 12
C

H11614N1+1-

IF 1X(IE..0) THEN
P111613.40-O.54031O(3.+0. ISOOXO(3)032

RWDIF



*~lo 1'M!T-r 7~ +4:-W~ 4~~k ~

~e~II7t.m LA-AF6i8 JWT UAA~Sus iW.£7.~1
at

IF fro,0s,11) .Ufl.S0,)PHmSI0.9"

IF 410419,.IM.a. 10.Q IP 1 -0. 9
IF MO0(1I .M.0.0.04)PUW0.111

CODATA CITED IN '400. EIN oft". P USM 4

PhW-o. 7O.o.70.14S31(2) -O.OW002*K2) 562

CAL

COSDAtA FRtOM II 83L. PI(FKl"R. KOFITIIN. WILSO. "Me OZKWAN.AM 1979. PAW 154

30 1E*E

F (1W) O. "2-*.0021XMIN+O. OO03*,14M8S*2

I-t
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&ANSINK ORTM1110O. Inc. N. 016?. INK. "ft. m)

CSU PA.EbU PVCTSR3 DETECTION loan I

C

C 40FA IN INFORMATION FORro O
C SO

C ISE(N AGGASSSINS IiwomTION FOU THE SINVIRORN0"T
C ITNW a~coRiI IwaRNAT ION FOR f's TawK

C NT; ic" FOR IDO me lo
C MS- lIWN FOR STPAK
C 9IT191 - NWPO TAS PARAMTER

C 4 11 P16W
C 12) STM40AS DEVIATION
C 43) 018TRIU.TIUK TYPE
C
CS SOUVFPU POFEP~TMIS
C KRIM) - WKILL CATISIOR'V MODERA1U IA LAES
C IMS11) . DIFFERECE BETWEEN DEiVE ASD DASELIP
C PlSAW
C 11112) - DIPPEMNCL 3S1'sSN DIA;YU O SIA MgmNs
C STAN1ARD DEVIA'!Cq
C NN(3) - ORRIYED D15TRIBOTION TYPE
C
Cie
CS SLQCAL VAR ZASIS
C 1(0 - NMB~ER OF OPERATOR INDEPENDENT VARIABLES LSED IN
C THIS1 MODERATOR FUN4CT ION

S ~C KS - NMB~ER OF ENVPIRONMENTAL. INMEPENENT VARIABLES LSED IN

C THIS1 MODERATOR FUNOCT ION
C mr - NMBEMR OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR P1JICTIflN
C NZO(KO) - ELEMJENT NUMBiERS OF VA9PIAIL19 ZN THE OPERATOR
C STATS VECTOR
C MEE (IE) - ELVOrENT NUMIBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C WTASK NT - ELEMENT NUMBDERS OF VAR IABLES IN TIE TAS. VECTOR
C N.- MAVER OF MODERATOR EOUATIONS
C NIVII) - NM.NBCI OF INDEPENDENT VARIALSI IN MODERATOR

C EOUATION I
C irml - TIME TO COliP'T CALCULATED FROM MODERATOR
C EQUATION I
C
CSODIMENSION ARRAYS
C

DIPEHZO# IIIN) IDEWN. DISTM~. ITASKOIN)
DIMENSION NE0419). NE114). NTSK(L). NIVISO). T(10). 511(3)
DIMENSION XE(4).XO(19).XTSK(1)

C
C9*DEPIP LENGTH OF ENVIROMMENTAL. OPERATOR.
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L 00. $m~s win's %qwIWES

ORA 6a41
PAT^ Kali s9/
NATA WT/ 11

-~eowo WK CSE 86 - mSHINT NLIOS"

DATA ~41Ua
SATA 0,.24..2.73339.78.14.. 42.4i./

C X 1S $06"N SLISE MMlMWI. IN 0121IM 1111000

C X1138.VWPOA PMSM.K IN P10
C xa14# -w0QW% OF OPEWATOP a ON uTv

*C sa0io)apa"UN's TitoCPO TAM IN MOLAS
c 204221.thAT IYPN
cAD3 "m~1iza"TAL ^Am"I To TAPRIET 9"NAIUTICAL. WILES

* ~~C 90fIOVA0' PICLD OF VIEW IN DORO""
C 10 I).tMWUT SACKNOUN COPflEIITV
C 50O.AgTACAX OKTRlA@S PATIO

C Zo , J" t'' ' 61MIGH IN Myl
C 90I6).TAPSET WIDTH I" rimT
C X1010 O 79.VPS DEPTH IN FEET
c - C NtIob-4..I ROOMU To ?APTy In 06OUTI~M LE
C XOLLIJ?84ACXKW)0UN NONMT"T PSIUHT I" FEET
C XnV122'- OAI8R3NV NONTAMT WIDTH4 IN FElTl
C 30113).OISP-v.A fWC&'UTIIN 1IN LINE*

S C 10(141..OisTALcx rvi oePI.AY 11 FEET
C NOIBItTAIRMT COLCA
C XO10;- 'MA*"R CF 24C)YPOI.4! CHMAWCltfS

C :0::I7-IOPLAY WID*TH IN MfT

S~~ 10 -LOhC#ATINO NTN GINFET OAN STATEWOTOA

CAL X SETOVA~l O9S O. 84. 860.TRK PM0T10)

CSSNTRUK CONAIN LUMNP FOR D~l OPM OF ThE V#:TASK APMII TAK TAE1W4 T

CALL GETTIA (ICPT. ITAIK. NTS. NTSK. WT. RITSK)
C
COSSNITIALIZE N41. NIV

8441-0

C
Ce LEVALUATE I
c STSK 1)-THXE1 OesEflVR-TO-TAIRGET POSITION
C*00I*00-THE OttSERVER-TO-TARGET POFIT;ON AS AN INTEOCA VARIABLE

IPOS-NINT (STOKI (1))
00 to (1.4.&.7.S)NPOS

C
CgStHI4S 19 A DROUt4D-T0-GRlOU84. VISUAL. DETECTION TASK
CS*XOC1)01'ERATOP'S TIME-ON-TACK IN 1401)15
C$OXO(2)-TAIRGET TYPE
c8FVDArA FROM1 AINSWO~kTH AND BISHOP. 1971. PAGE 16

I IF (X042).LT.II.O.OR.XO(21.OT.13.O)00 TO 2
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4 C t

IF (Z0t2).J0.l1.Q)T(IU).425.00-0.16,SXO(1))/O0.@
c

IF (2042) .I0.13.0 TIU)u234.000-O.0O0S1O(1) ) '60.0

Csesora FP KOEAIOK. 1979. FINL0 2
c

*2 XYA~t30(31) 2025. 367
IF IX0(2).LT.11.0.CR.NO(2).Si.25.O1SO TO 3
IF (IO(2).ST.l9.0.*A..1O2).LT.28.0)60 TO 3

* I1F 4XO(2J)f.1IO3.0iSO TO 3

Pt4NV M)-2

COSTOWAS Sb A TAM
C

C IF tIO(2).S~li. I.)Trtt~u(02.115-1.*OUSE P(-O.OOOSSXVMOSS2))/AO.0

* C

C
* ~ ~ ~ ~ ~ ~ ~ ~ *TMT1 AN IIO2).O.SMCTPUt§ONNK1S-1.S63IPIQ0OSYtR22)h

C

C**TMOIT 19 Ai VONO" DFRONE ~
C

IF IXO(2).EO.15.@)T(NE)-(O.06342O.013SXyMD)/40.0
C
CostAmlE is a TRLDICt

IF 4XO(2).EO.25.OIT(EM)OC.(0.4 0.l3SXYRR)6.000$YP$2)6.

C

CS SCALI ADUTH14 OR t RLT)94 TO DERIlVE SKILL MODERATOR FOR WtOLD-TO-OROUNO.
C VIUAL DETECTION TASKS
C

3 IF (NMW.EO.0)THEN

* ~TC*l)-DISTtl)
CALL RtELT?44(DIST.NIV.NPE.T.XM)

ELSE
CALL. ASlTM*4DIST.NIV.MW.T.XH)

ENOIp
00 to 999

C
ClUtHIU 1S AN AI-OGOUDVSA DETECTION TASK
Ci$XO(4)TYHE ODSRVNERt'B FIELD-OF-VIEW IN IWWIEES
C0*OATA FROM SCANLAN. 1976. PAKE6
C

4 M-M+
NIV(NME)1l
tfHE).(32.2S0-249P. 06tEX(P-O).002SEO(4) *32)) /60.0
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CSSXO(S)-IAROET BACKGROUND COMPLE.XITY
CSSXO(&)-TARI3ET/DACKGROUND CONTRAST RATIO
CISDATA FROM SCANLAN. 1976. PAGE 22
C

IF EXO(2).LT.1I.O.OR.XO(2).ST.IS.O)BO TO 5
IF (XO(2).ST.It.0.AND.XO(2).LT.14.O)OO TO 5

NZV(NME)-3
C
C40TARGET 1S A TAW(
C

IF CX()9.1OTNI)(-53?+219X()3.3*O6)6.
C
C*4TAROET IS AN ARMORED PERSONNEL CARRIER

If (XO(2,.E0.14.0)T(N1E).(SI.303-2.30OSXO(!)-3h.077SXO(4))/&O.0

CS*HSTAE 13 A TUCK0T-I. IULDTETO .S

CIRSXO(IO)-.TH TODRIVGE SKIL T MOETIERAUTICSALO MIES -RON
C VSUAL DTELTECTANG TO ASK TINFE

CS4#HPS to A GLE ThE TOAIR. VSUALNC INTECIONUS C AR

C*%XOATA FRCW1 WWIDTH. INI PFEET 0-

I::FU tLN RANGEEOTO.O TAC NFEETO.OO

C XARC(XSYRAG6OF TH TARG.oXET'S WZ THEEPANRARA I O&4YAD
IFXAC-N~ THEIAC TARGET.O SUBTEC4S I MNTE FR

C*%DAAPPL F" HAASL 1901 LIAIT

C VIUA DETECIO TAS1

CAIY.NSST#4(OS.I~*..M
OG ra ,qq *&0&.
IF C XJT1..)FE-.00

C

* c6eCALL A&LtMH TO DERIVE SKILL MODERATORS FOR GAIRN-TO-AIR.
C VISUAL. DETECTION TASKS
C

CALL ~ ~ R- 9BTH(IT T.N.T M
(T t 9



CALL RELTP*(DUST.NIV NfE, I. NPI
so TO,,,

CSTHZU Tom IC W.AOLYS DETECTIMS TARgETS am A DISPLAY
C XSt (11)-9AKDOftimQ NONTAROET H4EIGHT IN PEET

CSXO (12)-BACKG9ROUND NONTARSET WIDTH IN FPUT
CMBXINCH-DIAIETEM OF BACKGOUNi4D NONTARGET"l IN INCH9S
CS.XTIWC.*DIAigTR OF THE TARGET IN INCHES
COSSEINC-DIPFERtDcE BETWEEN NONTARgET AND TARGET DIAUITERS
CSSDATA FROMI BLOOMIFIELD. BECKWITH. EHRI2CK. HARtUREK. TEX.
C AN TROUS. 1970. PAUE 2

9 eE-*eE+1
IF ( xO(11I) OT.10112))THEN

IF (XOG1). eQ..OXO(12)-0.0O00I
XBINCH-XO(11)/OX0(1)2)LI

X:INCMXO(12)/12.0

IF (XO(7).8T.X0(f))TMMN
XTINCH-XO(7)/12.0

ELSE
XTINO4.XO(G) /12.0

END IF
X INCH-XDINCHX-T INCH
IF (XINCH.EGO..O)XINCHO0.00001
T(NI6)4I/ (XINCH**2) I/bO.0

C*SXO(131-DIOPLAY RESOLUTION IN LINES 1ON A CRT
CS*XO,(14;-OISTANCE To DILPLAY IN FEET
CISDA A PROM SCANLAN. 1976. PAGE 10

NHE..NME+I

* ~T(NMEI-l05,324-2.579tKXMARC-0.045SXO(l1I 1/60.0
C

c*:XO((5 I5I.TAR IET COLOR
*~~ CSXO A 1NLr'IIR OF BACKGROUND CH4ARACTERS

COSDATA FROM &LOOIMFIELD. BECKWITK. 9EMEICK,
C MARMUREK. TEI. AND TROUD. 19713, PA69 16
C

IF (XO(M5.L.1.2.0)THEN
-C
C**tARGEI 18 WHITE OR TAN

C NtNME.1

NIV(NM'E12
* t(NM)-(9.942-2.491S1XO(15I.0.0004WXO(1b) 1/60.0

ENDIP
C

C9O1)..OIUPLAY HEIGHT INFEET
C*SXO(I1I-DI PLAY WIDTH IN FEET
C$S*SINCI4-SEARCH AREA IN SOU.#6'!E INCHES
C**OATA FROM BLDOOWIELD. BSCKWITH. EMERICK.

* ~C PIARt9REK. TEI. AND TROUD. 1973. PAGE 14

* K~SINCI4-(XO(17I OXO(I@I I I44.0
IF (XO(15).LIE.2.0ITHEN

T(NME)-(-2.5S5.I. S4$KO( 15)*O.02oSXgINCH) /60.0
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clsJSrOUTIU FftmPN(Doo. tog. N. DIST. ITAOC. PT". MR
C
C**MDULItsHUMA FACTORS RVEATOR FUNCTIONS
COSREFERKJCE rPAPS/vOLUE 5. 10 OP

CSSPUAFOU.THIS SUSAQUTINK RETURNS PAGB~AS1L1TY TO COMPLETE
c FINE l4%IZPULAT.ZV1 ABILITY TAK
c
cos1.."vPur T1~S
C I~LO(MNI - O)RfING INFORIMATIOM FOR THE OPERATOR
C E 16N) ADOOSSIMO INFORAT ION FOR THE ENVIRON01ENT
C. ITASKINTS) - ADDFRMSINO INOI"VTIOM4 FOR THE TASK
c N - INDEX FOR ZOO AN HE6
C XTS - I'QEX FOR hACKC 0137r(3)14- MOM1t4I. TASk PARAMETERS

C (23 NT4O D DEVIATION
C431 DISTRI*BUTION tYFI

C x"(1) - DIMAS)NCE BETwCCN MAIVED AND SMELZ,4
C "KAN
C XMV2 - DIFFERCH~ VEfTEEM D)1RIVC0 ANO SASLINE
C STANDARD OCE.IAT1-3#4
C KN(3 a DERIVE.D DISTRIBOYION TYPE
C

Cf*LjDCA. VAIA3LZSs
C KO - MJI(WR OF OPERAOR INDEPENDENT VARIABLE S U.SED IN
C THIS NODERATOR FUHCTION
C P.- NWUMER OF EHVIRONNENTAL IMOEPENVENT VARIABLES LOEW IN
c THIS MODERATOR FUNCTION
C MY - MDISE OF tAS. INDEPEP14E NT VARIABLES USED IN
C THIS IIOERATOR FUNCTION
C NEOKOMO - &LEP4NT MU"BERS OF VARIABLES I" THE OPERATOR
C STATE VECTOR 

.C NEECKE) - E1.EIENT NMACER OF vARIABSLE IN TIE ENVIRONMENT
C STATE VECTOR
C NIRIK (NT) - EL.E.'IEN #44IMPV.S or VARIABLES IN THE TAOK VECTOR
C PME - Nl5R OF PICOEPATOR EQUATIONS
C NIV(I) - MinCER OF IHOE[PEIWEN' VARIlABLES IN NODERATOR
C SOUATION I
C PtIl - MM"AILITY-TO-COFMt.Et CALCULATED FROM MODERATOR EGUATION I

C*910IIMAGION ARAYS

DIltElMBI 100(N). IOE(NI. DIST(3. ITASKIN"Ts,

DIMENSION W-0(1). SECI. tl. M

C
CSODEFINK MENDED ELEMENT MuPSEr
C
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DATA NI~f7/

DATA 86JCO/I.I/

COSOTM VECTOR CLEPMPIU AR As FOLLOW
a;' ~~C IOITP NTASK IN I"D*I

C 9 014AMT CAL VISMAT ON I"N Ni
C
COORSTRIEVA THE VAL)AIU FO THE STATE VmCTQR
C

CALL. SITOV (1DO.N.PWO.KO.10)
* CALL UTIEVA (ZD9.N.PE.0Z.XIE)

C
COSSNITIM..IuK "M
C

C
CSOEVALUAIC XM
COEDAM FRlOM PSIFF ET AL (1979)
C

COS VISAATION 18PRESENT

* C

C
COS IESKAINI ~SN

C

C C MI

*~P momr~i
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Ctc

ULUROJTINE PMASTN(IDO. IDE. N. DIET, ITASK. NTS. XM)

C
Csf0OvULLsHUMAtN FACTORS MUDERATOR FUNCTIONS
CeR'-.Fff[tlNCKMOPA/VOLUMR 5.10 OF
C
CS*PiRPWOSIeTHIS SU3RUfrINE RETURNS TIME TO CONPLTE;
C TASKS WHICH REQUIRE FINE MPNIPULATIVE ABILITY
C
C*S INIUT PARAMETERS.
C IDO(N) - ADDRESSING INFORMATION FOR THE OPERATOR

C IDE(N) - ADDRESSING INFDR'ATION FOR THE ENVIRONMENT
C IIAgK(NTS) - ADDRESSEIG INFORMATION FOR THE TASK
C N - INDEX FOR 100 AND IDE
C NTS - INDEX FOR ITASK
C DIST(3) - NOMINAL TASK PARAMEIZ4S
C (1) MEAN
C (2) STANDARD DEVIATION '-L
C (3) DISTR!SUTION TYPE
€

SCS OUTPUT PANRAETERS
C X1(I) - SKPILL CATEOORN MODERATOR VALUES
C M(lI) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C MEAN
C XK12) - DIFFERENCE BETWEEN DERIVED AND BASELIME
C STANDARD DEVIATION
C XM(3) - DERIVED DISTRIBUTION TYPE
C.
C21
C$ LOCAL VARIABLES.
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C KE - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NT - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C DI[O(KO) - ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR
C STAr- VECTOR
C EER(KE) - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
C S" iTE VECTOR i
C NTAK'" IT) - ELEMEIT NUMBERS OF VARIABLES IN THE TASK VECTOR
C WNE - NUNMER OF M13DEPATOR EQUATIONG
C NI' -) - NUM•BER OF INDEPENDENT VARIABLES IN MODERATOR 0"
C EQUATION I
C ;(I) - TIME DELAY CALCULATED FROM MODERATOR EQUATION I
C
C*80IMENSION ARRAYS
C

DIMENSION IDO(N). IDE(N). DIST(3). ITASK(NTS)
DIKeSION NEO(3). NEE(I). NIVei). T(Il). XM(3)
DIMENSION XE(l). 9O(3)

C
COSDEFINE THE LENGTH OF STATE VECTORS
C
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DATA VX.KO/1.3/

ESSOEFIPE ELEMENT umbmIEl
c

DATA NEE/Il
DATA NE!3/67. M.6 kl/

DATA P4KV/I/

COSTHE VECTOR ELEMENTS ARE AS FOLLOW~S
C :9:1I)MIUIENT (DRY BULB) TEMPERATURE
C 0 1 -SKIN TEMPTRATURE WHEN THE OPERATOR CHANGED EN4VIRONMENTS
C (OLD SKIN TEMPERATURE)
C XOUP)-TIME IN THE CURRENT TEMPARATURE I
C XO(3)-CURRENT bKIN 'DVMPERATURE (COMPUTED FROM XO(1) AND X0(2))
c
c
CI$RETRIEVE VALUES FOR THE STATE VECTORS
C

CALL WTEVA(IOE.HNE.EKf. Xl)
CALL GETOVA(IDO.N.NEO.KOI.XO)

C*iSFIALUSKIN I
CCSSPATE OF SKIN TEMPERATURE CHANGE (I-lXPf.0S*XD(2)) 1S HYPOTHESIZED

C

C EVALUATE TIME BASED UPON SKIN TIEMPERATLAE
C

C
C ENSURE THAT HE WOEB NOT 00 FASTER THAN AVERAGE BECAUSE HIS
c HANDS ARE WARM
C

C IF (T(I).LT.DIST(l)) T(1)-DIST(I)

CSSCALL REL.TMe TO DERIVE SKILL MODERATORS FOR TIME TO COMPLE-,E
C

CALL R9LT)II(DIST.NIV.IPUIE.T.XM)
RETURN
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Co
SUBROUTINE GP9FP*(IDO. IDIE. M. 0I9T. ITASK. NTS. XI¶)

C
CSEMO.ULEs1RHUP FACTORS MODERATOR FrUNCTIONS
C *REFERE4NC~aMOPAD3/V0LU' 5. 10 DF
C
C$$PURPOSE. THIS SUBROUTNE[N RETURNS PROBABILITY TO CO1P.LETE
C GENERAL PHYSICAL EFFORT TASKS
C
C*SINPIUT PARAMETERS,-.*
C 1D0(N) - ADDRESSING INF'rMATIO; FOR THE OP.RAT.A .
C ID9E() - AODRESS]N• INFORMATION FOR THE ENVIRONMENT r
C IIAS1(NTS) - ADDRESSING INFORMATIO•I FOR THE TASK
C N - INDEX FOR ID0 AND IDE -,

C MTV - INDEX FOR ITASK
C DIST(3) - NOMINAL. TASK PARAMETERS
C (1) MEANt'
C (2) STANDARD DEVIATION
C (3) DISTRIBUTION TYPE
C -.
COSOUTPU t PARAMETERSo
C XM(I) - SKILL CATEGORY MCDERATC'1 VALUES
C XM41) - DIFFERENCE BETWEEN DERIVED AND 3A6ELINE ,.
C MIEAN
C XN(2) - DIFFERENCE BETWEEN DERIVED AND SASELINE ,2
C VATDARD DEVIATION
C XN(3) - DERIVED DIETRIBUTION TYPE ,.

Cm

rCISLOCAL VARIABLES$
C KO - NUMBER OW OPERATOR INDEPENDENT VARIAbLES USED IN
C THI3 MODERATOR FUNCTION
C KE - NUMBER OF EFVIRONMENTAL INDEPENDEINT VARIABLES USED IN
C 11415 MODERATO" FUNCZTION
C NT - NLUMDER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCLTION
C NED(KO) - ELEMENT NUJMERS OF VARIABLES IN THE OPERATOR
C STATE VECTOR
C HEE(KE) - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C NT(ISK(NT) - ELEMENT NJMBERS OF VARIABLES IN THE TASK VECTOR
C MME - "MER LW MODERATOR EQUATIONS "
C NIV(S1 - NUMBER M- INDEPENDENT VARIABLES IN MODERATOR -

C EQUATION I .
C P(I) - PRO1ABILITY-TO-CO•PLETE CALCULATED FROM MODERATOR EOUATION I 4"
C
CI*DIMENSION '%RRAYS

DIMENSION DO(N). IEIE(N. DIST(3). ITASJ(NTS) o

DIMENSION NIV(L). P(l:. XM(3) (.
C
CSINITIALIZE NMIE.NIV
C
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C
C;SEVALUATE XM
CSSNO DATA WERE FOUND TO PREDICT PROBABILITY-TO-COSIPLIETE SENVWlA
Css PHYSICAL EFFORT TASKS

NIV(NiE)-I

C
CS*PCALL AELP114 TO DERIVE SKILL. MODERATORS FOR PROBASILITV.-TO-C099t.ET
C

CALL. RELPMH(DIST.NIV.NtIE.P.XM)
RETURN
END
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C UBROUTINR SMEFTH(IDO. IDE. N. DIST. ITASK. NTU. XN)

CSSMODULEuI4JLA FACTORS MODERATOR FUNCTIONS I

C REREREME I MOPAD9/VOLUME 5.10 OF •'
c
C*SPURP02F3THIS SUBROUTINE RETURNS TIME TO COMPLETE
C TASKS WHICH REQUIRE GENERAL PHYSICAL EFFORT
C
C*SINPIJT AATRS
C I DON -N DRESSING INFORMATION FOR THE OPERATOR ,,.
C IDE(N) - ADDRESSING IN70RMATION FOR THE ENVIRONMENT
C ITASK(NTS) - ADDRESSING INFORMATION FOR THE TASK
C N - INDEX FOR .00 AND IDE
C NTS - INDEX FOR ITASK
C DIST43) - NOMINAL TASK PARAMETEIS , .
C 1 MEAN
C (2) STANDARD DEVIATION
C (3) DISTRIBUTION TYPE
C
CISOUTPUT PARAMETERS& a
C XM(I) - SKILL CATEGORY MODERATOR VALUES h ,
C XM(1) - DIFFI"R-ENCE BETWEEN DERIVED AND BASELINE
C MEAN - ,
C XtI(2) - DIFFERZ.NC BETWEEN DERIVED AND BASELINE
C STANDARD DEVIATION
C XM(3) A DERIVED DISTRIBUTION TYPE
C V
L , !,'.. :
CI LOCAL VARIABLES#
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN a.
C THIS MODERATOR FUNCTION
C Kr - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN *
C THIS MODERATOR FUNCTION
C NT - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR 'UNCTION
C NEOCKO) - ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR
C STATE VSCTOR f'

.C .E(KE) - ELjE!IENT NUMBERS OF VARIABLES IN THE ENVIRItELNT . e
C STATE VECTOR *.." ."..
C NrASK(NT) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR
C NWE - NUMBER OF MODERATOR EQUATIONS
C NIV(I) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR h •.,'
C EQUATION I-.
C r(l) - TII'ý DELAY CALCULATED FROM MODERATOR EQUATION I
C
C*'OIMENSICN APRAYS

CIMENSION 1000N). IDE(N). DISTN3). ITASK(NTS)
DIMENSIGN NED(4). NEE(2). NTSK(I). NIV(3). T(3). XM(3)
DIMENSIOC: XE(2). XO(4). XTSK(I)

C
CO$DEFINE THE LENGTH OF STATE VECTORS
C
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L-.0

lAA "go/l 9.24.2Sv
DATA NTSW I
DATA WUl.NIV/3.2.3.Zi

COOTHS VSICOA CEEN~TS AM Al FOLLUWSa
CEIZ()IENT toRY SLLS) To"CAfA rIM
CRE(2-ANTeom"I4RC VAPNOf poEUPSM IN to

C 10(1 P-LD"TN OF aFIRATORUS POSVIVA WME SESSION

C "a t2bSLDWT% OF OPIRATOR*U PREVIOLS REST SISION
c MO (3 .40*1 O SLEEP THE OPERTOR REKIV90 IN "MY REET IMP
C 1O040OAYil ten PART Cv A DAY) SINC ?E 1)OeNATOR LAWE S.*PT

C 2 Il I IW.KCt/"IMJTE IKWIRES S THE TASK

CALL ITOVA(bDO.N Mao.KO.XO)
CALL a~lUA, ITASKTS mTlx. NT.%Tmm)

C
C
CSSEVA*AAATZ X"
C
C
CSSPROM MC INT'VPI (150M). PAGE 324 PfLATINIM TO PH4YSIOLOSICAL HEAT
C EXPCSJ(I LIMIT (PHEL)
CSSRELATIONSHIP SETW!EEN TIME ON TASK. Pfid. ANDc TIME
C TO PERFORM THE TASK WASI HYPOTHES IZED

CC
C CMUEMTNI O AE KAII APOIAIN
C CMUEMT8J OKNT RMKA/I AFOIAIN

R!3C*2 IK(1
C M3O3.IEI~

CCOPTWT U9eOEEMEA

C
WSST-.547$XE(I) + .2168KE(2) + 3.36

C
C EMMURE THAT RM NOQ W96T ARE WITHIN ACCEPTd'ULE SOUNDS FOR THE
C PHIL FORMUL TO BE VALID

ZF(AM.61T.SS.O .AND. AH.LT.150.O .AND. W9OT.UT.31.O .AND.
* WOOT.I.T.5O.) THEN

PI6L-(17.25$10.O*29 - 12.97ORMS2O.O*4 * + S.&I*(RM**2k
.0 *.SIOO3) * EWBGT*s(-.534))

C
C AS THE O"PATOR APPftOAr~hES HIS PHEL. HIS PERFORMANCE TIME SHOULDs
C INCREASE ILIUNTLY (CONSIDERING HIS RECENT REST)
C

ri4)-DIST(Il)SI.O.(XO(1)-X0(2, I/MEL)
ELSE

f(l)-DISTCII
END IF

C
C
CIS MODEL FROM PFEIFFER ET AL (1979)
C** tHE LINK 9ETWEEN REST REOUIREMENT AN4D PERFORMANCE I0 HYPOTHESIZED
C
c COMPUlE THE REST REQUIREMENT
C
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c

IF IX044).LT.0.111 PYTo.362RO441
IF 4110441 .6.0. 21 AW. 3044) .LK.O.931 T-)1.804
IF 4=044).61.0.633 T..30.9604

c
C 1NKF TIM FATIMA LSVIC IFTHK OPINATW LMST U.W thS
C LanM TWW 0 oloms

IF4X0431.VT.*.01 INN
FATID-1 *0

POFALD-0. A2S6E043)
weir
IF IfAfAW.LT. 0.0011 FArID-0.001
FTS-FTsWuATPKn

c o£am1*0 THTlE FATZIMA MA6SU DOES Hey ExcEED 1.0
c

IF LtFS.8T.1.00 PT0-1.0

C IMEPWAS T149 OPERA1R's TASK PEWV0Aw~ TIME

C**CAU. F4LTI9H TO DERIVE UWILL nlOCCRATORS FOR TIME TO COPLETE

CALL FtIELTt*4(DIST. NIV.NME.T. X")
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SiwmTtIe w"Im(foo. INE. DIV13. IVmm. ETS on)
C4mM *MD 0* ATORS WIMMATIOR PDcytIW.

CW 1KC..swQ OIAD6fVaLJMK 1.10 OF
c
CrO'U0PO 11413 SAIRQTT IME WnETL PAOSASIUTY TO CCwLKT3I

% c ANS "AIMULAT1Vp TAheS

C4SIPPUI POWAMETERS1
c sootiot : ASptese1pm isavamTtam4 FOR THE UpWoTOR
C ORE 4 06 A0SmsIe m Iwap4TIW4 FOR TIE ffm1WUN

C IffASK"INT - ADDRESSING I)warMT1ON FOR TIE TAIM
C " - INDEX FR 100 AME lot
c NVS - INDEX "AR LYPSK
C DIMT3 - NOINAL. TASKM RMTR
C 44)IUMEA
C 42) ITANCOSD DEVIATIO04

r (3) DIUTRIDUTION TYPE
C
CS SOUtPVT PARAMETERS&
C XMMI) - WKILL CAYVOORY MODIRATOR VALUES
C XMMI) a DIFFERENCE BETWEEN DERIVED AM DSASELINZ
C MEAN
C XM (12 w DIFFERENCi VETWEEN DERIVED AND BASELINE
C STANDARD DEVIATION
C XMM3) a DERIVE DISTAI3UTION TYPE
C
Cis
CI SLOCfL VAR lADLESs
C KO - NUMIBER OF Ort"ATOR INDEPENOWN)T VARIABLES UIBID 1IN
C THIS MOVERATEI FUNCTION
C 111 - NK*lBER OF ENVIRONMECNTAL INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTIG !
C HT - MAO"BE OF TASK INDEPENDENT VARIABLES UIED IN
C ThIS MODERATOR FUNCTIOIN
C IEO(KO) - ELEMENT NMBERSA OF VARIA"9E IN THE OI'ERATOR
C STATE VECTOR
C NM(l KE) - ELEMENT NMBMERS OF VARIABLES I.4 THE ENVIRC*4ENT
C STATE VECTOR
C NtASK (NT) - ELEMIENT NUMB1ERt.. OF VARIABLES IN "1 TAWK VECTOR
C tIME - NUMtBER OF MODERATOR EQUATIONS
C MIP/Cl) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
C EQUATION 1I
C P111 - PROBADILITY-tO-COMPLETE CALCULATED FROM MODERATOR EQUATION I
C
C04DIMENGION ARRAYS
C

DIMENSION IDO(N). IDE(N). DIST(3). ITASKINTS)
DIMENS5ION NIVII). P(I). XM(3)

C
rSVINI 1AL.IZE NME.NIV
c H.
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Cos Awpu"aT. loan
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m.1

J

JJT ,11 IMTMIDO. SIX. f. DIST. STAOW. MO1. 3M)
C
Cs MISIMLpsUA .*IMS NOMINATOR MIFCT 35

* CSSoe WEE~uM�l[iV•WJI1•.• 0 OF
* C

Coo~oomr"Is gAuw ~t1, owtw Tim1 To copoAii
. C TAMII IICH lmiJ l I MANIPhIuIrON

* Coselwt por6waya1,"C LOtGIN- ADPIPESSING 1P UTI~ PUM THIS Of[RATO
C 11091,) - ADDRSIl NG INPORMATION FOR THE £NVYRS.MI"?
C I I.ANr -S) - A0DAKS[INS i ITFOMAr SO OUR THE TPAb
C I xPS FU 0AN D
C N13 -INDS "a, "TAf [
C OIS?" - WMINA. TACK FA6T
C 4l 1) WA
C 12) STANDADO DEVIAT;ON
C M ) DZISTIBUTION TYPE
C
CS *OIJpTP PftaAUTER
C x"( 1) - ILL CATEGORiY MODERATOR VALUES

C ,PlEI , DIFFEENCEL INEPERNDENRIVED LAML USEDI
C MR.4CTO

C NT 42N - DIUIROFETS IDEPTDENT DERIVED UND $ I*NEINI

C'. XNM3? - DE]RIVE.D CISTRIBJTZIC TYPE

Cl

C K0 - NUBE OF OIAtO INDEPENDENT VAMXiAB.EA USE IN

C IH18 MODERATOR FUNCTION
C 0•1[ - NUMBE[R OF E1NVIRONMElNTAL INDEPE.NDENT VARALES• USE IN

•.'. "" € TISll MUDERJATOR FUN.',CTION
•.." NT - NMBl•ER OF TAS;K INiDEPNDET VARqIABLIES USED IN

> , € THISl MODERATOR FU.NCTIONI

C MKO(KO) - ELEHENT NIUIBERS OF VARIABLES ZN THE OPERATOR
C STATE VECTOR
C H1ER (Ki) - ELEMENT NUMIBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C NTASK(NTf - ELEMENT NUMBER!. OF VARIABLES IN THE TASK VI•CTOR

SC ttE - NUMBER OF MODERATOR EQUATIONS
C NIV(Il - NUBDER OF INDEPENDENT VARIABLES IN MODERATOR
C EQUATION I
C T(Il - lIME DELAY CALCULATED FROM MODERATOR EQUATION I
C
CISDIMIENSION 14RRAYS
C

'DIMENSION !DOIN). IDE(N). DI1I(3). ITASKINTS);•," DIMENSION NIV(1), T(I). XM(3)

* C
-+CSSIN! rt zE EIE.NIV

C•tow.,
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c we&Tbm*LS oPEITTIET D.M-A"014FMN

We"",AAT IR

CSSCMJ. OOLt? tO MMSR VIKI4 3c D~~t. ft*AOR TPSf TO COULSTS

CALL Ad.T?"4(OZ3t.fIV.PU. T* XND
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C U9RUUUtIE LIISVPHEZDO. IDE. N. DIST. ITA9IY. NTS. XM)

C411nOkUL1114UMAN FACTORS MODERATOR FUNCTIONS

COOPURPMOUtIS gJSROUtINE REtURNS PRODADILITY TO COMPLETE

L LONG TERM FEMORY/SENSORY TASKS
c
Celikiul PAPWAFETEPSo

L 0btw? - 04DDRESSING INFORMATION FOR THE OPERATOP
C 1094") - ADDRESSING INFORMATIMI FOR 1HE ENVIRONMENT
c ISHS*(NItS# - ADLiAESUINU INFORMAI ION FOR 1HE 1ASt.
c H - INDEX FOR 100 AND TOE

~~i.. C (1)IDE ME IANI

L (2 SIADARDDEVIA lION
* C 43) 0167RSIOJTION TYPE

LCDUPARAMETEESe
L SHE 1) - WbILL CA1EOORv ?lODERAfl014 VALUES
c XMIAl - DIFFERENCE UoEIE4EEN DERIVED AND NuASELINE
L. MEAN

0. L M(2) a DIFFERE1NCE DEFWEEN DER:VED AND BASELINE
C STANDARD DEVIATION

I. 1"43) a DWERIVET) DISJRIL.IJION TYPE

LSSLOUL VARIALILEI,
L 0.0 PKMMIP, OF OPERATOR INDEPENDENY VAR lADLES USED IN
C ?ills MIWINAIOP FUNCT ION
c 1.E - NUaMDEP OF K'VIRONMENIAL INDEPENDENT VARIABLES USED IN
c 1111S IQDERAIOI' FUNCTION
L. H1 - tHPIIEEP OF 1A91 INDEPE0NDENI VARIE~bLES USED IN
C THIS MODIRA14 loftFlIIDN
C N1040P.13 - ELEMENi NUMBIERS OF VARIABLES IN THE OPERATOR

C DIA6 V-SCtOR
c E0S - LLdMFH N? UJ¶DRS OF' VARIA4BLES IN THE ENVIRONMENT

C M)e'W N?? - "IEMNT t*SP¶ERS OF VARIABLES IN THE 7ASt. VECTORf;:A IN MO:2O PAPITIO OFIVN1REU7
C H?41 - MWRIOR OF *iINDIti EKOUE1VA &LE INOOERTO

L tl:4JAT I ON

c P~) - `WJD&ILJY- R-44VF9CLUATDMR OEATREUTO

t.c



DATA k0/2.
c
CIITH YfE CIOR ELEMUnIS AM AS FOLLOW4S
c 1041 )-M3"R OF TIUS THAT IHU OPIERAIOR HAS PREVIOUSLY PERFOMWID
c TIK TASW
C 90(2)"OPERATOR'S SV( OF UIMNCTION
C
C
CIP$RtIEVIf THE 'dALLMS OF THE STATE VECTORSI
C

CALL GETOYVA lIrVO.N.NtEO.k('.XOI

CSIP13i1t6.1ZE NORE cI
c

CISO&VLUA1L 914
c

* ~~CI*DAIA FROM SIVLrL IT AL. 1~

IF tMO2).10.1) 704EN

C OPl~,i1OP. WSA aG U1O~BNS OF DIRECTION

ELKE
L
C OI'EPA'OR HAS $4 POOP WWW46 OF DIREC71ION

P(t**I.DtST (3
END I

c
CW#C4U.L RELIPt1 TO DCPII'.t SJ'.1'L MODE.RATORS FOR PRODAXBILZ1v-TO-COIIPLTE

ENL
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4~~7 W. T &T W' ;1 5. .'-1 ýý, z-

Ce
[UDP•JUI|IE LNSYIH(IDO. IDE. N. DIST. ITAlSK. NTI. XM)"

C
"C" tMODUI[EsHa 1N FACTORS MODERATOR FUNCTIONS
CSSIREFEkPENL.Ea OPADS/VOLUM E. .10 OF
C
Cf*fBPPOSEs1HIS SUPOOUTINE RETURNS TIME TO COMPL.ETE
C T7PAIS WHICH RECJIRE LOW, TER7" MEMlORY/SENWr'RY
C
L*$ INPUt PARAMETERPS
C IDIJaN) - ADDRESSING INFORMATION FOR THE I)PERATOR
c. IDE M) - ADDRESSING INFORMATION FOR IL'. ENVIRONMENT
C IIASFNI$) - ADDRESSING INFORAIATION FOR 1HE 1ASI,
L W N- I1DE91 FOP ID, AND IDE
C Nil - INDEX FUR IAi•.
r. DIlI 13 - NOMINAL IAil. PARAMErERS
c Il I) AN
c. 42) 8TANDARD DEViATION
c (3) DISTHI&U1ItM TYPE
C
E90UUIPUI P4ARME TERSs
I. XlM0) - SI.ILL CATEGORY 11ODERATOR VALUE9
L XMil) - DIFFEF.LNCE BETWEEN DERIVED AND DASELINE
C MEAN
c EXI(2) - DIlERENCE BETWEEN DERIVED AND BASELINE
C &fANDARD DEVIATION
C 111(3) - DERIVED DIS1RIBUTION TYPE

Cs

Lf*LOLAL VAPIADLEGa
; 1,.0 - NUMBER OF OPERATOR INDEPENDEN1 VARlAp•.IS USED IN

c THIS MODERATOR FUNCTION
C IE - "NIIDER OF EV|IRONIIENIAL INDEPENDENT VARIABLES USED IN
C lollS #IODEIRAIOR FUNCTION
C 1il - NUMLER OF TAl. INDEFPENDENT VARIABLES USED IN
L. MI4(S MOvERAIOR FUNCTION
c IOIIO) - ELEENi NUMtERS OF VARIABLES IN THE OPERATOR

* . - SlATE VECTOR
* C NE(.E) - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT

" , . SlATE VECTOR
c N-mS.N) - ELEIM•:I NT ?I#IERS OF VARIABLES IN THE TAS0. VECTOR
L. 1o" - N.UMEP OF MODERATOR EQUAT IONS
c Pr t40(1) - NIJMDER OF INDEPENDENT VARIABLES IN MODEHRATOR
E EOUAIIOt4 I
C 0I) - TIME DELAY C•;LCULATED FROM MODER4TOR EOUATION I
C
L**L'IIIEISIUoI ARRAYS
C. DIMEIISION IO0(N). IDE(N:. DISt(3). ITASOANIS1

DIIMENSIOs. NIV(I). 1(1). XM(3)

C86INI1!ALIZE NME.NIV

HIIE-0
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Cs.EVAL.UA1E Kfl
CSONO DAIA WERE FOUNDi. 10 ,ýR1DILT iJME TO COMPLETE IASK9 WHICH RICOUIRS
Cos LONG TEAM MIEmPIOYIsYNBOIC

* HNIV(tIE,-:
I Immo..DIS? i I)

C

CALL. Ef*(1lNVI..~
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LUROTI4 6PN(IDO. 1DE. W. DIST. flASK. NT'S. XN)

:SMOOULfsHUMAM FACTORS MODERATOR FUNCTIONS
CISRlFfRSMCEMOPADS/VOLUM[ 5.10 OF

CS@PU*"MPvUtHIS SUBROUTINE RETUIRNS PROBABILITY TO COMPLETE
C LCD4O-TERMi NEIORY/SYMSOLIC TASKS

COSSINMJT PARAMETERS,
C 1DO(M) - ADDRESSING INFORMATION FOR THE OPERATOR
C IDEIN) - ADDRESSING INFORMATION FOR THE ENVIRONMtENT
C IIASK(M'TS) - ADDRESSING INFORMATION FOR THE TASK
C N - INDEX FOR 100 AND IDE
c C HNTS - INDEX FOR ITASK
C DISTM3 - MWhINAL TASK PARAMTERS
C 1) MEAN
C (2) STANDARD DEVIATION
c (3) DISTRIBUTION TYPE
C
C**OUTPUT PARAMETERS,

C XM(1) - SKILL CATEGORY MQDERATCA VALUES
C XM(1) - DIFFERENCE BETWEEN DERIVED AND SASEINK

C MEAN
C X11 (2) - DIFFERENCE BETWEEN DERIVED .4ND BASELINE

C STANDARD DEVIATION
*C - M(3) - DERIVED DISTRIBUTION TYPE

C
Cot
CSILOCAL VARIASLES,
c KO -NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C kit- NUMBER OF ENVIRONMENTAL. INDEPENDENT VARIABLES USED IN
C THIS MODERA~TOR FUNCTION
C Nt NUM.MBER OF TASK INDEPENENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C MED IKO) - ELEMENT SNUMBERS OF VARIABLES IN THE OPERATOR
C STATE VECTOR
C MEl(EA) - ELEMENT NUMBERS OF VARIABLER IN THE ENVIRONMENT
C STATE VECTOR
C NTASK (NT) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR

y.C NNE - NUMBER OF MODERATOR EQUATIONS
C NIV(I1) - NUMBER OF INDEPE~4DENT VARIABLES IN MODERATOR

c EQUATION I
C PCI) - PROBABILITY-rO-COMPLETE CALCULATED FROM MODERATOR EQUATION I
C
C**DIMEtISION ARRAYS
C

DIMENSION ID0(N). IDE(N). DIST(3). ITASK(NTS)
DIMENSION NEO(2). NEE(2). NIVI2). P(2). XM(3)
DIMENSION X0(2). XE(2)

C
C**DEFINaE NEEDED ELEMENT NUMBERS
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um 104tau, 0. 44

DATA NEE/4.9/
DATA NIV/2.2
DATA KgE.0 K2. 2.

C
ESITHE 'VCTOR ELEMIENTS ARE AS FOLLOWS.
C XO(I )t4*ISE14 OF TIMES TAIC OPERATOR HAS PRVIOUSLY PERFORMED
C THE TASK
C E042-DAYI SINCE THE TAS WAS LAST PEWRFCWED
C KE I ) -WISE LEVEL.
C XE(2I.4401SE PREDICTABILITY .
C
CSISATRIMV THE VALUES FOR THE STATE VECTORS

CALL. STOVA (IOO.N.NEO.KO. XO)
CALL. GETEVA (IDE.N.NEE.K.(E.E)

C
CSSINITIALIZE iNWE

C

- C401IVALUATIE IPI-.
CISODATA FROM~ SIEGEL IT AL 1979
C -

tF4XK(2).GT.0.O) THIN

CeS NOXIC 1S UNPREDICTASLE

C
ELSE

C
C** NOISE IS tN*PREDICTAB4.1

P(N?0)-IST(1)*(O. "-O.0043*XE0)m

Cc

C

C (XO~l)WE ASSUME THTHE IFT HMNHSPROMDTETS

cC O CRAORRCLTETIE.H IS WELL TRAINED
C

C
C** OPERATOR 19 WEORLY TRAINED
C

P (P*E) -DIST (1) 0(. 01 &+. 356EXP 155*X0(2)))

C

P NME) -DIST (I)C 69*.0-.O2!*XP5 .15X)) )
EID IF

C

R-C
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C**CALL r&LPtS TO DERIVE flKILL "OETORS FOR PROMS ILI TY-TO-CWPLMT
c

CALLP,1~4(OIST.NIVp.qm.pXp)
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Caa

SUBROUTINE LMSBTH(IDO. IDE. N, DIST. ITASK. NT%, XM)

C C

CSSMODULEHU1AN FACTORS MODERATOR FUNCTIONS'
CS REFERENCE[MOPADS/VOLUME 5. (0 DF

C**PI~tPOSEI IHIS SUBROUTINE RETURNS TIME TO COMP-LETE
"C TASKS WHICH REOU.RE LONW TERM MEMOPY/bYMJOLIC

I6*I0NPUT PARAMETERS#
C DOB(N4 - ADDR.S:ING INFORMATION FOR THE OPERATOR
C IDENN) - ACDRE SINO INFORMATION FOR THE ENVIRONMENT
C ITASKINTS) - ADDRESSINO INFORMATION FOR THE TASK
C N - INDEX FOR IDO AND IDE
C NTU - INDEX FOR ITABK K
r DIET(3) - NOMINAL TASK PARAMETERS
C (1) MEAN
C (2) 8TNDARD DEVIATION
C (3) DISTRIBUTION TYPE , ,
C$SOUTPUT PARAMETERSI

C XM(I) SKILL CATEGOPY MODERATOR VALUES V4
C XM(I) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C MEAN
C XM(2) - DIFFERENCE BETWEEN DERIVED AND B -SELINE

STANDARD DEVIATION
C XM(3) - DERIVED DISTRIBUTION TYPE
C

C*ILOCAL VARIABLES,
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C KE - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIA"LES USED IN
C THIS MODERATOR FUNCTION *v
C NT - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION b .

C HEOIKO) - ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR
C STATE VECTOR
C EiKEET) - ELEMEENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
c STATE VECTOR
C NrASK(NT) - ELEMENT NUMaERS OF VARIABLES ZN THE TASK VECTOR K.
C NME - NUMBER OF MODERATOR EQUATIONS
C NIV(I) - NUMER OF INDEPENDENT VAPIABLES IN MODERATOR
C EGUAT ION I
C t(I) - TIME DELAY CALCULATED FROM MODERATOR EQUATICN I
C
C94DIMEHSION ARRAYS

DIMENSION IDO(N). IDEIN). DIST(3). ITASK(N1S)
DIMENSION MIV(t). T(I). XM(3)

C
C*SIHITIALIZE NME.NIV
C

" ME--
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7MFTIJ7 N

c*No DATA OowPC" TO po"C, 1316 to COWET ?"a *040 WW16

C*CA4.L MT"VW4 To URR3a GKLL' PCMA PON Me1 TO AWLVW
c

S^.
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C*
SUBROUTINE NUMAPH(IDO. IDE. N. DIST. ITASK, NTS. XM)

C
C**MODULEiHUMAN FACTORS MODERATOR FUNCTIONS
C*SREFERENCEiMOPADS/VOLUME 5.10 DF
CI

C**PURPOSE3THIS SUBROUTINE RETURNS PROBABILITY TO COMPLETE
C NUMERICAL MANIPULATIVE TASKS
C
C**INPUT PARAMETERSi
C IDO(N) - ADDRESSING INFORMATION FOR THE OPERATOR
C IDE(N) - ADDRESSING INFORMATION FOR THE ENVIRONMENT
C IIASK(NTS) - ADDRESSING INFORMATION FOR THE TASK
C N - INDEX FOR IDO AND IDE
C NTS - INDEX FOR ITASK
C DIST(3) - NOMINAL TASK PARAMETERS
C (1) MEAN
C (2) STANDARD DEVIATION
C (3) DISTRIBUTION TYPE
C
Cg*OUTPUT PARAMETERS.
C XM(I) - SKILL CATEGORY MODERATOR VALUES
C XM(1) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C MEAN
C XM(2) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C STANDARD DEVIATION
C XM(3) a DERIVED DISTRIBUTION TYPE
C
C:l
CSSLOCAL VARIABLES3
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C K1E - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED 14
C THIS MODERATOR FUNCTION
C NF - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NEO(KO) -- ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR
C STATE VECTOR
C tlIE(KE) - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C NlASK(NT) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTCR
C MME - NUMBER OF MODERATOR EQUATIONS I
C HIV(I) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
C EQUATION I
C P(1) - PRODABILITY-TO-COMPLETE CALCULATED FROM MODERATOR EQUATION I
c
C*sDIMENSION ARRAYS
C

DIMENSION IDO(N). IDE(N). DIST(3). ITASK(NTS)
DIMENSION NIV(1). P(1). XM(3)

C
C9*INIrIALIZE NME.NIV

MME-A
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C
C*SRvAL~UAIC XM
C**N0 DATA WERE FOUND TO PREDICT PRODADILITY-TO-COMPLETE NUMERIC
CBS MANIPULATIVE TASKI
C

NMuNME+1
N V NME ) l
PNME)inOI3T(l)7

C
C**CALL RELPMH TO DERIVE WKILL. MODERATORS FOR PROBABILITY-TO-COMPLETE
C.

CALL RELPHH(DIUT.NIV.NME.P.XM)
RETURNA
END
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om.aumg M"mVET"I, o. tEo . ft. 658T. IT*AK. uwT. iln
c
C6601MOU.AINUMJIM POICTORSI MLmaimul-t IruNcylopm

CSSPmi :PeV;*AMII. S. 40 OF

c oPLOW43KITi IS ajImKi Tluyl n TX I4 ?INI TO COU.ETE
C fAS3 ammUD REWIRE mMKA~IC ftIPULAA1IO

"." €:O Ce lI, JT Pm• I3Rg.

C 10iGmi - A5GDOSSING IfOrlATION RPO tR OPERATOR
C 31 (NIo - ADDRESSINi IIOMAT ION 1PFO T04 EEVIN0I1ENT
C ITAW600NY1) - ,DDRfSINS IPWvOIM•T% PaR THE TOO
C ft - Im~i pop IIO Ame ID
c NVU- INDE'x pop ITASK
C "11;31 - I.INM. Taic P^APTlAm"C (1) PKAN
C 4:'2) STALARf DIVIAT;ON
C t3) DISTRIBUTION TVYP
C
CI SOUTPUT P*ANMETlms
C N XM(1) - SKILL CATEGORY MODEATrOR WAXS
c %Mitl) - DIF'ERENCE BETWEEN WEAIVED AND BASELINE
C "CAN"c XN(2) - DIFFERENCE BETWEEN DERIVED ONO S3•A•INE
"C STANDARD DEVIATION
c X"(3) w DEAIVED DISTRIBUTIQN TYPE
C

C**LOCA. VARIABLESs
C DO - NU.bKR OF OP"RATOR INDEPENDENT VARIABLES USED IN
lz THIS MODERATOR FUNCTION
C KE - NUMBER OF EHVIPONWIENTIA. INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NT - MBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NiO(KO) - ELEMENT N4UMBERS OF VARIZABLES IN THE OPERATOR
C STATE VECTOR
C NE•i,:I) - ELEMENT NUMNBERS OF VARIALEIS IN THE ENVIRONMENT
C STATE VECTOR
C N~tAIK(NT) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR
C N - N"JDER OF MODERATOR EQUATIONS
C NIV(I) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
"C EQUATION I
C T(i? - TIME DELAY CALCUILATED FROM MODERATOR EQUATION I
C
CeODIMENSION ARRAYS
C

DIMENSION IDO(N,. IDE(N). DIsT(3). ITASK(NTS)
DIMENSION MEO(2). NEE(&). NIV(2). T(2). XM(3)
DIMENSION XE(l). XO(.)

C•ISDEFINE THE LENGTH OF STATE VECTORS
C
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m us~

C to , I~ ~ ELE E N? Or DU, L
C S04toipe~ L" Tmw
C 'IO S

COALL IETOb too. I.so.Kc. so)E

COGISZWIALJZ mWE.mlv
c

mm-o

NIV(2)-l

C
c
calIDATA rpm~ 9ZEOML IT AL. j979v
c

IF (DC.~0)TIJ.
TD-410-1000) /100

ELSE
rD-(TD~.I40o) .00

C

CS*FR01 ICLURNI4I( ýX^CT RELATIONSH4IPS ARE Nyp(OTmESIZZD)
C

IF (XECI).GT.bO.0) THEN
T meIE,-DIST (1) 2.Os* C(XE (1) _W) /30.0)

ELSE
T (HE) DIST( 1

"EDIF

r C*ISYPOTHESIZED RELATIONSHIP-LAU)3HERY. I96.,

MMEWIE+ 1
IF(XO(2).LT.G.0) THEN

T (MEM-I 0ST (1)
ELSE

ENDIF

CSSCALL FELTP*4 Ta DERIVE SK~ILL MOnCRATORS FOR TIME TO COMPLETE

CALL RELTIIH(DIST.NIV.NtIE. * EM)
RETURN

* END
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Co JTp 11110t imilo.l log. N. DIST. ITAS. Kra. NMI1
C
C6 3MODU.Aa 4~D FACTORS lR*pti FIRCTIawe
COOREFRRIMMMMm PIADS' VOLi*W 3. 0 OF
C
CSSPL~OWMSMIS SUUSOUTINK RETURNS PROBABILITY TO COw'LMT
C PRO'ASILITv ESTIMATION IASK
C
CSSlUT 'PARIETERWN

.~a. C £00 (Ni - ADOMRSSINO IKUOftIT Ia :00 THE OPWRATaft
C log(113 - ADOREUSIPE IPWORIAT ION onA THE amvImxvchT
C I^IAS(NTSP - ."OORESSIX0 I&F( TYION FOR TIE tfAW

C N ~INEx FOR 100 AND0 lot
C "is - INDEX FOR ITAll
C olefr3S NOMINAL IVAKI PARFEOlERS
C 11) "VAN
C (2) STA~t0AP0 DEVIATION
C t 3l DISTRIBUTION TYPE
C
C*S OUTPUT PAPAr TfRSo
C 174(1) - SI' ILL, CATSOGRY PIODENATUR VALUES
C %"1(1) 0 DIFFERENCE W.TWELN DERIVED AMO 9ASELINE
C MEAN
C XP112) - DIFFERENCE BETWEEN DERIVED AN4D 3ASELINE
C STANDARD DEVIATICR4
C X"4(3) - DERIVED DlSTR:BUTION TYPE
C
CIS
C**LOCAI. V..AIASLESt
C 0.0 - NUMBDER OF OPERATOR INDEPENDENT VARIlABLES USED IN
C [HIS MODERATOR FUNICTION
C P.E - NUMBDER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NT - "JDER OF TASK INDEPENPENT VARIABLES USEE IN
C THIS MODERATOR FUNCTION
C NEO(KO) - ELEMENT NUJMBERS OF VARIA13LES IN TIE OPERATOR
C STATE VECTOR
C NER(KE) - ELEMENT NUMBERS Or VARIABLES IN THE ENVIRONME14T
C STATE VECTOR
C NlfiSNT - ELEMENT NUNBERS OF VARIABLES IN THE TASK VECTOR
C NP1E - MiOE OF MODERATOR EQUAT IONS
C NAV(11 - NUMB~ER OF INDEPENO'>4T VARIAI~LES IN MODERATOR
C EDUATIUM I
C P(l) - PRODABILaty-ro-CONPlE CALCULATED FROM MODERATOR EQUATION I
C
C**OIHENSIOPI ARRAYS

-' C
DIrENSION IDO(N). IDE(N. D151(3). ITASKINTI)

* C
CIIINIPIhLIZE tLIME.NIV
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LWJ4lOUTINE P3TN(ITQDO. IDE. N. DII?. STAiK. NTS. IMt)
C
C*o SODLE a .ta~ FACTO"I MODRATORt FUNCTIRONS
CvWtKRvmCZNS, OPADl/VOLum* 5.10 OF
C
Cs*Ji0SOSE.THIS .JOUTIP4 9 lRTURPNS TIME TO COP•LETE
C TASKS WHICH V4.UIRE PIROSASILITY ESTIMATION
C
COS IMPUt PA1RAM'tTERSU
C IDO(N) - AODRISSINZ INFOR•AITION PO THE OPERATOR
C IDI(NI - ADDOESSiNG INFORMATION FOR THE ENVIRONMNT
C [IIASK(NTS) - ADDRESSING INFN ATION FOR THE TASK
C m - INDEX FOR 100 AND Iva
C NMT - INDEX FOR ITA•IK
C DISTt3J - NOMINAL TASK PARAMETERS
C (1) MCAN
C (2) STANDARD Df'dIATIOPE
C il3l DISTRIBUTION TYPE
C
CS SOUrPUt PAAADIETERSo
C Itl(I) - SKILL CATh,3CNRY MODERATOR VALUES
C Xl(I) - DIFFERENCE BETWEEN DERIVED AND &ASELI•H
C MEAN
C XPI() - DIFFERENCE BETWECN DERIVED AND DASELINE
C STANDARD DEVIATION
C XM(3) DERIVED DISTRIBUTION TYPE
C
Cisa
COSLOCAL VARIADLES!
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C KE - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN
"C THIS MODERATOR FUNCTION
C HT - NUMBER 0- TASK, INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NIEO(KO) - ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR
C STATE VECTOR
C NEE(KE) - ELEMENT NJMBERS OF VARIABLES IN THE ENVIRONMELIT

STATE VECTOR
C ,TASK(NT) - ELEMENT NUMBERB OF VARIABLES IN THE TASK VEITOR
C INlE - NUMBER OF MODERATOR EQUAT IONS
SC NI V(I) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
C EOUATION I
C f(l) - TIME DELNY CALCULATED FROM MODERATOR EQUATION I
C
C$ ODIIENSION APRAYS
C

DIMENSION 1DO(N). IDE(N). DI'T(3). ITASK(NTS)
DIMENSIONINIV(1). T(I). XM(3)

C
CS*INII"ALIZE NME.NIV
C

fHuE-"'
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CC

IpI
¶

" I

SUBROUTINE REP4IIDO. IE. N. DIST. !TAKW. NTS. XK)

CeeRmODULfsHuMA PACS PW(RATOA FUNCTIONS
"C+ 4RrFERIEI'fNCxKPADS/VuLUM 5.10 DP
C
CI19PUPOSEI THIS SUUlMOUTINE RCTUNIS PPO•AIILITv-TO-COMfPLETE NOLWATORS
C POp AUDI roPtY AND/OP VISUAL REACTION TIME TA8WS
C
C4IIMPUT P•,AI TFRsB
C SWACN) - ADDP[SSINU INFORMATION :OR THE OPERATOR
C 101(N) - ADDfDRtSSlN INFORMATION FOR THE ENVIRONMeENT
C ITAW1* ,NTS) - ADDRESSING INFORMATION FOR THE TAWk,
C k - INDEX POR ID0 AND IDE
C NIS - INDIE FOR ITAS)
C DIST(31 - NOMINAL TAGS, PARAAMTERS

C 1 fMEAN
C 12) STNDARD DEVIATION
C 43) DISTRIBUTION TYPE
C
C$ oeIPUT PPINAMETER• S
C XMAS) - SK•ILL CATEGORY MCDERATOR VALUES
C XM(0) - DIFFERENCE BETWEEN DERIVED AND BASFLINE

,C MEAN
SL1 XM(2) - DIFFERENCE BETWEEN DERIVED AND ISELINE

C STANDARD D•EVI AT ION
%% c xM(3) - DE[RIVED DISTRIBUTION TYPE

C
Cot

C$ LOrIAL VuARIAXLES1
% C 0,0 - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN

C THIS MODERATOR FUNCTION
C kE - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN
C THIS r4OUERATOR FUNCTION
C NT - NUMBER OF TASK INDEPENDENT VARIABLES USED IN

C THIS MODERATOR FUNCTION
C NIEO(VU) - ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR

C STATE VECTOR
C MEE(0,E) - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VrCTOR
C NTASkI.f) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR

C TIME - NUMBER OF MODERATOR EQUATIONS
C NIV(IC - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
c EOUATION I
C P(AS - PROBABILITY TO COMPLETE CALCULATED FROM MODERATOR
C EUUATION I

C
C$*L(LMENSION WRANYS

C
DIMENSION IDON). IDE(N). OISI(3). ITASK(NTS). XM(3)
DIMENSION NIV(I). PCI)

C

CSI TIALI ZE NME. N RIV
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C:sgV.LUATt EN
CSSI"MRI 4MENO DATA OEUCRIDZIW MWACTIOM 72*11 PONODLITIES
c

CSICJ'4L. PSLPW4 TO DMRIVE WKILL. 10MRA70PS VnP RACTIOk IME11 TASK$

CALL PlLP*,4(OIUT.mtV.kv11.p.Km)
9q REITURN

IP



SURUTN REIH10 IM l IIj•. N. DIT I• GK N• XM.. .. .

/

//

CI
SUOTINI[ R![ACTh(IDTO. IDLE, N, DIIIT, IT$UK, NTSo 1N)1

CS SMO(AJ.E u*UA FACTORS MODERATOR FUNCT IONE "

.C..nRtPlREt.Ir.M.PJUIVt.L~rt[ 5.0 UO.~ ''
C

CRIP•JPOSEvtHITS SUBROUTINE RETUiRN TIME-TO-CCMPI.ETE MODIERATORS
C FOR AUDITORY MO4N/Of VISUA. REACTION TIME TASKS
C
COOINPUT PARAMETER1 m

C 100N): AD SESING INVORP(ATION FOR THE OPERATO~R
C I•t( - ADDRESSING INFORMATION FOR THE ENVIRONMENT
c ITASK(NTS) - ADDRESSINS INFORMATION FOR THE TASK
C N - 1NDEy FOR IDO AND IDE
C NTS - INDEX FOR ITASK"C DIST(3) - NOMINAL TASK PARAMETERS
C (I) MEAN
C (2) S:ANDARD DEVIATION
C (3) DISTR!BUTION TYPE
C
C$*OUTPIJT PARAMIETERS,
C XM(I) - SKILL CATEGORY MCDERATOR VALUES
C XM1l) - DIFFERENCE BETWEEN OERIVED A-NOD ASELINE
C MEAN
C XM(2) - DIFFERENCE BETWEEN DERý.-l.D AND BASELINE
C STANDARD DEVIAT ION
C XM(3) - DERIVED DISTRIBUTION TYPE
C

CC::LOCAL. %RIABLESS
C , A0 - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C Kr - NUMBER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NT - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS M•ODERATOR FUNCTION
C NEO(KOi - ELEMENT NUMBERS OF VARIABLES IN THE OPERATOR
C STATE VECTOR
C NEE(KE) - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C NTASK(NT) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR
C WlE - NUMBER OF MODERATOP' EQU(,TIONS
C NIV(1) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
C EQUAT ION I
C t(f) - TIME TO COMPLETE CALCULATED FROM MODERATOR
C EQUATION I
C
CS*DIMENSION ARRAYS
C

DIMENSION IDO(N). IDE(N). DIST(3). ITASK(NTS)
DIMENSION NES(1). NEO(4). NTSKC6). NIV(C). T(4). XM(3)
DIMENSION XE(1). XO(4). XTSK(6)

c
C*$DEFINE LENOTH Or ENVIRONMENTAL. OPERATUf. AND TASK STATE VECTORS
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S. C
DATA KEE/l/
DATA NKO/12585;2/
DATA NTS/3:07. 59

C
CSSDEFIC THEVECTOR ELEMENT U1ES

DAT NEE/7/RAI I H
CDA~)TARE TYPE.8.q.2

CICFN TH2)OERVETOR ELPERIENTS

C XE(I,-VIRAIONAL PEINUTE
C XOS(0)TA9(OE TYDLIE

CXTSK (2) NUI9DER OF ALTERNATIVE RESPONSES

*C X TSK(l.O)ISTAKCE TO SWITCH/KkEY IN FEET
C XTSX(A)-4dIDTH OF SWITCH/KEY IN FEET

*- C XTSK (,..RESPONSE MlODErC XTSKb,)-NMIDER OF DISPLAYS MONITORED
C
C*SRETRIEVE VALUES FOR CoPERATOR AND TASK STATE VECTORS
C

CALL GEYIVA (IDE. N. NEE. 12. XE)
CALL. GTOVA (I00. N. NED. KO. XO)

C
CS SNTSK CONTAINS ELEMENT NUM¶BERS OP' THE TASK SPECIFIC HUMAN FACTOR"I DATA
C

I OPT- I
CALL GETTSA (IOPT.ITASK. NTS. NTSK. 4T. XTSK)

CISINITIALIZE NME.NIV

NIV (1) .
C
CSSEVALUATE IN
C*%XTSK(1)-TASK KODALITY

IF (XTSK(I?.EO.1.0)GO TO I
IF (XTSK(I).EQ.10.0)G0 TO 2
IF CXTSK(l).EQ.II.0(GO TO.3

C
C**IHE TARGET 1S AUDITORY

CI NM'.-#IE.I

N IV INME)-.
T (NME)DIST (I)

COSCALL RELTMH TO DERIVE SKILL MODERATORS FOR
C AUDITORY-REACTION-TIME TASK:S
C

CALL RELTNN(DIST.NIV.NIIE.T.XM)
GO TO 999

C
CSOIHE tAP~oCT IS VISUAL
(tSIXTSK(2)-NUJMBER OF ALTERNATIVE RESPONSES

I> C
2 IF (XT~tr(2,l.EQ.1ITHEN

C
CIS1I41SCIS A STIMPLE. TVISUAL. REACTION-TIME TASK
C 0,XTSr( 3) DTANCE TO SWITCH/KEY IN FEET
Cf*Xl0Chil-DISTANCE TO SNITCH/KEY IN INCHES
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LS4AX~bI.4ý:W1lH U16 bMA ILH/KIY LtI ~kJil

C *X NCHWi- IDTH OF SWITCH/KEY IN INCHES
CS*XID-INDEX O'F DIFFICULTY
CISDATA FROM FITTS AND PETERSON. 1964. PAGE 110
c

XI=~HL,-lXT2K (3) /12.0
.(INCHW-XTUK ) /12.0
KID-CALOOC (2SltINCHDI/XINCHW) 1/0.693

C V

CCS*DATA FROM FITTS AND PETERSON. 1964, PAME 107

C

COICALL ABSý-IH TO DERIVE SKILL MODERATORS FOR
C SIMPLE. Y'A:UAL. REACTION-TIME TASKS

C CALL ASBTMH(DIST.NIV.NME.T.XM)

00 TO 999

CSkTHIZ IS A CHOICE. VISUAL. REACTION-TIME TASK

C*SXTSK(5)-PESPONSE MODE

C o (xrsKCS).E2.10.0$THEN

C

IF (IO(1).EO.56.0)THEN
C4
C*S1ASK REQUIRES VOICE RESPONSE TO A LIGHT
C*,DATA FFKOM TCICHNER AND KREBS. 1974, PACE ei1
C

mME-NME+ 1 r
NIV(NME).3
T(NME)CQ0.439+0.OS48XTSK (2))/680.0

C -

CSOCALL ABSTMH TO DERIVE SKILL MODERATORS FOR CHOICE. VISUAL.
C REACTION-TIMlE TASKS WHICH REOUIRE A VOICE RESPONSE TO A LIGHT
C

CALL ABST1H(OIqT.NIV.NME.T.XM)
00 TO999

END IF
IF CXO(1).EO.57.0ITflEN

C*.rASK REDUIRES VOICE RESPONSE TO A DIGIT
C

NME-NME.1
NIV(NR4E)-3t
T (NME)-0. 4I9+.O.C1SEXP(l.55I$XTSK (21))160.O

C
CSOCALL ADSIM1 TO DER.IVE SKILL MODEPATORS FOR CHUICE. VISUAL.
C REACTION-TIME tASKS WHICH REQUIRE A 'OICE RESPONSE TO A DIGIT
C

CO-... ABSTMH(DIST.NIV.NtlE.T.XMll
GO TC 999

END IF
C
C*$IASK PECUIRES A VOICE RESPO'JSE TO A NON-LIGHT. HON-DIGIT STIMULJS
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C98CD4.L *ltLTP94 TM COtRNS SKILL MODEMAON3 MMO CHOICE, VIS&UM.,
C FtACTION-TIME TASKS WHICH PSQUIqE A VOICE MESONX TO A
c NON-LIWT. WON-01gIT S7119.LUS

CCSSTAS ROIIWS A MNA oD

C

NIV(NMU*3

T(p@U)-(0. 30G40.047*XTUK (2)) 160.0
c
C**XZ(1).VI9KA'TIOA~ IN HZ

* CSSDATA FRIWA WUO..MTAT. &tTTWA, AM @UIM~O. 142a
C

NIVINK) I

emir c.OOO bSEI,004K~IS2ib.

C
C*00ATA PPV SMEIL. PtFU.KOPUTw.IH. WILSON. AMD OZKAPTAN, 1979. PAGE 103
C

T(W6)-(0.720-0.7g1*~IXP(-0.23S*KTIi(2) I/0.
C
CISOO(2)-OPRATOM EXPERIENCE
C::W(M-IGNAL MO3AILITY 94 AE3

~.iICSSOATAFOM TEICHNER AM K~RESS. 31974. PAGE @7

SC

C
COODATA FROM TEICHNER AND KRE 3. 1974. PANE 32

T(Nm)f40V*ALOOIQ?*O(2 *f) 'bQ0.0
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CSSDAIA ~TKDOR NO KRESS, 1974, PAW~ 44

P NX-@O.OI7*X2-O. 001

7(NX~w~kiALOI0(~f2*A)/bO.*

c

TIMp)q?4.0.B&..010SX1UK (2) -0. O00000SXO(2) ) /0.@

C*RDATA FROM GOLDSTEIN M DURTPW4. 1973. PAW 6O6

T "HMO- 1-0.011+0. 001 *XO (4) +0.074*X1UK(6) /60 #.0
c
COSCALL ANOTHN TO DERIVE SWILL MODEATORS FOR

¾ C FO aMIoCK. VISUAL. F&ACTION-TIME TASK$
% c

CALL ASSTM9t(DI9T.NIV.HMC.T.XMfl
so TO 999

CSSTH4UIS 1 A REUDAW0N. VISUAL. AMS AUDITORY AEACTION-.TIME TASK

3 "u-NM*.1
N IV(fm 0-1

TE(dP)-DZST(l)
CISCALL PIELTMM TO DERIVE SKILL MODERATDA FOR A&DUPOIANT VISUAL

C OAUDI TORY. ETI*IMTAK

CALi. LTý(DS.HV M.TX)
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SUPROUTINK pvoRW(1D00. tog. M. DIST. ITAIK. MIS. X")

Cos4D(mv t.NW4m FPTORS MOMIATOR PJNCTZWUG
CssMcE~nPAO~O~wE0.10 or

C CWUPO~SKTHIS SUlWUT1IN MYUPINi PROMAD ILI TV-TO-MtXOSN Z9 MODIRATORt
F OR AUDZTORY AMD/OR VISUAL RECOGNITION TASK

CO*1NuT PNW~t
C. 1001",:) "DO INSS INORMAVTION FOR THE O!WtATOR
c ID n) - ADORCSSINS INFORMATION FOR THE VdVIROMMEXT
C ITMK(NTS) - AOMRSSINS INFORMATION FOR THIE T^Wt,
C N ISU FOR10 4 IDDEM o
c NT - INSEK FOR ITASK
c C 31513) - MM106AL TASK PAPAETURS'

C "I) "am
C 12, STANDAR DEVIATION
C 13) DIETNISUT ION TYPE

cotOUTPUT P*JtRns~
C X"(11' - WKILL CATIM~tV MWIERATOM VALUES

iiC X" (1) OF OIPERTONCS EPWERN SEN V ~ANLSD BEINK
c "hSMOEamO (#T
c XI(2) OF TASK f'ý SNIETWERN WRIVSES (APO INMI

c STAN.! DEVIATOR
*C M-3 fLEt DERIVED RSTAN O TYPE

C NIV(I -HUMOR o OPEAO INDEPENDENT VARIA BLESUSE IN ORAR
C THS OMUA FNTION
C 02i- PROHSAIIT TOF ENIONMENTAL CANcLLATEO FORIU MODERATO
C EJTHIS MOEAOFNTO

c THISENIO MOERTAYFNCIO

SIIE SION 300R).214) DS(. TSKN

C~ WAYS VECTOR O WIWENA.*C.R%'P ~OTSrSAT ETR

C RR48IN

p.c
ilb"ESO ~y

~c



C

DATA NIM/4/
DATA I4O/54, 57.37.38.39.17.40.12. 16.45/
DATA NTSK/3 6/

C X1(t)AMSINTNOISE LZVIEI IN 03

C XO(I )TARSET NOISE LEVEL. IN 09
01 XO FACOR DATA UAIO NMIUE

C CA 4 TAGETV WIDTH IN PUT I.XE
CCO5-ALL ETOV MPO. IN. FEETD.O

0@NS CONTAIZNSTALEPN R 3ER TOTRGE IN NATIASK MLE
c OP )T.W TYP

C 0 IINITIALIZ OFSE N.AUIALMIE

C
COSASTVAIt.E VAUSFR PRTRAN AKSAT ETR

99XS.ITASK lIODdV. NNE.TO.Y

C , 
pP 

.

CAL EXSTSKA (OIOP.O)50 TO 2Y.NS. Y T

C
C04tIE UTAET ISAUITR

CSOXSO(l)-TARE MODAITEYVL N0

C
I*TETRE 1NIO AUDITORY

CODTSC~.A8'4 TO P DERHPIV75 SKILL 1143TOS O

C

C

CIOCALL ~ ~ R- 9O49 O"RV WILMDRTR O
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L-

* CSI tIE TAR!PS 10 VISUAL
C*SXTOK((2)-T.0- OGS!RVS&-TO-TARSZT POSITION

* C~L*SMeM-TI OPIER'ER--TO-TAREI POSIT ION AS PX INTEME VA0 IAMSL

'2 N#O&wMIff(XTSK(2))
SW TO 434.5.37.18)NPO

CSSTRI'I IS A SOUQ.%-T0-Qf(3H. VISUAL RECOGNITION TAISK

3 NM~-NeZ.I
NlV(NMK)-l

Cv*CAL1. RULPW, TO DERIVIE SKILL MODERtATORS FOR
C vOR0(R-TO-W(011. VISUAL MCCOSNIT ION

CALL .PICLHN(DIST. NIV. WE.P. XM(

A. c
COSTHIg 1S Am AlR-TO-4A5140. VISUAL RECOUNITIOW TA4W
CSOX!2(3-TARGET MRI04T IN FL

* * CSoXOt4(-TAPWIT WIDTH IN FEET
C::XO,(S'-TAROET DEPTH ANIN EtT
c KxO(&,SLANT *AWES TO TARGOT Ioo NAUTICAL 41IE
r**XFEfT-ft 4MT OAIN0E TO TARGET IN FEET
Ce*XiYAfte-rfl4 AVEftAE OF "l~ TARCIET'S THREE O.ANAR AREAS IN SQUAR YARDS
C::S.KSWL-APN (IN SQUARE MILO) THAT THE TARGET SUSTENDS

COODAIA FROM~ FRAPILIN AM WITTWNSUUS. 1963, PAGE 65

4 RFUmTXO 46)$6076. a
XSYARD-4 4 (XO(3)SXO(4) (*CXO(3)SXO(S)).(XO(4)SXO(S)Il#3.O(/9.O
ES~qIL.KSVARDS ((3000.0OXFUTw) 321

((IV (NM(.4
P(WU,-0.91-0.2b4SEXPI-0.0~02SX3¶IL*021

CSSCM.L. A*SP"*4 TO DERIVE SK ILL MOCIVAAR FOR
C AIR-TO--SROUMO. VISUAL REWGNITION TAWSS

C.ALL ASPO?94(DIST. HIVd.WH.P. MR

CS:tH:S 1 IS A SR0(D-TO-AIft. VISUbAL A&COSNITION TASK
CSIIO( 7, -HOR ZONTAL ftV TO TARGET IN pMJTCMA MILES
C8090f)-TAPOl'T TYPE
C*SXtrM.NORIONTAL RANKS TO TARGET IN KILOMETVRS
C**OATo FROM WRIONT. 1966. P*AS 13. 16. ANM 17

NIVR-INT(IO(SI

SO TO (6.7.8.9.10-l1.12.13.14.IWNKTARSf

COSTAROCT to AN F-AC

c P(MM()-.043*1.O02S XPqI-.0.SXkI(*02)
go To I&

CSOTAPW~ It AN P-100

c 7 P4N1,O-.0y.I.2I4SEXP(-0.0@3SgKMSS2)

00 To 16
* C
* ~W#TfAP(WT IS n r-TI
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P OHM4)-0025+1. Z45*XP 4-4. 053SM41112)
SO TO 16

CvfTAIRK It C4NO1)E TYPC OF JET

c9 P066)-0.0141.*106k'rP(-0.S2SLjG(262

CSSTARST is A U-SA

10 P (14) 0.05.0."94351P (-0. 03'IXICNIZ)
GO To I&

CCISTAOMT Is A U-bA

it P3661)-0. 00S44.~.73711P (-0. Ob2SEKI(62)

COOTOAMME £1 ANOTHM TYPE OF PR0PCLLLR AIAMWiT

COSTARGT 19 AN 01--A

00 TO 16

CSSTOAWYE 10 AN WM-23

14 P066).O.01O+.O.A3SKMP(-0.074S1K1162)

COSSIANIT is416 ATHE TYPIE OP b4LSUPTER

Is p 1~O00-P+0. 929flBEXP-0. 1018 KKISS2)

C4SIXOM9-SZHXILAI USAGE
CISfOTA FMOf b~l1O(T. 19a5. PPAC 14

NI V(MPt .2
IF 0NO49).EO.0.01TMEN

COS~uIccaAAM kft NOT WO

c P("I)-0.02940.7 72S$XP (--60.7VSXKMlS2)

C11093010fCiLA.t ,6NE WOR

PIMM).0. 042+1 .OSSEXPA -O. 0541K11612)

C$$XSE0(L)-OSSENVR OFIOSET IN MALJTIC,.d NILES
C41RIN-C&RERvE IJfr'SgT IN 16?TERIA
COSDAAFRM PM) WIIIT. 195*. PAGE 15

"NIVINMP)2
V410O( 10) $1852

PMMW 0. 040-0. OOOOSSXIM-0.09701KICM

C*SCPA.L A66P94 TO DERIVIE $KILL MODGERATORS FOR
C £OPO4D-TO-AIR. VI 6Uft-RECOW4I 110.4
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CALL. M'sem (DIST. 41V.*UPK. POX)

CWI~fIS 1S AN AIR-TO-AIR. VISUAL MECOBNITXON TASK

C$CALL tELPM TO DEIVESK.ILL~q MODRAOS O

00 TO~ '9
c
CSOTIIIS 1S A VISU. DISPLAY-TARGET REC GITIZON TASK

NIV(PEW)1

c P(Wi).DISTti)

CSSCALL RELPM* TO DERIVE SKILL MODERATORS FOR VISUAL.
C DISPLAY-TARGET RECOONITION
c

CALL ftlLPW4(DIST.NIV.MS6.P.XMr
go TO o99

c
ClM~IS 1S A RZOLOJANT AUCITORY/VISAL TARGET RE OIITION TASK
c

19 NU9*

b ~CCISCALL RELP?4 TO DERIVE SKILL MODERATORS FOR
C REDLIJONf4T AUDITORtY/VISUA"L TARGET ASCOGNITION

999 RETURN

END
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Co SUBROUTINE RECOTH(ID0. ID9, N, DIST. ITASK. NTS, XM) L

CSeMODULcE I4uJW FACTORI MODERPTOR FUNCTIONS
C *REFERENCE v MOPArDS/VOLJUE 5.10 OF
CCOS/PU.RPOStrI8 SHl UDIROUTINE RETUF, Iei I ME-TO-.RECOGN I ZE MODERATORSI
C FrOR AUDITORY AND/OR VISIUAL IRSUZOOITION TASIK$
c

CSS INPUT PARMAETERSa
C IDO(N) - ADDRISSIN IN9OR'ATION FOR rT OPERATOR
C IDEIN) - ADDRESSING INFORMtATION FOR TW* ENVIRONMENT
C ITADK(NTS) - ADDRESSING INFORATION FOR THE TASK

N - INDEX FOR IDO AND IDS
C Hrs - INDEX FOR IT•!A
C DIBT(3) - NOMINAL TAOK PARAMITRAS
C (1) IEAN
C (2) STANDARD DEVIATION
C (3) DIPTRIBUTION TYPE
C
C8I OUTPUT PARAIMTERSa
C XM ][) - SKILL•TMOORY M MODERATOR VALUES
C X"MI) - DIFFEREMCE BETWEEN DKR;VED AMD SAELINE
C MEAN
C XMI2) - DIFFEPFd• E ETWEEN DERIVED AND BASELINE
C STANDARD DEVIATICS
C XM(3) - DERIVrD DISTRIBUTION TYPE
CCais
C O SLOCAL VAR I ABLESE
C KO - N4Jl&EA OF OPERATOP INDEPENDENT VARI.ABLES USED IN
C THIS MODtPATOR FUNCTION
C Kit - NUDMER OF ENVIRO"NENTAL INDEMWET VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NT - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MOMDEPATOR FUNCTION
C 604(K0) - ELEMENT NUIMBERS OF VARIABLES IN THE OPtRATOR
C STATE VECTOR
C NES4(Kt) - ELEMEINT N1 *OCRs OF VARIABLES IN 114 ENVIRO NTMEN
C STATE VECTOR ,5,
C NTAaK (NT) - ELEMENT NMPlER" OF VARIABLES IN THE TA19K VECTOR
C MME - NUMIER OF MODERATOR ErCATIONS
C NIV(I) - NUMBIER CF INDEPENDENT VARIABLES IN MODERATOR
C EgUATION I
C T(Il - rIM[ TO COIMPLETE CALCULATED FROM MODERATOR
C EQIJATION I
C
CSSDI#I6NION ARRAYS
C

DIMENSION IDOIN). ID•(N). DIST(3). ITASK(NTS) t
DIMENSION EO(4). NTOK(2). NIV(3). T%3). X"(3)
DII•NSION• X014). XTSK(2)

C
C*ODEINE LENOTH OP ENVIRONMENTAL. OPERATOR. AND TASK STATE VECTORS ~
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C
DATA KO/4/
DATA ET!21

C
CsAsEFIma PNIDI SL.E~h. NLRMUE
C

DATA NKO/ 17. 19.<4..12/
DATA NTSK/3. hi

C
C**Dl~itqIWW THE VCTOA ELEMENTS
C 1O(i)-SLANT RANGE TO TAReET IN NAUTICAL MILES
C XC(2)-TARST BACKGOROUND COMPLEXITY
C XO(3).AIRCRAPT SPUED IN KNOTS
C XO(4).TAROIT TYPE
C KTSK(I)-TASK MODALITY
C XTISK(2)-THEf OBSERVER-TO-TARUIT POSITION
C
.COOSRITRZE VALU.E$ FOR OPERATOR AN TASK STATE VECTORS
C

CALL. GSTOVA 4100, N. NED. 4(0. XO)I

CCSINTSK CONTAINS ELEMENT NJUMERS OF THE TASK SPECIFIC HUMAN FACTORS DATA

CALL. SETTSA IIOPT. ITASK. NTS. NTSK, MT. XISK)
C
CortINIIALZZE SEK.NIV
C

C*SSTUK1)-TASK MODALITY
C

IF tXTSK(l).EO.1.0)aO TO I
IF IXTSK(I).10.IO.O)90 TO 2
IF (XrSK(1).EC.ll.O)GO TO S

C
CDSTHE TAPRET IS AUD!TORY

C 053M)-DIST(I)

CS SCALI. RELT#94 TO DERIVE SWILL MODERATORS FORip
C AUDITORY RECOGNITION
C

CALL RELTHM (DIST. NIV. NN. T. K")
S0 TO "99

C
C84THE TAIRGT IS VISUAL
C4*XTSK (2).THE O3SSRVER-TO-TARIIET POSITION
C;WNAPOB-THK 035! RdCR-TG-TAftWT POSITIOM AS AN INTEGER VARIAILK

2 NPO4N'4INTfFTSk(2))
Do 1o (3.4.5.6.7)NPos

CWHINS 19 A SROU04D-TO-GROWDS. VISUAL RtCOONITION TASK
C

HIV(#53)1
T(953).DIGT41)

C
COSCALI. RELTNH TO DERIVE SKILL MODERATORS FOR
C GR(UMD-TO-OROUND. VISUAL RECOGNITION
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00 To 999

CISTHI2 .9 AN AIRt-TO-ORCIUD. VISUA.. RECOGNITION TASK
CSSXW 1) -ELANT RANGE TO TARGET IN N'AUTICAL MILES
CSSXFIEET-SLANT RANGE TO TARGET IN PUET
CSSXO (2) TAROET BACKGROUND COMPLEXITY

CS*DATA FROM BIEDEW4N. OOMIER. AND LEVINE. ,SGO.

4 XFEET-XO(I)*607&.I 4

NI.II NM E I I!
T(P4E)-(-13.U12.0.001SXFEET1.I.13510$((2) I/60.0 I~

C
CSSEO(3) AIRCRAFT WPEED IN KNOTS
CSSXFTSE;-AIRCRAFT SPEED IN FEET/SECOND

C11DATA FROM BIEDENAN. GOMER. AND LEVINE. 1900.

XFTSEC-XO(3)v.I&b
NMEP4IE+1

T(NMW)-4-&.34U.0.O0ISXFEET-u.0lOSXWTSEC) /60.0

C PAGES 104. 155
C
CSSThRGET It A TANK

C IF (XO(4).EO.11.O)THEN

N I~tP4E)-2/0.

C

IF 4XO(4).EQ.17.0)THEN

NIV(NPIE)-2
T (NMlE)- (-12.57+0.00I SXFEET) /60.0

ENDI F

CSSTARGET IS A TRUCK

IF tEo(4).EG.15.01,TI4N

T4INuP)-(-13.220..o.001 SKFEET /60.0
ENDIF

C46CALL ADD1P4 TO DEn(IV2 SKILL MODERATORS FOR
C AIR-TO-GROUND. VISUAL RECOGNITION TASKS

CALL ASSTI94(OIST.NIV.tdlE.T.XM)
D0 To "99

C
COS*TIlS IS A GROUND-TO-AIR. VISUAL RECOGNITION TWSK

INME-NE.1 1

r(NME)-oIST(1,
c '
C**CALL RELTMH TO DERIVE SKILL MODERATORS FOR
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C SROW4D-TO-AIA. VISUAL RECOGNIT ION

CALL AELTMHCIBT.PS1VJ.N.T.XII)
go TO 99"

C
CISTHIB 13 AN AIR-TO-AIR, YISXA. P-XOONITZOA4 TASK
C

NIV(HMEg-I

C**CALI. RfLTP4 TO DERIVE SKILL MiODERATORS FM
C AI-TO-IR.VISUAL RECOGNITION TOWKS

CALL ORELThHCDhST.NIV.NME.T.XM)
go O9

C
C**TMIS 19 A VISUAL. DIUPLAY-TARGE RECOWIITIION TASK
C

C**CALL RELTMHNTO DERIVE SKILL MODERATORS FOR -1ISUAL,
C DISPLAY-TARGET RECOGNITION
C

CALL RWLTI9tD1S?.NIV.NMIE.T.XM)
GO TO 9"

C

CCS6TMIS 14 A REDUNRDANT AUDITORY/VISUAL TARGET ARECO MTON TASK
C

C

CALL METMN(OIST.NIV.t*M.T.XMi)
AC RTIAWt
END
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. . . !,

K.

SIUB)ROTIXNE IITSYPH(I¢DO. IDIE. N. DIST. ITASK, NTI, X")'•

c
C::MOIX~t.s[,HN FACTORS MlODE[RATOR FUNCTIOMSf •,,.
ClIREFFI•RtNC•i[IfMOPA[•/VOI.UM11 5. 10OFD'i++'".

CSSPUPt, lot[THIS SBgROUTINEI RETURNS PROBABILITY TO COMPLEITE"+ -
C SHORCT-TER" M'IEM'ORY/SIENSORY TA•SKSi-+

C IDO(N) - tArF•ESS][NG ]INFORMATION FORl THE[ OPEcRATOR ••,.,+
C |D1[(4 - A•DDRESI[1NG INFORMA'TION FOR THE ENVIRONMENT

S ITASK, NTS- ADDRSSIING ' 'ORMA•TION FO4R TH TASK
L' N - INDEX, FORIq DO AND 114[• ..

C DIST(3) - NOMIINAL. TASK PARAM'ETERSl/ r..%;,

C (1) ME[AN V
C ~~~(2: :ITAIDARD DEVIATItON L +"•",

C (3) DITRIB•IJTILON TYP' -

C X11(2) w DIFFERENCE BE+TWE•EN DERIVED AND• BASE.INE[

C MEAN

rC SHTANDNI AT RD DEVCIATION

C KT - NUMBE[R fO-E T OR• INDEPENDENT VARIAIBLES USED IN ".TI 'OE.O IITO ,.-*

C KEO(O - iI.'[T NUMBER O ENIOMNA VRIND•EPENDN THI VARIABLES I USE IN-.+

C STRT[ M•CDRTOt• FUNCTION"" "
CC NE[k)T T- R OL.F TNfWICT INDEUPENDENTO VA~RIABL.ES USED INI•tIIN •"••

C NT•(K(T E LEME4NT, NUM'BERS OF VARIABLES IN TH."E OPERAV..TOR,• +

c NM - NUMB9ER OF M'O(DERATOR: EOU.•TIONB

C P(l) - PROIABILITY-TO-CO PLETE CALCULATED FROM MO•DERATOR E UATION 1 +'+•

c~

Cl$DIMIENSION ARRAYS ,l.

cV

DIESON ITSYN)IDO. OID.N . ITASK. NTS.

DIMENSIO D(2). NTSK(2). NIV(2). P(TI.AAD V O *" ,
DIMEINBIONT XO(). XTS(2)

CI.MD[F(NED NE[EDEND ELEM"EENT EI*VBED'M8D,,AS,-

R-77 ,+'-

STANDARD O-,. TIO
KM(3 - DRIVE DISRIBUIONYPE h

CK~LOCAL ARIA:LES

C K -NUBE rO'EATR NDPEDET VRIBLS SE I
C THIS MDERATORFUNCTIO

* £ KE- UMEROFENVNOtINTL NDPEDEN VRIBLS SE I



DATA NTWO/11.
DATA t#TB0/l3/
DATA NIV/2.1/

C
C**THE VECTOR ELEMENTS P'ft7 AS FOLLOWBI
C XO(I)-TIME ON TASK
C XTSKt3?-AB8!I OF ITEM~ KIEFT IN SHORI T MN EMORY
C %T9V(234(KCAL/MNUMTE REWUIRED OF THE TASK(
C

* COOSRTRIEVE THE VALUES FOR THE STATE VECTORS
c

* CALL OETOVA fIOO.N.NEO.KO.XO)
*CALL .rT!wA(i.ITASK.HTB.NTgIK,NT.XTSI(1

C
COSINITIALIZE MME
C

NNE-O

CSSEVALUATIE XN
C*SSATA FROM SIEOEL ET AL 1979

0 EXF(4-.044-.U43SXTSK(I3)SXO(1)))
- C

C
C*SOATA FROMI OAVEY(1973)
C

NMSNMEWE.
IF (XTSK(;d).LT.2.0) THEN

P(NME) -DIST (1) 0 t4.0259XTIW (23)
ELSE

END I

CSOCALL RELPM TO DERIVE SKILL MODERATORS FOR PROBABZLITY-TO-COMPLETE

RETURN
END
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C'

CS aeDLa.E-lt~~ FACTO"S MODE*ATOR FUNCTIONS6
CS farowicla pEAv/VoLtAmf 5. 10 OP
C
Cosplow~ $THIS 9UUWOTINE RlrAW4e TIME TO COMP-LMT

-C TASKS WHICH fWMUZS SORT-TERN MlMOftY/WSEQURV
C
CSSPU PUTR~
C 100(N) - ACoREWIRNS IYwoP9ATION Pon THE OPrA"ToR
C 1094"e) - AODREIISINO I)VORIATZON FOR TME ENVIRONMENT
C artas"vS) - ADiftES8INB INeOgtMTION FOR THE TASK
C N - INCIh FOR 100 AND IDE
C NYU - INDEX VGA ITASK
C D151(3) - NOMI~NAL TASK PAAAHZRS
C ( 1) "amE
C (2) STANDARD DEVZATION
C (3) DIDRRI3UTION TYPE
C
CalloUTrmT PA"AmETERs,
C £1"1) - $KILL. CATEGORY MOEATOP VALUF2
C X~tl) ft DIFFEMENCK SETNEEN DRIV~j oaMD BASELZIN
C "KAM
C JIM (2) 0 DIPFFLMINCE SETWM4 DCRIvE0 AND DASELINE
C STANDARD DEVIATION
C 111(3) - DERIVED 01", I3UTION TYPE
C
Cat
CISLOCAL VARIASLES.
C KO - IEJMMR OF OPERATOOR INDEP04DENT VARIABLES USED IN
C THIS MODERATOR FI.RCrOPN
C K& - 95.1181 UPtUF~1-A INOE1PENOENT VARIAIDLES USED IN
C THIa MO5.AA1'aA FL1-TION
C NT - 95JIOER OF TAS/K INDEPENDEWT VAR lA"LS USED IN
C THIS MODER.ETOR FUNDCTION
C HEa (KO) - ELEMENT *NISEMRS OF VAR IASLEE IN TIE OPERATOR
C STATE VECTOR
C PEE Fff1 - ELEMENT IEJMSER OF VOAIAaLESg IN THE ENVIR01WNT
C STATE VECTOR
C NVASH(NT) - ELAtN)T 95.N¶ERI OF VARIABlES IN THE. 'TASK VECTOR
C "MW - eNUISEN OF MODERATOR E0UAT ION

- NIV(I) - P&3(SE OF INDEPENDENT VARIlADLES IN nonERtATUR
C EDUATION I
C t(1) - TIME DELAY CAw.....I.AEO POW1 MODERATORt EGUATI01 I
C
CISDIMKNSION APRAYS
C

DIMENSION IDOOP). IDE(N). VIST43). ITASkINTS)
DIMENSION NIVII). Tit). 111(3)

C
CSOINITIALIZIE NW1.NIV
C

PMEta
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ULAJTKINK STIRSPH4100. 101. W4. ME.IIZAM. "fth. X"

C 0"M"M 9MAN PACT"P FUN4V~~ ICTION

COPRO-TI rm MMM01  FSTLMM A WSIL1TY TO 1~ft11

USSIS!UT PARAMCTM*S
c 500(94) - AOOA101)MS 1)PIR94ATION "MTH WIRATtg
c C £1 (I - AOCE(38194 1E4rOMtATIJ?4 FOR THE ENVIRNMENTM2. ~c 1TASK(iNTS) - "D0OWSSIMS ITWUPm"TI FOR THE TM m

c PIT; - INDEX moP ITAGK
c C 0195?43) - NUMzwAL TASK PAft"r4TVMS

'p tv (2)CMQARO DEVIATION

Il ( 3) DISmZUBUTIck TYPE

CosOUWPUT P~ft*CiM IS
C 139(1) -SKI"L CATW~rtV 01011WA'Cf VAL=S

CC NMI() - DtFPr~MCE 01ThKMN OERtIW AND) BASMINKt

c X~t:::- 01"PKHM 82WM:1DRIVD OMmoIQ ff
c PYMARTO DEVIATIN AISSUEDN

C TillSa DI.TZIMUTON PL4C1

c KO - PIMMR OF P L/IRMqTM MCCMEPVNT. VAR IALES 6181)IN
C THISl IKIDEATOM FLDCT lul
c K NL".VI OPFAC EVRNNTINDCPPO PEMM VARIABLES USE S IN
C 11(13 CwRamyoR pI*CTIoI
c M - £LIIIEOFTO MNDCSPW PM VARIA@iS I OS 0IMT

c STATE '/!CTOP
c WRS - PCLEMP14T PE*l36 Or ~tAR1A. Im T~a lmly IvSN
C STATE VECTOR
c WTAW(94Tp - ELEIPMT WJ91WR6 OP VARIABLES 1K THE TASK VECTUlR
c PM96 MRUER OF PIC)PE4ATOP COU500kS

U,~~ ~ " IV (;) - MR."10M OP *NDEP!IKSET VAR AWLE 1IN PIOCEPATUR
c SCmAION I
C Pit) - VMSA8ILITY-TD-COl9PLETW CMMcLAMR P940)MOOATOR EQUATION I

CassozrUNSo4 ARMAYS
I.. c

010 J1094 100(9. 1019M,. DIST(M. ITASKINTS)I
DMOvWNIO94 M60(1. NTSK 12). NZV(2. P412. X"4(31
0196961h 09 301,. XtSK (2)p c

Cmei 31?1 PosmaI nLEIp14 HOUCRO
c
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DAT NTrn2)K/M.1/MT WXn

c XAThSW lIE VALLES PUT A&IRE O ST TE WTA
c

CALL. ITOVA (ZDO.N.PEO.KO.ZOI
'~~ ~ CALL. MTrflA(1. ITMSK.HTS.KTUK. T. ETVK

CooINITIALIZIE WKl
kv c

- CS*CVMALLMI X"
CRIDATA Stem CT~ AL 1979
c

+ ERP:(.044-.O43$XSKtUiIlS*XC1)))

C
* ~~, CloDATA rpmI bAWVE~h197

c

-. -'IF CXT9C(2).LT.2.OI THEN

PtNuMi-OIST(1PS(1.0.0251TW(2)I

CSSCALL OtSPM* TO DE"1E SKILL IWERIATCAS FPC PPKWAILITY-TO-COIYi.ET
C

CALL "fLPm4(DIWT.NZ V.NmI.P. EM)

EDo

Sr



C.CIA

cl SUKOIUTIIE smTESHIDO. lot. N. DIST. ITASK. MTe. X")

C

Cl sP)Os~atillS OaRGUT 1)6 PATUPINS TIME TO COMPLETE
*C TASKS W41CH REQUIRE SHORT-TIERM #WMY/SWUOLIC
* C

C*SINPUT PARAMETURSo

C BoomN) - AODRSSame lwompveTio noP TIE opERAT
C IDE (N) - ADDREUsINGm ZINFORPATION FOR THE ENVIRONMENT
c IT1W (NTS) - ADDRESSING INFORMIATION FOR TIE TASC

* C e -INDEX FOP tuo 0*0 IDE
C C NIS -3 INDEE FOR ITASK

* C 01r3 NOMINA. TAWK PARA011TKR
C 1 1) 95RN
C 12) S1TA#X# DEVIATION
C (3) DISTRIBUTION TYPE.
C

C XM (I) - W(ILL CATIGORY PWDERATOR VALUES
C 111(1) - DIFFRENEC-9 DETbMN DERIVED Ala SAMVINO f

C X"(2) : DIFFERENCE BETWEEN DRIVE #AND NMS~IIE

C STANDMDE AT RD DEVCIO TIO

C XT4I ) -ODERA VED DISCTRIUTONN

c KOT - NMS~lER OFPETAS OR IND M~ENOC VARIABLES USED IN
C THIS MOIDEATOR FUNCTION
C P0KW -NPELEOFENTIRONMENTALP IDPNETVARIASLEN INE TINPEAO

C THSTATEDERATOR FUCTO
4C PEE K!) - ELEMEN4T HPJISERS OP VARIABLES IN THE hNVIRAIMZ

C STATE VECTOR

C NIONK (NT) - EL.JEMENT NMB~ERS OF VIAR ALE% IN THE TASK VECTOR
C HPIR - PLUMSER OP MODERATOR EX)ATIOWS
C NIVCI - UMSIER OP INDEPIN11W,4T VARIABLES IN MODERATOR
C SCUATION 1
C f(t) - TIPE DELAY CALCULATED FROM MMMEATCOR EQUATION I
C
CSODIMENSION A4RRAYS

C 1P#NSION 100(N). IDII(N). rST(3). ITAdk(NTS)
DIMENSION NIV(1k. TI)). XM43)

r

* C
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SgeVM.UIAT3 X"I
CU"oO DA,.A 16 M TOI f PMEDCf Ttlit TO CO"ULET9 TASI 041CH FilJK
Cso SHORT-TIN" f Y/sYPNOLIC

TtmU)-DIST(")

CCS *CML iL.TMI TO DIRIVlt WKILL MOIRA. FRS TIM TO1 CoLETI
C

*C.ALL PNLTHH(DIST. NIV. WM. T. NMW
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SU~ftDThg TE9N(~tZD. 10l. N. DIST. ITASX. #413. X")

CSSMEDULE,4.D FACTORS MODERATOR FUNCT IONS
C..PPENNCEN~AI/V~A~5.10 OF

c
C$*PLW4MXK#THIS SLOAOUTIME RtIZANS PROBABILITY TO COMPUi1V
c TEAM COORDINATION TASK$
c
C*S3NPUT PMARAPTEEi
c 100(N) : NOAVMSIN3 INFORMATION FOR 114 OftftATOlNM

c D( ADMSN A OMTO FOR 'EftROTA

c #1 - INDEX FOR LTAOK
c DIST C ) _ NOMINAL TAMC PANAMKTKRI
C ( I' "c (2) UTANDANC DEVIATION
c (3) DISTRIBUITION TYPE

CS..mBTPuT PAfElTWRl*
c EXi( ) - WCILL. CATESORY MODERATOR VA.LUES
C X"(1) - P2FVZEJC E TWEEN DERZW AND bAMELIME
c MRAN
c XMt2) - DIPMEKNCýE IVTWrZN DERIVED ANM3. W..LIP
C STANDARID DEVIATION
c X"(S) w DERIV.ED DIE RINUTICM4 TYPE .

cCSt..OCM. VaiRIABLE3
c KO - NUMBER OF OPERA TOR INDEPENDENT VlAWAN. UEd IN
c THIS MODEPATUR P(PA.tION
c K - NLNK3EN OF ENVIRONMENTAL INOVCVNflEJT VAMI^ADLS WNED IN
c THIS M(ODERATOR PU4CTION
C MY - UIEPMN OF TASK INDEPENDENT VARIABLES 49SED IN
C THIS NODERAT0N PIJCTION
C 9f0(#GI - ELEMENT ML04AERS OF VANIASLES IN THE OPCPAT001
c STATE vacTr5"
C NEEKS) - ELEMENT ICEIDERS OF VMANIASS IN THE OW14CMMW~T
C STATE VECTOR
c NTAS( (NT) - ELEMENT WPOqERS OPP VANIMWLKS IN TIC TASK VU"llUM
C NN - HLIMPR OF MODERATOR EQUTIONS
C NIV (I) - KAISER OF INCEPEND)ENT VAR SASLE* IN MODERATOR
C EQUTION I
c Pi1) - POROMB ILI TV-TO-COMPLEIE CAL.CULATED FRMO MOO RATUP EQUATION I

C'OIEISKIZNANY ID0H gIN6(). ZISTMS. ITAaK(NTS)

DIMWHSIOW NIV(II. PIl. X"(3) p

CS*INITIALIZI NM.NIV

low-0
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CSSMO DATA WIPS 7FlJ TO PREDICT PRODAMZLZT'-TO-WCOLETE
CvS TEAM COORtDINATION TASK$

CSOCLL WLP TOWRIIE SILLMODRATRS OR PRO3.SABL1TY-TO-CO9LETKE

tL4.L
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Co
SUBROUTINE TANTM(]IDO. IDE. N. DI3T. ITMSK. NT1. XM)

c
C:tMODULEI[DIAN FACTOPS MODERATOR FUWCTIONS
CS REFERENCE, sOPADS/VOLLPI 5.10 OF
C$SPURP oINIHS SUBROUTINE RETURfNS TIME TO COMPLETE

C TASIK$ WHICH REQUIRE TEAM COORDINATION
C SSINPUT PARATERSe

C IDO(N) - ADDREUSNO INFOHIMATION FOR THE 0ftRATOR
c IDE(M) - ADOREDBINO INFORMATION FOR THE ENVIRONMENT
C I tASK(NT9) - ADDRESSING INFORMATION FOR TPX TASK
C N - INDEX FOR IDO AND IDE
C NtS - INDEX FOR ITASI(
C DIST(3) - NOIINAL TASK PARAME'ERd
C (1)
C 42) T7ANDARD DEVIATION
C (3) DISTRIOUTION TYPE
C
CX *O~PUT PARfMlETERS
C X4(I) - SKILl. CATt"ORY MODERATOR VALUES
C XH(1) - DIFFERENC-E BETWEEN EI[RIVED AN41 BASELINE
C MEAN
C XH(2) - DIFFERENCE BETWEEN DERIVED AND SAS•I.E
C STANDARD DEVIATIO0-
C XM(3) o DERIVED DISTRIBUTION TYPE K:
Cr ILOC)L VARIABLES$
C K0 - NUMBER OF OPERATOR INDEPENDENT VARIASLES USED IN
C tIJS MODERATOR FULNCTION j
C KE - NMIIIER OF ENVIRONMENTAL INDEPC4NDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION L

C Nt - NUMBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NEOKO) - ELEMVIT NUMBERS OF VANIABULK IN THE OPERATOR
C GTATI VECTOR
C MEE[(KE) - ELEMENT NUJMBERS OF VARIABLES IN THE ENVIP40HENT
C STArE VECTOR
C NTASX(NV) - ELEMENT NUMBERS OF VARIABLES IN THE TASK VECTOR
C H - NUMBER OF MODERATOR EQUATIONSW
C NHVV(I) - NUMDER OF INDEPENDENT VARIASLES IN MODERATOR
C EQUATION I
C r(I) - lIME DELAY CALCULATED FROM MODERATOR EQUATION I
C
CO IMENSIlON ARRAYS
C

DIMENSION IV)O4N.) IDJET). DIST(3). ITASK(NT) r#
DIMENSION NIV(I0. ?(I). XM(3)

C

C*SINITIoILIZE NHI.NI'V
C

R-87 +
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COSEVOLATEI X.1
CISNO ,)ArA WERE PC"N TO PREDICT TIM~ TO COMPLETE TASKS W4104 MEUJIRE
cJ, TEAR CCOWINATION

CISCAL. RKLTI9 TO DERIVE SKILL. MODERATORS FOR TIME TO COVMPLT

c C-. RELTVMflOI9T.HIV.NME.T.XM)
RETURN

74
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BU SROUTItNE TMES•P(IDO. IDE. N. DIST. ITASK. NTIS. XM)
C
CSSMODULElImHMAN FACTORS MODFRATOR FUNCTIONS
CSSR[FERENCEt MOPAD9/VOLUr.W 5.10 OF

C*$PURP3SEtTHS mS UlbROUTINE RETUlRNS PROBABILITY OF COPPLETINS
C TASKS WHICH RE il TIE ESTIMATION OF TIME
C
C**INPUT PARAMITERSo
C IDOIN) - ADDRESS) INFORMATION FOR THE OPERATOR
C 101DC) - ADDRESSI INFORMATION FOR THE ENVIRONMENT h .
C ITASK(NT3) - ADDRESSING INFORMATION FOR THE TASK -d

C N - INDEX FORD 0AND ID.
C MS - INIDEX FOR ITASK N
C DI111NA) - ,4OIHL TASK PARAMETERS
C 41) MEAN -
C (2) STANDARD DEVIATION e
C (3) DISTRIBUTION TYPE
C
Cs SOUTPUT PARAMETERS.
C XiM() - SKILL CATEDORY MODERATOR VALUES
C XMM(1) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C WEAN
C XM(2) - DIFFERENCE BETwEEN DERIVED AND SA1k1LIN4
C STANDARD DEVIATION
C XK(3) - DERIVED DisrIBUTION TYPE
C

C* LOCIAL VARIA.LES,
C KO - NUMBER Or OF¶-RATOR INDEPENDENT VARIlABLES USED IN
C THIS MIODERATOI FUNCTION
C Kt - NUMBER OF ENVIRONIMENT•L INDEPILNUENT VARIABLES USED IN
C THIS MODERATOR FUNCTION
C NT - NUMBIER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUMCTION
C NIOC(K - ELEMENT NUMDERS OF VARIABLES IN THE OPERATORC
C StATE VECTOR
C NEE(1(E) - ELEMENT NLMERS OF VARIABLES IN 1 ENVIRONMENT
C STATE VECTOR
C NTASKINT) - ELEIENT "JMBE"R OF VARIABLES IN THE TASK VECTOR
C NME - NUM1BER OF MODERATOR EQUATIONS
C NIV(I) - "D)MBER OF INDEPENDENT VARIABLES IN MODERATOR r_

C EQUATION I
C PiI) - PROBADILITY-rO-COMPLLTE CALCULATED FROM MODERATOR EQUATION I ,
C
Cl OI'ENSION ARRAYS
C

OIMENSIN,, IDO(N). IDECN). DIST(3). ITASKCNTS) '
DIMENSION NIVYI). P<1). XM(3)

C**INITIALIZF NME.NIV
C

R-8 9
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CS$EVALU$ATE XII
CflNO DATA WER FOUNDO 0 P!ICT PRUDASZTY OF CFLICTING TASKS WHICH
C** REQUIRE THE MOT&PMATION OF TIME

NIV(NW)-I
P(PNC)"DXST(l)

COICALL ftELPM1 TO DERIXVE SKILL MODERATORS FOR PROBA1'iLITY-TO-COMPLETIE
C

CPALL fLPMH4~DIST.NIV.NMK.P.XM1)
RETURN
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CI

CSWMODU(LEo HUJMAN FACTORS MODERATOR FLIiCTI'r4SM 7
*CF REFIERENCE. MOPAIDS/VOLUMIE 91.10 OF

C41PtJRPO8Ev THIS SUBROUTINE RETURNS TIME TO COMPLETE
C fASKS WHIC4 REQUIRE TW. ESTIMATION OP TIME

CtstIwUl PARAWETERSqC 100() - ADRESSING INFCRMATION FOR THE OPERATOR
C IDE (N) - ADDRESSING INFORMAT ION FOR THE ENVIRONMENT
C ITASK(NTS) - ADORRESBINo INFORMATION FOR THE TASK
C N - INDEX FOR 100 AND lDt
C MI NDEX FLAR ITASK

C DI:T;31) - NOMINAL TASK PARAMETERS

C 42) SANDAi VATO
C *(3) DISTRIBUTION TYPE ~~

C
cs* AiOUpul PARAMETERSt
C XHI) _ SKI LL COFTEGORY MODERATOR VALUES P
C XM41) - DIFFERENCE BETWEEN DERIVED AND SA3. M f NE
C MEAN
C XM(2) - DIFFERENCE DCTWEEN DERIVED AND BAGELI.49~
C STANLARO DEVIATILIN
C XM(3) - DERIVED DISTRIB3UTION TYPE

CILOCAL VARIABLES, %

C KO NUMBER OF OP'ERATOR INDEPENDENT VARIABLES USED IN
C TIMOEATOR FUNCTION
C Kit HUM 1ER OF ENVIRONMENTAL INDEPENDENT VARIABLES WUdi IN
C THIS MODEPATOR FUNCTION
C NI HUhBER OF TASK INDEPENDENT VARIABLES USED IN
C THIS MODERATOR FUNCTION -

c HEO(K0) - ELEMENT NUeXERS OF VARIRI)LES IN THE OPERATOR
C STATE VECTOR
C NEE(KE - ELEMENT NUMBERS OF VARIABLES IN THE ENVIRONMENT
C STATE VECTOR
C NIASK (NT) - ELEMENT NUMBERS OF VARIABLES IN THE TA9K VECTOR
C FNlE - "USCR OF MODERATOR EWtAT IONS
C N19(1; - NUMIBER OF INDEPENDENI 4ARItABLES IN MODERATOR
C EQUATION4 I
C ((I) - TIME DELOY CALCULA#TED FROM MODERA-OR EQUATION I
C
C*SDIMENSION ARRAYS
C ~

DIMENSION 100(N). IDE(N). DIST(S). ITASK(NTS) . .C~
DIMENSION NIV(I). t((). 1(1(3)

C
C&SINIlIALIZE NME.NIV
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C
C$SCH ATA WIREr TO DRIVE SK EICT HOt ATOR FOR T:lET TO CU MPLETRI3I
C*$) LTMTO4O h

CALLeu RILMHDS.N .NI. X)
REUNZt*I

T(P*W~OIR-92



hC

§UWUSRJIN TZP6PHIIDO. lbS. N. VZuT. flAoK. NTS. X")

Cs3PW.OLj~sHUMW FACTORS flOOS4TVN FtmNCT1WM
C *MWERENCEImfOADS/Vo~uiff 5.1£0 OF
C
C810KOWKW THIS SUMAOLSTIIE RETURNS PMROSAITY TO CO(XTM
C TIESSAOM TASK$
C
CSSIPK4T PoU~ways,
C 100(N) - oDPEIF(N INFORMYON FOR THE OPERATOR
C 101() AOOAISIIING I)WOMATIOM FOR THE LHVIROW!S
C ITAS(NTS) - ADOFCSGINO INFONMTSON FOR THE TASK
C N0 - ItMtX FOR 100 AND IDE
C "I's - INDEx FOR ITASH
c DIST43) - NOMINAL TASK PAht* TiNS
C FI) PAM
c (2) STANDAD M¶VIATION
c (3) DISTRIBUTION TYPEki COS*CTPUT PARAPUTEP~So

C 1"1) -SKILL CATEOIY PIODCRATCR VALUES
C Mil) - PIFFEFtPCS 09TWEEM DERIYED AM~ WAfMINE

C MfAN
1(1(21 - DIFFER~KENC BITMEZN LERIVEM AkD NASELINE

C STAI{PARD DEVIATION
C 111(3) - DERIVED DISTRIBU.TION TYPE
C
Cal
CSSLOCAL VARIAMLESs
C KO - Sa4lSE OF OPERATOR IPWEPE~NTf VARIABLES US" IN
C THIS MODERATOR FUNRCTION
C X1 - MAUlER OF 1W 1NVIRCENTAL INDEPEDMNT VARI AlLEN US" IN
C THIS MODEATOR FUN4CTION
C HT - NMB"E CrF TASK INDEPENDENT VARIABLES USE" IN
C THIS WDCERAT30 FUN4CTION
C IUCIOM - ELEMENT Nu¶IEAS OF VAIA"LS IN THE OPERATOR

C STA7E VECTOR
C NZEE I) - RIXEPENT MaAMERS OF VARIAMLES IN THE ENVIRONMENT
C STATE VECTOR
C NTAGK(t4T) - ELEMENT NUMBSERS OF VAMIASLESl IN THE TASK VECTOR
C MW - KAPIER OF MODERATOR EQUAT IONS
C HIVE I) - NAIDEN OF INDOEENOENT VARIABLES IN MODERATOR
C EVAIATION I
C Pit) - P*OUWlILIT'v-TO-COMPLETl CALC2.LAYE Fa MOOERATOR bUNT ION I
C
C414OIPENSION MRRAYS
C

DIMENSION IDOCN). IDECM). VIST(3. ITAGK(NTS)

C
COS8IHITIAIZE #IU.HIV
C
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*11

Co
UI JWT NE TIMETH(WDO. 1DE. N. D1rT. 11.WK. KrS, Ito)

c

C.*eMODUlL5I4HUtN FACTORS MODERATOR PUNCTIXws
C ORIeERaENR lOPAD21VOLLUR 5. 10 DF

- C
* CSSPULWCSf 4HIS UlROUTIEt IMfTLftE TIN[ TO CMULTE FM

C TIMESHARED TAKS
C

SC*Ie XpIJT P'A•A1Tl[S*
C IDO(N) - AODDRESINO INFIATION FOR THE nPEyRATO
C ID9(N) - ADDRESSING INF01ATION FOR THE ENVIRONMENT
C ITMSK (NT!) - ADDRESSING INFORMATION FOR THE T7ASK
C N - INDEX FUR IDO AND IDE"c NTY - INDEX vOR ITASK
"C DIST(3) - NUAINAL TASK PARAMETERS
"C (1) HEAN

(2) STANDARD DEVIATION"C (3) DISTRIBUTION TYPE
C
C* SOUrPUT PARAMIETERs
C xm(l) - SKILL CATEomy MOMRATOR VALUES
C X"(1) - DIFFERENCE ZIETWEN DMRIvED AND BASLINE

• "C MEAN
c" X"'(2) - DIFFIERIP•JE ogrwfEmN DRRIq AN SAFLNE

- STANDARD DI)E• LYTION
C XM(2) - DERIVED DISTRIBUTION TYPE[

,* C

cC8 LOCAL V• IABiALES
C KO - NUMBER OF OPERATOR INDEPENDENT VARIABLES USED IN
C THIS MG.DERATOR FJNCTION
C Kit - 0MU OF ENVIRONMENTAL INDEPENDENT VAIASBLES 1310 IN

.J C THIS MODER4TOR FUNCTION
L NT - ILIUCR OF TASK INDEPENDENT WARIALES USED IN
C THIS MODCRArOR FJNCTION
C EO(K0) - ELEMENT NUMtIEnS OF VARIABLES 9N THE OPIERATOR
C STATE VECTOR

% C NEEIKE) - ELEMENT NUMBEIRS OF VARIALF.J IN THE INVIROIW.,NT
C STATE VFCTOR
C NTSK(NT) - ELEMENT NUMB¶ERS OF VAPASLEL IN THE TASK VECTOR
C NTCK2INT2) - WEIGHTS OF THE Sr':LL CATEMCAIE USED IN THIS TASK
c HHC - NUBSER OF MODERATOR EQUATIONS
C NIV(1) - NUJMBER OF INDEPENDENT VARIABLES IN MODERATOR
C EDUATION I
"C rtI) - rIm[-TO-COIPLETE CALCULATED FROM MODERATOR EDUATION I
C
CO*DIMEHSION ARRAYS
C

DIMENSION 100MN). IDEtN). DIST(3). ITASK(NTS)
SIHEMSIONW EO(I). NIV(I). NTSK(I). NTSK2(I), Ttl). XMt3)

DM P!HENSION X1( 1. XTSK(I). XTS2 t1)

. CSCOODEFTiE I.EIOTI OF THE OPERATOR STATE VECTOR
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,.*. DATA KOI/s
* DATA WT/I/

DATA NT2/I/,

C
DATA WZO/5/
DATA NWhK131

C
* C**OEWIM HZ356 SKILL CATEGORY 00NUERI

c
DATA MTSK2/11/

* C
C53567116 THE VJECTOR ELEPSN4T%
C XO(I)-T111 ON TASK iN HOURMI. Xs MSK2 II)-DETECIO STAE GCTR INAT

* SM&TNEW VALUES FOR OPMRATORSATEVCO

CALL 6ETOVA (100, N. NED.KO O

C

C IOPT-I

CAST:LLz2:TS (IOPT. ITASK. NTS. NTSK. NTXT

IOPT-2
*CALL DETTSA (IOPT. ITA8K. WtU. NTSK2, TXK2

CSSINITIALIZE NPIE.NIV
C

C::PRFOMANE DEREMNTSFOR TIMESHARED TASKS IS TASK DEPENDENT

ElWXTSK2(!)-DETECTION WI*TN

C IF '.XrSK2(1) .10. I1.0.AND).XTSK(1).EO. 10.O)THEN

C$SATLEAST TWO VISUAL DETECTION TASKS ARE 3BEING TIMESHARED

CSSXIO(IITIME ON TASK IN HOURS
C$ IMNT E ON TASK IN MINUITES

CSSDATA FROMl LEVINE. 9T AL..* 1971. PAGE 19

NIV(F#6)-I
KMIN-XO(I)/AO.0

* ~T(NPI6E)-Q.ODS.O.01 I XMIN-0.OOOI3NMINSS2
CISC4ALL AB1T154 TO DERIVE SKILL MODERATORS FOR TIME TO COMPLETE

~~: ~CALL ABST)*4(01ST. NIV.NPME. 7. M)
ELSE

C
C**rIIE TASKS DO HOT INVOLVE VISUAL DETECTION

S ~NtV(HMlE)
V ~T(NME)-DIST

C
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CS SCALA. WLTP4 TO NAIVE WKILL. flODEATVU PRM TIM9 TUJ COAIVX

CftLL PULTI94(01$T.NtV.NMK.T.3fl)

woOw
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4ca

SUNRITZIN TRRACPN(IDO. 10E. ft. DIST. ITASC. RMT. X")
c
CS DLu).W FACTORS MODERATOR FUk.TIOM
C:4SFS JH~CEsNOPADG/VOLUK 3. 10 OF

CSUPtVpOattHIS SUBROUTINE RETURNS PROSAMILMT-TO-COIULITE IWITR

CSSINWUT PARWPUTMRI
C 1004M - ADDRESSING INFOR4MTION FOR THE OPERATOR

ID 104"1 - A0DDRESING INFORMATION FOR THE KWflRO"IEMT
C £~mK4NTv? - AcommimeI INFORMATION FOR Twa TAMK
c " - INDEEX FOR £30 AM InE

'p C Mrs - iNCER Orap iTA9
C 015T43 - NOMINAL TASK PVUTEM
c (1) "EAm
C 42) STANAR DEVIATIOM
c M3 DISTRIBUTION TYPE
c
CGSOUTPUT PARAMETERSt
C X"(1) - GKIU. CATWOORY NOOEMqTOR %WLLES

c 1"(2) ij IFFERWCt BETWEEIIDERIVED AND WSLN

COSLOCA. VARIMAULSs
c KO - NUMBUER OF OPERATOR INDEPENDEZNT VARI ABLES USED IN
c THIS NMOEATOR FUNCTION
c kK-NME F NIOMNA INDEPENMEN V~ARILES USED IN

C THIS3 MODERATOR FUN4CT ION
c "IKO - ELEENTMPER OF TAKIDPNETVARIAWEfS I mN TIN AO

c STATE VECTOR
C lEE &E - CLIEPET NUMBERS OF VARIABLES IN THE EW~IROWNT
C L'AT% VECTOR
C N)MINTý - ELtmENT NMBERS OF VARIASLES IN TIE TASk VEClO

9.. C MW - NWISEP OF MODERATOR EQUAT IONS
C NIi(LI) - M.II3E OF INDEPENDENT VARIABLES IN MIODERATOR
C EDUAlIoN I
C Pf4) PROSASILIT', TO COMPUTE CALCULATED FR0R MnDERATOR
c EQUATION I
C
LS*OaIWNSION ARRAYS1

a.. ONDIMV4010 1001N). 130*). DISTM3. ITASKINTS)
DIMENSION IEOM~. NIVt3). P(3). AM(3)
D0tESHION X0(3)

C04*1TVIEK LAN107H OF TIE OErA"TOR STATE VECTOR
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DATA KO/3/

C

DATA NEO/24.&O.3/
C
CSSOEFIME THE VECTOR ELEMENT'S

"C .O1)AVs WITHOUT SLETP
CC :9O2)M.E4JH OF REST PWPIODS
C E~t3)-T1MK ON TASK 1IN HOURS

C~sOIh FoL.LiowIN to A DID9"Y STATEMENT FUNCTION FOR TIMEA

C TIMER 12 A PRITSCZR FUNCTI ON WiCN RETURNS CURMENT TIME
C 1I4 MILITARY CLOCK FORMAT
C N

TIMEA(E)-900.OSE
C
CSOMRETIMV VALUES FOR OPERTOR STATE VECTOR

C

$*t1N1TIALIZE Nw.mIV
C

C
CSOEYALWATIE XM
C**XO(I)'DAYS WITHOUT SLEEP LJ
COSDAIA FROM PWKIFFER. SiEGEL. TAYLOR. AND SHULER. IY7Y. PAt 2V
C

6-9.SM+547.bb4IEO4 I )4.0O*OTIMIEA(1.O)4
P1i SSftM*ISTflI

C
Celos12 at"JDS OF Rff3T "PERIDDO
CI*XO43?-TIME ON tASK IN HOURS
COSDAtIA FROM SIEME. PWRIFFER. KOPSTRIN. WILSON. AND OZKAPTAN. Il"~. PAGa 13
L

Hlv4NMK)-2

C
C*SDAIA FROM SIEGE. PL*TZER. AND LANTERA4. 1967. PAGE 13
G

RM-1.4?7-6.6S3*EEP4-0.O6SXO(3) *62)
PfHWl)-AM*DISTfl)

C
CO*CRU. RELPM* TO DIPIVI SKILL. MODERATORS FORt PROPASILITY TO KON TARGET

CAlLL RELPISEIDIfT.NIV.NMK.P. M)
"qp pitf LPRN

END
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Cs UOROUTINK TRAT)4(IDO. IDE. N. DZIT. ITASK. NTS. EN)

C
*. CS*NOOULEHMAHd FACTORS NODERATOR FUNCTIONS

CSSREFER1DCENOPA09/VOLUMK 5. 10 OF

-C$*PUJRPOREITHIS SUBROUTINE RETLAIN TINE DELAY MODERATORS
C FOR TRACKING TASK$
C
CSIINIPUT PARAMETERI,
C 1004H) - W ORESIND INFORMATION FOR THE OPERATOR
C 10() - RORESSING INFORMATION FOR THE ENVIRONMAENT
C IIAUKtNTS) - ADDRESSING INFORMATION FOR T)E TASK
C N - INDEX FOR 100 AND 109
C MIS - INDEX FOR ITAlIC
C 0121 (3) - NOMNA)L TASK PAPA!TERS

C (I~~) MEAN ITO
C. (2) STAN0DAR EITO
C (3) DISTRIBUTION TYPE
C
CS SOUTPUT PMARMVTER~
C XN(I) - WKILL CATESORY NODERATO). V.ALES

C XN(1) - DIFFERENCE DETWME DERIVED AMO BSAELINE

C X"12) - DIFFEPANCE BETWEEN DERIVED AND BASELINE
c STANDARD DEVIATION
c EN(S) w DERIVED DISTRIBUTIOiN TYPE
C
Coo
C*SLOCAL VARIABLESs
C K.O - NMB"DE OF OPERATOR INDEPENDENT VARIlABLES USED IN
C 11419 MODERATOR FUNCTION
C KBI - NMBIER OF ENVIRONMENTAL INDEPENDENT VARIABLES USED IN

C -THIS MODERATOR FWNCTIC.( .RALI SDI

C NTOKO -NMEREETMADN OF TASKALE INDEEDN .IDI USED OP0AT
C THIATH ODE TOR FNTO
C NEO(SCE) - ELEMENT NMBIERS OF VARIABLES IN THE ENVIR@E(
C STATE VECTOR

c NTASK(Nt) - ELEMENT KAISERS OF VARIABLES IN THE TASK VECTOR
C MK - M*ISER OF. MODERATOR EQUAT IONS

I.-C NIV( I) - NMB~ER OF INDEPENDENT VARIABLES IN MODERATOR
C EQUATION I
C T(I) - TINE DELAY, F MRODERATOR EQUATION I
C
C$*DIIUNSION swpoys
C

DIMENSION 100(N). loafN). DIST43). 1TASK(NTS)
DINENSION HLO(,I , NIV ,)1 14 1). XNS

C
COSDEFINK LIENSIM OF THR OPERATOR STATE VECTOR
C

R-1 00
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DATA KD/hl

CS SOUP ff IE WJ1MELMET NMBIERS
C

DATA P60/IOGY

C**DEPINE THE VECTOR ELEME6NTS
C XO(1)-OPERATCARU EXPERIEZ
C
COOKYR1EW WILISS FMOA PERATCR ETOM ECvTORg
C

CA"L GETOYA (IDO. N. NED. ICC. XO)
C
CSSINZZALIZE Nw.NIV

- :EStSUWI:: Xli

C

CALL RtLTPS4(DIST.NZV.NIW.T.XhI)
-P V.LR
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C IUIbROUIINE ABSPMH(DIS,.NIV.ME.P.XM)

CI4HODULEsHUMAN FACTORS MODERATOR FUNCIIONS
CSRIEFERENCEIMOPADS!VOLUI-E 5.10 OF
C
Cr/PURPUSE11419 SUBROUTINE CALCULATES VALUES FOR THE SKILL
c, MODERATORS FROM ABSQLUTE PROBALRII1ES
C
CI*IHPU1 PARAMElERSs
C DI1 13) - NOMINAL TASK. PARAMETERS
r (I) MEA.N

C (3) DSTRIUTO TYPEIZ
c NIV(I) - NUMBER. OF INDEPENDENT VARIABLES IN MODERA'70A,,.
c EQUAl ION I
C N - NUPMBER OF PMODERATOR EOUAfrIONS
C P(4) - PROýADILI1Y CALCULATIED FROM P
c MODEAIAOR EQUATION I

I*OUI'PUT PARAMETERS,
C XM(I) - SKILL CATEGORY MODERATOR VALUES
C XM(I) - DIFFERENCE BETWEEN DERIVED AND BASELINE
c MEAN
C XMt2ý - DIFFERENCE BETWEEN DERIVED AND bASELINE
C SIANDARD DEVIATION
C XM(3) - DERIVED DISTRIDUTION TYPE N,

C

COOLOLAL Vk•.ABLESs
C DP - D-RIVED PROBABILITY
C tNIV - 1OIAL NUMBER OF INDEPENDENT VARIBLES
C

C*SDIMENSION ARRAYS
C

DAMENSION DIST(3) .NIV(50) .P(50) MXM(3)
C
C*$IN)IIAL.IZE DP AN TNIV TO ZERO

DP-•. 0
INIV-O. 0

sI9lIE DERIVED PROBABILITY 1S THE AVERAGE OF THE P1I)6

C WEIG•IED By THE NIV(I)S

Vu0 I I..I.Nhs
DR-O P+(P(I) *NIV(I))

1NIV"INIV'NIV(I)
I CONWINLE

PI-D•I lNIV

C**IF THE DERIVED PROBADIL17Y IS NEGATIVE.
C M•WE TIfE FINAL PROVABILITY 0.0
C

IF *C'P.1I .n.OV'1IEN
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S ELSIE

CSIF 1HE DERIVED PROBABILITY EXCEEDS 1.0.
CC •IKE ]HE FINAL PROBABILITY 1.0
c

IF (DP.)T.1,O)THEN
XM(1o)-1-DIBT (I)

ELSE

COS*IHERWISE. AW4.E THE FINAL PROBABILITY
C EOUf4L THE DERIVED PWDEADIL17Y

C XN () mDP-DI~l 1 K
INDIF

EINDIF

L~fSINVALUES FOR XM(, AND0 XM(3)

C
XM(3)-DISI (3)

C,, tIE FOLLONING PRINT STATEMIENTS HAVE BEEN r d
C INSERTED TO AID IN DEBUGOINUL THE MtlODERATORf
C SUB=ROU1 INES

Do bo 11.NME
WRITEIt,. IiXI)I.P(I).NIV(I)_ :•°.•

oLK~l FORMAl W/THE PRMOBABILITY DERIVED FROM MODERATOR ECMJATICIN '

413.' - '.F5.3/'. THE NUMBER OF INDEPENDENT VARIABLES WAS
*13)

100( CONT INUE

END .?A

%
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Co
SUVROUTINE A9STMH(DISi.NIV.NMF.1.X1 l

C
C$$MODULEs$AMAN FACTORS MODERATOR FUNC71UNS
CI REFERLNCEFlMOPADS/VOLLILU 5.1O DF
L
C$NPURP.OSEu1HIS SUBROUTINE CALCULATES VALUES FOR THE SKIILL

I MODERATORS FROM ABSOLUIE 7II.E-7O-CODPLETE •

C*#INPUI PARAMETERSt
C DII (3) - NOMINAL TASK PARAMtETERS
c (1) MEANWI
C t2) SIAM, D.ARD DEVIATION

c (3, DISTRIDUIION IYvP C.
C NI(IJ) - NUMBER OF INDEPENDENT VARIABLES IN MODERATOR
C ECIAJAJION I -
C t#IE - t&MIER OF MODERATIOR EQUAl IONS
L 101) I IME-1O-CDMPLEIE CAL.CULATED FROM ~-.~
L, MODERATOR EQUATION I

G*eOUIPUI PIW(RIAE1RS-
v XM(I) - SI'ILL CATEGORY MODERAITOR VALUES
C XlMii) - DIFFERENCE BEIWEEN DERIVED AND BASELINE

C XM1(2) - DIFFERENCE BETWEEN DERIVED AND BASELINE
C 7IANOARD DEVIAtIUN
C XM(3) - DERIVED DISTRIBUTION TYPE

Lis
COOLDL Vf$RICI3LESs
C DI - DERIVED TIME-7O-COMPLEIE
C Itlt/ - TOTAL NUMJER OF INDEPENDENT VARIBLES
Ct @DIMEIESION Al:RRAY S ,.

C
DIMPNSION DIST(3).NIV(50).I1 50. XM(3)

C
CSIJNIIIALIZE DT AND T141V TO ZERO
C

01-0.0
II"V-O. 0

C**114E DERIVED TIME-1O-COMPLETE IS THE AVERAGE OF THE TI()S F
C 4EIOIT1ED VY lhE NIV(I)S

DI-D(4 C 7(I(I$NIVI())
ItlI V-I NIV+NIV(I)

I CONI7INUE
DI-DI / lNIV

C
C**IF 1HE DERIVED tIME-TO-COMPLETE 15 NEGATIVE.
C MIK:E THE FINAL TIME-TO-COMPLETE 0.1

IF 1111 .11 *.f.lA IIIENl
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ELSE

C#OASSIGN .'ALUES FOP. Xtl(2) AND XP1(3)

.! (M(2)-O.O

END
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* ~SUBROUTINE RELPt*41DISI.NIV.P*IC.P.X")

USSMUL)ULEtHtIMAN FACTORS MODERATOR FU14NC1 IONS
C6*REFCNENCEPIOPADS/VOLUtIE 5.10 DR
C
CISPURPOSEsIHIS SUBROU7INE CALCULATFS VALUES FOR THE SKILL
C MIODERATORS FROM ABSOLUTE PROBAI3I~IE9

1.68INPUI PMR40WMIERSS
L DISI () NOMINAL TASK PARAMETERS
C (1) MEAN

% t (2) STANDARD DEVIATION
C (3) DIS1RIIU(TION IYPE
C NIV(I) -NUMBIER OF INDEPENDEN; VARIABLES IN MIODERATOR
C EOUU41 ION I
C NHlE -NUOILER OF MODErRAl OR EOUAT IONS
L P(I) -PHULRDlLlI'V CALCULATED FROMI
c MODERATOR EQUAIION I

LSSUUI PU I PAfAiMETERSs
C XMI)il SKILL CATEGORY MODERATOR VALUES
C 111(l) - DIFFERENCE BETWEEN DERIVED AND BASELINE

C XM()12 - DIFFERENCE BETWEEN DEkIVED AND BASELINE
L. SIANL)ARI) DEVIAIIUN
L XM13 - DERIVED DISIFIBU1 ION TYPE
C
Lae
LssLUL6IL VAIVIAIILESs
1. D11 DERIVED PROBABILITY
C
C*4,1IMENSION $%PRAYS
C

* *. DIMENISION DISI (3) .NIV(50) .P(50).XM(3)
C
C44tIflIaoLIZE DP 10 ZERO
C

DP-O. 0
C

* Ltlil# DERIVED PROLASILIlY IS A4 WEI04ilEv AVERAGE OF
C THE INDIVIDUAL. P11)5 B4ASED UPON tHE CONLEPI OF

* -C DIMIINIS14ItJU RETURNS

DO0 I I-I.NIIE
DP-DP 4 (P(I)-DIS1(I)J/Il

I CON I I RJE
DPDLISI1I) 4 OR,

CIQIF 114E DERIVED PPODADILIlY IS NEGAtIVE.
C MAKE INE FINAL PROBABILITY 0.0

* C
IF (DP.L1.0.0OIHEN

ELSE
C
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LS*U II~ IJPLk~- k tUAULJ IgY kAULhlrb h.v,.
CAA ME FINALt~ PfWtOA.81LZII 1.v.

SrEI.? .O)THEN

COOOI.4tWIu1. s~wj. IME FINAL. PROSADILIlY
F- IEUAL I1E DERIVED PROWW1IT
c

Elio I P

L6904USICN VOILIOES FCsk X"42) A41) xP(3)

END)
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SUVRUUT INE RELTg4(DISI.NIv.NWE.T. NM)

* LIOMotULEtlJwov FACTORS MODERAlOP FUNCT IONS
C*,REFLEKNCEIMOPAI)/vuLUMIE 5.10 OF
c
COOKP)06L. 1111IS SUIIROUTINE C4.CULATE5 VALUES FOR TWE $KILL
L. MID&NAIORS PRO3M ABSOLUTE TIMES
c~colSSIUI r-IV(IWEIERS8

~~.. DI 13 SIM - NOMINAL TASK PARAMETERS

L. 14) :JN4DAIRDIDEVIATION

gtL 1.QCUAI ION I
L. ME N)MIMFP OP MODERATOR EQUAT IONS
c lit) PROIUi411LIli CAL.CULATED FROM
c. MODERATOR E.WJATION I

N.% C*OUIPUI PAPRViETERS
c. C 144) - SKILL CATEGORY OMODRAlOR VALUES
C. A"41) - DIFFERENCE PETWEEN DERIVED AND PAULINE

C XM(2) w DIFFERENCE BETWEEN DERIVED AMD PAUELINE
L STANDARD DEVIATION

c 01"(3)AIJ)D~ - DERIVED D1SIRIBU11I14 TYPE

Li

C DIMENSION 0191(3) .NIVt5W) 1(50).X"4M()

COSITIIIIALIZE DI TO ZERO
C

bl.0.0

COST14L DERIVED TIME 1S A IEloNTED AVERAGE OF

C OIMItIiSi4ING RETLPna

I TIE CONCEP

xmil)01971 R01 0

ELS



CeOSOYMPHiSE. mAiýE WE~ p1Nell. I1#1H
C EDUAL IHE DERIVED TIMIE

C06ASS113NVALtA*8 FOR Xfl(2) OWD XME3)
c

2 :Mf(2:JQ.

END
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VI. USER INSTRUCTIONS

SThis section contalna instructions on writing the
utility subprograms GETOVA, GSTEVA, GETTSA, and TIHEA.
In addition, it also explains how to call the moderator
functions.

SUBROUTINE GETOVA (IDO, N, NEO, KO, XO)

IDOCK) - An N-dimensional vector of addres information
for the operator state vector. IDO has
meaning with respect to the data structure
created-by the module to store the
operator state vector. For example, if the
operators are numbered 1,2,3,...; then IDO(1)
could equal the operator number. In HOPADS,
IDO defines the data base addreos of the
operator.

MEO(KO) -NEO apecifies the indexes of elements of the
operator state vector being reques.ad. For

* example, if KO=2, NEO(1)w6, and NEO(2)nl2,
then elements 6 and 12 of the operator state
vector are requested. See Table VI-1 for
the definition of these elements.

S'-XO(KO) - GETOVA returns the values of the elements
specified in NEO in this vector. For the
example above, if element #6 is 24.22 and
element #12 is 1.6, then XO(1) would equal
24.22 and XO(2) would equal 1.6.

SUBROUTINE GETEVA (IDE, N, NEE, KE, XE)

IDECI) - An N-diaensional vector of address information
for the environmental state vector. It is
"analogous to IDO in GETEVA.

R- 111
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OPERATOR STATE VZCTOR VARIABLES

1. Core temperature (degrees C)
2. Clo value of operator'& clothes
3. Time spent on task today (hour*)
4. Consecutive days of duty
5. Number of dimensions on which ob3ects can be

discriminated
6. Number of fire units for which the operator is

responsible
7. Percentage recovery since last work period
8. Hours worked in the previous work session
9. Hour& between previous and current work session
10. Flash intensity in foot-lambert seconds
11. Target speed in knots
12. Target type (see last page of table for ""

definitions)
13. Target size (determined by target type)
14. Target color (white-l, tan-2, green-3,

blue-4, red-*, yellow*6)
15. Search area (degrees)
16. Use of binoculars (l1yes, O-no)
17. Slant range to target in n. mi.
18. Target Tro3ectory (degrees relative to north)
19. Target Lackground complexity (low-l, medium-2,

high-3) r
20. Number of display background characters
21. Number of messages requiring operator attention .1
22. Signals per minute
23. Hours worked per week
24. Days without sleep
25. Consecutive days of night duty
26. Number of tasks performed at once
27. Target/background contrast ratio
28. Average hours sleep received per night over 3 day

period
29. Ob3ectivo function (not used by moderators)
30. Number of goals considered (not used by

moderators)
31. Target brightntss in foot labets
32. Number of consecutive nights with known hours

&loop

R-112
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Table VI-1 C(ontinued)

33. Sky/ground ratio in foot lamberts
34. Aircraxz altitude in feet
35. Meteorological range (visibility) in n. mi.

5, 36. Threshold of operator's object/background contrast
ratio

37. Target height in foet
38. Targot width in feet
"39. Target depth in feet
40. Horizontal range to target (n. miles)

.41. Number of resolution elements to resolve the target
, 42. Number of areas with suspected targets

43. Target speed (knots)
44. Field of view operator is asarching (degrees)
45. Observer offset (nautical miles)
46. Unused
47. Display target location (defined by a 3x3 matrix

numbered from left to right, then down)
48. Target displacement from observer in d~graos (left=

w, negative, right-poaitive)
49. Display resolution in number of lines
50. Average height of nontargeto in view in feet
51. Average width of nontarget* in view ir feet
52. Average depth of nontergets in view in feet
53. Distance to display in feet
"54. Display height in feet
55. Display width in feet
56. Target noise level in dR
57. Target duration in minutes
58. Number of times the operator has performed this

task before)
59. Signal probability
60. Number of rest periods per work ahift
61. Task error factor (not used in moderator

subroutines)
62. Task element error factor (not used in modeirator

subroutines)
63. Days since the task was last practiewd
64. Operator's sense of direction (good-l, poor-O)
65. Skin temperature (degrees centigrade)
66. Minutes in current ambient temperature
67. Previous skin temperature prior to changing

environments

RR-11i
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Table VZ-1 (continued) 
f

TARGET TYPE CODES

CODE NO. NAME COUNTRY NISSIOD

F4C USA

2 FIO0 USA
3 T33 USA
4 OTHER JET
5 UIA USA
A U6A USA

OTHER PROP
OIA USA
0N23 USA

10 OTHER HELICOPTER
11 TANK
12 JEEP
13 TROOP
14 APC
15 TRUCK
16 ZERO
17 NALFTRACK S
1 F4USA

1? FIS USA 
a~

20 FIS -USA
21 FIG USA
22 NI621 USSR
23 N1623 USSR

24 HN125 USSR
25 SOLDIER(FOOT) ANY
26 RID-27 USSR
27 SUl17 USSR
21 glANS Ji-5 PRC Bround Attack
2? R-2350 FRANCE tilitary surveillance

30 HIRAGE 3E FRANCE Fighter

31 MIRAgE Ft FRANCE Fighter

32 HIRAGE 2000 FRANCE Fighter

33 NIRAGE 4000 FRANCE Fighter

34 MIRAGE 4 FRANCE Bomber

35 MIRAGE 5 FRANCE Ground Support

36 HIRAGE 50 FRANCE Fighter

37 AU.660 GREAT DRITAIN Military Transport

33 198 GREAT BRITAIN Domber

39 HS748 GREAT BRITAIN Military Transport

40 NS.780 GREAT BRITAIN Hilitary Transport

41 P.10,9 GREAT BRITAIN Ground Attack

R-114
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Table VI-1 (continued)

42 IA1202 ISIAEL Military Transport
43 HIRACE 3C ISRAEL Fighter
44 KfirC2 ISRAEL Fighter

45 6.222 ITALY Military Transport
44 F1045 ITALY Interceptor
47 N1.326K ITALY strike
48 S.H.101E ITALY !Nilitary STOL
49 F-I JAPAN Fighter
50 C.207A SPAIN tltltary Transport
51 SF-SA SPAIN Fighter
,2 MA-220 SPAIN 6roumd Attack
53 35X1 SUEDEN gBround Attack
54 JA37 SUEDEN Fighter
55 J-1 YUGOSLAVIA Strike3 6 Light (6.9.blinking)

57 D (dit on a display)
58 NIB-17 USSR
! NIB-I? USSR
60 SU-7 USSR
61 SU-9PN USSR
62- 2U-I1 USSR
63 SU-15 USSR
64 SU-19 USSR
65 SU-20 USSR
66 YAK-28P USSR
67 YAK-36 USSR
68 TU-28r USSR
61 IL-28 USSR
70 N-4 USSR
71 TU-16 USSR
72 TU-20 USSR
73 TU-221 USSR
74 TU-26, USSR
75 IL-38 USSR
76 7U-126 USSR
77 N16-1S USSR
78 L-29 USSR
71 L-39 USSR
so J-5 USSR
81 J-6 USSR
82 J-7 USSR
83 J-8 USSR
84 H-5 USSR
835 H-6 USSR
36 OCJ-6 USSR
37 T-11 USSR
33 NIRA6E Ill FRANCE -----------
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NEE(KE) - Element numbers of th" %nvironxcntal state
vector. This is analogous to WEO in GETOVA.
For a list of the environnentai state vector,
see Table VI-2.

XE(KE) - GETEVA returns the values spzcified by NEE in
XE. XE is analogouc to XO in GETOVA.

SUBROUTINE GETTSA (IOPT, ITASK, NTS, NTSK, NT, XTSK)

IOPT -Option

0 Requesting task time information
I - Requesting task vector information
2 - Requesting skills information
3 - Requesting system resource information

ITASK - An NTS dJmensional vector of address
information for the task data. It is analogous
to IDO in GETOVA. '- .

NTSK(NT) - The desired element numbers. There are four
cases: 4

IOPTvO - NTSK is not used
IOPT=l - NTSK contains element numbers of

the task specific categories
IOPT=2 - NTSK contains skill numbers
IOPT*3 - NTSK contains resource numbers

XTSK(NT) - The values of variables requested in NTSK
above. There are four cases:
IOPT=O - XTSK(1) to XTSK(3) are distribution

type, mean, and standard deviation....
XOPT=l - The values of the task vector

elements requested in NTSK.
IOPTw2 - The weights of the skill categories

apecified by the location in the
vector (e.g., XTSK(5) would be the
weight for skill number 5.

IOPTw3 - The values of resource parameters
specified in NTSK.

or

R-1 16
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Table VI -2

ENVIRONMENTAL STATE VECTOR VARIABLES

1. Dry bulb temperature in degrees centigrade
2. Relativs humidity
3. Air movement rate (miles/hour)
4. Noise level in dB
5. Work area illumination in foot-lambert&
6. Number of c,)erators. on duty N
7. Vibration as defined by vertical movement in Hz
S. Ambient vapor pressure in mb
9. Noise predictability (conaistentwO, inconsistentul)
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Table VI-3 contains definitions of the date in the task
vector. Resource requirements are not used in the
current HOPADS ispleventation and, therefore, are not
utilized by the moderator functions. However. we felt
that this option was important for growth.

FUNCTION TIHEA).

TIMEA returns the current military tima accurate
to the nearest minute. TIHEA ranges in value from
0000 to 2359. TIKEA is a REAL function.

All of ths moderator functions have t'ht• following
calling sequence: ""

SUBROUTINE xxxxxxH (IDO, IDE, N, DIST, ITASK, 1 -,
NTS, XII)

The parameters in this calling sequence are defined as
1o low3:

IDON)M, IDE(N) - Addressing information for the
operator and environmental state'
vectors, respectively. These vectors
are then used to call GETOVA and
GETEVA.

DIST(3) - Nominal (i.e., baseline) task
parameters.

DIST(1)=mean
DIST2)M=standard deviation '
DIST(3)=distribution type (see

Table VI-4).', .

ITASK(NTS) - Addressing informeAtion :or the
task. ITASK is used for calling
GETTSA.

R-118
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Table VI-3

TASK VECTOR VARIABLES <

I*' Kcal/ainute required by the task
2. Number of tasksm which night be performed after this

one
3. Primary stimulus mode
4. Secondary stimulus mods
5. Response mode
6. Observer/target position (In ground to ground,

2a air to ground,
3= ground to air,
4. air to air,
5* at a display

7. Distance to control in feet
S. Control width in feet
9.. Number of displays that must be monitored
10. Number of controls that might be actuated
11. Number of items which must, be kept in short term

memory .-
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*• Table VI-3 (continued)

*iTASK SPECIFIC DATA

7 Kilocalories/ninute
3 Nunber of branches out

.'9 Stinulus Hod* I 10
A two-digit nunber

1o's digit - 0 - so visual
I - visual

I's digit - 0 - to auditory
I - auditory

10 Stinulus Mode 2 O0
A three-digit aunber at above

o100" digit- 0 - no olfactory
1 - olfactory

"10's digit - 0 - no kinesthetic
I - kimestheaic

l's digit - 0 - no tactile
I - tactile

11 Response Node
"A two-digit nunber

0O's digit - 0 - no vocal
I - vocal

I's digit - 0 - no tactile
I - tactile

"12 Observer - Target Position 3
4 I - ground to ground

2 - air to ground
3 - ground to air
4 - air to air
5 - at a display

13 Control Distance (distance fron operator
to control device in feet)

14 Control Uidth (vidth of the control 0.1

device in feet)

15 Nunber of Displays

16 Nuqber of Alternatives (number of possible I
controls that nay need to be actuated

R-120



S Tablo VI-4

DISTRIBUTION TYPES

91

1 CONSTANTI
2 NORMIAL
3 UNIFORM
4 ERLANO-1 (expongatial)

"5 LOGNORMAL
6 NOT USED
7 BETA
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XW(3) - Moderated output
XN(1)=Change to the nominal mean. In other

vords, the moderated seen Is
DISTCI).*XNCI)

XH(2)sChange to the nominal standard deviation
XN(3)uMow distribution type

As mentioned previously, in the current HOPADS
"- lapleamentation, XKC2)*O and XMC3)wDIST(3). Only the
. amean is currently moderated.
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VIZ. ERROR PROCESSING

No error processing occurs in the noderator

wtbroutia@8.

R,

o*

4.- ;

' .:

L'. R-123

V"" .



Ull

JI

R-2



V.II. CCINEON VARIABLE DEFINITIONS

No Vo2*on variables are used by theas subroutines.

All variazles ore passed as subroutine parameters or
are local variables.
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1-0 Standard MOPADS Terminology

AIR DEFENSE SYSTEM A cnmpo.-hnt of Air Defense which includes
equipment, and operators and for which techni-
ca. and f actical training are required.

les ar WK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and humau factors influences.

AI SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See also
Tactical Scenario.

BRANCHING A term used in the SAINT simulation language
to mean the process by which TASK nodes are
sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
that node determines which TASK nodes will be
simulated next.

DATA BASE CONTROL That part of the MOPADS software which performs
SYSTEM 31l direct communication with the MOPADS Data

Base. All information transfer to and from
the data base is performed by invoking the sub-
programs which make up the Data Base Control
System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data-needed to

prepare Air Defense System Modules.

ENVIRONMENTAL An element of an Environmental State Vector.
STATE VARIABLE

"S-8
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ENVIRONMENTAL An array of values representing conditions or
STATE VECTOR characteristics that may affect more tnan one

operator. Elements 3f Environmental State
Vectors may change ?snamically during a MOPADS
simulation to repre:ient changes in the environ-
rent conditions.

MODERATOR FUNCTION A mathematical/logical relationship which
alters the nomiinal time to perform an operator
activity (usually a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based on the
Operator's State Vector.

MOPADS DATA BASE A computerized data base designed specifically
to support the MOPADS software. The MOPADS
Data Base contains Simulation Data Set(s). It
ccmnunicates interactively with MOPADS Users
during pre- and post-run data specification and
dynamically with the SAINT software during
simulation.

MOPADS MODELER An analyst who will develop Air Defense System
Modules and modify/develop the MOPADS software
system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

MSAINT(MOPADS/SAINT) The variant of SAIMT used in the MOPADS system.
The standard version of SAINT has been modified
for MOPADS to permit shareable subnetworks and
more sophisticated interrupts. The terms SAINT
and MSAINT are used interchangeably when no
confusion will result. See also, SAINT.

OPERATOR STATE One element of an Operator State Vector.
VARIABLE

OPERATOR STATE An array of values representing the condition
VECTOR and characteristics of an operator of an Air

Defense System. Many values of the Operator
State Vector will change dynamically during
the course of a MOPADS simulation to represent
changes in operator condition.

S-9



OPERATOR TASK An ope.r.tor activity identified --=ing
veap:s system frzt -end =anyses.

SAINT The underlying computer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SAINT is an acronym
for Systems Analysis of Integrated ietvorks of
Tasks. It is a vell documented language designed
specifically to represent human factors aspects
of man/machine systems. See also MSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required simu-
lation initia•ization and other experimental
data needed to perform a MOPADS simulation.

SIMULATION STATE At any instant in time of a MOPADS simulation
the Simulation State is the set of values of all
variables in the MOPADS softvwae and the MOPADS
Data Base.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of critical
assets and the air 0.efense configuration
(number, type and, location of veapons and the
conmand and control system).

TACTICAL SCENARIO An element of a Tactical Scenario; e.g., if a
COMPONENT Tactical Scenario contains several Q-73's, each

one is a Tactical Scenario Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions vhich, vhen grouped
appropriately, make up operator tasks. Task
elements are usually represented by single
SAI1T TASK nodes in Air Defense System Modules.
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2-0 Other Terminology

COMMAND A keyword entered by the user that specifier
some action to be taken. Commands may bc
abbreviated to the letters that will make
them unique from all the otner commands.

COMMAND MODES The manner in which a command may be entered:
either regular, concise, or command-name-
only. In regular mode the user will enter
the command followed by a list of prompts and
their responses. In concise mode the user
enters the command followed by a list of
responses. The command-name-only mode is the
simplest to use since the user only enters the
command and is then prompted for all the
remaining information.

COMMAND SUBROUTINE The subroutine that performs the logic of the
command and processes responses to the
command's prompts.

DEFAULT VALUES The value that will be used for a response.
A value that is used when the user elects
not to explicitly enter a value for a
response.

ENUMERATED VALUES A discrete set of allowable responses for
a prompt.

LOWER BOUND/ The milnimum/maximum value for a response.
UPPER BOUND

MIXED RESPONSE A response made up of more than one type
(integer, real, or character).

PROMPT A keyword requiring a value or string as a
response.

PROMPT-Z ESPONSE- The 6ets of prompts followed by their
GROUPS responses.
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RESPONSE The value entercd for a prompt.

RESPONSE GROUPS TMe set of responses for a prompt.

RESPONSE TYPE The type of a response: either a real,
integer, character or mixed.

RESPONSE UNIVERSE Specifies the characteristics of the values
TYPE for responses. The response universe may

be a range of values or an enumerated set.

UPDATED DEFAULTS Default values that are overwritten when the
user explicitly enters a new value. The
new value will becoma the default value.

rS
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I, PURPOSE

1-0 GJENERAL DESCRITPIION OF FREE-FORMAT SYNTAX PROCESSOR
(FFSP) ROUTINES

.his FORTRAN TT program module is used to perform interactive
free-folm syntax processing of MOPADS user commands. This module
checksl each fiel- in the command for both arithmetic and logical
validity. The responses are returned from the FFSP programs in.NV
three response output arrays (one for character responses, one for
integer responses, and one for real responses). If an error occurs
in the' processing of a command and/or its prompts and responses,
one of three actions may occur. The user may be asked to re-enter
the information, the command may be cancelled and control returned
to the point where the FFSP routines were called, or in extreme
cases execution will terminate. *1

The FFSP module is a generalized processor of the syntax W4
descritbed below. It is used by the MOPADS user interface to process
MOPADS user commands. Since it is a general processor, however, it
can be used to write user interfaces in non-MOPADS contexts.

2-0 COMAND MODES

The commands may be entered in any one of three forms:

1. command-name-only

2. regular mode (default mode), and

3. concise mode.
I,..

The three forms reflect the relative experience the user may have
with a particular command. The user that has very little experience
with a command may enter that command in the command-name-only form.
After gaining some experience with a command and its prompts the
user will begin to enter the command in regular mode. When the user
becomes proficient with a particular command he/she will begin using
the command in concise mode. A description of the three command
forms follows.

2-1. Command-Name-Only.

This form is illustrated in Figure I-1 where upper case
letters are typed by the computer and lower case letter are typed
by th• user. The user simply enters the command and the system will
prompt the user for any additional information needed (HAIR[BLONDE]=
is a prompt).

S..I'.
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The information printed between the brackets "[.......I"
following eP pi'oupt tepresents the current default values for that
prompt. If the usr entcrs "DEF"'as his response, the value(s) in
the brackets will become the resnonse to the prompt. If the text
"NO DEFAULT" aprears between th_ brackets, the user must enter a
response for this prompt other than the "DEF" response.

2-2. Regular Mode.

Figure 1-2 illustrates the use of this form. Once
again the upper case letters represent information typed by the
computer and lower c&se letters represent user supplied informa..
tion. In each of the examples in Figure 1-2 the user enters the
cormnand followed by a complete or partial list of prompts and
responses.

In the first example, the user entered the command and the
entire list of prompts and responses. The prompt-response groups
may be entered in any order and are separated from one another with
a slash (/). The next two examples illustrate the case where the
user enters the command followed by a partial list of prompts and
responses. In the second example in Figure 1-2 the last non-blank
character entered by the user is a dash (-). The dash instructs the
system to prompt for all unentered responses. In the third example,
no dash is typed at the end of the command line. This instructs the
system to prompt only for responses that have no defaults and to
accept the default values for all other responses.

2-3. Concise Mode.

This form is illustrated in Figure 1-3. The user enters
the command followed by a partial or complete set of responses. The
response list must 1,e entered in a preset order which is the same
order the prompts appear at the terminal when using the command-name-
only form. The user enters only the responses,with the different
response groups separated by slashes.

The first example in Figure 1-3 illustrates the case where the
user entered the command followed by a complete list of responses.
In this example, regular mode is the default mode; therefore, the
user must precede any commands entered in concise mode with a "C-".
This instructs the system that the following command and responses
are in concise mode. The dash.at the end of the second example has
the same effect az in regular mode; the system will prompt for any
unentered responses. If the user leaves off the dash, as in the
last example, the system will use the default value(s) for any

9 .. unentered responses with default value(s).

S-15



co.

00

-4)

af

(~C)

to to

* IiI

-cn

o to

'Sa16



9V) CV)

VV

C) 0

'.4 u

oo m
-~ .~ U

.i Ui - C 1

-~ *S017



A. 3-0 FFSP SYNTAX EULES

.4 The following rules will formalize the prev1ous discussion
of how s)ntax is processed by FFSP.

3-1. The cormand-naie-only form of a com=ar.d nAy be used
in regular or concise modes by typing only the ocmmand name.

3-2. Blank responses may be entered where character
responses are required. To enter a blank response type
(includivg the quotes). At least one blank must be entered
between the quote marks.

3-3. A command may be cancelled a' any time by typing
CANC for any prompt or response. You can not use CANC as an
abbreviation to a prompt.

3-4. The user may elect to use the default value(s) by
typing DEF for any response in a response list up to one field
past the last response in the list.

3-5. Slashes (/) must be used to separate one prompt-
*" response group from another. Blanks or commas may be used to
* separate all other fields. The equal siga should be used to

separate prompts from their responses; however, it is not required.

3-6. Command and prompt names may be abbreviated to any
non-ambiguous string of characters. For example, if there were
two commandis, DESIGN and DESCRIBE, they can I- abbreviated DESI and
DESC respectively. The commands- may be abbreviated in longer forms.
For example, the user msy enter DESC, DESCR, iESCRI, DECfRIB, or
DESCRIBE for the command DESCRIBE.

"3-T. If a command line in regular or concise mode is ended
with more than one dash, the last dash will signify to the system
to prompt the user for all the unentered responses. Other dashes
will then be considered as part of a response.

3-8. Any multiple combination of commas and blanks is ' tceated
as a single separator. For example,

* NAME = BILL WOLF and NAME = BILL , WOLF

are equivalent.

3-9. If the user enters an incorrect response or misuses
the syntax, FFSP will explain the error and prompt interactively for

* all remaining responses.

3-10. It is possible to specify the default mode to be regu-
lar or concise. This defualt mode can be overridden for individual
commands by preceding the command name with "R-" (for regular mode)
or 'T-"(for concise mode).0
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SI I. DATA STRUCTURE

1-0 IIiTRODUCTION

The data structure ised by the FFSP programs may be con-
siiered in two parts, 1) input data structure and 2) output data
structure. The input data Is passed to the FFSP subroutines
through the subroutine parameters and contains the information

describing the prompts and responses. The output data is generated
by the FFSP programs. It contains the user's responses to the
prompts.

2-0 INPUT DATA STRUCTURE

The input data structure is contained in arrays passed to
FFSP as formal subprogram parameters. The data arrays and their
relationships to one another are illustrated in Figure II-1. The
following subsections discuss their form and contents.

2-1. PROMPT(NPMTS) is a CHARACTER array used for storing prompt
names for a command. The dimension of this array, NPMTS, is passed
"to the FFSP programs as a formal parameter. The order that the
prompt names are stored in PROMPT wi ll be the order the system will
print them and accept their responses while in the command-name-
only form.

2-2. KPMTS(NPMTS,2) is an INTEGER array containing two columns.
There is a correspondence between the rows of KPoMTS and the elements
of the PROMPT array. The information in row 3 of the KPM•S array
pertains to the third prompt in PROMPT. Column 1 of any row contains
a pointer to a column of the LTAX array. Column 2 is working storage
used internally by the FFSP programs to dynamically keep track of
which responses have been entered.

2-3. LTAX(5,NTAX) is an IhIEGER array with information per-taining to the prompts in the PROMPT array. The information des-

cribes the expected responses and points to information stored in the
response universe arrays (RESP, NRESP, CRESP). The contents of a
"column of the LTAX array are as follows:

Row 1 Response type

* Row 2 Response universe type

Row 3 Pointer to the ro sponse universe
array of the type indicated by the
value in Row 1 (RESP,NRESP, or CRESP).

Row 4 The number of default values stored
in the response universe array.

Row 5 Number of enumerated values stored in
response universe array.

"S-19



PROMPT(NPMTS) KP14TS(Ni'NTS)

2

3

ftPMTS-2

NPMTS-1

NPM'TS

RESP(NR)
CRESP(NC) LTAX(S,NTAX)

1r 2
3 3
44

6 B_ _

""4 I~ In iwC 4 4
N-3( ,

N-2
N-1

N=NR, NC, or NI

- Number of default values
- Two elements of response universe

array used for storing upper and
lower bound values

- Number of enumerated values

Figure 11-i Input D'.ta Structure.
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Row •1 indicates response type using the values-
shown in Table II-1. The length of the list, n, is also contained
in the response type value. For example, the response type value
for a list of six real values would be 2,)06. if the value of n is

* 0, the list is of unspecified length. The mixed response type
m (values >4000 and <5000) permits the comasnd designer to allow for

respconses of more than one type. For example, say the command
designer wants a response to consist of two character strings
fo.Uowed by an integer and another c-haracter string. The value for
this response type would be 4003. •-j "3" indicates that the mixedI response consists of three rer::onse type values. The next three
columns of the LTAX array would contain the information concerning

*J the response lists that make up the mixed response (the values 3002,
�1 001, and 3001 would be in row 1 of these columns). The mixed response

type car not have an undefined length; therefore, a value of 4000
will &!ways be invalid. In addition to this, a mixed response list

* can not contain any response lists of undefined length (no 1000,
2000, or 3000 responses type values in a mixed response list). Examples

• "of a mixed response prompts are given in Section VI.

Row 2 of the LTAX array is a value from Table 11-2. 1
code value represents the type of response universe the response
"must be from. Values >100 signify responses with d.frults that are
updated every time a new entry is made (the new respcnse becomes the
current default value(s)). It is invalid to use res;cnse universe
type values >100 with response lists of unspecified length.

Row 3 of the LTAX array has the poincer to the response uni-
verse array, RESP, NRESP, or CRESP depending on the response type
specified in row 1. For example, if the response type value is
2005, the pointer would point to the location in the RESP array
where the response universe information begins. If the response
"type value is >4000, the value in row 3 will be zero since each
individual response list in the mixed response will have its own

, Iresponse universe.

Row 4's value indicates how many default values are stored
in the response universe array for a response. For defined length
lists, this value must, :iqual the last digit in the response type
value or be zero (no default value(s) for the response). For example,
if the response type value is 2003, the value in row 4 must be 3 or

S0. If the response universe was specified to be >100, the value in
row 4 must not be 0 (storage must be available to save updated default
values).

"Row 5's value indicates how many enumerated values (valid
" values for a respcnse) are stored in the response universe array for

,= a response. This value must be 0 unless the response universe type
Value was 4 or 104. If a response i; from a set of enumerated values,
then the default values, if there i-t'e any, must also be from the
enumerated set.
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Table II-1

"Response Type Values

"Value Response Must Be a List of n

1000 + n integers

2000 + n reals

3000 + n character strings

4000 + n mixed types

NOTE: If n = 0 the response list is of unspecified length.
n must not be zero if the response type value is
"is 4000 + n.p

"Table 11-2

"Response Universe Type Values

Value Response Universe Type

1 or 101 response has an upper and a
lower bound

2 or 102 response has an upper bound only

3 or 103 response has a lower bound only

- , 4 or 104 response must be equal to an
enumerated value

5 or 105 no limitations on the value of
- I the response

S-22
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S~2-4. RESP(NR), NRESP(NI), CRESPtNC) are the RESPONSE

/

UNIVERSE arrays used to store default values, enumerated values,
and range boundaries for the responses. RES, is useC to store

real nuber response universe values. NRESP is used to store
integer number response universe values, and CRESP is used to
store character string response universe values.

All the values stored in a response universe array for a
particular response are contained in a contiguous block of elements.
Two typical blocks of elements are sh.own in Figure 11-2. The
minimum number of elements in a block is two, one for each of the
range boundaries whether they exist or not.

The dimension of the response universe arrays (NR, NI, NC)

are passed as formal subroutine parameters to the FFSP subprograms.*1
3-0 OUTPUT DATA STRUCTURE

The output data from the FFSP routines is loaded into variables
"iin the COM01S common block. The data arrays that make up the out-
put data structure are illustrated in Figure 11-3. The next few
subsections describe these variables.

"3-1. INDEXS(NDEX,4) is an INTEGER array used to store pointers
to the prompts and the response output arrays (ROUTS, 1OUTS, and
COUTS). Each row represents a different response list that was
entered. The mixed response lists will occupy more than one row of
the INDEXS array (one row for each response list that makes up the
mixed response type). The response type values greater than h000
will not appear in the INDEXS array. Only the components of the
mixed response types are contained in INDEXS. The definitions of
each of the columns of this asrray are explained below.

Column 1 Response type

Column 2 Location in the response output
"array (of the type indicated by
the response type ia column 1)
of the first respon.ýe in the
response list.

Column 3 Location in the response output
array of the last response in
the response list.

Column 4 The prompt number. (The position
in the PROMPT array.)

"S-23
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Block for a response with 2 default values and 4 enumerated values.

"Default values

Lower Bound

Upper Bound
Block for

response I

Fnumerated values

Block for response with 1 default value and 0 enumerated values.

Default Value

•Block for Lower Bound
response i

Upper Bound

Figure 11-2. Block of Elements in a Response Universe Array.
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INDEXS(NDEX,4)

1 2 3 4

_______4 1FARXS

5

NDEX-2

NDEX-1

NDEX

ROLJTS(NRO) IOUTS(NIO) COUTS(NCO)

I FACOS

IFAIOS

11st-
response

last
response

IFRSNRO M!IO NCO

IFAROS4IFAIOS,IFA.COS - First available storage location for each
type of response.

Figure 11-3. Output Data Structure.
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3-2. ROUTS(NRO),IOUTS(NIO),COUTS(NCO) are the REPONSE
OUTPUT arrays. These a-rrays contain all the responses entered by
the user for a command. The dimensions of these arrays (NRO, NIO,
NCO) are set with a PARAMETER statement in every routine with the
COM01S common block.

3-3. IFAROS,IFAIOS. and IFACOS are POINTERS to the next
available locations for storing responses in ROUTS, lOUTS, and COUTS, ~respect ively.

---26
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III. FLOW OF CONTROL

1-0 DESCRIPTION OF FFSP FLOW OF CONTROL

The flov of control between the MOPADS user interface and
the FFSP programs is illustrated in Figure III-i. There are six
logical entry points to the FFSP programs (RCMDS, SPROCS, ACCESS,
-HELPS, GETSUS, and INITS). If any of the FFSP subroutines detect
an error in the data structure (not user input errors), execution
will be terminated.

NOTE

,I It is important to extensively debug
"the data structure in the routines
that call the FFSP pr grams.

The FFSP subroutines are supported ba the FFIN2 programs (Polito)
"and the MOPADS utility programs (Goodin, Polito).

The primary entry point to the actual syntax processor is
subroutine SPROCS. There are taree logical paths through the L
syntax processor (see Figure III-i) depending on the form in which'
"the command was entered. If the system encounters "CANC" for a
prompt or response, control is returned to the command subroutine
with an indication that the command was cancelled.

I I

S-27

L . .

n ¶



LU,

-'3>

In n

f-4
o

0

LLJ 8" H

-~E LLLU
L.) = =

S-28

I T



IV. FILES

1-0 FFSP FILES

There ore two files used by the VFSP rutinec, 1) the inter-
active terminal input file and, 2) the interactive terminal output
file. The input file is used to enter commands, prompts, responses,
and corrections to the syntax processor. The ritput file is used
to output prorpts, error messages and general information to the
user.

The default unit nw -rs for the input and output files are
5 and 6, respectively. Their value are assigned to the variables
NREADS (input) and NPRNTS (output) ot the COM01S c on blork. This
assignment is performed in the BLOCKS block data subprogrnm with a
SDATA statement. These value' may be changed with r. call to the
INITS subroutine. The following example demonstrates how the values

* for the input and output unit numbers may be changed to 9 and 15,
respectively.

EXAMPLE:

LIN - 9

LOUT - 15

CALL INITS (LIN, LOUTJ,

-

/
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V. SUBPROGRAM

1-0 INTRODUCTION

The subprograms that make up the FFSP module may be divided
into two groups:

1. Those that process syntax, and

2. Service or utility routines.

2-0ý SYNTAX PROCESSOR ROUTINES

These routines contain the logic to decode user coamuardi
into the response output arrays. These routines are discussed in
the following subsections.

2-1. Subroutine SPROCS is the primary entry point to the
syntax processor. It analyzes the command entered by the user and
decides which form (cammand-name-only, regular mode, concise mode)
the command is in. One of the following routines will be called
by SPROCS depending on the comnand form:

1. SCOPRS ccxmand-name-only

2. SCRPRS regular mode

3. SCCPRS concise mode

After control is returned to SPROCS and no errors are detected,
subroutine UPDTS is called to update any updated default responses.
Figure V-1 shows the calling sequence and defines
the parameters of SPROCS.

2-2. Subroutine SCOPRS is used to decode the commands entered
in the comnand-name-only form. It is also called if an error is
detected in a command entered in regular mode or concise mode. If
an error occurs in a response, the system will re-prompt for a valid
response. Figure V-P shows the calling sequence and defines the
parameters of SCOPRS.

2-3. Subroutine SCRPRS is used to decode the commands entered
in r~gular mode. If an error it detecte4 in one of the prompt-
response groups, all the prompt-response gr-tus after and

S-31
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including the one with the e-ror, will not be accepted. Control
is passed to subroutine ACOPRS, and the system will prompt the
user for all un-en;ered respcnses. Figure V-3 shows the calling
sequence and defines the larameters of SCRPRS.

2-4. Subroutine SCCORS is used to decode the commands
entered in concise mode. If an error is detected in one of the
response lists, all the rtsponse lists after and including the one
with the error will not be accepted. Control is passed to subrou-
tine SCOPRS, and the system will prompt the user for all unentered
responses. Figure V-4 shows the calling sequence and defines the
parameters of SCCPRS.

2-5. Subroutines GETCHS, GETINS, GETRLS and MLTGT3 are used
to retrieve the responses entered by the user. GETCHS is used to
retrieve character response lists. GETINS is used to retrieve
integer response lists. GETRLS is used to retrieve real response
lists. MLtGTS is used to cdll thh necessary routines (GETCHS,
GETINS, and/or GETRLS) to retrieve mixed responses. These routines

use subroutines CHCVLS, CHIVLS, CHRVLS, and CHFLDS to check fields
for validity and special case entries such as "DEF" and "CANC."
Figure V-5 shows the calling sequences and defines the narameters of
GETCHS, GETINS, GETRLS, and MLTGTS.

2-6. Subroutines CHCVLS, CHIVLS, and O4RVLS are used to check
the validity of responses retrieved by GETCHS, GETINS, and GETRLS
respectively. These routines may check a response to see if it
exceeds the upper and/or lover bounds on the respcse. The responses
may also be checked to see if they equal an enumernted value.
Figure V-6 shows the calling sequences and defines the parameters
of OiCVLS, CHIVLS, and CHRVLS.

2-7. Subroltine CHFLDS is used to check responses for the
correct type (character, integer, or real) and to detect the special
case responses "D•r" and "CANC." Th'.s routine has five alternate

returns for special conditions or errors that are detected. Figure
V-7 shows the calling sequence and defines the parameters of CHFLDS.

2-8. Subroutine CHOSMS is used to detect a dash at the end of
a command-response list. If the character is detected, a flag is set
on (=l) and the dash is replaced with a blank. Figure V-8 shows the
calling sequence and defines the parameters of CHDSH•.

2-9. Subroutines LDDFVS and MLTLDS are used to load the default
value(s) into the response output arrays. Subroutine LDDFVS is
called when the user enters "DEF" for a response or he/she has elected
to take some of the default responses. MLTLDS is called from LDDFVS

when the system is loading the default values for a mixed response type.
Figure V-9 sho',s the calling sequences and defines the parameters of
LDDFVS and MLTLDS.
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2-10. Subroutines DEFS and LDDEFS are used to load t. buffer I
writh default values to be printed after a prompt when the user
enters a ccmnman in the comand-name-only form. If no default
value(s) is detected the buffer is loaded with the text "NO DEFAULT."
These routines are set up to allow the buffer to be printed in
several lines if necessary. The maximum number of lines that wlll
be printed is determined by the valise! of the parameter DBLEN. Thij
parameter is set in a PARAMETER (UX.ýN - ... ) .tatement in sub-
routine SCOPRS. Figure V-l shows the calling sequences and defines
the parameters of DEFS and LDDEFS.

2-31. Subroutine UPDTS is used to update default values that
require updating every time a new response is entered for a par-
ticular prompt. This routine is called by SPROCS and updates the
default values only if no errors were detected by the syntax pro-
cessor routines. Figure V-11 shows the calling sequence and defines
the paramete:s of UPDTS.

2-12. Subroutine INITS is used to initialize options for the
FFSP module. These variables include the following:

1. input unit number (NREADS)

2. output unit numnber (NPPRNTS)

3. def-pilt mode (MODES)

Figure V-1: shows the calling sequence and defines the pmr=reters
of INITS. The user should call INITS prior to using any other
FFSP prcgram. If he does not, NREADS will be 5, NPR14TS will be 6
and the default mode will be regular. INITS may be called at any
time to change the values of these options.

3-0 SERVICE AND UTILITY ROUTINES

3-1. Subroutine INITS can also be called as a utility
roitine to change FFSP options. See Section V, 2-12.

3-2. BLOCKS, Block Data Subprogram1 is used to initialize
COM•iS common block variables. These variables are initialized
before execution begins. The variables are as follows:

1. NREADS

2. NPRNTS
3. MODES

4. INITS

See Section VIII for descriptions of these variables.
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3-3. Subroutine GETSVS is used to retrieve the valut:s of

FFSP options. These options are:

1. NREADS - input file number

2. NPRNTS output file number

3. MODES - mode

Figure V-13 shows the calling sequence and defines the parameters
of GETSVS.

3-4. Subroutine RCMDS is used to read the first field of the
command input (the command itself). This subroutine does no validity
check on the commax:d, but returns the command name entered. •-'
Figure V-14 shows the calling sequence and de2ines the parameters of
RCMDS.

3-5. Subroutine HELPS is used to print information about the
user command. The user is asked to enter a promt name for which
information is desired. The following information is printed for
any prompt:

1. Prompt name (unabbreviated)

2. Response type (character, integer, real or mixed)

3. Default values, if atiy

4. Enumerated values, If any

5. Upper and/or lower boutds on the response

Figure V-15 shows the calling sequence and defines the parameters
of HELPS.

3-6. Subroutine ACCESS is used to access the response in the
response output arrays (ROUTS, lOUTS, COUTS). This routine should only E.
be called after calling SPROCS and generating no errors while in
SPROCS. Figure V-16 shows the calling sequence and defines the pars-
meters of ACCESS.
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VI. USER INSTRUCTIONS

1-0 COM4Mi•D DATA SFECIFICATION FORM

When designing the data structure for a user command that
vill use •he FFSP, the user should fill out the Command Data Speci-
fication form. An example of this form is shown in Figure VI-1.
The next two subsections vll discuss how this form is completed
and used to design the data structure.

1-1. Instructions for Preparing The Ccmmand Data
Specification Form.

The letters that are circled in the following instruc-
tions correlate with their placement in Figure VI-2.

i) Write the name of the comnand in space 0.

2) Put the name of the module in space

3) Write the original or revision date in space (.

4) Briefly explain the purpose of the command in
space Q

5) Write a prompt name in space

6) Determine the response type from the following
(P is the length of the list of values; if n=0 the list is of
undefined length).

Code Response Type

1000+n list of n integer values
2000+n list of n real values
3000+n list of n character values
I000+n* mixed response

NOTE

For the mixed response type, n is the number of other
response type specifications making up the response
(e.g., if a mixed response is =-de up of 1001, 2003,
1002, and 3001 response types, the mixed response type would
be equal to 4004). N can not be equal to zero for a
mixed response type and none of the response types
included in a mixed response type may have
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V1. USER INSTRUCT!ONS

1-0 CCtOND DATA SPECIFICATION FORM,

When designing the data structure for a user command that will

use the MFSP, the user should fill oat the Ccwnd Data SpeciLica-

tion form. An example of this form is shown in Figure VI-1. A full

sized blank Ct--aknd DIta Specification form is provided at the end

of the report. The next tvo stbsections will discuss how this form

is completed and used to design the data structure.

1-1. Instructions for Preparing The Command Data
Specification Form.

The letters that are circled in the following instruc-
tions correlate with their placement in Figure VI-2.

1) Write the name of the command in space G.

2) Put the name of the module in space

3) Write the original or revision date in space

space 4) Briefly explain the purpose of the command in

5) Write a prompt name in space (O).

6) Determine the response type from the following
(n is the length of the list of values; if n=O the list is of
umdefined length).

Code Response Type

lO00+n list of n integer values
2000+n list of n real values
3000+n list of n character values
4OOO+n* mDxed response

NOTE

For the mixed response type, n is the number of other
response type specifications making up the response
(e.g., if a mixed response is made uD of 1001, 2003,
1002, and 3001 response types, the mixed response type would
be equal to 4004). Y can not be equal to zero for a
mixed response type and none cf the response types
included in a mixed response type may have
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Write the code value for the response type in space OF If the
mixed iesponse type is selected, steps 6 through 10 will be I
repeated for each response type making up the response.

7) Determine the response universe type from the
follouing (where numbers greater than 100 represent responses with
updated default values).

Code Response Universe Type

1 or 101 response must be between upper
and lower bound

2 or 102 response has an upper bound only

3 or 103 response has a lower bound only

4 or 104 response must be from a set of
enumerated value(s)

5 or 105 any response of the type
specified is acceptable Ai

For e:,.unple, if a response must be between I and 100, the response
univ.L.rse type would be 1 or 101 depending on the status desired for
t1-e default values. If a response must be either "1","3", or "51" the
iesponse universe type would be 4 or 104.

Write the code value for the response universe
type in space 1.01\

8) Write any default value(s) in space 0 . The values
m7ist conform to the response universe specified in step 7 and the
response type specified in step 6 If there are no defaults, leave F":this space blank. --.:

9) If 4 or 104 was selected for the response universe
type in step 7 , write the enumerated values in space (D. If any
other code was entered, leave this space blank.

10) If the response universe code selected in step 6
was 1, 101, 2, 102, .3 or 103, the,*lues for the lower and/or upper I.,

bounds must be written in spaces (J) and @, respectively. Upper
and/or lower bounds may be specified with response types of "3000+n,"
but the user should be aware that the character collating sequence
is system dependent, and the resulting specification may not be F
port able.

11) Repeat steps 5 through 10 for all the prompts.

An example of a completed "Command Data Specification Form" is
shown in Figure VI-3.
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1-2. Creating The Actual Data Structure From The Command
DIala Specification Form.

The user needs to construct the arrays PROMPT, KPMTS,
LTAX, NRESP, CRESP, and RESP from the information entered in the
Command Data Speýcification form. The data structure can be created
with the following steps. (Figure VI-4 is an example data structure
created using the form in Figure VI-3.)

1) Load the prompt names into the PROMPT array in
the same order as they appear on the form. Note the number of
prompt names and equate this to the variable NPMTS (the variable
name used by the FFSP routines for the number of prompt names for
a given command. L

2) Put the response type code valuos into the first
row of the LTAX array.

3) Fut the response universe type code values into
the second row of the LTAX array.

4) Note the number of defaults for each response list
and put this value into the fourth row of the LTAX array.

5) Note the number of enumerated values for each
response list and put this value into the fifth row of the LTAX
array.

NOTE

The third row of the LTAX array
will be completed at the time the
response universe arrays are created
(arrays RESP, NRESP, and CRESP).

6) The. KPMTS array contains pointers to the LTAX
array where the information for the corresponding prompt (infor-
mation in row 3 or KPMTS is for the third prompt) begins. These
pointers are loaded into the first column of the array. The
remainder is left uninitialized.

7) Now fill the response universe arrays (NRESP, CRESP,
RE . Scan the columns of LTAX starting at column I and skipping
any column whose first row value is greater than 4000.

S-.-
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DIMENSION PROMPT(4), KPMTS(4,2), LTAX(5,3). RESP(6)

DIMENSION NRESP(10), CRESP(14)

CHARACTER CRESP* 1 , PROMPT*8

DATA PROMPT / 'JOBTITLE', i
-~' PAYHOUR',

- 'NUMSECRT',

'BLDGCODE' /

DATA ((LtAX(Ul), J=I,8)I=1,5)
- / ?000, 2001, 1001, 4004, 3001, 1002, 3001, 2001,

- 5, 1, 1049 0, 4, 1, 4, 102,

- 1, 1, 1, 0, 3, 7, 10, 4,

O, 0, 3, 0, 4, 0, 2, 0/

DATA (KPMTS(I,1), I=1,4) /1,2,3,4/

DATA CRESP /9 8,' ','A', ,' ','A','B','C',-

'D','E','9* ' ',E','F' II
DATA NRESP /1,0,0,1,3,5,1000,1001,1000,5000/

DATA RESP /10.0,0.0,100.0,6.0,0.0,10.0/

NTAX = 8

NPMTS = 4 .

NR = 6

NC = 14

NI = 10

Figure VI-4. Example Data Structure.
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8) For each column of LTAX select the correct response ,
universe array as follows:

Response Type Code Response Universe
(row 1 of LTAX) -Array

lO01+n NRESP
2000+n RESP
3000+n CRESP

9) Vote the element number of the next available element ,-
in the current response universe array. Put this number in row 3
of the cucrent LTAX column.

lOj Load values into the next several elP.ments of the
current response universe array according to the rules in
Figure VI-5.

11) Repeat steps 8 through 10 for each column of
L T A X . " " ' • '

12) Note the doef.ned lengths or NRESP, CRESP, and RESP
for use in DIMENSION statements as formal parameters when calling FFSP .
programs.(Note NTAX, NPMTS, NR, NC, NI in Figure VI-4.) :-

It is worthwhile to stop now and attempt to duplicate the contents
of NRESP, CRES,,and RESP in Figure VI-4 from the specifications in r
Figure VI-3. This process is very easy once a little practice is
obtained.

2-0 WRITINS AND USING THE COMMAND SUBROUTINES

2-1. Use Of Subroutine ACCESS.

Subroutine ACCESS has the following calling sequence: V •'

SUBROUTINE ACCESS(IP P RMTN,NORDFP,NNN,JRTCD,P.SP, f::.;•
NNR,IRSP,NNI ,CRSP ,NNC,IDFLG) I

The definitions of the parameters can be found in Section V, 2-6.

This subroutine retrieves the responses for a specified prompt "
by searching the INDEXS array (in COM01S common block) for the desired
prompt number. Once the number has been found, the exact location of
the responses can be determined. The designer of the command sub-
routines must set up three additional arrays for storing responses
retrieved by the call to ACCESS. These arrays are CRSP for character
string responses, IRSP for integer responses, and RSP for real
responses. NNN is 9 variable used to pass the dimension of the three
response arrays to ACCESS. NNN shold be set equal to the maximum
number of responses of one type that may be entered for a response.
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S, a. Response Universe Type b. Resnonse Universe Type

1or 101 2 or 102

SDefault Values Default Values

(if any) (if any)

Lower bound Any value

Upper bound Upper bound

c. Response Universe Type d. Response Universe Type

"3 or 103 =4 or 104

Default Values Default Values

(if any) (if any)

"Lower bound Any value

"Any value Any value

e. Response Universe Code
= 5 or 105 Enumerated"- ~Values

I Default Values

(if any)

Any value

Any value

Figure VI-5. Loading Response Universe Arrays Based On The
Response Universe Type.
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To use the ACCESS subroutine the user must know the prompt
numzber (the order in PROMPT array) for the response he desires,
the respons-. tyve (integer, real, character string), and the order
of the resonnse list (1, 2, 3, etc.) in a mixed response (if not
from a mi xed response the order is zero). The subroutine will
return the responaes in one of the response arrays (IRSP, RSP, or
CRSP), depending on the response type specified. The response
array with values in it will have a noi-zero indicator value
returned from ACCESS, the other two indicators will be equal to
zero. These indicators are: NNI for the number of integer responses,
NNR for the number of real responses, and NNC for the number of
character string responses,

Figure VI-6 illustrates the use of the ACCESS subroutine for
various cases.

2-2. Writing The Command Subroutines.

Figure VI-7 illustrates how the data structure and the
calls to the FFSP routines are placed in a command subroutine.
SPROCS decodes the command. ACCESS is used to retrieve the responses
from the decoded command. HELPS is used to print information con-

Scerning the command. If the ccmmand has no prompts, do not issue calls
.1 to SPROCS, ACCESS, or HELPS (These routines are to be used only with

commands that have prompts).

3-0 ADDITIONAL INSTRUJCTIONS

3-1. How To Change Modes.

The default, mode may be changed with a call to subroutine
INITS. The following examples show how to change the default mode to

"g concise mode.

CHARACTER MODE*1

MODE , 'C'
CALL INITS (O,O,MODE)

or
t7 CALL INITS (0,O,'C

To change the default mode to regular mode the user would use 'R'
in place of 'C'. For example,

* CALL INITS (O,0,'R#)
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SLEROUTINE WORKI (IOFT)

"'MENSIOt, nP(I) .cRsp(1o) .NP.SP(2)

CHARACTER CRSP*20

DATA STATEMENTS FP04I FIGURE VI-4

C

C**DECODE COMqAND
C

IF (IOPT.EQ.1) GO TO 900
CALL SPROCS (PROMPT,NPM7S. LTAX.NTAX, RESP, NR,NPRP, NI,

CRESP,NC.KPMTSICNCL)
IF (ICNCL.EQ.1) GO TO 999

C

C'*GET RESPONSE TO PROMPT ONE
C

WNM a 10
CALL ACCESS (1.0,NN.3,RSPNNR.IRSP.NNI.CRSPYmCIDF1G)
S

: RESPONSE PROCESSING LOGIC

C

C"GET PESPOKSE TO PROMPT THR.EE
C

KNN a 2

CALL ACCESS (3,0.NtN.1.RSP,NNR.IRSP,NPI,CRSP.NNCJIDFLG)

:RESPONSE PROCESSING LOGIC
SIMILAR PROCESSING OF OTHER PROMPTS

GO TO 999

C

C"'HELP COM4AND WAS ENTERED
900 CALL HELPS ('dORKINFO' ,PROMPT,NPMTS,KPI"SLTAX.NiAX,

RESP.NR.NRESP,NI .CRESP,NCk
GO TO 999

C
"999 RET RN

E•O

Figure VI-T. Example of Command Subroutine for Example
Command from Figure VI-3.
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3-2. How To Change The Input And Output Unit Numbers.

The default input and output unit numbers established with
tha block data subprogram BLOCKS may be changed by a cell to sub-
routine INITS. The following example shows how to change the input
t•nd output unit numbers to 9 and 10 respectively.

CALL INITS (9,10,' ')

3-3. How To Retrieve The Values For The Mode And Input
And Output Unit Numbers.

These values may Le retrieved with subroutine GETSVS.
For example to retrieve the value of the mode in JMODE and the values
of the input and output unit numbers in IN and lOUT respectively, use
the following call to GLTSVS,

CHARACTER JMODE *1

CALL GETSVS (IN,LOUT,JMODE)
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VII. ERROR PROCESSING

1-0 FFSP ERRORS

There are three types of errors that may be detected by the
17SP subroutines. The error message that is printed is preceded by
an error type identifier. These identifiers are as follows:

1. 1/0 ERROR --

2. DATA STRUCTURE ERROR--

3. ACCESS ERROR --

1-1. I/0 errors are generated in the syntax processor routines
that decode the user commands. These errors are generated by invalid
user input (response) values. The user will be promted to re-enter
the responses if one of these errors occur. These are the least
severe errors. FFSP automatically corrects for these problems, and
execution is never terminated because of an I/0 error.

1-2. Data structure errors are generated when errors in the
user defined data structure are detected. These errors are created
by situations such as invalid response type code, invalid response
universe type codes, and by exceeding the dimensions of some array.
Data structure errors should occur only during the debugging phase
of developing a program that uses FFSP. These are severe errors and
FFSP will terminate execution if it detects an invalid input data
structure.

1-3. ACCESS errors are generated in the ACCESS subroutine by
illegal parameter values or by exceeding the dimension of an array.
These errors will also cause execution to terminate. Errors in the
use of the ACCESS subroutine should occur only during the debugging
phase of program development.
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VIII. COMMON VARIABLE LEFINITIONS

1-0 FFSP CO1ON BLOCKS

The MFSP routines use two common blocks (COM01S and COM02S).
COM01S common block contains numerical data and the COM}2S ommon
block contains character data. The COM01S variables and their
definitions are listed in Table VIII-l. The COM02S variables and
their definitions are listed in Table VIII-2.

User programs never access any of these variables directly.
Therefore, it is not necessary for user programs to contain the FFSP
common statements.
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Table VIII-l

COMMJS Comio= Variables and Definitions

Variable •Definitior

ICtNCLS Cancel Cormnnd Flag- 0 Command not cancelled

- 1 Command cancelled

IFACOS Pointer to the next available location
in the character response output array,
COUTS

IFADXS Pointer to the next available location in
the INDEXS array for storing indeces to
the response output arrays.

IFAIOS Pointer to the next available location
in the integer response output array
'OUTS

IFAROS Pointer to the next available location
in the real response output array ROUTS

IINITS Initialization Flag
S0 Subroutine INITS was Called
a I Subroutine INITS has not been called

INDEXS(NDEX,4)* Array of indeces to response output arrays

(,.1) Response Type ".
1000 - 1999 - Integer
20GO - 2999 - Real
3000 - 3999 - Character

(_,2) Pointer to the first location in the
response output array (type indicated by
colwun 1 value) where the responses arE
stored

( ,3) Pointer to the last location in the
response output array (type indicated by
column 1 value) where the responses
are stored

(_,4) Prompt number (negative if the response
I entered was the default).

IOUTS(NCO)* Integer response output array for storing
integer responses
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Table VII:-I (Continued)

Variable Definitian

NPRNTS Output file unit number

NREADS Input file unit number

ROUTS (NRG)* Real response output array for storing
real responses

Table VIII-2 .

COM02S Common Variables and Definitions

Variable Character Length Definition

COUTS(NCO).* RSPLEN Character response output
array for storing character
responses ,.,.

MODES 1 Current command mode.
a 'R' for regular mode
= 'C' for concise mode

*NOTE-The values for NCO, NIO, NRO, NDEX, and RSPLEN are set with a
PARAMETER statement. To change their values simply alter the
required portion of the PARAMETER statement and recimpile the
source code. Current values for their PARAMETERS are NCO=50,
NIV=100, NRO=lO0, NDEX=50, and RSPLEN=30. '•.
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ENVIRONMENTAL An element of an MT;.-,-,ental State

STATE VARIABLE Vector.

ENVIRONMENTAL An array of values representing conditions

STATE VECTOR ar characteristics that may affect vore
than mne operator. Elements of Eairomen-
"tal State Vectors may change dyammicfl.y
d~izg a MOPADS simulation to represent
changes in the environment conditions.

MODERATOR FUNCTION A r-athematicalilogical relationsbip vhich
alters the nominal time .to perf ou an opera-
tor activity (usually a Task Element). The !
noninal time is changed to represent the
operator's capability-to perform the
activity based on the Operator's State
Vector.

MOPADS DATA BASE A compaterized data base designed specifi- K
callY to. support the IMPADS so?-vare. The
IMPAOPlS rata Base contains Simulation Data
Set(s). It cv ni cates interactively with
MOPADS Users during pre- and post-run data
specification and drnamically •ith the SA11T.
software daring simulation.

MOPADS MODELER An analyst who vi develop Air Defense
SrjSten !c.l and =dify/dervelop the
MOFADS sofftw~uze system.

MDPADS USER An analyst vho vill design and corduct sinu-
lation experiments vith the HOPADS soft•vare.

MSAINT The vaxiazt of SAM used in the MOPADS
(MOPADS/SAINT) system. Tbe standard version of SAMT has.

been modified for MOPADS to permit ubare-
able subnetvorks and more sophisticated
inten-rpts. The terms SAI11T and Y-AIeT w-e
used interchangeably vhen no confusion vill
result. See also, SA.TT.

6-%
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OPERATOR STATE Ue taement of an Operator State 'Vector.
VARIABLE

OPERATOR STATE ka array of values represent ng the condi-
VECTOR tion and char-ct-_istics of an operator of .'•

an Air Defense System. Many values of the
Operator State Vector iwifl change dynsmically
renresent changes in operator condition.

OPERATOR TASK An operator activity identified during
weapons system front-end analyses.

SAINT The unden-lyn1g ccy=uter simulation language
used -to =odel Air Defense Systems in Air
Defease System Modules. SAINT is an acronym

for Systems Analysis of Integrated lietuorksof Tanks. It is a well dcumented language *designed speci.fical!ly to represent human '

factors aspects of nan/=mchine systems.
See also MSAI..T.

SIMULATION DATA SET mhe Tactical Lcenario plus all required
simulation initializattion and other experi-

rental dzt& needed to perf om a. IMOPAS
simulation.

SIMULATION STATE At any instant in time of a MDADS simula-
tion the Simulation State is the set of
values of all variables in the IMPADS soft-
rare L -I the MOPADS Data Ban-.e.

SYSTEM MODULES See Air Defense System Modules. ,
-r,•

TACTICAL SCENARIO The Air Scenario plus specification of
critical assets and the air defense con-
figuration (number, type and location of
weapons and the c land and control system). •2
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TACTICAL SCENARIO An element of a Tactical Scenario, e.g.,
COMPONENT If a Tactical Sceýnario contains several

Component.

TASK See Operator Task.

TASK ELEMENTS Indivi&al operEtor actions vhirh, vhen
rouped appropriately, nake up operator

tiasks. Task elements are usuaslly repre- .

sented by single SAINT TASK nodes in Air
Diefense System Mothiles.

TASK NODE A =odellng symb~l used in the SAINT si=nia-
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cm-stances, a TASE noda may represent anindividual activity such as. a Task Elerent, ''

or it may represent an agregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathbetichl,'logical relationship which
MODERATOR selects the next Operator Task vhich an
FUNCTION operator vifl perform. The selection is

based upcn operator goal seeking cbaracter- "
istics.
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,MOPAD6 Abbreviations

ACC ADSM Character Code

DBMA Data Base Access Ad ess

DBAP Data Base Application Progrrims

DBCS Data Base Uontrol System

DL Data List

DR Direct oryr

DRAA Directory Access Address

FFSP Free Format Syntax Processor

NECC Number Eqaivalent of a Character Code

"" I User Interface
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I. PURPOSE

, This report documents the MOPADS software modules that imple-
ment the MOPAD User Interface (tI) and the small main MOPADS module.
"This is a progammer's manual, not a user manual. User instructions
"are contained in Polito 1983(a).

The MOPADS user interface provides interactive conmunication
between the user and the MOPADS data base. In particular, the user
can perform five functions with the user interface:

1. Creating and editing simulation data sets.
2. Setting up data for a particular simulation
3. Examining statistics after a simulation.
"14. Creating and editing air scenario data.
5. Creating and editing new air defense system modules.

This report documents the software that implements all five
functions.

In addition, there is a small main module that directs program
control to the user interface for user interface sessions or to the
•SAINT programs to perform simuLations, This module is also des-
cribed here.

The MOPADS software suffix for the user interface is "I", and
for the main module it is '.N". All of the program names and COMMON
variable names in the user in~erface end with the letter I. Simi-
larly, all program and COMM2ON variable names in the main module
end with ".•".

T-11



I

L

a

it

"I'

.1B

T-

p1-.



II. DATA STRUCTURE DESCRIPTIONS

1-0 THE USER INTERFACE

The user interface has several variables and arrays in labeled
COMMON storage which are described fully in Section VIII. It does
not have large arrays thLt contain significant amounts of infor-
mation from the data base. In general, the UI stores only data
base addresses to the information it is currently operating on.
Furthermore, the UI places the data base in a "write-safe" mode,
see Polito 1983(b), which means that information is always written
to the data base file as soon as it is changed. This means that
it is unlikely that information will be lost even if the prcgram
terminates abnormally.

The user interface always has a "curreat directory" which is

the directory whose contents will be displayed if the "DIRECTORY"
command is issued, Polito 1983(a), and it may have a current data
list. It is the addresses of these current data base entries which
are maintained in the UI data structure. Other auxiliary data base
entries are also saved as are data specific to the function
being performed in the UI.

*• 2-0 THE MAIN MODULE

The main module contains CO,'1ON storage for relatively global
data. For example., the unit numbers of all files used by MOPADS are
contained in this labeled CO40N area. A complete description is
given in Section VIII.
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Ill. OVERVIEW OF THE FLOW OF CONTROL

1-0 THE USLR INTERFACE

Figure III-i shows the structure o' the UI. The labels in the
boxes are actual subprogram names. MO2AhM Is the main program for
MOPADS. It is contained in the main module. MAINUI is the single
entry point to the UI, and it is called whenever a user interface
session is begun.

Each of the five UI functions discussed in Section I is imple-
mented with a "subprocess" or small module within the UI. Each sub-
processhas a single entrypoint namedUIII,UI2I, U13I, etc. In
addition, all subprograms within a subprocess module ends in the
appropriate combination: "lI", "21", "31", etc. The subprocesses
and their names are shown below:

1. CREATE/EDIT SIN"JLATION DATA SET
2. SET UP SI.ULATION RUN DATA
3. ECAMINE STATISTICS
4. CREATE/EDIT AIR SCenARIO
5- CREATE/EDIT R MFERENCE SYSTEM MODULE

Each subprocess has its own set of commands, and each command
is inplemented in a separate subprogram as shown in the figure. Only
the examine statistics (31) subprocess has been expanded to show
the structure. The others are similar. Also, the basic data base
cozmands are available from all subprocesses. They are implemen-
ted in the same way as the major subprocess commands.

All subprocesses ase the MOPADS Free-Format Syntax Processor,
Goodin & Polito 1983, for command processing. Also, programs in
MOPADS/FFIN2, Polito 19 8 3(c), MOPADS/DBAP, Polito 1983(d), MOPADS/
MCS, Polito 1983(b), and MOPADS/UTIL, Polito & Goodin 1983, are
3sed extensively by the LI programs.

2-0 THE :*J.IN MODULE

The primary function of the main module is to read all of the
MOPADS data cards and then to call subroutine MAINUI for user
interface sessions or subroutines BAT('N4 for MOPADS simulations.
This structure is designed to permit MOPAlS to be overlaid with
separate UI and sinmulation overlays. In fact, MOPADS can be linked
as two ser'rate load modules: simulation and UI.

IROU.IKE REANM in the main module reads all of the MOPADS
data cards. It uses standard FORTPAN 77 list directed input to do

T-15



this, so that MOPADS/FFIN2 programs are not required in the root
overlay (if MIPADS is overlaid). This ensures that the MSAINT

simulation ovwrlay will not contain unnecessary programs.

III

Fe I oPAtDM r

SMAINUI

CPROCI

Command Subroutines --.SO

Basic Data Base Command
Subroutines

Figure l-l.Software Structure of MOPADS User Interface.
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IV. EXTERNAL FILE USAGE I
1-0 THE USER INTERFACE

The user interface performs interactive input and output to thr.
MOPADS interactive files, Polito 19 83(e). Also, certain optio'
allow the user to print listings on the MOPADS line
printer file. All of these files must be opened with job z:..rol
language prior to executing the UI. Also, the UI reads .ai, writes
to MOPADS data base files. These files are opened end closed with
calls to the appropriate MOPADS/DBCS programs.

2-0 THE MAIN MODULE

The main module reads the MOPADS data crads from the MOPADS
batch input file. It opens and closes the network data files for
each system module and copies their contents to the MSAINT network
input file which it also opens. These are the only files used
by the main module.
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V. SUBPROGRAM DESCRIPTIONS

1-0 THE MAIN MODUTLE

Subprograms in the main module have MOPADS suffix th.".

%04
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PROGRAM MOPADM
C--MODULE: MOPADS PAIN MODULE
C--RZFERENCE: MOPADS VO6UME 5.12
C--PURPOSE:

C THIS IS THE MAIN PROGRA.I FOF MOPADS. MOPADS UILL READ UNIT
C KUNITM(5) TO DETERMINE IF THIS IS A BATCH SIMULATION OR
C AN INTERACTIVE USER INTERFACE JOB. A FILE MUST HAVE
C BEEN PRE-ASSIGNED TO KUNITM(5).

SUBROUTINE BATCHM
C--MODULE: MOPADS MAIN MODULE
C--REFERENCE: MOPADS VOLUME 5.12
C--PURPOSE:
C BATCHM WILL INITIATE BATCH SIMULATION PROCESSING. IT WILL
C PERFORM NEEDED INITIALIZATION AND CALL SUBROUTINE MAIN UHICH
C IS THE SINGLE ENTRY POINT TO ISAINT.

BLOCK DAiA BLOCKM
C--MODULE: MOPA:ýS MAIN MODULE
C--REFERENCE: MOPADS VOLUME 5.12
C--PURPOSE:
C TO INITIALIZE VARIABLES IN THE MAIAt MOPADS MODULE.
C

SUBROUTINE GTRUNM(IELL,RUND,LABEL,ACN,IERR,*,*)
C--MODULE:,MOFADS MAIN MODULE
C--REFERENCE: MOPADS VOLUME 5.12
C--PURFOSE:
C GTRUNM WILL RETURN CONTENTS OF THE 'RUN-DATA" DATA LIST. IT
C WILL RETURN EITHER THE 10 DATA WORDS OR A (LABEL,ACN) L
C PAIR DEPENDING UPON IHE VALUES OF IELL.

T2
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CINPU1 PAQAMETERS:
C IELL-IF !ELL.LE.0, GTRUNM RETURNS THE FIRST 10 WORDS OF
C THE -'RUN-DATA' DATA LIST. RUND(10) UILL BE THE
C NUMB~ER OF CRITICAL ASSETS PROTECTED BY I!HE AD
C COMFIGURATION. SEE MOPADS VOL. 5.17 FOR DEFINITIONS
C OF THE OTHER VALUES.
C
C IF IELL.GT.0, THEN 'LABEL" IS THE LABEL OF A CRITICAL
C ASSET AND "ACH" IS THE ACN OF THE UNIT ASSIGNED TO
C PROTECT IT. THE IELL-TH PROTECTED ASSET IS RETURNED.
C THE MAX NUMBER~ OF ASSETS IS FOUND FROM RUND(10) FOR A
C CALL UITH. IELL=0.
C--OUTPUT PARAMETERS:

C LABEL-(CHARACTERt-15) OUTPUT LABEL OF THE IELL-TH PROTECTED
C SITE IF IELL.GT.0. N'OT USED IF IELL.LE.O.
C ACN-ACN OF THE AD UNIT PROTECTING THE SITE SPECIFIED IN__
C LABEL IF IELL.GT.O. NOT USED IF IELL.LE.O.
C IERR-ERROR CODE
C 0-NO ERROR
C NE.0-11? ERROR CODE

* I C--ALTERNATE RETURNS:
C 1-USED ONLY IF TELL.GT.O AND IELL.GT.THE TOTAL NUMBER OF L2
C PROTECTED SITES.
C :'-:l EQROR(IERR.NE.0)

SUBROUTINE GTSDSh1(*)
C--NODULE: MOPAT'S MAIN MODULE
C--REFERENCE: MOPAIIS VOLUME 5.12
C--PURPOSE:
C GTSDSM WILL LOCATE THE SIMULATION DATA SET AND TACTICAL
C SCENARIO SPECIFIED FOR A BATCH JOB. IT 9I'LL ALSO CREATE
C THE STATISTICS DIRECTORY FOR THE JOB IN THE DATA BAEE.
C GTSDSM USES SOME ROUTINES FROM THE USER INTERFACE TO
c DO THIS

~-~TERATERETURNS:
I -PROCESSING FAILED. ABORT JOB [-

SUBROUTINE INITM
C--IiODULE: MUPAIi'o MAIN MODULEt
C--REFERENCE: MOPADS VOLUME 6.12

INITRP ME INITIALIZES THE NOPADS MAIN MODULE.
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SUBROUTIN4E READM(ITYPE,* )
C--MODULE: MOPADS rAIN MODULE
C--REFERENCE: MOPADS VOLUME 5.12
C--PURPOSE:
C READM WILL READ KUNITM(5) TO DETERMINE IF THIS IS A BATCH
C GR INTERACTIVE JOS. KUNITM(S) MUST HAVE BEEN PREVIOUSLY
C ASSIGNED TO THE INPUT FILE. MOPADS DOES NOT EXPLICITLY
C OPEN KUNITM(5).
L READING FROM KUNITM(5) IS DONE UITH LIST DIRECTED INPUT.
C THE ENTIRE INPUT FILE IS READ. READe OPENS THE DATA
C BASE FILE IF THIS IS A BATCH JOB, BUT IT DOES NOT
C LOCATE THE SIMULATION DATA SET OR TACTICAL
L SCENARIO.
C
C--OUTPUT PARAMETERS: .J
C ITYPE-JOB TYPE
C I-PATCH JnB OF SAINT
C 2-URER INTERFACE SESSION
C--ALTEFRNATE RETURNS:
C I-ERROR ON INPUT FILE
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2-0 USER I!MTERFACE UTILITIES AND BASIC DATA BASE PROGWAM

Several programs in the user interface provides u Aility
. mctions for other user interface modules. These programs end with
the single suffix "I". The basic dita base proTrams that im.plement
commands comcn to a!:L user interface subprocesses end in the suffix
"0I". Both of these collections of programs are included in this
section.
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SUIROUTIME MAINUI
C--nODULE: ROPADSiU!
C--REFERENCE: NOPADS VOL. 5.12

"- C--PURPOSE:
.c nAI*Ul IS THE SINGLE ENTRY POINT 10 THE USER INTERFACE MODULE.

D BLOCK DATA PROGRAM BLOCKI RUS! BE LOADED UWIN 1 M1E NODULE.
C UNITS'KUNITR(9) Akg KUN1TM(1I) RUST HAVE BEEN
C ASSIGNED TO THE TERMINAL FOR INTERACTIVE 1/0
C gITH JOB CONTROL LANGUAGE PRIOR TO EXECUTINO
C NOPADS.

S1!IROUTINE ABORT!
E--MODULE: IOPADS/UI
C--REFERtNCE: HOPADS VOL. 5.12
"--PURFOSE:

"" C TO PRINT THE *COMMAND ABORTED MESSAGE"
** C

"BLOCK JATA BLOCKI
C--MODULE: MOPADS/UI
C--REFERENCE: AOPADS VOL. 5.12
C--PURPOSE:
C BLOCKI INITIALIZES LABELED COMMON IN THE USER INTERFACE.

SUBROUTINE CPROCI
C--MODULE: MOPADE/UI
C--REFERENCE: MOPADS VOL. 5.12

.. C--PURPOSE:
C CPROCI IS THE PROGRAM UHICH SELECIS UHiCH SUBPROESS THE USER UIL
- ENTER.

SUBROUTINE FNSMI(NDB,IPRT,LABEL,IERR,*,*)
"- C--MODULE: MOPADS/UI

C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C FNShI UILL LOCATE A SPECIF!ED REFERENCE ADSM IN THE

C "REFERENCE ADSM" DF ON THE SPECIFIED D[ AND MAKE IT
C THE CURRENT JR.
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C--INPUT PAkAýE1ERS:
C N*b-VATA bASf(I-UORKING,2-fiEFERENCE)
C IPRI-PRINT OPTION
C !-PRINT ERROR AESSArE IF ADSM NOT PPESENI
C 2-PO NOT PRINT
C LADEL-CPARACTER LABEL OF IHE ADSM TO FIND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE

0 -NO EROR
C .•E.O-DICS ERROR CODE
C--ALTERNATE RETURNS:
C I-LABEL AJSM NOT FOUND

- C 2-IERR.NE.0

SUBROUTINE INITI
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12

". C--PURPOSE:
C INITI INITIALI2ES THE MOPADS USER INTERFACE

h C.Dc

FUNCTION KMNDI(CMNDS,NCMD,NDEX)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C KMNDI READS THE NEXT COMMAND AND IDENTIFIES IT. IF IT IS A BASIC

. C DO COMMAND, IT PROCESSES IT.
c
C--INPUT PARAMETERS:
C CMNDS(NCMD)-CHARACTER ARRAY OF COMMANDS
C NCMD-THE NUMBER OF COMMANDS AVAILABLE
C NDEX(NCMD)-INDýX ARRAY FOR CMNDS FOR USE WITH IBFCU. ON FIRST
"C CALL SET NDEX(1)=0
"C
C--OlTPUT PARAMETERS:
C KMNDI =0-IMPLIES COMMAND WAS NOT IDENTIFIED OR WAS PROCESSED BY
C KMNDI. PROMFT FOR NEXT COMMAND.
C =I-PROCESS COMMAND I
"C =-I PROCESS HELP COMMAND FOR COMMAND I
C
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SUIROUTINE NNCUI(NDD)
C--ODULEs MOPADS/Ul
C--SEFE&INCEs NOPADS VOL. 5.12
C--PURPOSE:
c ANCUI MILL M4KE THE RAIN DIRECTORY CURRENT IN 7HE
C USER INTERFACE WITH NO CURRENT DL.
C--INPUT PARAMETERS:
C NDD-DATA SASE(I-UORKING.'-REFERENCE)

SUIROUTINE PLINKI(IOPTIERR)
C--MODULE: MOPADS/UX
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C TO NAXE THE OWNER DIRECTORY OF THE CURRENT DIRECTORY THE NEU
C CURRENT DIRECTORY. IT IS CALLED AS A RESULT OF THE MOPADS

*c PLINX COMMAND.
* C

C--PROMPTS
C D8-DATA DASE-UORKING/REFERENCE
C
C--INPUT PARAMETERS:
C IOPT-COMMAND OPTION
SC O-PERFORM COPMAND
C 1-HELP ISSUED
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.O-DD ERROR CODE IF CANNOT DO COMMAND
C
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S~SUBROUTINE CLOS01 (IOPT,IERR)

C
CosMODULE: MOPADS/UrUi INTERFACE

* C$sREFERENCF: •JPADS VOLUME 5.12 DF
* C

C**PURPOSE: THIS SUIROUTINE Ii USED TO CLOSE A DATA WASE FILE.IT IS
C CALLED BY ISSUING A "CLOSE" COMMAND IN THE USER INTERFACE.
C PROMPTS FOR THE "CLOSE" COMMiND:
C Dl.DATA BASE TYPE-UORKING/REFERENCE
c STATUSKEEP/DELETE
C
C*#INPUT PARAMETERS: IOPT"COMMAND OPTION
c " O PERFORM COMMAND LOGIC
E C -* HELP COMMAND ISSUED FOR THIS COMMAND

S! C°-OIUTPUT PARAMETERS:

C IERR-ERROR CODE
C O-NO ERROR
C .NE.O-DBCS ERROR CODE IF CANNOT DO COMMAND

,% C

--------- ----------------------------------------------------------------------

"SUBROUTINE CURROI(IOPT,IERR)
*? C

"C**MODULE: MOPABS/USER INTERFACE
"C**REFERENCE: MOFADS VOLUME 5.12 DF

C< I C$*PURPOSE: THIS SUBROUTINE IS USED TO DISPLAY THE IDENTITY OF THE
C CURRENT DIRECTORY OR DATA LIST.IT IS CALLED BY ISSUING

C A "CURRENT" COMMAND IN THE USER INTERFACE.
C PROMPTS FOR THE "CURRENT" COMMANDt
C DB=DATA BASE TYPE-UORKING/REFERENCE
C DISF'LAY=UHAT DOES THE USER UANT DISPLAYED

S-C LABEL/ID/ALL INFO
" C TYPE=TYPE OF ENTRY TO DISPLAY

C DIRECTORY/DATA-LIST/ALL
* * -. C

C**INPUT PARAMETERS: IOPT=COMMAND OPTION
C =0 PERFORM COMMAND LOGIC
C =1 HELP COMMAND ISSUED FOR THIS COMMAND
C--OUTPUT PARAMTERS:
C IERR-ERROR CODE
"C 0-NO ERROR

.NE.0-DBCS ERROR CODE
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SUBROUTINE DBCOI(COMAND,ICMD,IERR,*)
C--0ODULE: "OPADS/U]
C--REFERENCE: HOPADS VGL. 5.12
C--PURPOSE:
C DICOI VILL DETERMIOE IF A COMMAND IS ONE OF THE LOU LEVEL DB
C COMMANDS AVAILABLE AT ALL LEVELS. IF SO IT MILL PROCESS THE
C COMMAND.
C
C--INPU7 PARAMETERS:
C COMAND-CHARACTER VARIABLE TO COMPARE UITH LOU LEVEL COV'NAADS.
C--OUTPUT PARAMETERS:
C ICMD- %-1 COMMAND IS AMBIGUOUS
C a 0 COMMAND NOT FOUND
C * I COMMAND IS THE I-TH LOU LEVEL DB COMMAND
C IERR-ERRGR CODE
C O-NO ERROR OR ICMD.LE.O
C DBCS ERROR CODE IF LOU LEVEL COMMAND COULD HOT BE PERFORMED
C--ALTERNATF RETUR4S:
C I-ICMD.LE.0

SUBROUTINE DEPOOI (IOPT,IERR)
C
C**.riODULE: NOPADS/USER INTERFACE
C**AEFERENCE: MOPADS VOLUME 5.12 DF
C
C**PURPOSE: THIS SUBROUTINE IS USED TO SET VALUES IN THE ELEMENTS OF
C THE CURRENT DATA-LIST.IT IS CALLED BY ISSUING A "DEPOSIT"
C COMMAND IN THE USER INTERFACE.
"C PROMPTS FOR !HE "DEPOSIT" COMMAND:
C DB=DATA BASE TYPE-UORKING/REFERENCE
C
C**IHPUT PARAMETERS: IOPT=CGNMAND OPTION
C =0 PERFORM COMMAND LOGIC
C =1 HELP COMMAND ISSUED FOR THIS COMMN
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C ,NE.0-DB ERROR CCDE
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SUBROUTINE DIROI(InPT,IEFR;
C

C**MODULE: MOPADS/USiR INTERFACE
C*$REFEPENCE: MOPADS VOLUME 5.1"' DF
C
COOPURPOSE: THIS SUPROUTINE IS USEP 70 LIST SELECTED CONTENTS OF THE
C CURRENT DIRECTORY ON THE UORKING OR REFERENCE DATA BASE.
C IT IS CALLED lY ISSUING A "DIRECTORY" COMMAND IN THE USER
C INTERFACE.
C PROMPTS FOR THE "DIRECTORY" COMMAND:
C TYPExTYPE OF CONTENTS USER UANT5 LI3TED
C DIRECTORY/DATA-LIST/ALL
C DBzDATA BASE TYPE-!IORKING/REFERENCE
C
C**INPUT PARAMETERS: IOPTmCOMMAND OPTION
C a0 PERFORM COMMAND LOGIC
C &I HELP COMMAND ISSUED FOR THIS COMMAND
C**OUTPUT PARAMETERS:
C IERR-DB ERROR CODE
C O-NO ERROR
C .NE.O-DB ERROR CODE
C

SUBROUTINE EDDLOI(NDB,IOFI,IOF2,IDBAA,IERR,*)
C--M)DULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C EDDLOI PROMPTS THE USER FOR EDITS OF DATA LISTS ORGANIZED LIKE
C THE OPERATOR STATE VECTORS. THAT IS, THE COLUMNS IF01 iO IF02 ARE
C ELIGIBLE TO BE EDITED AND THESE ELEMENTS ARE NUMBERED(FROM THE
C USER'S STANDPOINT) FROM 1 (CORRESPONDING TO IFO) TO
C IF02-IFO1 (CORRESPONDING TO IFC2). THE USER MAY CHANGE THE
C VALUES OR LABELS OF THESE ELEMENTS. THE DL MUST BE A REAL, 2-D
C (UITH 2 ROUS) DL.
C
C--INPUT PARAMETERS:
C NDB-DATA BASE(1-UORKING,2-REFERENCE)
C IFO1-FIRST COLUMN ELIGIBLE TO BE CHANGED
C IF02-IF02 IS THE LASY COLUMN ELIGIBLE TO BE CHANGED
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DL
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C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE EXAMO! (IOPTIERR)
C
CeewODULEt MOPADS/USER INTERFACE
Cs'REFERENCEt IIOPADS VOLUME 5.12 DF
C
C$$PURPOSE: THIS SUBROUTINE IS USED TO DISPLAY VALUES IN THE ELEMENTS 0
C THE CURRENT DATA-LIST.IT IS CALLED Y ISSUINO A EXAMINE"
C COMMAND IN fHE USER INTERFACE,

C PROMPTS FOR THE "E)ýAMINE" COMMAND: I

C DBSDATA BASE TYPE-UORKING/REFEREN E'
C HEADER=DISPLAY HEADER INFO-YES/NO
C DEVICE-UHERE TO DISPLAY-TERMINAL/PRINTER
C
C$*INPUT PARAMETERS: IOPTxCOMMAND OPTION
C z0 PERFORM COMMAND LOOIC
C al HELP COMMAND ISSUED FOR THIS COMMAND
C--OUTPUT PARAMETERS:
C IERF-ERROR CODE
C 0-NO ERROR
C .NE.0-DB ERROR CODE

SUBROUTINE OPEN0I (IOPTIERR)
C
C**MODULE: MOPADS/USER INTERFACE
C**REFERENCE: MOPADS VOLUME 5.12 DF
c
C**PURPOSE: THIS SUBROUTINE IS USED TO OPEN A DATA BASE.IT IS CALLED
C BY ISSUING AN "OPEN" COMMAND IN THE USER INTERFACE.
C PROMPTS FOR THE "OPEN" COMMAND:
C FILE=FILE NAME FOR THE DATA BASE
C STATUS=STATUS-OLD/NEU
C DB=DATA BASE TYPE-UORKING/REFERENCE
C MAXRECORD=MAXIMUM NUMBER OF RECORDS IN DATA BASE
C
C**INPUT PARAMETERS: IOPT=COMMAND OPTION
C =0 PERFORM COMMAND LOGIC
C =1 HELP COMMAND ISSUED FOR THE COMMAND
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C--OUTPUT PARANTERS: IERR-ERRUR CODE
C 0-mO ElROR
C .NE.O-DICS ERROR CODE IF CANNOT DO COMMAND
C

SUBROUTINE SELEOI (IOPTI[RR)

C*sMODULE: AOPADS/USER INTERFACE
CssREFERENCE: NOPADS VOLUME 5.12 DF
C
C**PURPOSE: THIS SUBROUTINE IS USED TO SELECT THE CURRENT DIRECTORY OR
C DATA-LIST FROM THOSE ON THE CURRENT DIRECTORY.IT IS CALLED
C BY ISSUING A "SELECT" COMMAND IN THE USER INTERFACE.
C PROMPTS FOR THE "SELECT" COMMAND:
C DbxDATA BASE TYPE-UORKING/REFERENCE
C TYPE=TYPE OF ENTRY lEIt:G SELECTED
C DIRECTORY/DATA-LIST
C POSITION=DIRECTORY POSITION OF THE ENTRY BEING SELECTED
C LADEL=LABEL OF THE ENTRY BEING SELECTED
C ID21D OF THE ENTRY BEING SELECTED
C NOTE:THE USER UILL RESPOND TO ONLY ONE OF THE LAST THREE
C PROMPTS AND UILL TAKE THE DEFAULT VALUE ON THE OTHER .4
C TWO.
C
C**INPUT PARAMETERS: IOPT=COMMAND OPTION
C =0 PERFORM COMAiND LOGIC r
C =I HELP COMMAND ISSUED FOR THE COMMAND
C
C--OUTPUT PARAMTERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DB ERROR CODE IF COMMAND COULD NOT BE
C DONE

SUBROUTINE TERMOI(IOPT,IERR)
C

C**MCDULE: MOPADS/USER INTERFACE
C**REFERENCE: MOPADS VOLUME 5.12 DF
C
C**PURPOSE: THIS SUBROUTINE IS USED TO TERMINATE A 'TERMINAL SESSI!ON.
C IT UILL CLOSE ALL OPEN DATA BASES UITH STATUS=KEEP.IT IS
C CALLED BY ISSUING A "TERMINATE" COMMAND IN THE USER
C INTERFACE.
C PROMPTS FOR THE "TERMINATE" COMmAND.
C NO PROMPTS
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C--INP'IT PARAhETERS:
c IOPI-COAMAND OPTION
C 0-D0 COMMANDC 1-HELP COMMAND

C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.0-D8 ERROR CODE IF CANNOT DO CCONAND
C
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3-0 11 CREATE/EDIT SIMULATION DATA SET

The rrograms in the Create/Edit Similation Data Set subprocess *4

which end with the suffix "ii" are in this ser.Lon. 1

Jr.

6,

7
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SGBRUUTIhE UIII(JOPT)
C--MODULE: KOPADS/UI
C--REFERENCE: MOPADS VOL. S.12
C--FURPOSE:
C UIlI IS THE ENTRY POINT TO THE "CREArE/EIJI7 SIMULATION DATA

3 C SET" SUBPROLESS

CI
C--INPUT/OUTPUT PARAMETERS:
C JOPT- ON INPUT IT IS I. IF ON OUTPUT IT IS ZERO, A TERMINATE
C COMMAND WILL BE EXECUTED.

SUPROU7INE ADDlI(IOPT,IERR)
C--MODULE: MOFADS/UI
C--REFESENCE: MOPADS VOL. 5.12
C--PURPOSE:
C ADDII UILL PERFORM AN ADD ýOMiAND Ie THE "CREATE/EDIT
C SIMULATION DATA SET SUBPROCEIS
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-DO COMMAND
C 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DB ERROR CODE

SUBROUTINE CHANII(IOPT,IERR)
C--MODULE: MOPADS/UI
:--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CHAN1I WILL PERFORM A CHANGE COMhAND IN THE CREATE/EDIT
C SIMULATION DATA SET SUBFROCESS.
C--INPUT PARAMETERS: c.
C IOPT-OPTION
C O-PERFORM COMMAND
C I-PERFORM HELP COMMAND
C--OUTPUT PARAOETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR
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SUBROUTINE CHFV1I(YERR,*,*) I
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CHFVII ALLOUS THE USER TO EDIT THE F ELD-OF-VIEU DATA LIST OF
C CURRENT UORKING ADSM.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE

C--ALTERNATE RETURNS:
C I-COMMAND CANCELLED
C 2-IERR.NE.0

SUBRO TINE CRFVII(NACC,NACN,LABLI2,IDRAA,IERR,*)
C--MODULE: OPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CRFV1I CREATES THE FIELD OF VIEU DL FOR CODE 12 DIRECTORIES.
C--INPUT PARAMETEI•C:
C NACC-NECC(ACC) OF THE OUNER DIRECTORY
C NACN-THE ACN OF THE OWNER DIRECTORY
C LABL12-(LHARACTEP) LABEL OF THE OUNER DR
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE OUNER DIRECTORY
C--)UTPUT PARAMETERS.
C IERR-ERROR CODE
C O-NO ERROR
C !NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE CRTRII(NACC,LABLI2.IDRAA,IERR,*)
C--MODULE: MOF'ADS/UI
C--REFERENCE: MOPtDS VOL. 5.12
C--PURPOSE:
C CRTR1I UILL CREATE THE TRACK-DATA(TRU) DATA LIST OF A
C CODE 12 DIRECTORY
C--INPUT PARAMETERS:
C NACC-NECC(ACC) OF THE OUNER DIRECTORY
C LABL12-(CHARACTER) LABEL OF THE OUNER DIRECTORY
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C--INPUT/OUTP11T PARAMETERS:
C IDRAA(4)-DRAA OF THE OWNER DR
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-0O ERROR'
C .NE.O-DBC5 ERROR
C--ALTERhATE RETURNS:
,: I-IERR.NE.O

SUBROUTINE DELEI(IOPT,IERR)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C DELEII WILL PERFORM THE "DELETE" CDMMAND IN THE "CREATE/EDIT
C SIMULATION DATH SET" SUBPROCESS
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-PERFORM COMMAND
C I-PERFORM HELP COMMAND ,
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.O-DBCS ERROR

SUBROUTINE FSDS1 I(IOPT,IDNU,IERR,*,*)
C--MODULE: MOPATIJS/UI
C--REFERENCE: MOPADS VOL. 5.12

C--PURPOSE:
C FSDS11 WILL LOCATE A PARTICULAR S.',mULATION DATA SET IN THE
C MASTER DIRECTORY OR RETURN AN
C INDICATION THAT IS IS NOT PRESENT.
C IF FOUND, IT WILL LOAD ITS DRAA IN PJRF1I(l,1), ITS COMMAND
C AND CONTROL DIRECTORY IN IrDRF1II(,2) AND ITS COPY COUNTER
C DBAA IN IDRF(1,3).
C IT WILL OPTIONALLY MAKE THE SIMULATIOtN DATA SET CURRENT.
C--INPUT PARAMETERS:
C IOPT-OPTION
C I-DO NOT MHKE THE SIMULTION DATA SET CURRENT
c 22-DO MAKE THE SIM-i.iTA-SET CURRENT
C TDNO-SIMULATION DATA SET TO FIND-
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C--OUTPUT PARAKETERS:
C IERR-ERROR CODE
"C O-NO ERROR
C .NE.O-DBCS ERROR
C--ALTERNATE RETURNS:
C 1-SIMULATION DATA SET "ID" NOT FOUND
C 2-IERR.NE.0

SUBROUTINE FSMII(IPRT,LABEL,IDRAA,IERR,*,*)
C--NODULE: MOPA)S/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C FSMII UILL LOCATE A EPECIFIED UORKING ADSM IN THE
C CURRENT WOFKING DR ON THE UORKING Db.
C--INPUT PARAMETERS:

* C IPRT-PRINT OPTION
C 1-PRINT ERROR MESSAGE IF ADSM NOT PRESENT
C 2-DO NOi PRINT
SC LABEL-CHARACTER LABEL OF THE ADSM TO FIND
C--OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE UORKING ADS4¶. ZERO IF NOT FOUND.
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-LABEL ADSM NOT FOUND
C 2-IERR.NE.O

SUBROUTINE FUSDII(!ERR,*,*)
C--MODULE: MOPADS/Ul
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C FUSDII UILL SEARCH UP THE DIRECTORY TREE FROM TPE CURRENT
C DR TO FIND THE SIMULATION DATA SET DR. THEN 1T UILL SET
• C IDRF1I(-,I)=DRAA OF THE SIMULA TION DATA SET
C IDRFIIt-,2)=COMMA'ND AND CONTROL DR
C IDRF1I(-,3)=COPY COUNTER DL

* iC--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR

. C .NE.0-DB ERROR CODE
*• C--ALTERNATE RETURNS:

C I-NO SIN. DATA SET FOUND
C 2-IERR.NE.O
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SUBROUTINE GTVUII(IVUR,I1,I2,IDRAA,DLS,NDLSIERR,.,*)
C--NODULE: MOPADS/UI
C--kEFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C GTVUII JILL RETURN PORTIONS OF THE A VIEUER ROU I A FIELD
C OF VIEW DATA LIST. GTVUII DOES NO CHECK1NG OlH Ti7F iNPUT
C PARAMETERS FOR VALIDITY.
C--INPUT PARAMETERS:
C IVUR-VIEUER NUMBER(ACTUALLY. THE ROU NUMBER)
C 11,12-GET COLUMN 11 TO 12
C--INPUT/OUTPUT PARAMETERS:
C IBRAA(4)-DRAA OF THE 'FV' OL
"C--OUTPUT PARAMETERS:
C
"C DLSiNDLS)-OUTPUT ARRAY. ELEMENTS 11 TO 12 UILL BE CHANGED
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C 1-IERR=6. DLS NOT CHANGED. ROU IVUR DOES NOT EXIST.
C 2-lERR.NE.6.AND.lERR.NE.0

* SUBROUTINE INSR1I(IOPT,IERR)
C--MODULE: MCPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C INSR1I UILL PERFORM THE "INSERT" COMMAND IN THE "CrEATE/EDIT
C SIMULATION DATA SET" SUBPROCESS.
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C 0-00 COMMAND
C 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
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SUBROUTINE MXSO1I(NECA,IDRAA,NSEQ)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C MXSOII UILL SEARCH A CODE 7 OR A CODE 12 DR FOR OUNED DR'S OF
C CODE 12 (AISP'S) THAT HAVE A PARTICULAR ACC. IT UILL FIND

STHE LARGEST SECUEFCE ULMBER OF THAT TYPE USED SO FAR.

C--INPUT PAh;;EiERS:
C NECA-NECC(ACC)-THF OUMBER EQUIVALENT CHARACTER CODE OF THE
C TARGET ACC.
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-THE DRAA OF THE DR TO SEARCH. ON R.TURN IT UILL BE
C POSITIONED TO THE OUNED DR UITH THE LARGEST
C (OR UNCHANGED IF NSEQ=O)
C--OUTPUT PARAMETERS:
C NSEO-LARGEST SEQUENCE NUMBER USED SO FAR(ZERO IF NUNE)

SUBROUTINE REMVlI(IOPT,IERR)
C--MODULE: MOPADS/Ul
C--REFERENCE: MUPADS VOL. 5.12
C--PURPOSE:
C REMVII UILL PERFORM THE "REMOVE" CUnMAID IN THE "CREATE/EDIT
C SIMULATION DATA SET" SUBPROCESS
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-PERFORM COMMAND
C 1-PERFORM HELP COMMAND
C--OUTPUT PARAMETFRS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR

SUBROUTINE RFADII(IOPT,IERR)
C--NODULE: AOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12.
C--PL!RPOSE:
C RFALII UILL LOCATE THE "(MAStER-DIRECTORY)" AND PUT ITS
C IDRAA IN MAINII.
C IT VILL ALSO OPTIONALLY MAK~E THE "(MASTER-LJIRECTORY"'
C CURRENT.
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L--INPUT PARAMETERS:
C IOPT-OPTION
C I-DO NOT MAKE THE MASTER DIRECTORY DR CURRENT
C 2-DO MAKE THE MASTER DIRECTORY DR CURRENT
C--OUTPUr PARAMETERS:
C IERR-ERNOR CODE
C O-NO ERROR
C .6T.0-DB ERROR CODE

C ,LT.O-CANNOT LOCATE "(MASTER-DIRECTORY)"
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4-02 - SET UP SIMULATION RUN DATA

The programs in the Set Up Simudation Rm, Daae sub;rocesses
which end with the suffix "2I" are in tl•is '.ction.
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SUBROUTINE UJI(JOPT)
C--MODULE; NOPADS/JI
C--REFERENCE: OPAOS VOL. 5.12
C--PURPOSE:
L U121 IS THE ENTRY POINT TO THE "SET-UP SIMULATION RUN DATA"
C SUBPROCESS
C
C--INPUT/OUTPUT PARAMETERS:
c JOPT- ON INPUT IT IS 2. IF ON OUTPUT IT IS ZERO, A TERMINATE
C COMMAND UILL BE EXECUTED.

SUBROUTINE ADD2I(IOPT,IERR)
C--NODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C ADD2I UILL PERFORM THE ADD COMMAND IN THE SET UP SIMULATION
C RUN DATA SUBPROCESS.
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-DO COMMAND
C 1-HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR

SUBROUTINE CRIT21(IDRT,IERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CRIT2I ALLOUS EDITING OF THE FIRE-UNIT T7 CRITICAL-ASSET

C ASSIGNMENTS.
C--INPUT/OUTPUT PARAMETERS:
C IDRT(2)-DDAA OF [HE RUF-DATA LL OF A TALTICAL SCENARIO.
E--OUTPUT PARAMETERS:
L IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS-
C 1-IERR.NE.0



SUBROUTINE DELE2I(IOPT,IERR)
C-MODULE: MOPADS/UI
ý--REFERENCE: NCPADS VOL. 5.12
C--PURPOSE:
C DELE2I WILL PERFORM THE DELETE COMMAND IN THE SET UP SIMULATION
C RUN DATA SUBPROCESS.
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-DO COMMAND,
C I-HELP ':OMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR

SUBROUTINE EDIT2I(IOPTIERR)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C EDIT2I WILL PERFORM THE EDIT COMMAND IN THE SET UP SIMULATION
C RUN DATA SUDPROCESS.
C--INPUT PARAMETERS:
C 1OPT-OPTION
,C O-DO COMMAND
C I-HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR

SUBROUTINE FTS92CIPRT,IDNOIDRAA,IERR,*,.)
C--MODULE: HOPADS/UI
C--REFER.HCE: MOPADS VOL. 5.12
C--PURPOSE:
C FTS21 WILL LOCATE A SPECIFIED TACTICAL SCENARIO DR IN THE
C CURRENT DR ON THE WORMING D3.
C--INPUT PARAMETERS:
C IPRT-PRINT OPTION
C I-PRINT ERROR MESSAGE IF SCENARIO NOT PRESENT
C 2-DO NOT PRINT
.C IONO-IACTICAL SCENARIO NUMBER
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C--OUTPUT PARAMETERF:
C IDKAl())-DRAt OF THE TACTICAL SCENARIO. ZERO IF NOT FOUND.
C IERR-ERROR LE
C 0-90 EIRGR
C .NE.0-DBC") ERR(OR CODE
C--ALTERNATE RETURIS:
C. I-TACTICAL SCENARIO NOT FOUND
C 2-IERR.NE.0

----------------------------------------------------------

SUBROUTINE USE2I(IOPT,IERR)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C USE2I UILL PERFORM THE USE COMMAND IN THE SET UP SIMULATION
C RUN DATA SUBPROCESS
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-DO COMMAND
C 1-HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
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5-0 31 - EXAMINE STATISTICS

The programs in the Examine Statistics subprocesses which end
with the suffix "31" are in this section.
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SUDROUTIME U13ItJOi'T)
C--hODULE: MOPAD3/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C U131 IS THE ENTRY POI:!T TO THE "EXAMINE STATISTICS"
C SUBPROCESS
C--INPUT/OUTPUT PARAhETER5:
C JOPT-ON INPUT IT 13 3. IF ON OUTPUT IT IS ZERO, A TERMINATE
C COMMAND WILL BE EXECUTED

SUBROUTINE ADSM3I(NRI,NR2,ITfP)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C ADS031 WILL OUERY THE USER FOR AN ADSM LABEL OR AN ADSM ACC.
C IT WILL RETURN THE TYPE OF THE ADSM AND iHE COPY ROU NUMBER(S)
C OF THAT TYPE
C--3UTPUT PARAMETERS:
C NRI,NR2-COPY ROU NUMBER(S) OF THE SPECIFIED ADSM.
c FOR EXAMPLE: IF THE USER RESPONDS UITH "G1H2",
C THEN NRI=NR2=THE COPY ROU NUMBER OF
C THAT UNIT
C IF THE USER RESPONDS UITH "H",AN ACC, THEN
C NRI=I AND NR2=NCNEXT-i. I.E. ALL THE
L COPY ROU NUMBERS
C IF NRI=O ON RETURN, THEN RETURN TO THE SECONDARY MENUC 17YP-THE SYSTEM MODULE TYPE OF T14E '.PECIFIED ADSM. E.G.

C FOR AN IHAUK, ITYP44

SUBROUTINE CA103I(1C2,IERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOFADS VOL. 5.12
C--PURPOSE:
C CA103I IMPLEMENTS THE PRINT COMMAND FOR THE MAIN CATEGORY
C OF OPERATOR TASK FRACTION STATISTICS
C--INPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ISEC IN SUBROUTINE MENU3I
C FOR THE VALUES.

p
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r--OUTPUT PARAKETERS:
i IERR-ERrOR CODE
C 0-NO ERROR

.NE.O-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C !-IERR.NE.0

SUBROUTINE CAT331(IC2,IERR,*)
C--MOIULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CAT33I IMPLEMENTS THE PRINT COMMAND FOR THE MAIN CATEGORY
C OF AIR DEFENSE UNIT.
C--INPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ISEC IN SUBROUTINE MENU31

C FOR THE VALUES.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C ,NE.0 DBCS ERROR CODE
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

SUBROUTINE CAT431(IC2qIERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MUPADS VOL. 5.12
C--PURPOSE:
C CAT43I IMPLEMENTS THE PRINT COM:1ANDL FOR THE MAIN CATEGORY
C OF OPERATOR
C--IiPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ISEC IN SUBROUTINE MENU3I
C FOR THE VALUES. ,,

C--OUTPUT PARAIETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C 1-IERR.NE.O

ILA
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SUBROUTINE CAT531(IC2,IERR,*) '
C--MODULE: MOPADS/VI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CAM5I IMPLEMENTS ThE PRINT COMMAND FOR THE MAIN CATEGORY
C OF AIR SCENARIO.
C--INPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ISEC IN SUBROUTINE MENU3I
C FOR THE VALUES.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.O DBCS ERROR CODE
C--ALTERNATE RETURNS:
C 1-IERR.NE.O

SUBROUTINE CAT631I(C1.tI E'%R,*)
C--MODULE: MOPADS/UI
C--REFERENCE: hOPADS VOL. 5.12
C--PURPOSE:
C CAT631 IMPLEMENTS THE PRINT COMMAND FOR THE MAIN CATEGORY
C 0; SAINT TASK NuL'E STATISTICS.
C--INPUT PARAMETERS:
C 1C2-THE SECONDARY CATEGORY. SEE ISEC IN SLUBROUJTINE MENU31
C FOR THE VALUES.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR

C -IERR.NE.O 0

SUB~ROUTINE CAT731(IC2,IERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C -PURPOSE:
c. CAT731 IMPLEMENTS THE PRINT COMMAND FUR THE MAIN CATEGORY
C OF SAINT RESOURCE STATISTICS.
C- -THPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ]SEC IN SUBROUTINE MENU31
C FOR THE VALUES.
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C--OUTP? T ?ARAMEYERS:
c IERR-7RFOR CODE
C O-NO ERROR
C ,NE.0 DBCS ERROR CODE
C--ALTERNATE KETURNS:
C 1-IERR.NE.0

"SUBROUTINE CATB31(IC2,IERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
"C CAT831 IMPLEMENTS THE PRINT COMMAND FOR THE MAIN CATEGORY
C OF SAINT USER STATISTICS.
"C--INPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ISEC IN SUBROUTINE MENU3I
C FOR THE VALUES.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0 DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE CAT9SI(IC2,IERR,*)
f -- MODL.t"F MPF DS/UI
L--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CAT93I IMPLaMENTS THE PRINT COMMAND FOR THE MAIN CATEGORY
C OF MOPADS CUUNT STATISTICS.
C--INPUT PARAMETERS:
C IC2-THE SECONDARY CATEGORY. SEE ISEC IN SUBROUTINE MENU3I
C FOR THE VALUES.
"C--OUTPUT PARAMETERS:
C IEkR-ERROR CODE
C O-NO ERROR
C .NE.0 DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.O
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SUBROUTINE DISP3I(IOPT,IERR)
C--MODULE: MOPADS/UI
C--REFERENCE: NOPADS VOL. 5.12
C--PURPOSE:
C DISP3I UILL PERFORM THE DISPLAY COMMAND IN THE "EXAMINE

C STATISTICS" SUBPROCESS.
C--IKPUT PARAMETERS:
C IOPT-OPTION
C O-DO COMMAND
C 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DB ERROR CODE

SUBROUTINE FDOP3(IrERR,*)
C--M)DULE: MOPADS/UI
C--REFERENCE: HOPADS VOL. 5.12
C--PURPOSE:
C FDOP3I WJILL FIND THE ACN'S O1 ALL ADSM"S AND LABELS OF ALL
C OPERATOR TYPES FOR USE IN THE "EXAMINE STATISTICS"
C SUBPROCESS. FDOP3I ASSUMES THAT EACH ADSI TYPE IN THE
C SIMULATION DATA SET IS REPRESENTED BY A REFERENCE ADSN.
"C--OUTPUT PARAMETERS:
"C IERR-ERROR CODE
C 0- K ERROR
C .NE.O-DBCS ERROR CODE
"C--ALTERNATE RETURNS:
"C 1-IERR.NE.O
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SUBROUTINE HEAD3I(ISKIP)
C--NODULE: NOPADS/Ul
C--REFERENCE: MOPDS VOL. 5.12
C--PURPOSE:
C HEAD3I MILL PRINT A HEADING COASISTING OF THE
C
C DS NAME
C 3D TITLE
C SIMULATION DATA SET NUMBER
C IACTICA! SCENARIO NUMBER
C RUN NUMiER
C
C IT IS PRINTED ONLY ON THE NOPADS OUTPUT FILE, SO IT IF
C THE DISPLAY OPTION (IST3(4)) IS 1, HEAD3I HAS NO EFFECT.
C--INPUT PARAMETERS:
C ISKIP-PAGE SKIP OPTION
C I-SKIP PAGE BEFORE PRINTING
C 2-DO NOT SKIP PAGE
C 3-DO PAGE SKIP ONLY(DO NOT PRINT HEADER)

SUBROUTINE LNFD3](KLNS)
C--NODULE: MOPADS/UI
C--REFERENCE: NOPADS VOL. 5.12
C--PURPOSEs
C LNFD3I MILL LINE FEED ON EACH DISPLAY DEVICE SPECIFIED BY THE
C DISPLAY OPTION, IST3I(4), IN THE -EXANINE STATISTICS"
C SUBPROCESS.
C--INPUT PARAMETERS:
C KLNS-NUMBER OF LINES TO LINE FEED(MAY BE ZERO)

"SUBROUTINE MENU3I(ISCR,ISEL)
"C--MODULE: MOPADS/UI

"* C--REFERENCE: NOPADS VOL. 5.12
C--PURPOSE:
C MENU3I UILL PRINT ONE OF THE STATISTICS MENU SCREENS AND
C RETURN FHE USER'S MENU SELECTION.
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C--INPUT PARAMETERS:
C ISCR-SCREEN NUMBER TO PRINT. ISCR IS ONE OF THE FOLLOUING:
C IF ISCR=O, RETURN UITH NC ACTION
C IF ISCR.LT.O, THE MENU UILL NOT &ýE PRINTED, ONLY A
C RESPONSE UlLL BE REDUES TED.
C
L I-MAIN CATEGORY MENU

¶1 C 2-2NDARY CATEGORY MENU FOR MAIN CATGORY OF AIR DEFENSE
C UNIT
C 3-" " OPERATORS
C 4-" e AIR SCENARIO

SC 5-° " SAINT TASK
6-C NODE STATSSC 6-0 " SAINT RESOURCE

C STATS
"" C 7-" " SAINT USER STATS

C 8-" " NOPADS COUNT
C STATS

, C 9-" " MOPADS OPERATOR
C TASK FRACTION
C STATS
C 10-" " MOPADS TRACE
C--OUTPUT PARAMETERS:

- C ISEL-THE USER'S MENU SELECTION, ONLY A SUBSET OF THE
C FOLLOUING RESPONSES IS VALID FOR EACH SCREEN SHOUN ABOVE.
C MENU INSURES THAT A RESPONSE VALID FOR THE CURRENT
C SCREEN IS GIVEN. IF THE USER GIVES THREE INVALID
"C RESPONSES IN A ROU, ISEL=I IS RETURNED.

C 1-EXIT PRINT COMMANDI-)
"C 2-RETURN TO MAIN MENU(O)
C 3-AIR DEFENSE UNII(1)
C 4-OPERATORS(2)
C 5-AIR SCENARIO(3)
C 6-SAINT TASK NODE S(ATISTICS(A)

*r 7-SAINT RESOURCE STATISTICS(B)
C 9-SAINT USER STATISITICS(C)
C 9-MOPADS COUNT S1ATISTICS(D)
C 1O-HOPADS OPERIfUR TASK FRACTION STATISITICS
C 11-MOPADS TRACE
C 12-TOGGLE DISPLAY DEVICE(*)
C 13-ALL STATISTICS(EXCEPT TRACE)(+)
C 14-PRINT MENU ASAIN(?)
"C 15-TIME INTERVAL(TI)
C 16-PRINT TRACE(PR)

*. C
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SUBROUTINE O'ER3I(ITYP)
C--NODULE: NOPADS/Ul
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C OPER31 UILL OUERY THE USER FOR N OPERATOR LABEL.
C FOR EXAMPLE, -ASO- FOR THE IHAU ASO.
C ALSO, "** CAN BE USED FOR THE
C OPERATOR LADEL TO SIGNIFY ALL OPERATORS. E.G. "
C FOR ALL OrERATORS.
C--OUTPUT PARAMETERS:
C ITYP-OPERATOR TYPE.
C IF ITYP.GT.O, IT IS THE OPERATOR lYPE
C IF ITYP.EO.O, RETURN T0 MENU
C IF ITYP.EO.-I, AN -*- UAS ENTERED

tI

""IRB•RUTINE PCOU3IfNROU,ICLCT,NRNI
CC--AODLE: NOPADS/Ul
"C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C PCOU3I WILL PRINT COUNTER STATISTICS
C FOR ONE ADSM
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE ADSM
C ICLCT-INDEX NUMBER OF THE STATISTIC TO PRINT. IF ICLCT=O,
C PRINT ALL STATISTICS FOR THIS UNIT. IF ICLCT.LT.O,
C DO NOT PRINT HEADER.
C NRN-RUN NUMBER FOR THESE STATISTICS.

SUBROUTINE PRES31(NROU,ICLCT,NRN)
C--MODULE: MOrADS/UI
"C--REFERENCE: MOPADS VOL. 5.12
C--PUrPOSE:
C '.PRES3I UILL PRINT RESOURCE STATISTICS
SC FOR ONE ADSM. FRES3I UILL NOT PRINT RESOURCES UHOSE
C LABEL IS BLANK.
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE ADSM
C ICLCT-INDEX NUMBER OF THE RESOURCE TO PRINT. IF ICLCT=O,
C PRINT ALL RESOURCE STATISTICS FOR THIS UNIT. IF
C ICLCT.LT.O, DO NOT PRINT HEADER.

* C NRN-NUMBER OF RUNS FOR THFSE 3TATISTICS.
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SUBROUTINE PR!N3I(IOPTIERR)
C--MODULE: HOPADS/UI
L--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C PRIN3I WILL EXECUTE THE PRINT COMMAND IN THE "EXAgINE
C STATISTICS" SUBPROCESS.
C--INPUT PARAhETERS:
C IOPT-OPTION
C O-DO COMMAND
C 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .6T.O-D1ICS ERROR CODE

--------------------------------

SUBROUTINE PRLN3I(LINL,
"C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C PRLN3I WILL PRINT A LINE OF STATISTICS INFORMATION IN
C VARIABLE LINE31. IT WILL PRINT IT ON ALL OUrPUT DEVICES
C SPECIFIED BY THE DISPLAY OPTION, IST3I(4), OF THE "EXA'I1NE
C STATISTICS" SUBPROCESS. COLUMN I OF LINE3I WILL MOT BE
C PRINTED ON THE TERMINAL. IT WILL BE PRINTED ON THE LINE
C PRINTER DEVICE FOR CARRIAGE CONTROL.

P. C--/NFUr PARAMETERS:
C LINL-LINE LENGTH
C 1-72 COLUMNS (ONLY !HE 1ST 72 COL'iMPS OF LINE3I WILL BE
"C PRINTED)
C 2-130 COLUMNS

SUBROUTINE PTFS31I(NROU,ICLCT.NRN.IDOP)
C--MODULE: MOFPDS/UI
C--REFERENCE: 4OPADS VOL. 5:12
C--PURPOSE:
C PTFS31 WILL PRINT OPERATOR TASK STATISTICS
C FOR ONE ADSM ANI! ONE OR MORE OPERATORS.
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C-'-IMPUT PARAME7ERS!
C NROU-COPY ROY NUMBER OF THE ADSM
C ICLCT-TASK NUNBER OF THE ST';ISTIC TO PRINT. IF ICLCT=O,
C PRINT ALL SIATISTIr. FOR THIS UNIT. IF ICLC1.LT.O,
C DO NO PRINT HEADER.
C NRP-RUN NUMIER FOR ThESE STATISTICS.
C IDOP-OPERATOR ID. IF IDOi=O,PF4NT FOR ALL OPERATORS IN THE ADSM.

SUBROUTYNE PTHS31INPOU,ICLCTPRN)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPACS VOL. 5.12
C--PURPOSE:
C PTHS31 UILL PRINT TASI. HISTOGRAMS
C FOR ONE ADSM
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE ADSM
C ICL CT-INDEX NUMBER OF THE HISTOGRAM TO PRINT. IF ICLCTzO,
C PRINT ALL HISTOGRAMS FOR THIS UNIT.

* C NRN-RUN NUMBER FOR THESE HISTOGRAMS.

SUBROUTINE PTSR3I(NROUNODE,NRN)
C--hODULE: NOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C PTSR31 UILL PRINT TASIK RUN STATISTICS
C FOR ONE ADSM
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE ADSM
C NODE-NODE NUMBER OF THE STATISTICS TASK TO PRINT. IF NODEzO,
C PRINT ALL NODE STATISTICS FOR THIS UNIT. IF NODE.LT.Ot
C DO NOT PRINT HEADER.
C NRN-RUN NUMBER FOR THESE STATISTICS.
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--- ---------- --

SUBROUTINE PTSS31(NROU,NODE,NRN)
C--NODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C PTSS31 UILL PRINT TASK SUMMARY STATISTICS

C FOR O4E ALSM
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE ADSM
C NODE-NODE NUMBER OF THE STATISTICS TASK TO PRINT. IF NODE=O,
C PRINT ALL NODE STATISTICS FOR THIS UNIT. IF NODE.LT.O,
C DO NOT PRIN) HEADER.
C NRN-NUMBER OF RUNS FOR THESE STATISTICS.

SUIROUTINE PUCL3I(NROU,ICLCTNON)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C PUCL31 WILL PRINT USER COLLECTED OBSERVATION STATISTICS
C FOR ONE ADSM
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE ADS;:
C ICLCT-INDEX NUMBER OF THE STATISTIC TO PRINT. IF ICLCT=O,
C PRINT ALL STATISTICS FOR THIS UNIT. YF ICLCT.LTO,
C DO NOT PRINT HEADER.
C NRN-RV4 NUMBER FOR THESE STATISTICS.

SUBROUTINE PUHS3I(NROUICLCTNRN)
C--NODULE: MOPADS/UI
C--REFERENCE: NOPADS VOL. 5.12
C--PURPOSE:
C PUHS31 UILL PRINT USER HISTOGRAMS
C FOR ONE ADSM
C--INPUT PARAMETERS:
C NKOU-COPY ROU NUMBER OF THE ADSM
C ICLCT-INDEX NUMBER o0 THE HISTOGRAM TO PRINT. IF ICLCT=O,
C PRINT ALL HISTOGRAMS FOR THIS UNIT.
C NRN-RUN NUMBER FOR THESE HISTOGRAMS.
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SUBROUTINE PUTh3I(NROUICLCT,NRN)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPiSE:
C PUHM3I WILL PRINT USER COLLECTED TIME PERSISTENT STATISTICS
C FOR ONE ADSM
C--INPUT PARAMETERS:
C NROU-COPY ROU NUMBER OF THE APSM
C ICLCT-INDEX NUMBER OF THE STAITTIC TO PRINT. IF ICLCT=O,
C PRINT ALL STATISTICS FOR THIS UNIT. IF ICLCT.LT.O,
C DO NOT PRINT HEADER.
C NRN-RUN NUMBER FOR THESE STATISTICS.

SUBROUTINE RCDB3I(NI,N2,N3,IDL,IELL,LRAY,IERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: nOPADS VOL. 5.12
C--PURPOSE:
C RCD83I WILL READ ANY HOLLERITH ARRAY WITH UP TO THREE
C DIMENSIOhS FROM A MOPADS DATA BASE, CHARACTER, ONE DIMENSIONAL
C DATA LIST. IT IS USED TO READ MSAINT ARRAYS FROM THE
C DI FOR STATISTICS ANALYSIS. THE ARRAY MUST BE
C WRITTEN TO THE DATA BASE WITH SUBROUTINE
C UCDB3I.
C
C ---- NDTE---- HOLLERITH IS NOT A STANDARD FORTRAN 77 DATA
C TYPE. THIS PROGRAM IS INCUDED FOR COMPATIBILITY
C WITH MSAINT UHICH USES HOLLERITH FOR LABELS.
C
C--INPUT PARAMETERS:
C NI.N2,N3-DIMENSIONS OF LRAY. SEE BELOW.
C--INPUT/OUTPUT PARAMEIERS:
C IDL(2)-DBAA OF THE DATA LIST TO READ FROM
C IELL-ON INPUT, THE ELEMENT OF THE DATA LIST WHICH
C CONTAINS THE FIRST ELEMENT OF LRAY. ON RETURN,
C THE ELEMENT OF THE DATA LIST FOLLOWING THE LAST
C ELEHENT OF LRAY.
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C--OUTPUT PARAMETERS:
c LRAY(Nl,kH2,N3)-THE HOLLERITH ARRAY TO READ. IF THE A.RRAY
C HAS FEWER THAN 3 DIMENSIONS, SEND
C N2 AND/OR N3 EQUAL TO ZERO.
L IERR-ERROR CODE
C 0-HO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTIHi RIDB3I(N1,N2,N3,IDL,IELL,IRAY,IERR,*)
C--MODULE: MOPADS/VI
C---REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C RIDB31 WILL READ ANY INTEGER ARRAY WITH UP TO THREE
C DIMENSIONS FROM A MOPADS DATA BASE, REAL, ONE DIMER'S10NAL
C DATA LIST. IT IS USED TO READ MSAINT ARRA(S FROM THE
C DIb FOR STATISTICS ANALYSIS. THE ARRAY MUST BE
C WRITTEN TO THE DATA BASE WITH SUBROUTINE
C UIDD31.
C--INPUT PARAMETERS:
C N1,N2,N3-DIMENSIONS OF IRAY. SEE BELOW.'
C--IOPUT/OUTPUT PARAhETERS:
C !DL(2)-DOAA OF THE DATA LIST TO READ FROM
C IELL-ON INPUT, TH4E ELEMENT OF THE DATA LIST WHICH
C CONTAINS THE FIRST ELEhENT OF IRAY. OiN RETURN,
C THE ELEMENT OF TH4E DATA LIST FOLLOWINO3 THE LAST
C ELEMENT OF IRAY.
C--OUTPUT PARAMETERS:
C IRAY(N1,N2, N3-THE INTEGER ARRAY 'TO READ. IF THE ARRAY
C HAS FEWER TMAN 3 DIMENSIONS, SENL,

c N2 AND/OR N3 EQUAL TO ZERO.
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.0-DBCS ERROR CODJE
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
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-- - - - - - - - - - - - - - -

SUBROUTINE RRPB3I(NlN2,N3.IDL,IELLXRAY,IERR,•) I
C--MODULE: MOPADS/UI

C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C RRDB31 UILL READ ANY REAL ARRAY UIrH UP TO THREE
C DIMENSIONS FROM A MOPADS DATA BASE, REAL, ONE DIMENSIONAL
C DATA LIST. IT IS USED TO READ MSAINT ARRAYS FRJM THE
C D1 FOR STATISTICS ANALYSIS. THE ARRAY MUST BE
C URITTEN TO THE DATA BASE UITH SUBROUTINE
C URDB3I
C--INPUT PARAMETERS:
C NI,N2,N3-DIMENSIONS OF XRAY. SEE BELOW.
C--INPUT/OUTPUT PARAMETERS:
C IDL(2)-DBAA OF THE DATA LIST TO URITE TO.
C IELL-O0 INPUT, THE ELEMENT OF THE DATA LIST TO
C READ INTO THE FIRST ELEMENT OF XRAY. ON RETURN,
C THE ELEMENT OF THE DATA LIST FOI.LOUING T'IE LAST
C ELEMENT OF XRAY.
C XRAY(NI,N2,N3)-THE REAL ARRAY TO READ. IF THE ARRAY
C HAS FEUER THAN 3 DIMENSIONS, SEND
C N2 AND/OR N3 EQUAL TO ZERO.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.O

SUBROUTINE RSRN3I(tRN,IDRUNIDSTAT,IERR,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C RSRN3I VILL READ THE RUN DATA STATISITICS INTO SAINT ARRAYS
C--INFUT PARAMETERS:
C NRN-RUN NUMBER
C--INPUTIOUTPUT PARAMETERS:
C IDRUN(4)-DRAA OF THE RUN-NRN DR
C IDSTAT(4)-DRAA OF THE STATISTICS DR
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO DATA BASE ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C 1-IERR.NE.0 OR CORRECT DB DATA NOT FUUNH
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SUBRIUTINE RSTS3I1ITS,IDBTS,IERR,*)
V--MODULE: IOPAD3/UI
C--REFERENCE: AO6"AD! VOL. 5.12
C--PURPOSE:
C RSTS3i VILL READ THE MSAINT-DATA AND LABELS DL'S FROM
r A CIDE 5 DIRECTORY INTO MSAINT ARRAYS
C |
C--INPUT PýAMETERS:
C ITS4TACTICAL SCENARIO NUMBER
C--INPUT/OUTPUT PARAO.ETERS:
C IDBTS(4)-DRAA OF THE STATISTICS(CODE 5) DR
C--OUTPUT PARAIIETERS:
C IERO-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNaTE RETURNS:
C I-IERR.NE.0 OR CORREC( DATA BASE DATA NOT FOUND

---------- ------------------------------------------------------------•BbTN NU1IPER

SUBROUTINE SHOU3I(IOPT,IERR)
C--MODULE: MOP14DS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C SHOU31 VILL PERFORM THE SdOU COMMAND IN THE "EXAMINE
C STATISTICS" SUBPROCESS
C--INPUT PARAMETERS:
C IOPT-OPTION

C O-DO THE COMMAND
C I-DO HELP COMMAND
C--OUTPUT PARAMETERS:
c IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DB ERROR COLDE

SUBROUTINE 7OGL3I
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C TOGL3] WILL QUERY THE USER FOR THE DISPLAY DEVICE.
C ACCEPTABLE RESPONSES ARE T-TERMINAL, P-PRINTER, AN11'1
C B-BOTH. Ii THREE ERRORS ARE MADE IN SUCCESSION, V
C THE DISPLAY OPTION IS SET TO T.
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SUBROUTINE USE3I(IOPT,IERR)
C--MODULE: MOFADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C USE3I WILL PERFORM THE USE COMMAND IN THL 'EXAMINE 3TATISTICS"
C SUBPROCESS.
C--INPUT PARAMETERS:
C XOPT-OPTION
C O-DO COMMAND
C 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR

C .NE.0-DB ERROR CODE

SUBROUTINE UCDB3I(LRAY,NIN2,N3,IDL,IELL,IERR,*) 1I
C--MODULE: MOPADS/1JI
C--REFERENCE: MOPADS VOL. 6.12
C--PURPOSE:
C UCD23I ILL URITE ANY HOLLERITH ARRAY UITH UP TO THREE
C DIMENSIONS TO A MOPADS DATA BASE, CHARACTER, ONE DIMENSIONAL
C DATA LIST. IT IS USED TO URITE MSAIFT ARRAYS TO THE
C DB FOR STATISTICS ANALYSIS. THE ARRAY MUST BE
C RETRIEVED FROM THE DATA BASE UITH SUBROUTINE
C RCDB3I.
C
C ---- NOTE---- HOLLERITH IS NOT A STANDARD FORTRAN 77 DATA
C TYPE. THIS PROGRAM IS INCUDED FOR
C COMPATIBILITY UITH MSAINT, UHICH USES
C HOLLERITH FOR LABELS.
C--INPUT PARAMETERS:

C LRAY(N1,N2,N3)-THE HOLLERITH ARRAY TO URITE. IF THE ARRAY
C HAS FEWER THAN 3 DIMENSIONS, SEND
C N2 AND/OR N3 EDUAL TO ZERO.
C--INPUT/OUTPUT PARAMETERS:
C IDL(2)-DBAA OF THE DATA LIST TO URITE TO.
C IELL-ON INPUT, IHE ELEMENT OF THE DATA LIST TO
C RECEIVE THE FIRST ELEMENT OF LRAY. ON RETURN,
C THE ELEMENT OF THE DATA LIST FOLLOWING THE LAST
C ELEMENT OF LtAY.
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C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.0-DPCS ERROR CODE
C--ALTERNATE RETURNS;
C 1-IERR.NE.0

SUBROUTINE UIDB3I(IRAYN1,N2,N3,IDL,!ELLIERR,*) *1U
C--tIODULE: MOPADS/Ul
C--REFERENCE: MOPADS vOL. 5.12
C--PURPOSE:
C UID831 WILL WRITE ANY INTEGER ARRAY UITH UP TO THREE
C DIMENSIONS TO A MOPADS DATA BASE, REAL, ONE DIMENSIONAL
C DATA LIST. IT IS USED TO WRITE MSAINT ARRAYS TO THE
C DB FOR STATISTICS ANALYSIS. THE ARRAY MUST BE
C RETRIEVED FROM THE DATA BASE UITH SUBROUTINE
C RIDB3I.
C--INPUT PARAMETERS:
C IRAY(N1,N2,N3)-THE INTEGER ARRAY TO WRITE. IF THE ARRAY
C HAS FEWER THAN 3 DIMENSIONS, SEND
C N2 AND/OR N3 EQUAL 10 ZERO.
C--INPUT/OUTPUT PARAMETERS: ,xi
C IDL(2)-DBAA OF THE DATA LIST TO WRITE I..
C IELL-ON INPUT, THE ELEMENT OF THE DATA LIST TO
C RECEIVE THE FIRST ELEMENT OF IRAY. ON RETURN,
C THE ELEMENT OF THE DATA LIST FOLLCWING THE LAST
C ELEKENT OF IRAY.
C--OUTPUT PARAMETERS:
C IERR-ERRr)R CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE URDB3IhXRAY,N1 ,N2,N3,IDL,IE~..L,IERR,4)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12 I

C--PURPOSE:
C WRDB31 WILL WRITE ANY REAL ARRAY WITH UP TO THREE
C DIMENSIONS TO A MOPADS DATA BASE, REAL, ONE DIMENSIONAL .
C DATA LIST. IT IS USED TO WRITE MSAINT ARRAYS TO THE
C DB FOR STATISTICS ANALYSIS. THE ARRAY MUST BE
C RETRIEVED FROM THE DATA BASE WITH SUBROUTINE
C RRDB31

d.'I
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SC--INPUT PARAMETERS:
C XRAY(Nt,N2,N3)-THE REAL ARRAY TO URITE. IF THE ARRAY
C HAS FEWER THAN 3 DIMENSIONS, !END
C N2 AND/OR N3 EQUAL TO ZERO.
C--INPUT/OUTPUT PARAMETERS:
C IDI.(2)-DBAA OF THE DATA LIST TO WRITE TO.
C IELL-ON INPUT, THE ELEMENT OF THE DATA LIST TO
C RECEIVE THE FIRST ELEMENT OF XRAY. ON RETURN,
C THE ELEMENT OF THE DATA LIST FOLLOWING THE LAST
C ELEMENT OF XRAY.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.0

0
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6-0 o i - CREATE/EDIT AIR SCENARIO

The progrrms in the Create/Edit Air Scenario subprocesses

ihich end with the suffix "41" are in this section.

I.
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SUBRCUTINE UI4!JOPT)
C--hODVLkt MVPA3S/UI
C--REFERENCEi NOFADS VOL. 5.12
C--PURPOSE:

U141 IS THE SINGLE ENTRY POINT FOR THE 'CREATE/EDIT SCENARIO
C DATAW SUBPROCESS.
C
C--INPUT/OUTPUT PARPMETERS:
C JOPT-ON INPUT IT IS 4. ON OUTPUT IT IS ZERO IF A T!RMINATE
C COMMAND HAS BEEN ISSUED.

SUBROUTINE ADAR4I(IOPT,IERR)
C--hODULE: MOPADS/UI
C--REFERENCE: MCPADS VOL. 5.12
C--PURPOSEs
C ADAR41 VILL PERFORN THE ADD-AIR COMMAND IN THE "CREATE/EDIT
C SCENARIO DATA' SUBPROCESS

* C
C--INPUT 7ARAMETERS:
C IOPT-OPTION
C O-DO CCMMAND
C 1-D0 HELP COMMAND
C--DUTPUT PARAMETERS:
c IERR-ERROR CODE
C O-NO ERROR
C .NE.O-DBCS ERROR

"SUBROUTINE ADAS4I(IOPT,IERR)
C--MODULE: MGPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:

SC ADAS41 UILt PERFCRM THE ADD-ASSET COMMAND ;N THE "CREATE/EDIT
SC SCENARIO DATA" SUBPROCESS.
C--INPUT PARAMETERS:
C IOPT-OPTION

* C O-DO COMMAND
C 1-HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0- NO ERROR
C .NE.0-DBCS ERRUR CODE

I
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SUBRUIJT.NE DELE41%IOPT,IERR)
C--NOD!ILE: hOrADS'UI
C--RFFEREN'E: ;.OPA'S VOL. 5.12
C--PURPOSE:
C DELE4I WILL PERFORM THE DELETE COhMAND IN THE "CREATE/EDIT
C SCENARIO DATA" SUBPROCESS.
C--INPUT PARAHETEPS:
C IOPT-OPTION
C O-DO COMMAND
C 1-HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.O-DPCS ERROR CODE

!SUBROUTINE FAR41INDB,LABEL.IDRAAIERR,*,*)
C--MODULE: hOPADS/UI
C--REFERENCE: hOPADS VOL. 5.12
C-PURPOSE:

C FAR41 UILL LOCATE A PARTICULAR AIR SCENARIO IN THE CURRENT
C CRITICAL ASSET CONFIGURATION DIRECTORY OR RETURN AN
"C INDICATION THAT IS IS NOT PRESENT.
C--INPUT PARAMETERS:
C NDB-DATA BASE (I-UORKING, 2-REFERENCE)

C LABEL-(CHARACTER) LABEL OF (HE AIR SCENARIO TO FIND
C--OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE FOUND AIR SCENARIO. ZERO IF NOT FOUND.
C !ERR-ERROR CODE
C O-NO ERROR

SC .NE.0-DBCS ERROR
C--ALTERNATE RETURNS:
C 1-AIR SCENARIO "LABEL" NOT FOUND
C I: 2-IERR.NE.0

------ -- ~-----------------------------------------------
a..'

SUBROUTINE FAS!4JNDB,ID,IDRAA,IERR,*,*)
C--MODIULE: MOPADS/UI
C--REtiRENCE: MOPADS VOL. 5.12
C--PURPOSE:
C FAS41 WILL LOCATE A PARTICULAR ASSET CONFI(G. IN THE
C SCENARIOS DIRECTORY OP RETURN AN
C INDICATION THAT IS IS NOT PRESENT.
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C--INPUT PARAMETERS:
C NDB-DATA BASE (t-UOKKING, 2-REFERENCE)
C ID-SECOND UORP OF T4E ASSET ID TO FIND
C--OUTPUT PARAMETERSi
C IDRAA(4)-DRAA OF THE FOUND ASSET CONFIG. ZERO IF NOT FOUND.
C IERR-ERROR CODE
C 0-NO ERROF.
C .NE.0-DBCS ERROR
C--ALTERNATE RETURNS:
C t-ASSET CONFIG."ID" NOT FOUND
C 2-IERR.NE.O

SUBROUTINE FTR4I(NDB,ITYP,IDDAA,IERR,*,*)
C--MODULE: MOPADS/UI
C--REFERENCE: HOPADS VOL. 5.12
C--PURPOSEg
C FTR4I WILL CHECK FOR THE PRESENCE OF A PARTICULAR TRACK TYPE
C (HOSTILEFRIENDLYOR OTHER) DL IN THE CURRENT AIR SCENARIO
C DIRECTORY.
C--INPUT PARAMETERS:
C NDB-DATA BASE (1-UORKING,2-REFERENCE)
C ITYP-TYPE OF DL TO LOOK FOR
C i-HOSTILE
C 2-FRIENDLY
C 3-OTHER
C--OUTPUT PARAHETERS:
r C IDBAA(2)-DBAA OF THE FOUND DL
C IERR-ERROR CODE

C O-NO ERROR
C .NE.0-DBCS ERROR
C--ALTERNATE RETURNS:
C 1-TRACK DL OF TYPE ITYP NOT FOUND
C 2-IERR.NE.0

SUBROUTINE GET41'IOPTIERR)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C GET4I WILL PERFORM THE GET COMMAND IN THE "CREATE/EDIT
C AIR SCENARIO" SUBPROCESS.
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-DO COMMAND
C 1-HELP COMMAND

IT



C--CUTPUT PARAMEIERS:
C IERR-FR`OR CODhE
C 0-NO ERROR
C .Ni.0-DOCS ERRO.'

SUBPOUTINE RENA4I(IUPT,IERR)
C--MODULE: 9IOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C RENA41 VILL PERFORM THE RENAME COMMAND IN THE "CREATE/EDIT
C AIR SCENARIO" SUBPROCESS
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C 0-DO COMMAND
C 1-HELP COtiMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.0-DOCS ERROR

SUBROUTINE RFSC41(NDBIOPT,IERR)
C--NODULE: MOPADS/VI
C--REFERENICE: MOPADS VOL. 5.12
C--PURPOSE:
C RFSC41 MILL LOCATE THE "SCENARIOS" DIRECTORY AND PUT ITS
C IDRAA IN IDRF5I FOR THE SPECIFIED DS.
C IT VILL ALSO OPTIONALLY MAKE THE "SCENARIOS"
C DIRECTORY CURRENT.
C--INPUT PARAMETERS:
C NDl-D4TA BASE (1 -ORK I G ,2-REFERENCE)
C IOPT-OPTION
C 1-DO NOT WAE THE SCE!PARIOS DR CURRENT
C 2-DO MAKE THE SCENARIOS DR CURRENT
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C G6T.0-DB ERROR CODE
C .LT.0-CANNOT LOCATE "SCENARIOS" DIRECTORY



SUBROUTINE SAVE41(IOPT,lERR)
C--UIOD'JLE: flUPABS/UI
C--REFEREiNCE: MOPADS VOL. 5.12
C--PURPOSE:
C SAVE41 VILL PERFORM THE SAVE ýOMnAND 1N THE "CREATE/EDIT
C AIR SCENARIO" SUBPROCESS.
C--INPUT PARAMETERS:
C ZOPT-OPTION
C 0-DO COMMIAND
C 1-HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
c .NE.0-DOCS ERROR
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7-0 51 - CREATE/EDIT RJLFRENCL -YST51 MODLE

The programs in the Create/Edit Reference System Module sub-

processes which end with the suffix "5I" are in this section.
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SUBROUTINE U:51(JOPT)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C UISI IS THE ENTRY POINT TO THE PCREATE/ED!T REFERENCE SYSTEM
C MODULE" SUBPROCESS
C
C--INPUT/OUTPUT PARAMETERS:
C JOPT- ON INPUT IT IS 5. IF ON OUTPUT IT IS ZERO, A TERMINATE
C COMMAND UILL BE EXECUTED.

SUBROUTINE ADD5I(IOPTIERR)

C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C ADD5I UILL PERFORM AN 'ADD' COMMAND IN THE "CREA7E/EDIT REFERENCE
C SYSTEM MODULE" SUBPROCESS
C
C--INPUT PARAMETERS:
C IOPT-OPTION

C v-PERFORM COMMAND
C 1-PERFORM HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR

SUBROUTINE CHANSI(IOfT,IERR)

C--MODULE: MOPADS/Ul
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CHANSI VILL PERFORM A CHANGE COMMAND IN THE CREATE/EDIT
C REFERENCE SYSTEM MODULE SUBPROCESS.
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-PERFORM COMMAND
C I-PERFORM HELP COMMAND
C--OUIPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR
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SUBROUTINE ýHEN5I(IERR,*,*) I
C--AODULE: R.."'DS, Ul

C--REFERENCE: hI2PADS VOL. 5.12
C--PURPOSE:
C CHEN5I DOES EDITING OF THE ENVIRONMENT STATE VECTOR OF
C THE CURRENT ADSM. ONLY THE WORKING DB MAY BE EDITED.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR
C--ALTERNATE RETURNS:
C 1-COMMAND CANCELLED
C 2-!ERR.NE.0

SUBROUTINE CHOP5I(IERR,*,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CHOP5I ALLOWS THE USER TO EDIT OPERATOR STATE VECTORS FOR
C THE CURRENT ADSM. ONLY THE WORKING DB MtAY BE EDITED.
C
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O ENO ERROR
C NE.O-OBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-COMMAND CANCELLED
C 2-IERR.NE.0 ".

SUBROUTINE CHR5I(IERR,*,*)
C--MODULE: hOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CHRSI ALLOWS THE USER TO EDIT THE RESOURCE AND RESOURCE LAWEL
C DL'S FOR THE CURRENT ADSM. ONLY THE WORKING DB MAY BE EDITED.
C
C--OUfPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C t-COMMAND CANCELLED
C 2-IERR.NE.0
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---------------------------------------------------------------------URTNECT5(R,,*

SU-RCUTINE CHTDSI(IERR,*,*)
C--MODULE: MOPADS/Ul
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:CUF

C ADSM. ONLY THE UORKIN3 D8 MAY BE EDITED.
C--OUTPUT PARAMETERS:
C - ERR-ERROR CODE

C O-NO ERROR
C NE.0-DBCS ERROR
C--ALTERNAI.. RETURNS:
C 1-COMMAND CANCE'.LED
C 2-IERR .NE.0

SUBROUTINE CRES5I(NACC,IDRAA, ERR,*,*)
C--MODULE: MOPADS/iI t.

C--REFERENCE: MOPADS VOL, 5.12
C--PURPOSE:
C CRES5I MILL CREATE THE ENVIRONMENTAL STATE VECTOR(EN) DATA
C LIST FOR A NEU REFERENCE ADSM. DEFAULT VALUES ARE USED.
C--INPUT PARAMETERS:
C NACC-THE VALUE OF NECC(ACC). ACC IS THE ADSM CHARACTER CODE
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE ADSM
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DB ERROR
C--ALTERNATE RETURNS: 0

C O-NO ERROR
C 1-DB ERROR, IERR.NE.O
C 2-CANCEL COMMAND

---------------------- j----.------------------------------- r'9

SUBROUTINE CROP51I(NACC,IDRAA,IERR,*,*)
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C CROPSI CREATES OPERATOR STATE VECTORS(OP) AND AN OPERATOR TYPE
C (OT) DL IN A NEU ADSM. DEFAULT VALUES ARE LOADED FOR ALL
C VARIABLES.
C
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C--IHPUT PARAMETERS:

C NACC-THE VALUE OF NECC(ACC). ACC IS THE ADSM CODE CHARACTER.
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE ADSM
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-HO ERROR
C .NE.0-DB ERROR
C--ALTERNATE RETURNS:
C O-NO ERROR
C 1-D1 ERROR,IERR.NE.0
C 2-CANCEL ISSUED

SUBROUTINE CRRSSI(NACC,IDRAA,IERR,*,*)
C--MnDULE: HOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12 4'

C--PURPOSE:q
C CRRSSI CREATES THE RESOURCE(R) DATA LIST AND THE RESOURCE LABEL
C (RL) DATA LIST ON NEU REFERENCE ADSM'S.
C--INPUT PARAMETERS:
C NACC-THE VALUE OF NECC(ACC)., AZC IS THE ADSM CHARACTER CODE
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-THE DRAA OF THE ADSM
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .. NE.0-DBCS ERROR CODE
C--ALTERNATE RFTiRNS:
C O-NO ERROR
C I-DB ERROR, IERR.NE.O
C 2-CANCEL ISSUED

SUBROUTINE CRTDS:(NACC,IDRAA,IERR,*,*) k3
C--MODULE: MOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12 •p.
C--PURPOSE:
C CRTDSI CREATES A TASK DATA(TD) LIST IN A NEW REFERENCE ADSM.
C--INPUT PARAMEfERS:
C NACC-THE VALUE OF NECC(ACC). ACC IS THE ADSM CHARACTER CODE
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE ADSM
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SUBROU'iNE GTGLSI(IOL,NEXT,IDBAA,IERR,*,*)
[--MODULE: MUPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C GTGL5I WILL GUERY FOR GOAL PARAMETERS AND LOAD THEN INTO AN,

C OPEKAZZý sTATE VECTOR

C--INPUT PARAMETERS:
C ]GL-THE GOAL NUMBER TO GET PARANiTER VALUES FOR
C NEXT-IST ELEMENT OF THE OSV FOR G'JAL IGL.
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA or THE OSV ,.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR
C--ALTERNATE RETURNS:
C o-NO ERROR
C 1-]B ERROR, IERR.NE.O
C 2-CANCEL TYPED

SUBROUTINE OPCLSI (lOP i, IP;IT,NI:EL,NLENX)
C--MODULE: IOPADS/U]
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C GPCL5I UILL OPEN OR CLOSE SPACE IN AN ARRAY. FOR EXAMPLE,
C TO OPEN NOEL ELEMENTS AT LOCATION IPNT, OPCL5T WILL SHIFT
C (END OFF!) THE CONTENTS OF THE ARRAY X DOWN NDEL ELEMENTS
C STARTING AT IPNT AND STORE ZERO IN THE ELEMENTS IPNT TO
C IPNT+NDEL-1. SIMILARLY, TO CLOSE NOEL ELEMENTS STARTING AT

C IPNT, OPCL5I WILL OVFRWRITE ELEMENTS IPNT TO IPNT'NDEL-1 ,•

C WITH THE ELEMENTS IPNI+HDEL TO IPNT+NDEL+NDEL-1. ALSO ALL
C SUBSEQUENT WORDS WILL BE SHIFTED AND THE ARRAY WILL BE
C ZERO FILLED FROM THE END.
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C 1-OPEN
C 2-CLOSE ,77
C IPNT-ELEMENT CF X AT WHICH TO STARI THE SHIFT t
C NOEL-NUMBER OF ELEMENTS TO SHIFT
C NLEN-LENGTH OF X
C--INPUT/OUTPUT PARAMETERS.
C X(NLENi-ARRAY TO SHIFT
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SUBROUTINE READ5I(NVALS,VALS)
C--MODULE: POPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C READ5I UILL READ A L!NE OF NVmLS VALUES TO THE ARRAY VALS,
C IF A "*" IS SPECIFIED FOR ANY VALUE, TNH£ CORRESPONDING
C ELEMENT OF VALS UILL NOT BE CHANGED.
C
C--INPUT PARAMETERS:
C NVALS-THE NUMBER Of VALUES TO READ. ALL MUST BE ON ONE LINE.
C IF FEUER THAN NVALS FIELDS ARE ON THE LINE, THE REMAINING
C ELEMENTS OF VALS UILL BE UNCHANGED. IF NVALS=0,RETURN UITH
"C NO ACTION
C--OUTPUT PARAMETERS:

" C VALS(NVALS)-OUTPUT ARRAY

SUBROUTINE RENA5I(IOPT,IERR)
C--MODULE: HOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12

* C--PURPOSE:
C RENASI UILL PERFORM THE RENAME COMMAND IN THE °CREATE/EDIT
C REFERENCE SYSTEM MODULE* SUBPROCESS.
C--INPUT PARAMETERS:
C IOPT-OPTION
C 0-DO COMMAND
C 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROx CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE

SUBROUTINE RFADSI(NDB,IOPTIERR)
C--MODULE: MOPADS/UI
C--REFERENCE: NOPADS 9OL. 5.12
C--PURPOSE:

* C RFADSI UIlL LOCATE THE "REFERENCE ADSM" DIRECTORY AND PUT ITS
"C IDRAA IN ID'FSI FOR THE SPECIFIED DB.
"C IT MILL ALSO OPTIONALLY MAKE THE "REFERENCE-ADSM"
C DIRECTORY CURRENT.
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C--:NP3T PbJRAMETERS:
C Na)B-DATA BASE(1-UOPKING,2-REFERENCE)
C JOPT-OPTION
C 1-DO NOT MAKE THE REF ADSM DR CURRENT
c 2-DO MAKE THE REF-ADSM DR CURRENT
C--OUTPUT PARAMETERS:
C !ERR-ERROR CODE~

0-NO ERROR
c .GT.0-DB ERROR CODE
C .LT.0-CANNOT LOCATE *REFERENCE-ADStI" DIRECTORY

SUBROUTINE SAVE51(10PT,IERR)
C--hODULE: NOPADS/UI
C--REFERENCE: MOPADS VOL. 5.12
C--PURPOSE:
C SAV.ESI UILL PERFORMI rHE SAVE COMMAND IN THE "CREATE/EDIT

C--U U REFERENCE SYSTEM MODULE" SUBPROCESS.

LC--INPUT PARAMETERS:

C--OTPUTPARAMETERS:
C IERR-ERROR CODE

SC 0-NO ERROR
C .NE.0-DBCS ERROR CODE

SUBROUTINE USE51(IOPT,IERR)

C--MODULE: MOP'ADS/Ul
C--REFERENCE: MOF'ADS VOL. 5.12
C--PURPOSE:
C USE51 UILL PERFORM THE USE COMMAND IN THE "CREATE/EDIT

C REFERENCE SYSTEM MCDIJLE" SUBPROCESS

S. C--INPUT PARAMETERS:
C IOPT-OPTION

a C 0-DO COMMANDrC 1-DO HELP COMMAND
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROA
C NME.0-DSCS ERROR CODE
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VI. USER INSTRUCTIONS

SIS~Each of the five subprocesses has a single entry point program
named UI?I where the 'T' isl an integer from one to five. This sub-

program contaias the FFSP data structure for the L:omm&.nds of that

subprocess. Each command i.s processed by a separate subprogram.

The command programs are called from the entry point program.

Tt is, therefore, easy to understand and trace the structure
of each subprocess by starting at the ent.y point program for the

subprocess. Various utility programs are included in each

subprocess whose purpose, and uses can be discussed from theira context and internal documentation.

T I 7
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VII. ERROR PROCESSING

1-0 THE USER INTERFACE

The user interface is an interactive processor. It never ter-
minates execution of the MOPADS program. Data entry errors are
trapped by the program. An explanrtory message is printed, and the
user is given the opportunity to re-enter the data. Alternatively,
the program may cancel the command being processed and return to the
command mode. The user may then issue the command again.

Execution will be terminated, however, if a fatal data base
error occurs. Such errors should not occur, of course, but non-
recoverable errors in the DBCS will cause the program to be ter-
minated. Little damagc to the deta base should result, because
the DBCS operates in the "safe" mode for the user interface, see
Polito 1983(b). Any such error should be diagnosed by a MOPADS
modeler, however.

2-0 THE MAIN MODULE

The primary function of the main module is to read MOPADS data
cards and direct control to the user interface or to the MSAINT
module. Therefore, the main module operates as though it were in a
batch environment. Any errors found in the data cards or in per-
forming initial program set-up will cause execution to terminate.
Error processing uses subroutine ERRORA from the DBAP. Also, some

error messages are written with simple write statements from the
Main module.

I
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VIII. COMMON VARIABLE DEFINTIONS

1-0 THE USER INTERFACE

COMMON variables for the user interface are shown in the
following forms.
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2-0 THE MAIN M¶ODUThE

COMMON variables for the main nodule are shown in the

following forms.
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"* TERMINOLOGY
%

1-0 STANDXRD MOPADS TERMINOLOGY.

AIR DEFENSE SYSTEM A component of Air Defense which includes
4Y,,', equipment and operators and for which techni-

,I I cal and tactical training are required.
Examples are IHAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of operator actions and equipment
"MODULE characteristics for Air Defense Systems in

"the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the SAINT
model and all data needed to completely
define task element time, task sequencing
requirements, and human factors influences.

"AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air

defense battle. The Air Scenario includes
aircraft tracks safe corridors, ECM, and
"other aircraft and airspace data. See also
Tactical Scenario.

BRPNCHING A term used in the SAINT simulation language
to mean the process by which TLSK nodes are

sequenced. At the completion of the simulated
activity at a TASK node, the Branching from
that node determines which TASK nodes will be
simulated next.

DATA BASE CONTROL That part of the MOPADS software vhich performs

SYSTEM all direct communicaticn with the MOPADS Data

Base. All information transfer to and from
the data base is performed by invoking th- sub-
programs which make up the Data Base Control
System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army doct:entation and other data needed to

prepare Air Defense System Modules.

ENVIRONMENTkL An element of an Envirorinental State Vector.
STATE VARIABLE

"U-7
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ENVIRONMENTAL A'a array of values representing conditions or
STATE VECTOR characteristics that may affect more than one

operatoi. Elements of Environmental State
Vectors may chan.e dynami camly during a HOPADS
simulation to represent changes in the environ-
ment conditions.

MODERATOR FUNCTION A mathema.tical/logical relationship which
alters the no.inal time to perform an operator
activity (usually a Task Element). The nominal
time is changed to represent the operator's
capability to perform the activity based on the
Operator's State Vector.

MOPADS DATA BASE A computerized data base designed specifically
to support the MOPADS software. The XOPADS
Data Base contains Simulation Data Set(s). It
c-micates interactively with MOPADS Users
during pee- and post-run data specification and

S•dynamically with the SA3NT software during
simulation.

. MOPADS MODELER An analyst who will develop Air Defense System
"Modules and modify/develop the IOPADS software
system.

, MOPADS USER An &naryst who vii1 design and conduct simu-
. - lation eXz."rients vith the MOPALS software.

V MSAINT(MOPADS/SAINT) The variant of SAIMT used in the MOPADS system.
The standard version of SAIMT has been modified
for MOPADS to permit shareable subnetvorks and
more sophisticated interrupts. The terms SA1Xt

and YSALIT are used interchangeably when no
confusion will result. See also, SAl=.

* OPERATOR STATE One elemen* )f an Operator State Vector.
VARIABLE

OPERATOR STATE An array of values representing the condition
VECTOR and characteristics :f an operator of an Air

Defense Syste=. Many values of the Operator
State Vector viIi cha-nge dynamically during
the course of a !:?AZS simulation to represent
changes in ope-rator conditicn.

U-
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OPERATOR TASK An operator acti--ity identi.ied d6ing

vearP=3 system fronI-end znlyses.

SAINT The underlying ccputer simulation language
jused to model Air Defense Systems in Air
P Defense System Modules. SAINTT is an acronym

"for Systems Analysis of Integrated Netvorks of
Tasks. It is a vell documented language designed
specifically to represent human factors aspects
of man/machine systems. See also MSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required simu-
"lation initialization and other experimental
"data needed to perform a MOPADS simulation.

.4

"SIMULATION STATE At any instant in time of a MOPADS simulation
V.t.Ve Simulation State is the set of values of all

variables in the MOPADS software and the MOPADS
Data 3ase.

SYSTEM MODULUS See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of critical
assets end the air defense configuration
(number, type and location of veapons and the
cI oand and control system).

. TACTICAL SCENARIO An element of a Tactical Scenario; e.g., if a
COMPONENT Tactical Scenario contains siveral Q-T3's, each

"one is a Tactical Scenario Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions vhich, vhen grouped
* appropriately, make up operator tasYku. Task

elements are usually represented by single
SAI•UT TASK noade in Air Defense System Modules.

p° U-9
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TASK NODE A modeling symbol used in the SAIMT simulation
language. A TASK node represents an activity;

% depending vpon the modeling circumstances, a
TASK node may represent an individual activity
such as a Task Element, or it may represent an
aggregated activity such as an entire Operator
Task.

TASK SEQUENCING A mathematical/logical relationship which
"MODERATOR FUNCTION selects the next Operator Task which an

operator will perform. The selection is based
upon operator goal seeking characteristics.

2-0 OTHI•I TEPMINOLOGY.

.- COL Character data list.

CONTROL PART The first 10 words of each record. The
control part contains information used
internally by the IDCS.

DATA BASE The collection of user information and
.control information that is processed by the
DBCS.

DATA BASE FILE A computer file stored on disk that
contairs the data base.

DATA LIST A list of values (character or numeric)
that is user specified and is stored in a
data base.

•: ~U-"i 0
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DATA PART That part of a record that stores user
xpecified data. Records are componed of
a control part and a data part.

DB Data Base.

DBA Data Base Address. The record nimber of
a record on disk.

DBAA Data Ease Access Address. The DBAA Is a two
word address for data lists. consisting of
a DMA and a IBCSA.

DBCS Data Base Control System.

DBCSA Data Base Control System Address. An
address in-core where a record is stored.

DBF Data Base File.

DIRECTORY A collection of data lists and other
directories.

OL Data List.

DR Directory.

DRAA Directory Access Address. The DRAA is a
four word address for directories consisting
of a IMA, DBCSA, and the current directory
and data list positiont of the directory.

ID Identify. DL's and DR's have identifiers
that are lists of integers and are stored
in their ovning directory.

U-11



IDL Integer Data List.

INITIAL DATA BASE The MA of the first record of a data list
ADDRESS or directory.

INTERNAL STORE Reco:d storage used temporarily for working
storage by the DECS.

IS Internal Store.

LDL Label Data List.

RDL Real Data List.

SAF Smoothed Access Frequency.

TEMPORARY STORE Record storage for records that are
immediately available to be "bumrped" out
of core by incuning records.

TS Temporary SLore.

WORKING STORE Record storage for records that have semi-
permanent in-core residence because of the
value of their SAF's.

WS Working Store.

U-12



I. PURPOSE

This document describes the date management system for the
software which implements the Models of Operator Performance in Air
Defense Systems (MOPADS) programs. The MOPADS boftware must main-
tain a great deal of information about a variety of subjects:

1. Data which describes the Air Scenp.rio to be simulated,

2. Data which describes the tactical scenario which
includes location and characteristics of air defense
units, the command and control system, and the co-
ordinate reference system,

3. Data which describes the characteristics of the cpera-
tors of air defense systems and the environment in
which they function,

4. Data which describes the dynamic relationships of
operator tasks, and

5. Data which represents statistics collected during
simulations.

A!- of this information must be maintained in an easily accessed and
edited form, and it must be addressed in a way that permits multiple
data sets to co-exist without confusion.

The most effective way to accomplish this is with a unified
data management system or a data base. This document describes the
Data Base Control System (DBCS) module of the MOPADS software. The
DECS is described in general terms as a data management system. The
structure of the MOPADS specific data base used by the MOPADS soft-
ware is described in detail elsewhere (Polito (1983a)).

The DBCS is a non-traditicial data base manager. However, the
organization of the MOPADS data base file most nearly resembles a
hierarchical data base. It is ion-traditional in the sense that
rapid access of datum elements is needed during MOPADS simulations.
The DBCS utilizes a data address that is passed into and out of the
DBCS wnich permits rapid access of required data. The address pre-
cludes most hierarchical searches in the data base file to locate
data; thus it eliminates many disk accesses. Furthermore, the DBCS
dynamically retains the most frequently accessed data (not merely
the most recently accessed) in core, so disk reads are minimized.
These fe3tures malte the DBCS a reasonably fast tocl for storage and
retrieval of data.

U-13



The DBCS module is a collection of FORTRAN 77 subprograms vhich
may be called by user programs to manipulate a DBCS data oese file.
It has extensive error trapping features, and several protection mcdes
from read-only to a risky, but fast, i&ode that exposer. the dr.ta base
to damage if an error occurs. This flexibility permits the Lser pro-
grams to tailor the DBCS performance to their requirements.

U-14



II. DATA STRUCTURE DESCRIPTIONS

1-0 DBCS DATA BASK.

1-1. Directories and Data Lists.

Directories and data lists (DR's and DL's) are the
two organizational structures that comprise a DBCS data base. A
data list is exactly what its name implies; it is an ordered list
of data. DL's are physically where information is stored in the
data base. Data lists may be designated as being of type real,
integer, or character. Abbreviations for each type are RDL (real),

IDL (integer), and CDL (character). RDL's and IDL's may be one
or two dimensional. CDL's may have only one dimension.

Every data list may have a label which gives its name,
and every element of a data list may have a label. DBCS labels
are maintained in special label data lists (LDL's). LDL's are
maintained internally by the DBCS, and labels may have only 25

characters. As an example, a character data list may have an
element (say the seventh) whose label is "NAME" and whose value
is "JOHN DOE." It is possible to access "JOHN DOE" by requesting
"NAME," but this is slow. A faster method is to remember that
name is the seventh element and request it directly. The DBCS
has facilities for addressing data both ways.

Furthermore, each user created directory and data list
has an identifier (ID) which is a list of integer ntumbers. The
length of the list is application dependent. The ID's provide
another way to locate and organize data in the data base.

Directories are collections of data lists and other
directories. Directories are said to "own" DL's and other direc-
tories which belong to it. Thus a hierarchy of directories is
formed in which each directory (with the exception of certain system
directories which are described lator) is owned by another directory
and which may own other directories. This hierarchy is a tree
since no directory is owned by more than one directory. (Note: it
is technically possible to create directories which have no owner-
i.e. disjoint trees, and disjoint cycles of directories, but this
practice is not recommended since it may be difficult to "find"
these disjoint structures in the data base.)

Figure II-i is a schematic of a DBCS data base. The nota-
tion shown in the legend is used throughout to designate directories
and data lists in data base schematics. This notation points out
that directories may have labels, also. Every DBCS data base (DB)
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IDRI(MASTER-DI RECTORY) DR j(SYSTEM-DIRECTORY 1

DR DIRECTORY-i

DR DIREC IROFY-3-

DR DRET R, JIETR-

I DL
RDL - Data lists
CDL
DL

Figure 11-1. Schematic of a DBCS Data Base.
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is created with a master directory whose label is "(MA-'YEin-DIRECTORY)."
In addition, a disjoint directory labeled "(SYSTFM-DIREcTORY)" is also
created. The system directory is used internally by tae DBCS and is
never directly accessed by application p-:ograms.

An application program has created four additional DR's in
Figure II-1. DIRECTORY-1 and DIRECTORY-3 are owned by (MASTER-DIR-
ECTORY). DIRECTORY-1 owns DIRECTORY-2 and DIRECTORY-3 owns
DIRECTORY-4 and two data lists labeled DATA-LIST-1 and DATA-LIST-2.
(NOTE: Labels may contain any character including blanks; by con-
vention we will use "-" instead of blanks to separate words, however.)

There is no limit to how many DL's and DR's a directory may
own. Moreover, DL's and DR's may be created and deleted at will, and
DL's may be read, written, extended, and shortened at any time.

1-2 The Structure of a Directory.

A directory may be considered as a list of DL and. DR ID's
as shown schematically in Figure 11-2. Every DL or DR which belongs
to a directory must have an ID of the same length, but this length
may differ from directorL to directory. In other words, it is a
characteristic of the directory.

The element T identifies the types of antitity (DR, IDL, RDL,
or CDL) for the column. The address element A, is used internally
by the DBCS to physically locate information on the data base file.
The physical column in the directory which holds an entity's ID is
its "position." DL and DR columns will be intermixed .in the directory. p

A directory may have two ranking codes (one for DL's and one"V%
for DR's) which determine the order that DL and DR columns appear in
the directory. Table II-1 shows how to assign ranking codes. For
example, if the DL ranking code is 2, then the columns which represent
DL's in the directory will appear in order of increasing values of ID
element 2 (e.g., element 2 of column 4 would have a greater value than
element 2 of column 2). Conversely, if the ranking code were -2, the
columns would appear in decreasing order of ID element 2. No ordering
is specified if the ranking code is zero. In case of ties, the
ordering is not, predictable.

A directory that is being accessed has a current "directory posi-
tion" for DL's and DR's which is the most recently accessed directory
and data list position. For example, if column 6 were the most recently .
accessed data list and column 22 were the most recently accessed direc-
tory, then the current data list position and the current directory
position would be 6 and 22, respectively.

The DBCS automatically positions DL's and DR's within a directory.,
The only time an application program need be concerned with the direc-
tory position is when accessing data with instructions such as: "find
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1 3 4 5 6

T

A -

ID - identifiers of owned DL's and DR's

T - entity type (1-DR, 2-IDL, 3-ROL, 4-CDL)

A - internal address to the owned entity

P - the colum~n number is the "position" of
the entity

Figuare 11-2. Directory Structure.

the next data list in the for,;ard (increasing directory position)
direction,'! or "find the next directory whose ID element 24 ii less
than 6 in the backward directioni." In these cases, it is iiecessary
for the applicat ion nrogram to r.=tain aware of the current directory
position.
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Table II-1. Ranking Codes for Directories and Data Lists.
%*" ...

Ranking Codes for Owned Directories "

Code Meaning

0 not ranked

n increasing order of ID element n •7•.

-n decreasing order of ID element n

_________ Ranking Codes for Owned Data Lists

Code Meaning

0 not ranked

n increasing order of ID element n .

-n decreasing order of ID element n

1-3. The Structure of a Data List.

Data lists are merely one or two dimensional lists of
numbers or character strings. Character data lists (CDL's) may only
be one dimensional, but the length of each element (in .,haracters) is
user selectable. In other words, one CDL may have 10 ::haracters per
element and another may have h0. Label data lists (LDL's) are special
CDL's which are manipulated only by the DBCS and they always have 25
characters/label.

Real and integer data lists (RDL's and IDL's) may have one or
two dimensions. Two dimensional DL's may be thought of in the usual
row-coluxz sense except in one important instance. The DBCS allows
DL's to be extended (i.e., more elements added) and truncated (elements
deleted). For one dimensional DL's, this produces no conceptual
difficulties: elements are added and deleted from the end of tle DL.

For two dimensional DL's, we must specify whether columns or
rows are to be added or deleted. This gives rise to two typcs of
two dimensional data lists: "column oriented" and "row oriented."
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If a DL is column oriented, then the maximum row dimension is speci- %N
fled and columns may be added and deleted at will. If it is row
oriented, then the maximum 2olumn dimension is specified and as many
rows as desired may be added or deleted. Figure 11-3 shows this
distinc!tion.

If the row and column dimensions of a two-dimensional DL will
remain fixed, then the orientation should be chosen to maximize •.
access efficiency. It is most efficient to access column oriented
DL's by columns (or parts of columns) and row oriented DL's by rows
(or parts thereof). For example, it ir faster to read all of rori 6
of a row oriented DL than row 6 of a column oriented DL.

2-0 DBCS DATA BASE FILES. K1

2-1. Structure or the Data Base File.

The DBCS data files are direct access, unformatted FORTRAN.
files. They are comprised of linked lists or records. This means
that each record in such a file may have a predecessor and a sue-
cessor record. The record numbers of the predecessor and successor
records are stored in data fieldsof the record (if no predecessor or
successor exists, then the appropriate field is zero). A record's
Data Base Address (DBA) is its record number The DBA is the primary
means of locating irfoxmation on the DB file. The Initial Data Base
address of a DL or DR is the DBA of the first record that makes up its
record chain.

Data lists and directories are linked chains of records that .
contain sufficient storage to hold all of the information in the DL
or DR. The DBCS performs all bookkeeping and record manipulation;
thus the details of the data file implementation are transparent to
the user.

2-2. Structure of Data Records.

Record one is a special record which contains various DB
parameters. It has a special structure which is described sub-
sequently. All other records have the structure described in this
section.

Records a7e divided into two sections: the control part ,nd
the data part. The control part contains information that alloas the
DBCS to efficiently store and retrieve information from the DB. The
data part holds information inserted by the user. There are ten
words in the control part of each record (actually, there is a DBCS
variable, NWCPD, that determines the control part size, but this is
only to allow for possible DBCS modifications). All rnaining words
in a record belong to the data part. The total record size is under
user control and may be selected to maximize the efficiency of disk
storage hardware.

U-20

7, 7-



*ounOriented"

1 2 3 4 5 6 7

fixed **

* T"Row Oriented"

fixed

2

3

4

Figure 11-3. Two Dimensional Data Lists.
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The definit ioris ol the various fields in the control part of

records is shovli in Table 11-2.

Words WI and 03 are the predecessor and successor UBA's,
respectively. W2 is the record's 'own EBA. When a record is read

into core storage, W2 is made negative if any of the data in tiie
record is suhsequently changed. This is an indication that the

Sin-cor# iersion of the record has information that is not yet up-
dated c:n the data base file. WA is the Initial DBA of the DL or DR.
Thus, it is always possible to go directly to the beginning of a
record chain, and, more importantly, it is possible to determine if
two records belong to the same record chain by comparing their W4
values.

If the record is a data list, then it has an LDL (which may
be empty if no elements are labeled). The initial DBA of the LDL
is given in W5. The label of the data list is the first element of
its LDL. Then the second element of LDL is the label of the first
element of the DL and so on. LDL's have W5=0 since they have no
LDL.

If the record belongs to a directory, W5 contains DL and DR
ranking information. The ranking codes, RDL and RDR, for data lists
3nd directories have values as shown in Table II-1. Directories
.re actually two dimensional, column oriented IDL's whose maximum
row dimension is the length of the ID's plus two (see Figure 11-2)
TNWADD (See Section VIII) is a DBCS variable whose value is two (the

number of extra rows in directories). The formula W5 = RDL*(W8-Y.4
ADD) + RDR is an easily coded and decoded way to store the ranking
codes in a single word. (See SlBRCUTINE RKDIRD in Section V for
details.)

W6 is the Initial DBA of the owner of the record. It is a
dLirectory for DR's, IDL's, IUDL's, and CDL's (zero for no owner) and
1ihe owner DL for LDL's. W7 is the DB entity type.

W3 holds dimension information for this entity. For CDL's
and LDL's, W8 is the number of characters per element. These DL~s
hold character data, and the length in characters of each element
must be specified. W8 is always 25 for LDL's. This implies that

0 DL element labels and DL labels may have a maximum of 25 characters.
CDL's and LDL's are one dimensional lists.

RDL's and IDL's may be two dimensional and either row or
"* column oriented. For one dimensional IDL's and RDL's, W8 = 1. For

two dimensional column oriented DL's, W8 is the maximum row dimen-
sion. It is the negative of the maximum column dimension for row
oriented DL's. For directories, W8 is the maximum row dimension
since DR's are just special two dinensional IDL's.

Ut''+ U- 22
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Table 11-2. The Control Part of Records.

Word Mnemonic Description

1 W1 Predecessor MA (zero if none)

h2 W2 DBA of this record

3 W3 Successor DBA (zero if none)

14 W4 Initial Date Base Addresb of the DL or DR

5 W5 For Data Litts: The Initial DBA of the LDL
(zero if this is an LDL)

S.For Directo:ies: The combined ranking codes
"for DL's or DR's.
RDL((W8-NWADD) +RDR
See discussion

6 W6 Initial DBA of the owner directory (zero if
none). Exception: if this is an LDL, W6 in

• the Initial DBA of the owning DL.

7 W7 Eatity ryppe (1-Directory, 2-IDL, 3-RDL,
4-CDL, 5-ILDL)

"8 W8 For Data Lists:

"a. Fcr CDL's and LDL's: the number of
"characters per element

b. For IDL's and RDL's: tVi maximum
row or column dimomsions

If W8>1, column oriented
"If W8<0, row ori nted
If W8=1, one dimensional
See discussion

I

For Directories:

The maximurn row dimensions (directories
are really column oriented
IDL's). See discussion.

"t -

9 W9 Index of the first element of the DL or DR
"in this record

10 WIO Index of the last element of the DL or DR"" in this re:cord

U-23
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W9 and WI0 are the indexes uf the first and last elements in
the data part of the record. Elements arc numbered from one to infin-
ity (even for two dimensional DL's). Thus, the first ;.ecord of a DL
might have elements (-ne tc fifty (W9ul, Wl=50), and the second record
could have elements 51 to 58 (W9=51, W10=55). A new record is added

* to the record chain when the data part of the current record is filled.
* The DBCS internally determines which elements belong to what row and

column for two dmensional DL's and DR's.

Undefined numeric elements are zero and character elements are
blank. For example, if element 50 of an IDL is set to zero, but
elements 1-49 were not yet set, then element3 1-49 exist and are equal

*. to zero.

When a data list is created, an LDL is created for it whichi always contains at least one e2ement (the I label). If no label is
specified for the DL, a default c-f "(UNLABELED)" is used. If the data
list is then populated, but no element labels are specified, then the
LDL still contains only one element. However, if the label of an un-
labeled DL element is requested, the DBCS responds with "(UNLABELED)."

In addition to the user created information, the data parts of
each record contain two numbers used internally by the DBCS. The DBCS
retains frequentlv accessed records in fast core storage in order to
reduce the number of disk accesses. In order to do this, it must keep

* track of the access frequency of each record. It needs two values to
do this. The DBCS counts the c-mulative number t • accesses to the
data tase and computes a smoothed a•'cess frequency for each record.
When a record is written to disk, the current access count and the
current smoothed access frequency for the record are written with it.
The mnemonics for these values are TSLU and SAF, respectively. These
concepts are discussed more fully in Section 3-0 below.

Figure 11-4 shows how these values are stored in the lata par4.
There are two cases. For directories and numeric data lists, TSLU
and SAF are stored in the first two words of the data part. The suo-
sequent words in the data part are the data list elements indexed by
"W9 and V10 of the control part. For character data lists and label
data lists, TSLU is written to the first 15 characters of the data
part with a G15.7 FORTRAN format editing specification. SAF is
written to the next 9 characters with an F9.6 specification. The

* remaining characters of the data part are partitioned into elements
* of lengta W8 and are indexed by W9 and W10. Any partial elements (of

"less thai W8 characters) at the end of the data part are unused. In
otber words, character elements are not split between records.

2
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1. Data Parts for Directories, Integer Dl's and Real DL's

1 2 3 4 "

TSLU SAP

elements indexed by W9 and
W1O of the control part

2. Data Parts for Character and Label Data Lists

S15 %+ 9

TLUs° sAP I
elements indexed by W9 and
W1O of the control part

TSLU is stored with a G15.7 specification.

SAF is stored with a F9.6 specification.

Figure I-1. Structure of the Data Parts of Records.
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2-3. The Master Director-y.

Every DB has a master e¶irectory whose DBA is record two.
It has the following characteristics:

lab'el. • "(MASTUR DIRECTORY)"

DL's and DR's - unranked
words/ID - user specified

W6 - zero

The DBA of the waster directory ir always two. Therefore it provides
a standard entry to the DB file. Every DR and DL In the DB should
have an ownership chain which leads ultimately to the master directory.
The user maj insert DL's and DR's in the master directory Just as in
any other directory.

2-4. The System Directory.

The initial DBA of the system directory is three. The
system directory owns three DL's that are used internally by the DBCS.
The user need never be directly concerned with the system directory.
The system directory has one word per ID and the ID's of the three
DL's are 0, 1, and 2. The DL's are as follows:

ID's

0 The Available Record List (ARL).

See Section 2-6 below.

V - The directory label data list.

2 - The initial DBA's of all
directories.

The directory label DL is a CDL which has the labels of all directcries
in the DB. It has 40 characters per element, so directory labels may
have up to 40 characters. If no label is specified when a directory is
created, "(UNLABELED)" is used.

The initial DBA of each directory is stored in the element of the
DL with ID=2 that corresponds to its label in ID=I. In other words, the
DP whose label is in element 16 of the directory label data list will
have its initial DBA in element 16 of the ID=2 DL. If a DR is deleted,
its position in the initial DBA DL is set to zero and the label is set
to "(111USED)" in the directory label data list.

The system directory is not owned by the master directory. It
has no owner, but it can always be addressed since it always begins in
record 3. The DR andDL ranking codes are both one.
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2-5. Record One.

The first rec-ord of every IM file is reserved for EBCS
use. The variables that are written to it are given in Table 11-3
but they are not defined here. See Section VIII.

2-6. Me Available Record List.

During dynamic use of a dat% base, DL's and DR's may be
shortened or deleted. This means that some records on the DB file
will be unused. The IECS keeps track of the DBA's of these records
and re-uses them when new records are needed. The Available Record
List (ARL) is an IDL whose elements contain MlA's of these available
records. The ARL belongs to the system directory (Section 2-4 above).

The ARL helps to keep the DB file smaller by re-using unu.e;d
space which cannot be returned to the operating system. DBA's of
available records are added and removed from the end of the ARL.

Table 11-3. Variables on Record One.

NWRECD(l), N NCDPD, M n(l,-), MxRD(2,-), ALPHD

MLDLAD, MHDLAD, TDLAD, NWADD, KARLD(l,-)

.!

3-0 RECORD STORAGE IN CORE MEIORY.

3-1. The Smoothed Access Freauency.

In order. to reduca the number of disk accesses, the
DBCS computes an access frequency for each record, and then keeps
the most frequently accessed records in core. Since patterns of
record accessing may change over the life of a DB, an exponentially
smoothed access frequency is calculated and used as the basis for
core residence decisions. In order to explain the procedure we
need several mnemonics:

SAF - smoothed accer'• :requency for a record

TDLAD - the cumulative number of record accesses
for all records in the data base since
it was created

ALP.ED - exponertial smoothing constant
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TSLU - for a particular recordi the value of
TDLAD at th, timc its SAF was last
computed

ASLU - the number of accesses to a particular
record since its SAF V s last computed

BNew SAF's are computed for records when they are written to disk,
read from disk, and periodically (see variables' MHDLAD and MLDLAD in
Section VIII) while resident in core. The expreassion ASLU/(TDLAD-TSLU)
evaluated for a particular record is the frequency that the record
was accessed since its last SAF update. Approximate formulas for
updating SAF are given below.

Periodic Update in Core
.7SAF l1-ALFPtD) *SAF + ALPHD*( ASLU )

new old TDLAD-TSLU

Afte. rom Disk
" ~~~~~SAFne (I-.LPHD)*SAFol + L TD ,sO

new old+A~i) TDLAD-TSLU)

Before Writing to Disk

SAF (1ALHD)*SA + ALPHD( ASLU -
new old TDLAD-TSLU

The formulas are approximate because TT)LAD-TSLU is not the same at every
update for everj record. To compcnsate for this, the second term is
weighted for the average update period in the formula for reading and
writing from/to disk. SUBROUTINE SAFD contains the details.

0

Every record in core (whether it has been resident for some time
or has Just been read) has a SAF value which is approximately comparable.
In other words, it represents the smoothed access frequency of the record
based upon nearly the same criteria. The DBCS uses these values to
determine which fecords will havc a tendency to be retained in core.

3-2. The Internal, Temporary, and Working Stores.

The DBCS has two large core storage areas, one for numeric
data and one for character data, in which data records are stored. The
character storage is in a single CHARACTER variable named CSTORD.
Numeric data is stored in a one dimensional array named STORD and KSTORD
(the two names are assigned with the EQUJIVALENCE statement). Each of
these storage areas are partitioned into areas that provide three main
types of storage for the DBCS.

The Internal Store (IS) (actually there are two, a character
internal store and a numeric internal store) iý storage used in a tran-
sient raaner by the DBCS. No records remain in IS space after the
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inmediate operation which the DBCF is performing is completed. A
stack of IS records slots is maintained and allocated to DBCS
processes when needed. These processes then return the slot when
done with them.

The two other areas, the Temporary Store (TS) and Working Store
(WS), are where the DBCS stores records sewm-permanently, and it is
in these areas that the SAY is significant. When a request is
made for a recoj'd that is not in core, it is read into the TS. This
means that a record in the TS may have to be over-written. If so,
the one vith the lowest SAF (usually) iE selected. The record
remains in the TS and may be accessed again while there. Peri-
odically the DBCS recomputes SAF's for all records in the TS and WS.
Any record in the TS with a SAF larger than the minimum SA- in the
WS is swapped into the WS. Thus records which are accessed fre-
quently will appear in the TS frequently and will eventually migrate
to the WS where they have a high degree of core residence persis-
tence.

One exception to the above description occurs. The DBCS allaws
two data base files to be accessed simultaneously. They are re-
ferred to as the Working data base and the Reference data base. The
DBCS assumes that the reference DB is to be used only to copy infor-
mation to and from the working DB. It assumes that the application
program performs its main data transactions with the working DB.
Therefore, SAY's are never re-computed for reference DB records, and
reference DB records are never moved into the working store. They
may exist only in the temporary store. All DBCS functions may be
performed on the reference DB, but because of the above restrictions,
they will usually execute much slower than q~iivalent operations on 7
the working DB.

3-3. Structure of CSTORD and KSTORD/STORD.

The KSTORD/STORD is partitioned into nine sections. An
array, KNPD, with nine elements contains printers to the first element
of each section. In other woras, KNP0(6) is the first element of the
sixth section of KSTORD. The data stored in each section are shown
in Table I-h.

Similarly, the data stored in the character variable, CSTORD,
is partitioned by an array KCPD with three elements. Table 11-5
shows the CSTORD position. In this case, KCPD(i) is the first
character position in CSTORD of section i.

Before describing the structure in each section of the storage
areas we need to define the Data Base Control System Address e,- DBCSA.
When a record is read into core storage, its control part is stored
somewhere in KSTORD. The element of KSTORD where the first word of
the control part is stored is its DBCSA. This is in contrast to the
data base address, or DBA, discussed earlier which is the record's
address on the data base file (i.e., on Olisk).
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Table 11-4. The Partition of KSTORD/STORD.

Section Contents

1 j Control parts of records in the character
internal store

2 Control parts of records in the character
temporary store

3 Control parts of records in the character
working store

S4 Not used

5 Records in the nuimeric internal store

6 Records in the numieric temporary store

7 Records in the numeric working store i

8 Records of the available record list'

9 Not used

Table 11-5. The CSTORD Partition.

Sect ion Contents

1 Data parts of records in the character internal
store

2 Data parts of records in the character i
temporary store

3 Data parts of records in the character
working store
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In-core storage for the Intern.al Store is showr, in Figure 11-5.
Section one of KSTORD is partiioned in segments wihh two more elements
than the length of the control pert. As specified above, the DBCSA
is the first element of the control part. An "in-use" indicator
specifies whether this record storage area is currently being used
"or if it is available to be used. Finally, a pointer to the first
character of the data part that corresponds to this control part is
also stored in KSTORD.

Section 5 of KSTORD/STORD is partitioned into segments to hold
the control part, the data part, and one extra word (which is the
in-use indicator) of the numeric internal store.

The storage scheme for the character TS and WS is shown in -
Figure 11-6. Storage for the numeric TS and WS is shown in
Figure 11-7. The main difference is that the character data part -'

is stored in CSTORD, and a pointer to the data part is maintained
in KSTORD. The SAF and ASLU values for the in-core records is
stored for use in updating the SAF. Also, a indicator of the
DB (working or reference) is maintained.

The predecessor and successor DBCSA's need explanation. As
discussed previously, records of data lists and directories are
linked on the DB file by predecessor and successor DBA's. In a
similar way., those records that belong to a particular record chain
(a DL or DR) that are simultaneously in core are linked by
their DBCSA's. For example, suppose a data list has four records.
On disk, the DBA chain links the first to the second, the second to
the third, and so on. Suppose at some time only the first and
third records of the DL are both in core. The DBCSA chain in the
TS and WS would link the first to the third. It is important to
understand that the on-disk DBA chain and the in-core DBCSA chain are
different. The DBCSA chain may not include some records in the DBA
chain. The DBCS uses the DBCSA pointers to keep track of those
records which belong to the same directory or dcta list.

Finally, the structure of the ARL storage is shown in Figure
11-8. Only a single record of the ARL's for the working and refer-
ence DB's are stored in core. Thus, the ARL's are handled somewhat
differentlythan other DL's. Section 8 of KSTORD/STORD is dedicated
to the core storage for these records.

The size of the arrays KSTORD/STORD and CSTORD and the amount
of storage allocated to their various partitions is controllable by
the user. The procedures for doing so are contained in Section VI.
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Character Internal Store

CSTORD (Section 1) KSTORD (Section 1)

DBCSA

control part

data part

"in-use" indicator (0-not
assigned,1-in use)

lst character of the data part
in CSTORD

Numeric Internal 'tore

KSTORD/STORD (Section 5)

control part data part

"in-use" indicator (0-not assigned, 1-in use)

Figure 11-5. Core Storage for the Internal. Store.
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KSTORD/STGiRD (Section 8)

ront'o i data control dta
part pan part pdrt

working DB reference fB

i

Figure 11-8. Core Storage of the ARL.

4-o DBCS PROTECTION MODES.

4-I. Reed/Write Protection Modes.

Each data base (working and reference) has a user astigned
reed/write protection mode. The avaiiable modes aee explained in
Table 11-6. For mode 1, no changes are permitted to the DB. The
DBCS itself may change control informition on the DB file, but
the user may not change data in the DB.

There are three write modes that trade off increasing access
speed with safety. With mode 2 eve-y change to the data base is
immediately writter. to disk, so the DBF is always current. This is

* the safest but also the sJowest access method. With mode 3, changes
to data lists are not written to disk until the re,ýord in which the
change occurs is removed from core (i.e., bumped from the temporarj
store). Thus, the DB can be out of date while on application pro-
gram is running. The structure and integrity if the D6 is always
protected, however. This mode provides substantial speed advsntages
over mode 2 when active remd/write activity is performed cn many
data lists.

Mode 4 is similar to mode 3 except that even data necessary to
protect the integrity of the DBF is not written to core until
absolutely necessary. If an abnormal termination of the progra=
occurs while in this mode, portions of the DBF may not be recover-
able.
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Table 11-6. Rend/*rrkte ProtectioL Modes.

MLode Value Meanzn#g

1 ~Read Only

2 Write-Safe. The flB may be changed, and
every change is immediately written to disk.

3 Write-Loose. The DB may be changed, but
only data needed to protect the integrity
of the DB is witten to disk immediately
as it occurs. Changes to data lists may
exist only in core and the disk record will
be updated only when the record i.s removed
from uore stcrage. In ease of abnormal
terminallca, same datau lists may lose
information.

14 rit,-Un-afe. Mhe DE ray be changtd, but
no data is writteen to disk unless absaoutely

Snecesrary. If abnornal termination occurs,
the structure of the data baee may be
flawed and irrecoverable.

When a MBF is first created by the MBSS, it has mode 1. The
user may change the mode as often as desired with a subprogram call
(see Section VI).

4-2. Force Read/Write F'lgas.

Because of the read/write protection modes described
above, it is possible for a data list record in core to be different
from the corresponding disk record. Each subprogram which accesses
data list information has force read or forco write flag as one of
its parameters.

If,when writing information to a data list, the force write flag is
"on" then the eMfezted records will ]]=ediately be written to 4isk.
This emulates mode " ror one write access only. In this v~v, it is
possible to trrRt certain data lists as though mode 2 were in effect
wthen, in fact, the true mode is, say, 3. Note, hovever, that the
force write flag does not override mode 1.
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Similarly, when rea-ing frao a DL, a force read flag may be
turned "on" which causes the record to be read from disk even if
the record is resident in the TS or WS. This disk read will over-
write the in-core version if there is one. If the DB is in mode
3 or 4, thtn the i•-coze version of a DL record might contain
informatiou different than tLt ca disk, Using the force read
flag in this case will cause the -n, core version to become
identical to the disk version, anl a DBCS error code 7 will
result (Bee Section VII). VAi does not terminate execution,
but it warns the user that information has been lost.
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11. OVERVIEW OF THE FLOW OF CONTROL

1-0 GENERAL DESCRIfMION.

The IIB is a collection of subprograms which an application
program may use to create and manipulate a data base file. The
DBCS has no main program, so it has no stand alone capability.
It was designed to provide rapid access to data for the MOPADS
system. The DBCS can be used in settings other than MOPADS,
because it has no built in structure that is unique to MOPADS.
It does not, however, have many traditional data b se features
because of its specialized target environment. It also imposses
a somewhat greater burden on applioation programs blan other
similar data base eystems. The DBCS requires the ipplication
program to remember DB address information which is used by the
DBCS to implement fast data access (see Sections V and VI).

2-0 DMM FUNCTIONS.

The rjBCS provides capabilities to perform the folloving
functions on DB files:

1. Open/C'ose DB Files

2. Add/Delete/Rename Directories

3. Add/Delete/Extend/Shorten Data Lists

14. Read/Write Data Lists

5. Set/Change the MB Protection Mode

6. Search Directories for Particular DL'si or DR's

7. Set/Access/Change Labels of Data Litsl and
Data List Elements

8. Read/Write External Format Data Files for
Portability of DB Files

9. Set/Access Various PBCS Options

10. Print Contents of DL's and DR's

All of these functions are described in greater detail in
Section VI.

3-0 DATA BASE ACCESSES.

Mhe most frequent operatici performed on the data base is to
store or retrieve data from a data list. A schematic of this pro-
cess is shown in Figure 111-1. A variety of subprograms are
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represented by this diagram since separate sBiDpiogr'za are used
depending upon whether the cperation is a read or write, the DL
is one or two dimensional, and the data type of the DL. Figure
III-1 is typical for all cases, however.

Virtually all user callable BMCS subprograms have error
trapping features. These are represented genericall;r in box 1
of Figure III-I. The next step is to determine the elements, LI
to L2, of the data list that are desired. Note that thtse elements
may cross record boundries. In other words, same of the elements
may be in one record and some on subsequent records. In the case
of two dimensional DL's, this step involves decoding the structure
of the DL so it can be treated as a one dimensional DL.

The workhorse of MB accessing is SUBROUTINE LOCRD. It's pri-
mary activity is to locate records in core which contain elements
in the interzal LI to L2. The user will have paszed a data base
address (to be described in Section VI) which will point directly
to a record of the DL in-core if the normal dynamic core memory
management has not moved it. If this is the case, block 3 (SUB-
ROUTINE FINDLD) is trivial. If the DL record has been moved,
FINDLD will find it again (or read it from disk if needed),

At block 4, LOCRD will search the in-core record chain for
elements in [I1,L2 ]. If the required elements are not found
(block 5), SUBROUTINE GETRCD will be called. When GETRCD is called,
LOCRD has identified the exact record which will contain the
desired elements. Only a single block represents GCERCD, but in
fact it performs an important function. GFTRCD and the snbprograms
it calls are responsible for all of the dynamic memory management
of the TS and WS. It is in these subprograms that SAF's are
checked and updated ana that records migrate from the TS to the WS.
On return from GETRCD, the record is in-core. LOCRD repairs the
in-core record chain (block 7).

At block 8, LOCRD sets Ii and 12 to the element numbers (a
subset of [Ll,L2] that are contaircd iJr the rotord it has found. The
calling program accesses these elements (i.e., write to or copies
from them)(block 9), then it determines if all of the elements LI to

L2 have been accessed (block 10). If not, LOCRD is called again to
find another record with more of the desired elements.

When frequently accessed records that eare in the working
store are being requested, the step at block 3 is trivial and
GETRCD is not called. All other operations In LOCRD are simply
stepping through a linked list of records in-core •which is quite
fast. The result is that data base accesses frcm records in the WS
or TS are relatively fast.
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Access of data !n "rectories is handled in t•,: &me w-, since
Cliectories are two 4:ýmensionol DL's and are 3tored in thE '-S and TS
in the same way that data lists are.

4-o THE DBCS ,.! MOPADS.

The MOPA1X3 data base is the main repositor-j of information for
MOPAJ3 &*.mulatieis. It maincains the simulation data se, Prior to e'..
Ia' ,f ;nans, the dynamic sir'alation s-ate during simulat on,3, ari
rkjlit statistics after sir ulations are completed. Ther.fore, ihr
DUZ is a key module during all phases of MOrADS operatitmn° Figurn
111-2 ii - schematic of the 1-ý"'ArS modules which call the .?"b. The
173AP (Data Base Applicatioa T'zo&-ams (MLPADS/DVtAP") is a coldction r:
rogram utilities designed especially fcr maninvation of the MOPADS JB
?olito (1983b)). The DBCS is required for both batch j&. simulationsof an defense system and for interactivre user interface sessions.

5-0 UTILITIES.

The DBCS makes extensive use of programs from the MOPIAW
utilities module (Polito, Goodin).

MAIN .

F ISA INT I~OAE

Figure 111-2. DBCS and MOPADS.
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IV. EXTERiNAL FILE USAGE

1-0 DATA BASE FILES.

The DBCS may simultaneously access t'io DBF's. These files
are opened and closed explicitly with 'ORTRAN OPEN and CLOSE
statements. By default, the DBCS uses anit number one for the
working DB and uni-. number two for the reference DB. These unit
numbers may be changed by the user, howeier.

Data base files have the following characteristics: i'

1. Direct Access

2. Unformatted

3. Fixed Record Length

file names to the DBCS and they are opened with the specified unit

number. No Job control language is needed to assign the unit
number to the file unless req'uired by the computer system.

2-0 OUTPUT AND TRACE FILEE. K
The DBCS will produce certain output and trace information on

request. Two files, an output and a trace file are used for this
purpose. By default, unit number ten is used for both of these
files. The unit number is user selectable, however, and need not be
the same for both files. These files have the following character-
istics:

1. Formatted

2. Sequential

They are not rewound by DBCS, soboth files may refer to an inter-
active terminal. Carriage control characters are included on these
files so they may be listed at a line printer.

The DBCS does not open or close these files. They must be
opened and closed by the application program or assigned to the
correct unit numbers by appropriate Job coutrol language statements.

3-0 BACK-UP FILM.

The DBCS provides two mechanisms for bavking up data base files
on magnetic tape and for transferring data base files from one com-
puter to another. DBF's are unformatted, direct access files. Some
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systems may not permit these files to be copied direetly onto a
magnetic tape iL a way which preserves their integrity. The DBCS
has a utility wtich will allow the application program to writc a ¾
DBF to a "sequential, internal format" file. This file is a sequen-
tial, unformatted, fixed record length file which may be copied to
tape. These files may also be read from tape and a normal DBF fUe
re-created.

Since unformatted files cannot uvially be transferred from one I
type of computer to another, the DBCS also has the ability to vrite
the DBF to a "sequential, external format" file which is a sequential
formatted file with 80 characters or less per record. Thus, DBCS
data base files are portable from one compueer to another.

The user has total responsibility to open, c3ose, and assign
unit numbers to these files. No defaults arE pru Lded. The user
passes the unit number to the DBCS. The DBCS wi> generate nn error
if the required operations cannot be performed cri the file.
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V, SUBPROGRAM DESCRIPTIONS

The following pages contain description of all sub-
programs that are part of the DBCS. Each program descriptiop
contains an explanation of its purpose, parameters, and alter-
nate returns. No examples of subprogram use are contained in
this section, since user instructions are given in Section VI.

The DBCS makes extensive use of the MOPADS utility sub-
programs described in Polito & Goodin (1983). Also, the MOPADS
module suffix for the DBCS is "D", so all DBCS subprogram names
end with the letter "D".
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SUBROUTINIE ARISD(IOPT,IDBCSA, IERR,*)
C--MODULE% hOFPA3S/DBCS
C--REFERENCE: MOPADS ')OLUftE 5.13
C--PURPOSE:
c ARISD ALLOCATES AND DE-ALLOCATES ELEMENTS OF THE !NTERNAL STORE
C FOR INTERNAL DBCS USE.
C--INPUT PARAMETERS: ; .tN,

C IOPT-OPTION
C 1-ALLOCATE NUMERIC IS
C 2-DE-ALLOCATE NUMERIC IS
C 3-ALLOCATE CHARACTER IS
C 4-DE-ALLOCATE CHARACTER IS
C--INPUT/OUTPUT PARAMETE S:
C IDBCSA(2)-DBCSA'
C FOR: I
C INPUT-OP T=2, DE-ALLOCATE THE RECORD OF THE IS UHOSE
C CONTROL PART STARTS AT LOCATION IDBCSA(l).
c IDDCSA SET TO ZERO OH RETURN,.
C IOPT=4, DE-ALLOCATE THE RECORD OF THE CHARACTER IS
C THAT HAS ITS CONTROL PART STORED AT
C IDBCSA(l) AND ITS DATA PART AT IDBCSA(2) -
C IDBCSA SET TO ZERO ON RETURN.
C OUTPUT-IOPT-I, IDBCSA(1)=POSITIOH IN THE DATA SIORE OF -•
C THE 1ST UORD OF THE CONTROL PART.
C IDBCSA(2) IS THE POSITION OF THE FIRST

C UORD OF THE DATA PARI.
C OV3, IDBESA(1)=aoSITION IN THE DATA STORE OF
C 1ST UORD OF THE CONTROL PART. IDBCSA(2)
C IS THE CHARACTER POSITION IN CSTOR OF THE
C DATA PART.
C--OUTPUT PARAMIETERS:
C IERR-ERROR CODE
C O-NO FRROR
C 4003-INTERNAL STORE EXHAUSTED
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE ASKD(NPS,IDPN)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--?ULPOSE:
C ASKh WILL DETERMINE IF A UORKING OR REFERENCE DB :IS OPEN.

c

4
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I I[--INPUT PARAMETERS:
C NDB-DB(1-IJORKING,2-REFZ7RENCE)
C--C'ITPUl PARAMETERS:
C IOPN-DB STATUS
C I-OPEN
C 2-CLOSED
C

BLOCK DATA BLOCKD
C--NODULE: MOPADS/DBCS
C--REFERENCE: MUPADS VOLUME 5.13
C--PURPOSE:
C TO INITIALIZE LABELED COMMON

SUORCUT1NE 9RACKDOhDD,NRANK,IUAL,IDRDL,1030,ISL1 ,ISL2,IITY,IERR,

C--MvODULE: NOPADS/DBCS
C--RWERENCE: MOPADS VOLUME 5.13
C--PIR~POSE:
C BRACKD IS A UTILITY PROGRAM CALF ED ONLY BY INSDRD.
C IT IJILL FIND COLUMNS ISLI AND LL2 !N A DR(IDBr,) THAT
C BRACKET A SPECIFIED VALUE(IVAL.) OF THE NRANK-TH
C ELEMENT OF BR'S OR DL'S OIJNED DY IDBO.
C THE PUS:TION OF 1030 IS NOT CHANGED.
C
C--INPUT PARAMETERS:
C NDB-OATA BASE(1-UORKING,2-REFERENCE)
C NRANKC-THE RANKING CCIJL FOR THE '.(IDBO) FOR THE CORRECY TYPE.
C IF NRANK=O, MTY 13 RETURN ' AS AN EMPTY COLUOR.
C IVAL-THE VALUE OF THE t3.S(NRANK)-TH ID ELEMENT TO BRACKET.
C IDRDL-TIPE
C 1-DP-'S
C 2-DL'S
C--INPUT/OUTPUT PARAMETERS:
C IDBO(4)-DRAR OF THE DR. IT MUST SE CURRENT.
C--OuJTPUT PARAMETERS:
c ISLI,ISL2-COLUMNS ISL1 AND ISL2 VILL BRACKET IVAL.
C LET IDI BE THE IDENTIFIER AT CULUMJ ISLI.
C SIMILAR FOR 1D2. LET 1RANK=ABS(NRANX). THEN
C ON REIURN,

* C
C ISLI.LE.ISL2
C IDI(IRANK).LE.IVAL.LT.1;;2(IRANK) IF NRANK.6T.0
C IDI(IRAHK).GE.IVAL.r.T. 1D2(IRHKK) IF NRANK.LT.O
C IF !:L-zO AND IbL2.NE.O, ISL2 iS THE FIRST COLUMN
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C IN THE DR OF TYPE IDRDL.
Cir ISL1.NE.0 AND ISL2=O, ISLI IS THE LA3T COLUMN

SC IN THE DR OF TYPE IDR3L.
C IF ISLIs!SL2zOe THEN NRANK=O OR NO ENTITIES
C 1OF TYPE IDRDL EXIST.
C HTY-THE COLUMN NUMBER OF AN EMPTY COLUMN "NEAR" ISL1 A'D ISL2.
C IF ISLI=ISL2cO, HTY IS STILL AN EMPTY COLUMN.
C IERR-ERROR CODE
C O-NO ERRORS~C--ALTERNATE kETURNSS
C I-IERR.NE.0
c

SUBROUTINE CHAIND(NDB,IOPT,IDBO,IDBP,IERR,*)
C--MODULE: hOPADS/DBCS
"C--REFERENCEt MOPADS VOLUME 5.13
C--PURPOSE:
C CHAIND LINKS AND UNLINKS RECORD CHAINS O4 THE DISK.
C IT CHANGES ONLY THE PREDECESSOR AND SUCCESSOR RECORD
C NUMBERS IN THE CONTROL PARTS. IT CHANGES NO'LINKING
C INFORMATION IN THE DATA STORE.
C--INPUT PARANETERS:
C N~FtDBF(t-UORKING,2-REF)
C IOPT-OPTION
C 1-LINK IDDH BEFORE IPSO
C 2-LINK IDIN AFTER IDO
C 3-UNLINK TODD. IDN NOTUSED.
C IDIO(2)-DICSA'A OF THE RECORD TO LINK 1O(OR UNLINK).
C 1910(l)-CONTROL PARTIDDO(2)-oA7A PART
C IDIN(2)-DICSA'A OF THE RECORD TO BE LINKED. CHAIND
C ASSUMES IDDN IS OF THE SAME TYPE AS ID91.
C IDDN(1)-CONTROL PART,IDbN(2)-D4TA PART.

* C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C 1,2,3004,4002,4004,4005
C--ALTERNATE RETURNSS
C I-IERR.NE.O
C

SUIROUTINE CIIECKD(ICODE,KPAR,NK,PAR,NP,IERR,*)
•" C--MODULE: MOPADS/DBCS

C--REFERENCE: AOPA.DS VOLUME 5.13
"C--PURPOSE:
C TO CHECK STANDARD ERROR C014D1TIONS AND RETURN

U-48



C THE APPROPRIATE ERROR CODE. CHECKD DOES NO! CArL
C ERRORD.
C--INPJT PARAMETERS:
C ICODE-ERROR CONDITION TO CHECK FOR. IF ICODE
C IS INVALID, RETURN UITH IERR=O.
C ICODE CONDITION ERROR CODE

C 1 UORKINKG DATA BASE NOT OPEN I
C 2 REFERENCE DATA BASE NOT
C OPEN 2
C 3 D01 (KPAR(1)) z0 OR
C GREATER THAN USED SO FAR 4
C 4 SAME AS 3 BUT IN SERIOUS
C SITUATION 4005
C 5 CHECK VALID DL OR DR
C ELEMENT NUMBER. KPAR(1).
C LT.KPAR(O).OR.KPAR(O)
C .LE.O 5
C 6 CHECK SUFFICIENT SPACE
C IN KUORKD ARRAY. 4009
C 7 DI IS READ ONLY. KPAR(O)=DB
C NUN3ER (I OR 2) a
C
C KPAR(NK)-LIST OF INTEGER PARAMETERS TO BE USED TO
C CHECK THE ICODE CONDITION. IF gKxO, NONE.
C PAR(NP)-LIST OF REAL PARAMETERS TO BE USED TO CHECK
C THE ICODE CONDITION. IF NP=O, NONE.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE FOR THE ICODE CONDITION IF IT IS TRUE.
C ZERO IF NOT.
C--ALTERNATE RETURNS:
C I-IF IERRxO (I.E. NO ERROR)
C

SUBROUTINE CLEARD(NDB,IERR,*)
C--NODULE: MOPADS/DICS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSEt
C TO CLEAR THE US AND TS OF ENTRIES OF THE INDICATED DO.
C THIS MAY BE DONE UNEN A DIFFERENT SET OF DATA LISTS
C IS TO DE ACCESSED OR UNEN A NEU DI IS TO BE OPENED.
C--INPUT PARAMETERS:
C NOP-DATA SASE(CO-IOTN,1-UORKING.2-REFERENCE)
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C WNE.0-ERROR URITING TO DIF
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C--ALTERNATE RETURNS:
C I-IERR.NE.O
C

SUBROUTINE CLRDLb(NDl,IDkAA,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: IIOPADS YCLUME 5.13
C---PURPOSE:
C CLRDLD UILL DELETE ALL DL'S FROMt A DIRE.TDRY.
C
C--INPUT PARAMETERS:
C NDI-DATA BASE (1-UORKING,2-RErERENCE)
C--INPUT/OUTPUT PARAMETERS:
C ICRAA(4)-DR.AA OF THE DIRECTORY Ta CLEAR
C
C--OUTPUT PARAMETERS:
C IERR-fRROR CODE
C O-NO ERROR
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE CLRDRDCHDB,IDP.AA,IERR,*)
C--MODULE: NOPADS/DBCS
C--REFERENCEt MPh3PD!S VOUMIIE 5.13
C--PURPOSE:
C CLRRD WILL EMPTY A DR OF ALL COWIENTSCTHE DR IS NOT
C DELETED,HOUEVER). ALL OIJNED DL'S ARE DELETED AND ALL
C OWNED DR'S (WITH THEIR CONTENTS) ARE DELETED.
C--INPUT PARAMETERSs
C ND-D-ATA DASE( 1-UORKING,2-REFERENCE)
C--INPU7/OUTPUT PARAMETERS:
C IDRA4(4)-DRAA OF THE DIRECTORY
C--OUTPUT PARAMETERS:
C IEPR-ERROR CODE
C 0-NO ERROR
C 15-IDPAA NOT A DR
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

SUBROUTINE CLRDSD(NDD,ZDBAA,IERR,e)
C--MODULE: MOPADS/DDCS
C--REFERENCE: MOPADS VOLUME 3.13
C--PURPOSEs
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C To CLEAR A RECORD CHAIN FROM THE DATA STORE.
C THIS PROGRAM IS USED MAINLY TO REMOVE LDL'S
C FR.OM 7HE DATA STORE.
C--INPUT PARAMETERS:
C K iB-DATA DASE(l-UORi(INC,2-REFERENCE)

C--INPUT OUTieUT PARAMETERS:
C IIA(2p$DOAAOF ONE RECORD OF THE CHAIN.

C I ON RETURN IDIAA(2)0O
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.0-ERROR
C--ALTER HATE RETURNS:
C 1,-IERR.NE.0

' K- - - - - - - - - - - - - - -- - - - - - - - - - - - - -
SUBROUTINE CLSDBD(NDB,IST47,IERR,IOERR,*)

C--MODULE: MOPADS/DICS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO CLOSE A DUF
C--INPUT PARAMETERS:
C NDO-DF(1-UORKING,2-FEF)
c NO ACTION IF THE DB IS NOT OPEN
C ISTAT-STATUS(I-KEEP,2-DELETE)
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR

*C 3004 SYSTEM 1/0 ERROR
C IOERR-SYSTEM 1/O ERROR CODE
C 0-NO ERROR
C SYSTEM 1/O ERROR NUMBER IF IERR*30O4
C--ALTERNATE RETURNS:

C 1-IERR.NE.0

SUBROUTINE CRDLD(NDB,ITYPE,NDIM,LABEL, 1030,IDBAA,IERR,*)
C--MODULE: hOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO CREATE A DATA LIST
C
C--INPtJT PARAMETERS:
C NpB-DATA BASE(1-UORKING,2-REFErENCE)
C h;YPE-TYPE OF DATA LIST
C l-IDL
C 2-RDL
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C 3-CDL
C NDIM-FOR IDL AND RDL, THE ReU OR COLUMN DIMENSION.
£ (4) VALUES-MAX ROUl bIMENSION(I.E. COLUMN ORIENTED)
C 4-) VALUES-.iAX C0'iJMN DIrMEISIONCI.E. MO ORIENTED)
C FOR 1-3 DATA LISTS, USE I
C FOR COL, THE NUMBER OF CHARACTERS/ELEMENT.
C IF NDIK.EQ.0, A VALUE Oi i UILL BE USED.
C LABEL-(CHARACTER) LABEL OF THE DATA LIST(LINITED TO
C 25 CHARACTERS). IF PLANK, THE LABEL
C '(UNLABELED)' UILL BE USED.
C--INPUT/OUTPUT PARAMETERSs
C 1230(4)-DRAA OF THE DUNINS DIRECTORY(CRDLD DOES NOT INSERT
C THE NEUl DATA LIST IN THE OUNINO DIRECTORY)
C--OUTPUT PARAhETERS:
C lDlAA(2)-DBAA FOR THE NEUl DATA LIST
C IERR-ERROR CODE
C 0-NO ERROR
C 3005-TRY TO CREATE CDL 111TH TOO MANY CHARACTERS/ELE"ENT
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

--------------------------------------------------

SUBROUIINE CRIIRD(NDB,NRDR,NRDL,NUID,LADEL,IDBD, HRAA,IERR,*)
C--MDDULr3 HOPADS/DBSt
C--REFERENCE: IIOPADS VOLUME 5.1
C --PU RPGSE a
C TO CREATE A DIRECTORY
C
C--INPUT PARAMETERS:
C *DO-DATA DASE(1-UORKING,2-REFERENCE)
C NRDR-RANKINO CODE FOR OUNED DIRECTORIES
C 0-NOT RANKED
C N-INCREASING ORDER OF UORD N OF THE I!,
C (-N)-DECREASING ORDER OF UOf~D N OF WHE lb
*C NRDL-RANKING CODE FOR OUNED DL'S
C (THE MEANINGS ARE THE SAKE AS FOR NRDR)
C NUID-NUMBER OF FJORPS PER 1D FOR OUNED PR' AND DL'S
C LABEL-(CHARACTER) LABEL OF THE DIRECiORY(LIMITED TO
C 40 CHARACTERS). IF BLANK, THE LABEL
C '(UNLABELED)' UILL BE USED.
C--INPUT/OUTPUT PARAMETERS:
C JDBO(4)-DRAA OF THE OUNING DIRECTORY(CRDRD DOES NOT INSERT
C Tlir NEUl DIRECTORY IN THE 011111G DIRECTORY)
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C--OUTPUT PARAMETERS:
C IDR.A(4)-DRAA FOR THE NEU DIRECTORY
C' IERR-ERRCR CODE
C O-KC ERRCR
C 14-NRDR/NRDL INCORRECT OR INCUMPATIBLE WITH NUI9

r I-Z•RI.NF.O

SUIROUTINE CURD(NDP,IDRDL,NIPIDRAA.IDAAI,ID,IERR,*,*)
C--NODULEs NOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C CURD VILL RETURI THE IDA AND ID OF THE CURRENT DL OR DR
C POSITION OF A DIRECTORY.
C--INPUT PARAMETERSs
C NDD-DATA lASE(1-UaRKIN6,:-REFEREHCE)
C IDRDL-POSITION TYPE
C I-DR
C 2-1L
C NID-LENGTH OF ID. IF NID.LE.O, ID UILL NOT DE USED.
C--INPUf'0UTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE DIRECTORY
C--OUTPUT PARAMETERS:
C IDAAi-PBA OF THE CURRENT PCI1TION OF TYPE IDRDL.
C IF THE DIRECTORY IS NOT POSITIONED, IDAAI-O
C AND ALTERNATE RETURN 1 IS TAKEN.
C ID(NID)-THE FIRST NID VORDS OF THE IDENTIFIER. IF
C NID.LE.O, ID IS NOT USED. IF ALTERNATE RETURN
C I IS TAKEN, IDfO.
C IfRR-ERROR CODE
c o-NO ERROR
C--ALTERNATE RETURNS: Nc I-DIRECTORY POSITION OF TYPE IDRDL IS NO1 EIND

C IDAAIwO.
C 2-IERR.NE.0 ,

SUIROUTuE fDOPTD(IOPT,IPG,NIV,NRV,IVL.RVL,IERRe)
C--MODULE: POPADS/DBCS
C--REFEREN:E: MOPADS VOLUME 5.13
C--PURPOSEs
C DIOPTD UILL SET OR RETURN THE VALUES PF DICS OPTIONS AND
C PARAMETERS.
C--INPUT PARAMETERS:
C IOPT-OPTION kUMRER(SEE BELOUW
C IPG-PUT/GFT FLAG
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C I-PUT NEU OPTION VALUE
C 2-RETRIEVE OPTION VALUE
C--INPUT/OUTPUT PARAMETERS:
C IVL(XIV)-ARRAY TO HOLD INTEGER VALUES
C RVL(KRV)-ARRAT TO HOLD REAL VALUES
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
c *-NO ERROR
C 17-IOPT INCORRECT
C 18-1NVALID UNIT NUMBER
C 19-INSUFFICIEPT ROU/COLUMN SPECIFICATION ON OUTPUT FILE
C 2004-UNIT NUMBER OF AN OPEN DB M0Y NOT BE CHANGED
C 2005-POTH OR'S MUST RE CLOSED TO RECONFIGURE THE DATA STORE
C 2006-RECORD LENGTh TOO SHORT
C
C--OPTIONS AVAILABLE

C VALUES OF iOPT OPTION TYPE

C I UNIT NUMBER fOR UORKING DATA BASE I
C 2 UNIT NUMBER FOR REFERENCE DATA I

C 3 UNIT NUMBER FOR DOCS OUTPUT FILE I
C 4 UNIT NUMBER FOR DBCS TRACE FILE I
C S TRACE CODE I
C 6 ERROR PRINT FLG I
C 7 DB PROTECTION tMnE FOR UORKING DB I V
C 6 DI PROTECTION MOT'E FOR REFERENCE DD
C 9 SAF SMOOTHING CONSTANfT R
C 10 LOUER BOUND ON SAF UPDATE PERIOD -
C 11 UPPER BOUND ON SAF UPDATE PERIOD I
C 12 (1)-NUhBER OF PRINT COLUMNS ON THE
C BBCS OUTPUT FILE I
C (2)-NUMBER OF LINES/PAGE ON DBCS
C OUTPUT FILE I
C 13 (I)-NUMBER OF PRINT COLUMNS ON THE
C DSCS TRACE FILE I
C (2)-NUMBER OF LINES/PAGE ON DBCS
C TRACE FILE I
C 14 PUMPER OF VORDS PER RECORD ON DI FILES I
C 15 NUMDER OF RECORDS IN THE INTERNAL STORE I
C 16 NUMBER OF RECORDS IN THE NUMERIC
C TEMPORARY STORE I
C 17 NUMBER OF RECORDS IN IRE CHARACTER
C TEMPORARY STORE I
C
C--ALTERNATE RETURNS:
C I-IERR.NE.0
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FUNCTION BBRNP()

C--MODULEs MOPADS/DBCS

C--REFERENCE: MOPADS VOLUME 5.13
C--PUR?OZE:
C 73 GENERATE RANDOM NUMBýRS FOR THE DICE. THIS SUBROUTINE IS
C A SPECIALIZED VERSION OF FUNCTION DRAND IN MSAINT.
C
C
C.ss*. ALGORITHM FOR SEED GENERATION IS ADAPTED FROM FUNCTION RAND
Cs**** DEVELOPED VY L. SCHRAGE AND USED UITH THE AUTHOR'S PERMISSIPN.
C

SUIROUTINE DELDLD(NDBIDIAA,IDRAA,IERR,*)
C--NOSULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C DELDLI VILL DELETE A DATA LIST. IF UILL ALSO IZENOVE
C ITS ENTRY FROM THE DR THA T OUNS IT.
C--INPUT PARAMETERS:
C NDi-DATA PASE(I-UGRXIN6,2-REFERENCE)
C--INPUT/OUTPUT PARAMETERS:
C I0IAA(2)-DBAA OF THE DL. IT PILL BE ZERO ON RETURN
C IF DELETE IS SUCCESSFUL.
C IDRAA(4)-DRAA OF THE OUN'N6 DIRECTORY,IF KNOUN. IF NOT,
C SEND IDRAA(I)0.
C--OJTPUT PARAmETERS:
C IERR-ERROR CCDE "
C O-NO ERROR
C 12-IDOAA NOT A DL
C 4008-DL IDBAA NOT IN CORRECT DIRECTORY. DO FLAVED
C 4009-INSUFFICIENT SPACE IN KUORKt
C--ALTERNATE RETURNS:
C 1-IERR.NE.O

SUBROUTINE DELDRDtNDl,IDRAAIDROAAIEkR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C DELDRD VILL DELETE A DIRECTORY. THE DR MUST BE
C EMPTY. 1

C
C--INPUT PARAMETERS:
C NIB-DATA PASE(I-UORKVNG,2-REFERENCE)
C--vNPUT/OUTPUT PARAMETERSt
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C IDRAA(4)-THE )RAA OF THE DR TO BE DELETED. ON RETUR4
CIT gILL BE ZERO.
C IDROAA(4)-DRAA OF THE OUNING DIRECTORY IF KNOUN. IF hST KNOUN,
C SEND IDROAA(1)=0.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C 2001-1DRAA NOT EMPTY
C 15-IDRAA NOT A DR
C 4010-IDRAA NOT IN OWNER DIRECTORY
C--ALTERNATE RETURNS:
C I-IERR.NE.O

SUBROUTINE ERRORD(PROG¶,MSG,IERR,KPAR,NK,PAR,NP)
C--MODULE: NOPADS/DBCS
C--FEFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C ERROR PROCESSING FOR THE DBCS
C--INPUT PARAMETERS:
C PROGN-CALLING PROGRAM NAME(CHARACTER)
C NSG-ERROR 4ESSAGE(CHARACIER)
C IERR-ERROR CODE
C 1-1999 INFORMATIVE
C 2000-2999 UARNIN3
C 3000-3,99 SEVERE
C 4000- FATAL
C
C THE DBCS USES POSITIVE CODES ONLY. '
C THE USER MAY CALL ERRORD UITH NEGATIVE
C CODES. THE ABSOLUTE VALUE OF THE CODE UILL
C DETERMINE ITS 7EVERITY A$ ABOVE.
c KPAR(NK)-INTEGER ARRAY TO BE PRINTED WITH
C ERROR MESSAGE IF NK.GT.O.
C PAR(NF)-REAL ARRAY TO BE PRINTED UITH
C ERROR MESSAGE IF NP.GT.O.
C '

SUBROUTINE FDBID(NDBID,NID,IDRDL,IDRAA,IDAA,IURtK,IERR,*f,*)
C--MODULE: MOPADS!DBCS
C--REFERENCE: MOPADS VOIUME 5.13
C--PhRPOSEt
C SEARCH FOR AN ID OF A DL OR DR IN A DIRECTORY AND RETURN THE
C DBAA. THE DL OR DR POSITION OF THE PI•ECTURY WILL BE MOVED
C TO THE FGUND ID. IF IT IS NGT FOUND, THE POSITION IS NOT
C CAU-ED.
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C--INPUT PARAMETERS:
C NDB-DATA BASE(0-UCaIHG,2-REFERElC[)
C ID(NID)-ID TO SEARCH FOR
C IDRDL-TYPE TO SEARCH
C I-OR'S
C 2-DL'S
C--INPUT/OUTPUT PARAMETERS:
c IDRAA(4)-DRAA OF THE DIRECTORY TO SE4RC:I
C--OUTPUT PARAMETERS:
C IDAA(4)-DBAA OF THE DR OR DL Ul.d ID="DL".
C IF IDRDL=2,ONLY 2 UORDS OF IDAA ARE USED. 5AA"=O
C IF "ID' IS NOT FOUND.
C IURK(3,HID)-INTEGER UORKING SPACE FOR FDBID
C IERR-ERROR CODE
C 0-NO ERROR
C--ALTERNATE RETURNS:
C 1-"ID" NOT FOUND
C 2-IERR.NE.0

SUBROUTINE FIDLD(NDB,IDBA,IDLDR,NID,IDRAA,ID,LABEL,IERR,*,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE: '

C FIDLD WILL RETURN THE ID AND LABEL OF A DR OR DL
C THAT HAS A SPECIFIED DBA.
C
C--INPUT PARAMETERS:
C NDB-DATA BASE(1-UORKING,2-REFERENCE)
C IDDA(4)-DBAA OF THE DL OR DR TO FIND
C IDLDR-TYPE FOR IDBA
C I-DR
C 2-CL
C NID-LENGTI! OF ID ARRAY. MID WORDS OF THE IDENTIFIER
C WILL BE RETJRNEP. I1 NID IS GREATER THAT NEEDED,
C THE REMAINDER WILL NOT BE CHANGED. IF NID.L.O-,
C ONLY THE LABEL WILL BE RETURNED(ID NOT USED)
C
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE DIRECTORY TO SEARCH FOR IDBA. IT WILL

C BE POSITIONED TO THE FOUND DL OR DR. IF NOT
C FOUND, TEE POSITION UILL NOT BE CHANGED.
C--OUTPUT PARAMETER3:
C ID(NID)-ARRAY T0 HOLD IDENTIFIER OF THE FOUND DL OR DR.
C ZERO IF NONE FOUND. SEE KID.

C LABEL-CHARACTER VARIABLE TO HOLD THE DL OR DR LABEL.
C DL LABELS MAY HAVE 25 CHARACTERS. DR LABELS MAY HAVE
C 40.
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C IERR-ERROR CODE
C O-Nfl ERROR

C--ALTERNATE RETURNS:
C I-IDBA EOT FOUND
C 2-IERR.I'E.0
C

SUBROUTINE FINDLD(NDB,IDBAA,IERR,*)
C--MODJLE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13'
C--PURPOSE:
C 7O LOCATE A RECORD OF THE DL OR DR IN THE DATA -

C STORE AND RETURN ITS CURRENT DBAA IN IDBAA.
C--INPUT PARAMETERS:
C NDB-DATA BASE (1-U0RXIHG,2-REFERNCE)
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-A DBAA OF A DL OR DR. IDBAA UILI RETURN
C UNCHANGED IF IDBAA(2) IS A MEMBER OF THE
C DL SPECIFIED IN IDBAA(). IF NOT, A
C RECORD OIF THE CORRECT DL UILL 13E LOCATED(OR READ)
C AND ITS LOCATION STORD IN IDDAA(2)
C---GUTPUT PHRAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C .NE.0 ERROR
C--ALTERNATE RETURNS:
C I-IERR.NE.0
C

SUBROUTINE FMNSFD(ITTP)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C FMNSFD FINDS THE MINIMUh SAF IN THF US OF
C TYPE ITYP AND SE7S THE VALUES OF SAFlIND AND MNSFD.
C--INPUT PARAMETERS:
C ITYP-US TYPE
C 1-NUMERIC
C 2-CHARACTER
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SUBROUTINE GCD(NDD,IP,,IP2,IR,NDL,IDPAACDL,IERR,LAST,*)
C--NODULE: IOPADS/DBCS
C--REFERENCE: NOPADS VOLUME 5.13
C-PURPOSE:
C TO COPY DATA FROM A CHARACTER DL TO THE ARRAY CDL
C--INPUT PARAMETERS:
C NDB-DATA BASE(I-UORKING,2-REFERENCE)
C IPI,IP2-ELEMENTS IPI TO IP2 WILL BE COPIED T0 THE
C ARRAY CDL. IF NDL.GT.IP2-IPI+I, THE
C REMAINDER OF CDL IS NOT DISTURBED. !F NDL.LT.
C IP2-IPI+l, ONLY NDL ELEIENTS UILL BE COPIED.
C SEE IERR. IF IP2.LT.IPI OR IPI.LE.O, RETURN
C UITH NO ACTION. A
C IR-FORCE READ FLAG
C 1-DO NOT FORCE READ
C 2-FORCE READ FROM DISK. IF THIS CAUSES IN CORE DATA
C TO BE OVERURITTEN, IERR=7 ON RETURN. Ms
C NDL-LENGTH OF CDL
C--INPUT/OUTPUT PARAMETERS:
C IDAA(2)-DBAA OF THE DATA LIST OR DIRETORY. IT MUST HAVE
C BEEN OBTAINED PREVIOUSLY. 6CD MAY CHANGE THE
C VALUES OF !DBAA TO REFLECT CURRENT DBCS
C ADDRESSING. (1)-DBA, (21-DBCSA.
C--OUTPUT PARAMETERS:

CDL(NDL)-CHARAC'(ER ARRAY TO HOLD OUTPUT VALUES FROM THE D3.
C IERR-ERROR CODE
C 0-NO ERROR
C 4-IDBAA INVALID
C 5-IP1 AND/OR IP2 INVALID
C 6-IP2 EXTENDS PAST THE END OF THE DL OR DR
C 7-FORCE READ CAUSES DATA TO BE OVERURITTEN.
C LAST-LAST HAS TUO MEANINGS ,
C IF IERR.NE.6, LAST IS THE LAST DL ELEMENT COPIED b-

C TO THE OUTPUT ARRAY.
C IF IERR=6, LAST IS THE LAST ELEMENT OF THE DL.
C EXISTING ELEMENTS BETUEEN IPI AND IP2
C FOR WHICH THERE WAS ROOM IN tHHE OUTPUT
C 9RRAY NAVE BEEN COPIED.
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
C
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SUBR.IUTINE bCOLCD(NDB,NCOL,IRIIR2,IR,NDLIDBAA,CDL,IERR,LASTC,*)
C--MODULE: hOPADS/DDCS .*

C--REFERENrE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY DATA FROM A COLUMN OF A 2-D DL TO THE CHAR ARRAY CDL.
.-- INPUT PARAMETERS:
C NDD-DATA BASE (1-UORKING,2-REFERENCE)
C NCOL-THE COLUMN OF THE DL TO BE COPIED L i
C IRI,IR2-ROU ELEMENTS IRI TO IR2 OF COLUMN NCOL UILL BE
C COPIED. IF NDL.GT.IR2-IRI+I, THE REMAINDER OF CDL
C UILL NOT BE DISTURBED. IF N!_n-LT.IR2-IRI+I, ONLY
C NUL ROU ELEMENTS UILL BE COPIED. 5-.E I£•R IF
C IR2.LT.IR1 OR IRl.LE.O, RETURN UITH NO ACTION
C IR-FORCE READ FLAG
C 1-DO NOT FORCE READ V
C 2-FORCE READ FROM DISK. IF THIS CAUSES IN CORE DATA TO
C BE OVERURITTEN, IERR=7 0N RETURN
C NDL-LENGTH OF CDL
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT 'URRENT DBCS ADDJRESSING. "*
C (1)-DBA,(2)-DBCSA ....

C--OUTPUT PARAMETERS:
C CDL(NDL)-CHý,0'•.,iER ARRAY TO HOLD OUTFUT VALUES FROM TKE D B
C IERR-ERP.3e CODE
C O-NO ERROR
C 4-IDBAA INVALID L,-•c--
C 5-IRI AND/OR IR2 INVALID
C b-ATTEMPT TO READ PAST END OF THE DATA LIST.
C SEE LASTC.
C 7-FORCE READ FLAG CAUSES DATA TO BE OVERURIT-
C 9-ATTEMPT TO USE INCORRECT DIMENSIONS TO ACCE3S DD
C iO-DL NOT CHARACTER
C LASTC-IF IIERR.NE.6, LASTC=O
C IF IERR=6, LASTC=THE LAST DEFINED COLUMN OR ROU
C I IN THE DL.
C--ALTERNATE RETURNS: t -

C 1-iERR.NE.0
C

SUBROUTINE GCOLID(MD4,NCOL,IRI,IR2,IR,NDL,IDBAA,IDL,IERR,LASTC,*)
C--.NODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:

U-60

i,,



C TO COPY DATA FROM A COLUMh OF A 2-1 DL TO THE INTEGER ARRAY IDL.
C--INPUT PARAMETERS:
C #DO-DATA BASE (I-U8NKINO,.'-REFFRLNCE)
SC NCOL-THE COLUMN OF THE DL TO BE COOIED
C IRI,1R2-ROU ELEMENTS IRI TO IR2 OF COI.UMN NCOL WILL FE
C COPIED. IF NDL.CT-IR2-IRI÷I, TaE REMAINDER OF IDL
C UILL NOT BE rlSTUýBEI;. IF NDL.LT.IR2-IRI+I, ONLY
C NDL ROU ELEMENTS PILL BE COPIED. SEE IERR. IF
C IR2.LT.IR1 OR IRI.LE.0, RETURN WITH NO ACTION
C IR-FORCE READ FLAG
C I-DO NOT FORCE READ
C 2-FORCE READ FROM DISK. IF THIS CAUSES IN CORE DATA TO
C BE OVERURITTEN, IERR=7 ON RETURN
C NDL-LENGTH OF IDL
C--INPUT/OUTFUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (I)-DBA,(2)-DBCSA
C--OUTPU1 PARAMETERC:
C IDL(NDL)..INTEGER ARRAY TO HOLD OUTPUT VALUES FROM ThE D1.
C IERR-ERROR CODE
C O-NO ERROR
C 4-IDBAA INVALID
C 5-IRI AND/OR IR2 INVALID
C 6-ATTEMPT TO READ PAST END OF THE DATA LIST.
C SEE LASTC.
C 7-FORCE READ FLAG CAUSES DATA TO BE OVERURITTEN.
C 9-ATTEMPT TO USE INCORRECT DIMENSIflHS TO ACCESS DB
C t0-DL NOT INTEGER
C LASTC-IF IERR.NE.6, LASTC=O
C IF IERR:6, LASTC=THE LAST DEFINED COLUMN OR ROW
C IN THE DL.
C--ALTERNATE RETURNS:
C 1-IERR.NE.O
C

a SUDROUTINE GUOLRD(NDBNCOL,IRIIR2,IR,NDL,IDBAARDL,IERRLASTC,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOS:,
C TO COPY DATA FROM A COLUMN OF A 2-D DL TO IHE REAL ARRAY RLL.
C--INPUT PARAMETERS:

* C NDB-DATA BASE (I-UORKIN3,2-REFERENCE)
C NCOL-THE COLUMN OF THE ýIL TO BE COPIED
C IRI,IR2-ROU ELEHENTS IRI TO TR2 OF COLUMN ;iCOL U9LL BE

* C COPIED. IF NDL.JT.IR2,;RI1,, THE REMAINDER OF RDL
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C UILL POT BE DISTUR'ED. IF NDL.LT.IR2-IR141, I#LY
C XDL RDW ELEMIEnTS UILL BE COPIED. SEE IER-. IF
C IR2.LT.IRI OR IRI.LE.O, RETURN VITH NO ACTION
C IR-FORCE READ FLAG
C 1-DO NOT FORCE READ
C 2-FORCE READ FROM DISI1. IF THIS CAUSES IN CORE PATA TO
C BE OVERURITTEN, IERRm7 ON RETURN
C NDL-LENGTH OF RDL
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DDAA OF THE DATA LIST OR DIRErTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT hAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (1)-DBA,(2)-DBCSA
C--OUTPUT PARAMETERS:
C RDL(NDL)-REAL ARRAY TO kOLD OUTPUT VALUES FROM THE DB.

C IERR-ERROR CODE
C O-NO ERROR
C 4-IDBAA INVALID
C 5-IR AND/OR IR2 INVALID
C 6-ATTEMPT TO READ PAST END OF THE DATA LIST.
C 7-FORCE READ FLAG CAUSES DATA TO BE OVERURITTEN.
C 9-ATTENPT TO USE INCORRECT DIMENSIONS TO ACCESS DD
C 10-DL NOT REAL
C LASTC-IF IERR.NE.6, LASTC=O
C IF IERR=6, LASTC=THE LAST DEFINED COLUMN OR ROU
C IN THE DL.
C--ALTERNATE NETURNS:
C I-IERP.HE.O
C

SUBROUTINE GDLLDD(NDBLABEL,IDRAA,IDBAAIERR,*,*)
C--1'ULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C GDLLID UILL FIND THE DBAA OF A DL THAT HAS A SPECIFIED LABEL IN
C A DIRECTORY.
C--INPUT PARAMETERS:
C NDB-DATA BASE(1-UORKING,2-REFERENCE)
C LADEL-(CHARACTER) LABEL OF THE DL. IT MUST EXACTLY MATCH AN
C EXISTING DL LAFL IN THE DIRECTORY.
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-THE DIRECTORY TO SEARCH FOR A DL UITH LABELu'LASEL'.
C IF FOUND, THE DL VILL BECOAE THE CURRENT POSITION
C IN THE DIRECTORY.
C--OUTPUT PARAMETERSs
C IDDAAC2)-DlAA OF THE FOUND DL. ZERO IF NCi FOUND.

C IERR-ERROR CODE
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C 0-ND ERROR
C

C--ALTERNATE RETURNS:
C 1-NO DL UITH THE SPECIFIED LABEL UAS FOUND. CJRREPT POSITION
C OF IDRAA IS NOT CHANGED.
C 2-IERR.NE.0

--------------------------- ----------------------

SUBROUTINE GDRLDP(NDB,LABELIDRAAIERR,*,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: HOPADS VOLUME 5.13
C--PURPOSE:
C GDRLBD UILL FIND THE DRAA OF A DR GIVEN ITS LABEL.
C IF MON-UNIGUE DIRECTORY LABELS EXIST, 6DRLBD UILL
C RETURN THE FIRST DIRECTORY IT ENCOUNTERS UITH THE
C SPECIFIED LABEL.
C
C--INPUT PARAMETERS:
C NDO-DATA BASE(1-UORKING,2-REFERENCE)
C LABEL-(CHARACTER) LABEL CF THE DR TO SEARCH FOR. IT
C MUST EXACTLY HATCH AN EXISTING DR LABEL.
C--OUTPUT PARAMETERS:
C IDRAA(4)-A DRAA FOR THE FOUND DR. ZERO IF NONE FOUND.
C IERR-ERROR CODE
C O-NO ERROR
C--ALTERNATE RETURNS:
C 1-'LABEL' NOT FOUND
C 2-IERR.NE.0

SUBROUTINE GETRCD(NDB,IDBAA,IPY,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C GETRCD READS RECORDS INTO THE TS AND/OR THE US.
C IT MANAGES THE STORAGE SPACE AND UPDATES SAF'S
C IF NEEDED. ON RETURN, THE RECORD IS NOT LINKED
C INTO THE DATA STORE.
C--INPUT PARAMETERS:
C NDO-DATA BASE (1-UORKING,2-REFERENCE)
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)- (I)-(INPUT) DBA OF THE RECORD(.LT.O IF
C CHARACTER)
C (2)-(OUTPUT) THE DOCSA OF THE RECORD
C--OUTPUl PARAMETERS:
C IPY-LOCATION FROM LSTORD. IPY UILL =2,3,6,OR 7
C IERR-ERROR CODE
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C •0 ERROR
C 3004,4002
C
C--ALTERNATE RETURNSs
C I-IERR.NE.O
C

SUBROUTINE 5ID(NDB,IPI,IP2,IR,NDLIDBAA,IDLLERR,LAST,*)
C--"ODULEs ROPADS/DBCS
C--REFERENCE: NOPADS VOLUME 5.13
C--PURPOSEs
C TO COPY DATA FROM AN INTEGER IL OR DR TO THE ARRAY IDL
C--!NPUT PARAfETERSs
C N9B-DATA BASEC1-UORrING,2-REFERENCE)
C IPI,IP2-ELEhENTS 1PI TO IP&2 ULL BE COPIED TO THE
C ARRAY IDL. IF NDL.GT.IP2-IPI•I, THE
C REMAINDER OF IDL IS NOT DISTUUBED, IF NDL.LT.
C IP2-IPl*l, ONLY NDL ELEMENTS UILL BE COPIED.
C SEE IERR. IF IP2.LT.IPI OR IPILE.0, RETURN
C UITH NO ACTION.
C IR-FORCE READ FLAG
C 1-D0 NOT FORCE READ
C 2-FORCE READ FROM DISK. IF THIS CAUSES IN CORE DATA
C YO BE OVERURITTEN, IERRx7 ON RETURN.
C NOL-LENGTH OF IDL
C--IHPUT/OUTPUT PARAIETERS:
C ID8AA(2-DBAA OF THE LATA LIST OR DIRETORY. IT MUST HAVE
C BEEN OBTAINED PREVIOUSLY. 6BI NAY CHANGE THE
c VALUES OF IDBAA TO REFLECT CURRENT DICS
C ADDRESSING. (1)-1BA, (2)-DBCSA.
C--OUTPUT PARAKETERSt
C IDL(NDL)-INTEGER ARRAY TO HOLD OUTPUT VALUES FROM THE D3.
C IERR-ERROR CODE
C O-NO ERROR
C 4-IDOAA INVALID
C 5-|17 AND/OR IP2 INVALID
C 6-1P2 EXTENDS PAST THE END OF THE DL OR DR
C 7-FORCE READ CAUSES DATA TO BE OVERURITTEN.
C LAST-LAST HAS TUO MEANINGS
C IF IERR.NE.6, LAST IS THE LAST DL ELFMENT COPIED
C TO THE OUTPUT ARRAY.
C IF IERR6,t LAST IS THE LAST ELEMENT OF THE DL.
C EXISTING ELEMENTS BETWEEH IPI AND IP2
C FOR UHICH THERE UAS ROOM IN THE OUTPUT
C ARRAY HAVE BEEN COPIED.
C--ALTERNATE RETURNSS
C 1-IERR.NE.O

------------------------- ft--------------------------
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SUIROUTINE GLBDLD(NDB,IDBAA',LABEL,IERR,')
C--NiODULE: NOPADS/DBCS
C--REFERENCE: NOPADS VCLUME 5.13
C--PURPOSE:
C TO RETRIEVE A LABEL TO A DL.
C
C--INPUT PARAMETERS:
C N13-DATA DASE(1-UORKING,2-REFERENCE)
c IDBAA(2)-DJ'AA OF A RECORD OF THE DL.
C--OUTPUT PARAMETERS:
C LAIEL-DL LWEL(CHARACTER).
C IERR-ERROR CODE
C 0-NO ERROR
C 12-IDBAA NOT A Pt...
C 13-OL HAS NO LABEL
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

------- ------------- t ----------------- L1--------------------------

SUBROUTINE GLDDRD(NDB,IDP!,A,LABEL,IERR,*,*)
C--NODULE: MOPADS/DBCS
C--REFERENCE: HOPADS VOLUME 5.13
C--PURPOSEs
C GLIDRD VILL FIND THE LABEL OF A DR GIVEN ITS DBA.
C--INPUT PARAMETERS:
C NDP-DATA BASE(1-UORKIRO,2-REFERENCE)
C--IM'PUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE DIRECTORY
C--OUTPUT PARAMETERS:
C LABEL-CHARACTER VARIABLE FOR THE DK JABEL(UP '10 40
C CHARACTERS)
c IERR-ERROR CODE
C 0-NO ERROR
C
C--ALTERNATE RETURNS:
C I-IDRAA NOI FOUND
C 2-IERR.NE.0

SUBROUTINE GLBELD(NDB,IRC,ILI ,'L2,NLBL,IDBAA,LABEL,161,I62,
- IERR,*)

C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
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C BLIELD RETRIEVES LABELS PP DL ELEMENTS.
C--INPUT PARAKETERS:
C NDl-DA7A BRSE( 1-UORKING,2-REFEREHCE)
C IRC-ROU/CILUI14 INDIC'tJOR
C IRC.GT.0-iCODJ IRC
c IRC.LT.O-COLUMt4 (-IRC)

C IRC*O 11 1-1 DATA LI1ST
c 11,1L2-ELEI'11 NUMNBERSI
C ~IRC-.T.-THESE ARE THE FIRST AND LAST COLWaIN
C OF ROU IRC UHUSE LABELS ARE TO BE GOTTEN.

C IRC.J.O-THESE ARE THE FIRST AND LAST ROUS OF COLUMN
C -IRC UHOSE LABELS ARE TO BE GOTTEN.

C IRC.E0.O-THESE ARE THE FIRST AND LAST ELEMENI4T UNOSE
LABELS ARE TO BE GOTTEN. I

C NLID-LENGTH OF OUTPUT ARRAY (LABEL)
C--INPUT/OUTPUT PARAMETERS:
C XDBAA(2)-DBAA OF THE DL UHOSE ELEMIENTS LABELS ARE TO BE SET.
C--OUTPUT PARAMETERS:
C LABELMINLBL)-CHARACTER ARRAY FOR LABELS.
c IF 1L2-IL1+1.GT.NLIL, ONLY KLBL LABELS UILI.
C BE C!!APGED.
C IF 1L2-]I14.LT.NLDL, ONLY IL2-IL1~l ELEMENTS OF
C LABEL UILL BE REFERENCED.
C 161,162-ACTUAL ELEMENTS COPIED TO LABEL.
c 151 AND 162 CORRESPOND IN MEANING TO ILI AND IL2.
C IF IERR.EQ.O, Iglli~l, 162vftIN(IGI+NLBL-l,1L2)
C IF IERR.EO.6, lal AND 162 EQUAL ACTUAL ELEME~4T
c LABELS COPIED. IF NONE, I161IG2=0.
C IERR-ERROR CODE
C 0-HO ERROR
C 5,6,9,12
C--ALTERMATE RETURNS:
C 1-IERR.NE.0
C

SUBROUTINtE GRD(NDB,IPI ,IP2,IR,NDL,IDBAA,RDL,IERR,LAST,*)

C--MODULE: MOPADS/DBCS
C--REFERENCE. MCPADS VOLUME Z.13

C TO COPY DATA FROM A REAL DL TO THE ARRAY ROL
C--INPUT PARAMETERS:
C NORD-DATA PASE(1-UORKING,2-REFERENCE)
C IPIJP2-ELEhENTS IPJ TO IP2 UILL BE COPIED TO TH4E
C ARRAY RDL. IF NBL.GT.1P2-IP)+l, THE
C REMAINDER OF RIL IS NOT DISTURBED. IF NDrL.LT.
C 1P2-!Pl*I, ONLY NDL ELEMENTS UJLL BE COPIED.
C SEE IERR. IF 1P2.LT.IPI OR IPI.LE.0, RETURN
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C WITH NO ACTION,
C IR-FORCE READ FLAB
C I-DO NOT FORCE RIAD
C 2-FORCE READ FROtF DISK. IF THIS CAUSES IN CORE D4AT

C TO BE OVERURITTEN, IERRx7 ON RETURP.
c DL-LENGTH OF RDL I

:--IMPUr/OUTPUT FARAMETERS:
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRETORY. IT MUST H4AVE

C MEN OBTAINED PREVIOUSLY. 5RD MAY CHANGE THlEi
C VALUES OF IDVAA TO REFLECT CURRENT DBCS
C ADDRESSIN6. (1)-DBA, (2)-DBCSA.
C--OUTPUT PARAMETERS:

c ROL(NDL)-REAL ARRAY TO HOLD OUTPUT VALUES FROM THE 1D. [
C IERR-ERROR CODE
C 0-NO ERROR
C 4-11104A INVALID
C 5-IPI AND/OR 1P2 INVALID
C 6-1P2 EXTENDS PAST THE END OF THE DL OR DR
C 7-FORCE READ CAUSES DATA TO BE OVERWRITTEN.
C LAST-LAST HAS TWO MEANINGS
C IF IERR.NE.6, LAST 13 THE LAST DL ELEMENT COPIES
C TO THE OUTPUT ARRAY.
C IF IERRz6, LAST IS THE LAST ELEM~ENT OF THE DL,
C EXISTING ELEMENTS BETWEEN IPI AND IP2
C FOR WHICH THERE UAS ROOM IN THE OUTPUT
C ARRAY HAVE PEEN COPIED.
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
C41

SUBROUTINE GROUCD(NDB,HROU,IC1,1C2,IR,NDL,IDBAA,CDL,IERR,LASTR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUIE 5.13
C--PURPOSE:
C TO COPY DATA FROM A ROW OF A 2-D LI. TO THE CHAR ARRAY CDL.
C--INPUT PARAMETERS:
C ND8-DATA BASE (1-UORKING,2-REFERENCE)
C NROU-T'lE ROW OF THE DL TO BE COPIED
C IC1,1C2-COLIIMN ELEMENTS 10i TO 1C2 OF ROW HROU WILL BE
C COPIED. IF NDL.GT.1C2-IC1+1, THE REMAINDER OF CDL
C WILL NO1T BE DISTURBED. IF NDL.LT.1C2-1C14, ,ONLY
C NDL COLUMN ELEMENTS WILL BE COPIED. SEE IERR. IF
C IC2.LT.IC; OR ICI .LF..O, RETURN~ WITH NO ACTION
C IR-FORCE READ FLAG
C I-D~O NOT FORCE READ
C 2-FORCE READ FROM DISK. IF THIS CAUSES IN CORE DATA TO
C BE OVERWRITTEN, IERRs7 ON RETURN

ir,
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C NDL-LENGTH OF CDL
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DDAA OF THE UATA LIST OR DIRECTORY. I1 MUST HAVE
C SEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUDROUTIRE TO REFLECT CURRENT DBCS ADDRESSING.
C--OUTPUT PARAMETERSs

C CDL(NDL)-CHARACTER ARkAT TO HOLD OUTPUT VALUES FROM THE [D.
C IERR-ERROk COPE
C O-NO ERROR
C 4-IDDAA INVALID
C 5-ICI AND/OR IC2 INVALID
C 6-ATTEMPT TO READ PAST END OF THE DATA LIST.
C 7-FORCE READ FLAG CAUSES DATA TO ME OVERURITTEN.
C '-ATTEMPT TO USE INCORRCCT DIMENSIONS TO ACCESS DD
C 10-OL NOT CHARACIER
c LASTR-IF IERR.NE.6, LASTRxO
C IF IERR=6, LASTRZTHE LAST DEFINED ROU OR COLUMN
C IN THE DL.
C"-ALTERNATE RETURNS:
C I-IERR.NE.O

SUBROUTINE GROUID(NDB,NROU,ICI,IC2.IR.MDL,IODAAIDL,IERRLASTR,*) 12.

C--MODULE: MOPADS/DbCS

C--REFERENCE: HOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY DATA FROM A ROW OF A 2-0 DL TO THE INTEGER ARRAY IDL.
C--INPUT PARAMETERS:
C NOD-DATA DASE (1-UORKING,2-REFERENCE)
c NROU-THE ROW OF THE DL TO BE COPIED
C ICI,IC2-COLUMN ELEMENTS ICI TO IC2 OF ROU NROU UILL BE
C COPIED. IF NDL.GT.IC2-ICII, THE REMAINDER OF IDL
C WILL NOT BE DISTU!.BED. IF NDLLT.IC2-IC141, ONLY
C NDL COLUMN ELEMENTS PILL BE COPIED. SEE IERR. IF t
C IC2.L'.IC1 OR ICI.LE.O, RETURN UITH NO ACTION
C IR-FORCE READ FLAG
C 1-DO NOT FORCE READ
C 2-FORCE READ FROM DISK. IF 7HIS CAUSES IN CORE DATA 70
C BE OVERUPITTEN, IERR=7 ON RETURN
C NDL-LENGTH OF IDL
C--INPUT/OUTPUT PARAMETERSs
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (I)-DDA,(2)-DBCSA
C--OUTPUT PARAMETERS:
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C IDL(fDL)-INTEGER ARRAY TO HOLD OUTPUT VALUES FRCZI THE DB.
C IERK-ERZOR CODE
C O'-NO ERROR
C 4-IDB4A INVALID
C 5-I"C AND/OR 1C2 INVALID
C 6-iTTEMPT TO READ PAST END OF THE DATA LIST.
C ?-FORCE READ FLAG CAUSES DATA TO BE OVERURITTEN.
C 9-ATTEMPT TO USE INCORRECT DIMENSIONS TO ACCESS D1
C IO-DL NOT INWEBER
C LASTR-IF IERR.NE.6, LASTR=O
C IF IERRz6, LASTR=THE LAST DEFINED ROU OR COLUMN
C IN THE DL.
C--ALTERNATE RETURNS:

C 1-IERR.NE.0
C

SUBROUTINE GROURD(NDB,NROUICI,IC2,IR,NDL,IDBAA,RDL,IERRLASTR,*)
C--MODULEs MOPADS/DBCS
C--REFERENCE: MUPADS VOLUME 5.13
C--PURPOSE:
C TO COPY DATA FROM A ROW OF A 2-D DL TO THE REAL ARRAY RDL.
C--INPUT PARAMETERS:
C NDB-DATA BASE (1-UORKING,2-REFERENCE)
C NROU-THE ROW OF THE DL TO BE COPIED
C ICI,IC2-COLUMN ELEMENTS ICI TO 1C2 OF ROU NROU WILL BE
C COPIED. IF NDL.GT.IC2-ICI+I, THE REMAINDER OF RDL
C WILL NOT BE DISTURBED. IF NDL.LT.IC2-ICIIo ONLY
C XDL COLUMN ELEMENTS WILL BE COPIED. SEE IERR. IF

C IC2.LT.ICI OR ICI.LE.0, REilIRN WITH NO ACTION
C IR-FORCE READ FLAi
C I-DO NOT FORCE READ
C 2-FORCE READ FROM DISK. !F THIS CAUSES IN CORE DATA TO
C BE OVERURITTEN, IERR=7 ON RETURN
C NDL-LENGTH OF RDL
C--INPUT/OUTPUT PARAMETERS:
C IDOAA(2)-DDAA OF THE DATA LIST OR DIRECTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DICS ADDRESSING.
C f1)-DBA,(2)-DBCSA
C--OUTPUT PARAMETERS:
.C RDL(NDL)-REAL ARRAY TO HOLD OUTPUT VALUES FR2M THE DB.
C IERR-ERROR CODE
C O-NO ERROR
C 4-IDOAA INVALID ir
C 5-1C AND/OR IC2 INVALID
C 6-ATTEMPT TO READ PAST END OF THE DATA LIST.
C 7-FORCE READ FLAG CAUSES DATA 10 BE OVERWRITTEN.
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C 9-ATTEMPT TO USE INCORRECT DIOENS13HS TO ACCESS DB
l 1O-DL NOT REAL

C LASTR-IF IERR.NE.6, LASTRaO
C IF IERR=6, LASTR=THE LAST DEFINErJ ROU OR CCLUMN
C IN THE PL.
C--ALTERNi.TE RETURNS:
C 1'.,ERR.NE.O
C

SUBROUTINE GSAFU(IDBAA,SAF,IERR,*)
C--6ODULE: MIPADS/DBCS
C--REFERE'CtL: NtPADS VOLUME 5.13
C--PURPOSE:
C TO RETRIEVE THE SAF OF A DL OR DR RECORD.
C--INPUT PARAMETERS,
r bIDAA(2)-CURRENT DBAA OF THE DL OR DR RECORD. AN
C ERROR RESULTS IF IDIIAA IS NOT CURRENT.
C--OUTPUT PARAMETERS:
C SAF-VALUE OF THE SAF FOR THE RECORD AT IDBAA.
C IERR-ERROR CODE

C OwNO ERROR
C 11-IDOAA XCT CURRENT(VALUE OF SAF NOT CHANGED)
C--ALTERIHATE RETURNS!
C I-IERR.NE.O

9U0ROUTINE INCPD(NPNR,NSIDBA,IENTYKCP)
C--MODULEt MOPADS/D8CS
C--REFERENCE: MOPADS VOLUME 5.13 . -
C--PURPOSEs
C TO INITIALIZE A CONTROL PART. SOE OF THE
C ELEMENTS OF THE CONTROL PART ARE PASSED
C TO INCPD. OTHER ELEMENTS ARE SET TO ZERO.
C--INPUT PARAMETERS.
C NP-PREDECESSOR RECORD
C NR-THE RECORD NUMBER
C NS-THE SUCCESSOR RECORD
C IDBA-INITIAL DATA BASE ADDRESS OF THIS DL OR DIRECTORY
C IENTY-ENTITY TYPE(1-DIPECTORT,2-IDL,3-RDL,4-CDL,5-LDL)
C--OUTPUT PARAMETERS:
C KCP(NUCPD)-ARRAY TO HOLD THE CONTROL PART.
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SUBROUTINE INI1ID(IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: POPADS "JOLUME 5.13
C--PURPOSE:
C IKITD WILL SET UP THE DBCS DEFA.ULT CONDITION. IT MUST BE
C CAI.LED ONCE PRIOR TO CALLING ANY OTHER DB:S PROGRAMS.
C IT MAY PE CALLED AT ANY TIME TO RESTORE THE DEFAULT SET-UP.
C INITD WILL CLOSE ANY DB'S THAT ARE OPEN.

C INITD DOES NOT RESTORE THE DEFAULTS FOR IKE FOLLOUING
C VARIABLES:
C LUD 17RCD -

C 1EISD KEPFD
C JOUTD KF'RTD
C JTRCD
C
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 40016-INSUFFICIENT DATA STORE SPACE
C
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE INPD(PROGM)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C INPD INCREMENTS THE DBCS SUBROGRAM LEVEL AND
C PRINTS THE ENTERING TRACE MESSAGE WHEN A
C PROGRAM IS CALLED AND TRACING IS ON.
C--INPUT PARAMETERS:
C PROOM-NAME OF THE 'CALLING SUBPROGRAM(CHAR'ACTER)
C

ENTRY OUTPD
C--MODULE: MQPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C OUTPD DECREMENTS THE DBCS SUBPROGRAM LEVEL FOR
C DbCS TRACING. OUTPD IS IN SUBROUTINE INPD.
C
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SUPROU1INE INSDRD(NDB, IBRDLRIDBRA, IDNIP'.IDPBO.ERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5,13 I
C--PURPOSE:R
C INSDRD UILL INSERT A DL OR DR INTO ITS LRECT POSITION
C IN A bR. THE INSERTED ENTIfY BECOMES THE CURRENT POSITION.
C--INPUT PARAMETERS:
C NfB-DATA BASE(I-UORKING,2-REFERENCE) A-
C IDRDL-TYPE TO BE INSERTED F.
C I-DR _

C 2-fL
C IDBRA(4)-DRAA(lDRDL=1) OF DBAA(IDRDLs2) OF THE ENTITY TO BE
C INSERTED INTO THE DR.
C ID(NID)-fHE IDENTIFIER OF IODRA
C--INPUT/OUTPUT j PARAMETERS:
C IfBO(4)- RAA OF THE DR THAT UILL DUN IDBRA.
C I.E. THE DR TO INSERT IDBRA INTO.)
C-OUTPUT PARAMETERS:'
C IERR-ERROR CODE
C O-NO ERROR
C 15-IDOO NOT A DIRECTORY
C 2002-IDDRA NOT OF TYPE IDRDL
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE KPNPD(KPN,LENN,IOFF) •. .,
C--MODULE: MOPADt/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C GIVEN A PARTITION OF THE DATA STORE(KPN),KPNPD
C RETURNS ,THE LENGTH (LENN) IN UORDS OF THE
C RECORDS|AND THE OFFSET(IN UORDS) TO THE START
C OF THE ONTROL PART.
C--INPUT PARAMETERS:
C KPN-A PARTITION OF THE DATA STORE. IPN IS AN
C INDEX OF THE KNPD ARRAY.
C--OUTPUT PARAME TERS:
C LENN-LENGTH(IN UORDS) OF THE RECORDS STORED IN
C THE KPN SECTION OF THE DATA STORE.
C IOFF-NUMBER OF UORDS TO THE FIRSf CONTROL UORD
C (E.G. KSTORD(KNPD(KPN)+IOFF) IS THE IST
C UORD OF THE 1ST RECORD IN SECTION VPN)

------- ------- --------.- . . . .----..-- .---------- --.---------.---- -, ----.----- |
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SUBROUTINE LNKDSD;NDD,IDBCS,IDBO)
C -MODULE: MOPADS/DBCS
C--REFERENCE: MOIADS VOLUME 5.13
C--PURPflSE:
C TO 00HK A RECORD INTO THE DATA STORE. fllC'ýnERIC
C OR CHARAlCTER).
C--INPUT PARAMETERS:

CC NDB-DATA WAE( 1-U0RK!YG,2-REFERENCE)

c IDBCS-aBCSA PF THE RECORD TO BE LINKED(1ST UORD OF CONTROL
C IirODCA O H EOD NTEDT TOET IKT
(. 1 j5-DA OFTERCR NTEDAASOE7)IKT

C IF iDBO=O, LNKDSD SEARCHES THE DATA STORE FOR
C AN ENTRY IN THE SAME RECORD CHAIN AS IDBCS.
C

SUBROUTINE LOCRDCNDB,IRU,LI ,L2,IR,IDBDL,I11,12,IERR,*,*)
C--NODULE: MOPADS/DBCS
C--REFERENCE: ROPADS VOLUME 5.13
C--PUhfiOSE:
C LOCRD RETURNS THE DBCSA OF DL OR DR RECORDS TO BE ACCESSED.
C IT IS CALLED SEOUENTIALLY tJHEN THE ELEMENTS OF THE
C DL OR DR SPAN MORE THAN OME RECORD.
C--INPUT PARAMETERS:
C NDD-DATA BASE(1-WORKUNG,2-REFERENICE)
C IRU-REAiD/URITE FLAG (1-LOCRD 1S BEING CALLED FOR A
C READ ACCESS, 2-LOCRD IS BEING CALLED FOR A URITE ALCESS)
C LJ,2-ELEMENTS REGUESTED BY THE USER. IF L2 IS BEYOND
C THE END OF THE DL OR DR AND IRU=2, THE DL OR DR VILL BE
C EXTENDED.
C IR-FORCE READ FLAG(1-DO NOT FORCE READ, 2-FORCE READ
C FROM DISK)(NOT APPLICABLE IF IRU=2)
C--INPUT/OUTPUT PARAMETERS:
C IDBDL(2)-DBAA OF THE DL OR DR. IT UILL BE SET BY '.OCRD
C TO THE DBAA OF THE RECORD UITH ELEMENTS 11 TO 12.
C IT MUST NOT BE CHANGED BETUEEN CALLS.
C IDBDLC 1)-RECORD NUMBER(.LTO IF CHARACTER)
C (2)-DBCSA
C 11,12-RETURNEP AS THE ELEMENTS CONTAINED IN THE RECORD AT
C IDBDL. NO FURTHER CALLS SHOULD BE MADE IJXEN 12.GE.L2
C OR IERR:6.
C ON THE FIRST CALL TO LOCRD, SEND 12.L0.11. DO NOT
C CHANGE 11 OR 12 BETUEEN CALLS.
C--OUTPUT PAR.AMETERS:
C IERR-ERROR CODE 1=
C 0-NO ERROR
C 6-ATTEMPT TO READ PAST END OF DL OR DR.

U- 73



c IDBDL IS THE DBAA OF THE LAST RECORD AND 11 AND 12
C ARE RTTURNED AS THE ELEMENTS ON THIS RECORD.
C 7-FORCE READ OF RECORDJS THAT ARE OUT Of DATE ON DISK.
C IN CORE VERSIONS ARE OVERURITIEN.
C--ALTERNATE RETURNS:
C 1-IERR.NE.O.AND.IERR.NE.6
C 2-IERR:6
c IF BOTH TERR=6 AND 7 ARE APPLICABLE, IERR WILL
C EDLAL 7 AND ALTERNATE RETURN 2 WILL BE TAKEN. *

FUNCTION LSTORD(IDBCS)
C--MODULE: UIOPADS'DBCS
C--REFERENCE: HOPADS VOLUME 5.13
C--PURPOSE:
C TO DETERMINE WHAT PART OF THE 'ýA7A STORE A DBCSA
C LIES IN. ISTORD RETURNS AN INHEX TO VNPD SUCH
C THUT KNPD(LSTORD).LE.IDiiCS.LT.KN4PD(LSTORD+l)
C-
C--INPUT PARAMETERS:
C IDBCS-A DBCSA

FUNCTION MRAND(I1,12)
C--ilODULE: MOPADS/DBCS
C--REFERENCE: 'IOPADS VOLUME 5.13
C--PURPOSE:
C
C TO GENERATE AN4 INTEGER UNIFORMLY DISTRIBUTED BETWEEN
C 11 AND 12.
C
C--INPUT PARAMETERS:
C I1,I2-LOUER AND UPPER BIOUND OF THE RANDOM INTEGER
C
C--OUTPUT PARAMETERS:
C IIRAND-INTEC'ER BETWJEEN Il AND 12.
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FUNCTION NCPARD(IP;,TXDBCSA)
,% C--MODULE: MOPADS/LECS

C--REFERENCE: HOPADS VOLUME 5.13
C--PURPOSE:
C TO RETURN A CONTROL PARAMETER FOR A DB RECORD IN THE
"C DATA ST3RE.

C NCPARD Ii INTENDED F'R IATERNAL DBCS USE ONLY. IT DOES
C NO ERROR CHECKING FOR CORRECT INPUT PARARLTERS.
C--INPUT PARAFTTERS:
C IPAR-THE NUMBER OF THE CONTROL PARAMETER
C I-PREDECESSOR DBA ON DISK
"C 2-DBA OF THIS RECORD(MAY BE NEGATIVE)

- C 3-SUCCESSOR DBA ON DISK
C 4-INITIAL DBA ON DISK
C 5-DBA OF THE LDL
C 6-INITIAL DBA OF THE OWNER DIRECTORY

SC 7-ENTITY TYPE, 1-DR,2-IDL,3-RDL,4-CDL.,5-LDL
C 9-FOR DL'S-THE ROU(+) OR COLUMN(-) DIMENSION.

C' C +1 FOR l-D DL'S.
C FOR AR'S-THE ROU DIMENSIONSC 9-IDEX OF THE FIRST ELEMENT ON THE RECORD.
C 9O-INDEX OF THE LAST ELEMENT ON THE RECORD.

1ce C -N-T LSL---
"*C - ERROR
"C -2 ERROR

C -3 SUCCESSOR DBCSA IN CORE
C -4 PREDECESSOR DBCSA IN CORE
C -5 DATA BASE (I OR 2)
C -6 LOCATION IN CSTORD CF THE DATA PART FOR

> C CHARACTER DL'S AND LDL'S. ERROR FOR NUMERIC DL'S.
C IDBCSA-CURRENT DBCSA OF THE D8 RECORD.

S
SUBROUTINE NEGNRD(IDBA)

C--MODULE: MOPADS/DECS
"C--REFERENCE: MOPADS VOLUME 5.13
"C--PURPOSE:
C TO SET THE RECORD NUMBER IN CORE NEGATIVE.

* C THIS INDICATES THAT THE IN CORE RECORD
C CONTAINS INFORMATION NOT YET URITTEN TO DISK.
C--INPUT PARAMETERS:
C IDBA-DBCSA OF THE RECORD

•5

0.5
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SUBROUTINE NEURCD(PDB,IDBA,IERR,*)
C--4ODULEs NOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSEt
C TO 03 AIN A REU RECORD NUMBER. THE RECOR3 ;S HOT READ
C NOR LINKED IN ANY UAY. IF A RECORD IS CURRENTLY NOT
C BEING USED, ITS NUMBER UILL BE RETRIEVED FROM THE
C ARL AND USED. IF NO RECORD IS lVAILABLE, A NEU ONE UILL BE
C CREATED. ONE RECORD ALUAYS EXISTS IN THE ARL, EVEN IF
C IT IS EMPTY.
C--INPUT PARAMETERS:
C NDbi-Dl(I-ORKING,2-REF)
C--OUTPUT PAR'4ETERS:
C IODA-DIA OF THE NEU RECORD(RECORD NUMBER)
C XERR-ERROR CODE
C 2000-NO MORE RECORDS AVAILABLE
C--ALTERNaTE RETURHS:
C 1-IERR.NE.C

FUNCTION NRD(IOPTNRITY)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPAD5 VOLUME 5.13
C--PURPOSE:
C DBCSA'S HAVE NEGATIVE RECORD NHUBERS FOR DATA LISTS
C OF TYPE CHARACTER. NRD UILL RETURN THE APPROPRIATE
C (+ OR -) VALUE OF THE RECORD NUMBER.
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C I-RETURN THE CORRECT SIGN OF THE RECORD NUMBER(SEE
C NRD)
C 2-RETURN IABS(NR) (ITY NOT USED)
C NR-DBCSA (IE RECORD NUMBER) HR hAY BE + OR -.

C ITY-TYPE
C 1-NUWERIC, 2-CHARACTER
C--OUTPUT PARAMETERS:
C NRD-rOR IOPT=I, IRD=IABSCNK) IF ITY1=
C a-IABS(NR) IF IT"=2
C FOR IOPT=Z, NRD=IABS(NR)
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SUDROU(INE NXD(IDB,IOPT.IIRDLIDIRICOND.NCOND,NID,IDRAA,
-ID,IFOUND,NTY,IEKR,*,*)

C--NODULE: MOPADS/DUCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C NXD MOUES THE CURRENT DL OR DP POSITION OF A DIRECTORY
C TO A DL OR DR THAT SATISFIES SPECIFIED CONDITIONS.
C IF NO DL OR DR SATISFYING THE CONDITICNS IS FOUND OR IF
C AN ERROR OCCURS, THE CURRENT POSITION IS NOT CHANGED.
C--INPUT PARAnETERS:
C NDI-DATA DASE(1-UORKING,2-REFERENCE)
C IOPT-OPTION
C I-RETURN THE CURRENT POSITION IF IT SATISFIES THE
C CONDITION.
C 2-THE CURRENT POSITION IS NOT ELIGIBLE T) SE FOUND.
C IDROL-TYPE TO SEARCH OVER
C I-DR'S
C 2-DL'S
C IDIR-DIRECTION OF SEARCH
C 1-FORUARD(AUAY FROM ONE)
C 2-IACKUARD(TOUARD ONE, I.E. TOUARD THE BEGINNING OF
C THE LIST)
C ICOND(3,NCOND)-CONDITIOUS TO SATISFY. 'NCUND' CONDITIONS EXIST.
C ICOND(1,J) IS THE ELEMENT OF THE ID TO UNICH
C CONDITION ICOND(2,J) APPLIES. ICOND(IJ)=O
C MEANS CONDITION J IS MULL.
C
C IF ICOND(2,J) IS THEN THE CONDITION IS
C---------------------- ----------------------------------
C .LE.O NULL(AY VALUE IS OK)
C 1 ID ELEMENT ICOND(1,J) .LT, ICOND(3,J)
C 2 *.E
C 3 * EQ.
C 4 3.6E.

C 5 3.T

C 6 " .ME.
C
C Eý6. ICOND(-,2)-(4,3,12) MEANS ID ELEMENT 4
C RUST EQUAL 12.
C ICOND(-,3)-(5,0,O) MEANS ID ELEMENT 5
C MAY HAVE ANY VALUE.
C
C IF NCONDzO, ICOND VILL NOT SE USED. NXD UILL
C SEARCH IN THE DIRECTION "IDIR" FOR THE NEXT
C ENTRY OF TYPE "IDRDL" AND RETURN IT. IF IOPT=I
C NXD VILL RETURN THE CURRENT POSITION(IF THERE IS
C NO CURRENT POSITION, ALTERNATE RETURN 1 IS
C TAKEN.)
C
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C SEARCHING MAY BE PERFORMED 00 THi EdTlTV TYPK
C AND THE DOA AS MELL. LET 'L7D' BE THE LLNG•H
C OF THE ID'S. THEN ID 'ELEMENT' LID*1
C IS THE TYPE (I-DIRECTORY,2-IDL,3-RDL,4-CDý).
C ELEMENT LID+2 IS THE DDA OF THE DL OR DR.
C TO SEARCH ON THESE USE ICOND(Jl'=LID41 OR
C LID+2.
C
C NIS-Al LEAST THE LENGTH OF THE ID'S OF THE DIRECTORY AT IDRAA.
C--INPUT/OUTPUT PARAMETERS:
C !DRAA(4)-DRAA OF THE DIRECTORY TO SEARCH
C--OUTPUT PARAMETERS:
C IDINZD)-IDNTIFIER FOUND BY THE SEARCH. ZERO If ALTER::ATE
C RETURN I IS TAKEN. IF NID I GREATER IHAN THE
C LENGTH OF THE ID'S, THE REMAINDER 13 NOT CHANGED.
C IFOUND(4)-DBAA OR DRAA OF THY FOU4D ENTRI. IF IDRDL=2,
C ONLY THE FIRST 2 UORDS OF IFOUND ARE USED.
C IFOUND-O IF ALTERNATE RETURN I 15 TAKEN.
C HTY-COLUMN POSITION OF THE LAST EMPTY COLUMN SEEN
C JEFPRE RETURN. ZERO IF NONE.
C IERR
C O-NO ERROR
C 9-NIO TOO SHORT
C t5-IDRAA NOT A DIRECTORY
C 16-ICOND NOT ACCEPTABLE
C--ALTERNATE RETURNS!
C I-HO DL OR DR SATISFYING THE CONDITIDUS UAS FOUND
C 2-IERR.NE.0

SUIROUTI7E OPNDDD(ND3,ION,FILN,MAX9,NID,IERR,IDERR,*)
C--MODULEs HOPADS/DBCS
C--REFERENCEs: MOPADS VOLUME 5.13
C--PURPOSES
C OPHODD gILL OPEN A D0 FILE. THE DO IS OPENED IN READ-ONLY
C MODE
C--INPUT PARAMETERS:
C NOD-DATA 0ASE(I-UORKING,2-REFEREMCE)
C OPMDlD MILL CLOSE 4N EXIST7NE DI OF TYPE NOD BEFORE
C OPENING THE NEU FIlE.
C ION-OLDI/HEU OPTION
C I-CREATE A NEU DO 0 THE SPECIFIED FILE.
C 2-OPEN A PREVIOUSLY EXISTING 0D
C FILM-FILE HAAE(CHARACTER)
C MAXR-MAX RECORD NURDER FOR THE FILE
C .LE.0-USE NO LIMIT IF IONut. IF IOt12, USE PREVIOUS
C VALUE.
C .OT.O-USE MAXR IF I10+2. IF ION:2, USE THE MAXIMUM OF
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C MAXR AND THE PREVIOUS VALUE.
C HID-THE NUMBER OF UORDS/ID FOR THE MASTER DIRECTORY.
C USED ONLY IF ION=I. (NID.GE.1)
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C 2003-NO PRIOR CALL TO INITD

3000-BOTH DB'S(WORKING AND REFERENCE) MUST HAVE SAME
C RECORD SIZE. THIS ERROR OCCURS IF A OB IS OPENED
C UITH A RECORD SIZE THAT DOES NOT MATCH THE OTHER
C OPEN DB.
C 3001-NEU DP DOES NOT HAVE THE CORRECT CONTROL PART SIZE.
C 3003-NEU NB DOES NOT HAVE CORRECT DIRECTORY ADDRESS SIZE.
C 3004-SYSTEM I/O ERROR OPENING DO OR ACCESSING PARAMETERS.
C INTEGER PARAMETER 1 IS THE I/O ERROR CCDE. SEE IOERR.
C
C NOTE: ERRORS 3001 AND 3003 OCCUR ONLY IF MODIFICATIONS
C ARE NADE TO DBCS ýND A DB CREATED VITH THE EARLIER
C VERSION ARE RUN UITH THE 'EU VERSION.
C IOERR-SYSTEM I/O ERROR CODE IF IERR=3004. ZERO OTHERUISE.
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE PCD(NDB,IPI,IU,CDLNDL,IDBAAIERR,*)
C--NODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY THE CONTENTS CF THE CHARACTER ARRAY CDL TO A DATA LIST
C OR DIRECTORY.
C--INPUT PARAMETERS:
C NDB-DATA BASE (I-UORKING,2-REFERENCE)
C IPI-THE FIRST ELEMENT OF THE DL OR DR TO BE
C OVERURITTEN UITH DATA FROM CDL. IF IPI IS
C BEYOND THE CURRENT END OF THE DL, THE DL UILL
C BE EXTENDED (UIIH ZERO VALUES FOR UNSPECIFIED
C ELEMENTS). IF IP1.LE.O,'RETURN JITH NO ACTION.
C 1U-FORCE URITE FLAG !I
C 1-DO NOT FOPCE URITE. CHANGED VL OR DR NAY EXIST
C ONLY IN CORE.

C 2-FORCE URITE THE CHANGES TO THE DBF.
C THIS OPTION IS IN ADDITION TO THE DB PROTECTION NODE.
C CDL(NDL)-THE CHARACTER ARRAY UITH VALUES TO BE URITTEN TO THE
C DATA BASE. NDL ELEMENTS UILL BE COPIED FROM CDL
C TO THE DATA BASE.
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DL OR DR. IDBAA MAY BE CHANGED BY
C PCD TO REFLECT CURRENT DBCS ADDRESSING.
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C--OUTPbT PARAMETERS:
C lE1W-ERROR CODE. IF IERR.NE.0, TiE CONTENTS OF THE
C IDBAA DL OR DR A•E UNPREDICTABLE.
C O-NO ERROR
C l,2-Dt U07 OPEN

C 4-INVALID IDBAA
C $-INVALID URITE TO READ ONLY Di
C 2000-NO MORE RECORDS AVAILABE IN DIF.
C--ALTERNATE RETURNSt
C I-IERR.NE.O
C

SUBROUTINE PCOLCD(NDB,NC3LIRIIR2,IU,CDL,NDL,IDOAA,IERRe*)
C"•AODULE: MlOPADS/DRCS
C--REFERENCE: MOPADS VOLUKE 3.13

C--PURPOSE:
C TO COPY DATA FROM THE CHARACTER ARRAY CDL TO A 2-D DL IN
C THE DATA BASE.
C--INPUT PARAMETERS:
C NPI-DATA BASE (1-UORKIHG,2-REFERENCE)
C NCOL-THE COLUMN OF THE DL TO BE COPIED
C IRIIR-.-ROU ELEMENTS IRI TO IR2 OF COLUMN NCOL UILL BE
C CHANGED. IF NDL.GT.IR2-1.I.14, THE RZMAINDER OF CDL
C UILL NOT BE USED. IF NCL.LT.1R2-IRI+I, ONLY
C NDL RGU ELEhENTS UILL BE CHANGED. SEE IERR. IF
C IR2.LT.IRI OR IR1.LE.O, RETURN UITH NO ACTION
C IU-FORCE WRITE FLAG
C 1-DO NOT FORCE WRITE. DL CHANGED IN CORE ONLY.
C 2-FORCE URITE THE CHANGES TO DISK. THIS IS IN ADDITION TO THE
C DO PROTECTION MODE.
C CDL(NDL)-CHARACTER ARRAY UITH VALUES TO BE WRITTEN TO THE DL.
C--INPUT/OUTPUT P6RAMETERSt
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOUSLY. IT MAY BE CHANGED IN THIS

C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C iI)-DBA,(2)-DBCSA
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 4-IDBAA INVALID
C 5-IRI AND/OR IR2 INVALID
C 8-ATTEMPT TO WRITE TO READ ONLY DO
C V-ATTEMPT TO USE INCORRECT DIMENSIONS TO ACCESS DO
SI1-DL NOT CHARACTER
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
C
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SUBROUTINE PCOLID(NDB,NCOL,IRI,IR2,IU,IDL,NDL,IDRAA,IERR,*)
C--MODULEs MOPADS/DbCS
C--REFERENCE: MGPADS VOLUME 5.13
C--PURPOSE:
C TO COPY DATA FROM THE INTEGER ARRAY IDL TO A 2-D OL IN
C THE DATA BASE.
C--INPUT PARAMETERS:
C NIB-DATA BASE (1-UORKING,2-REFERENCE)
C NCOL-THE COLUMN OF THE DL TO BE COPIED
C IRlIR2-ROU ELEMENTS IRI TO 1R2 OF COLUIMN NCOL UILL BE
C CHANGED. IF NDL.GT.IR2-IRI•I, THE REMAIKDER OF IDL
C MILL NOT BE USED. IF NDL.LT.IR2-IRI4l, ONLY
C NOL ROU ELEMENTS UILL BE CHANGED. SEE IERR. IF
C IRZ.LT.IRI OR !R1.LE.O, RETURN UITH NO ACTION
c IU-FORCE URITC FLAG
C I-DO NOT FORCE URITE. DL CHANGED IN CORE ONLY.

C 2-FORCE URITE THE CHANGES TO DISK. THIS 15 IN ADDITION TO THE
C DI PROTECTION MODE.
C IDL(NDL)-INTEGER ARRAY UITH VALUES TO BE URITTEN TO THE DL.
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE. DATA LIST OR DIRECTORY. IT MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (I)-DBA,(2)-DBCSA
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C 4-IDBAA INVALID
C 5-IRI AND/OR IR2 INVALID
C 3-ATTEMPT TO URITE TO READ ONLY DBI

C Y-ATTEMPT TO USE INCOkRECT DIMENSIONS TO ACCESS D0
C 10-DL NOT INTEGER
C--ALTERNATE RETURNS:
C I-IERR.NE.O
C

SUBROUTINE PCOLRD(HDBNCGLIRIIR2,IU,RDLNDL,IDBAAIERR,*)
C--MODULE: MOPADS/D8CS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY DATA FROM THE REAL ARRAY RDL TO A 2-0 DL 1N
C THE DATA BASE.
C--INPUT PARAMETERS:
C NOB-DATA BASE (1-UORKING,2-REFERENCE)
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C NCOL-THE COLUMN OF THE DL T0 BE COiIED
; IR1,I2-ROg ELEMENTS IRI TO IR2 OF COLUMN NCCL UILL BE

C CHANGED. IF NDL.GT.IR2-IRI+I, THE REMAINDER OF ROL
C VILL NOT BE USED. IF N3L.LT.IR2-1RI4I, ONLY
C NDL RUU ELEMENTS UILL BE CHANGED. SEE IERR. IF

C IR1.LT.IRI OR IPI.LE.O, RETURN WITH NO ACTION
C lU-FORCE WRITE FLAG
C I-DO NOT FORCE URITE. DL CHANGED IN CORE ONLY. 'I
C 2-FORCE URITE THE CHANEES TO DISK. THIS IS IN ADDITION TO THE
C PB PROTECTION NODE.
C RDL(NDL)-REAL ARRAY WITH VALUES TO BE UWITTEN TO THE DL.
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. IT MUST HAVE
C DEEM OBTAINED PREVIOSLY. IT MAT BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (1)-D$A,(2)-DBCSA
C--GUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C 4-IDBAA INVALID
C 5-IRI AND/OR 1R2 INVALID
C S-ATTEMPT TO URITE TO READ ONLY D3
C 9-ATTEMPT TO USE INCORRECT DIMENSIONS TO ACCESS DI
C 10-OL NOT REAL
C--ALTERNArE RETURNS:
C I-IERR.NE.0 ',
C

C--NODULE: MOPADS/DBCS

C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY THE CONTENTS OF THE ARRAY IDL TO AN INTEGER DATA LIST
C OR DIRECTORY.
C--INPUT PARAMETERS:
C NDB-DATA PASE (0-UORKING,2-REFE.RENCE)

IPI-THE FIRST ELEMENT OF THE DL OR DR TO BE
OVERURITTEN WITH DATA FROM'IDL. IF IPI IS

C. BEYOND THE CURRENT END OF THE DL, THE DL VILL

t BE EXTENDED (WITH ZERO VALUES FOR UNSPECIFIED
C ELEMENTS). IF IPI.LE.O, RETURN WITH NO ACTION.
C IU-FORCE URITE FLAB
C 1-DO NOT FORCE URITE. CHARGED DL OR DR MAY EXIST
C ONLY IN CORE.
C 2-FORCE URITE THE CHANGES TO THE DPF.
C THIS C?TION IS IN ADDITICN TO THE tOB PROTECTION NODE.
r IDL(NDL)-THE INTEGER ARRAY U1TH VALL?'S TO BE URITTEN TO THE
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C DATA IASE. MDL ELEMENTS WILL SE COPIED FROM IJL.
C TO THE DATA BASE.
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DL OR DR. IDBAA MAY HE CHoNGED BY
C PID TO REFLECT CURRENT DBCS AIDRESSINC.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE. IF IERR.NE.0, THE CONTENTS OF THE
C IDBAA DL. OR DR ARE UNPREDICTABLE.
C O-NO ERROR
C 1,2-DB NOT OPEN

C 4-INVALID IDBAA
C B-INVALID URITE TO rZEAD ONLY DD
C 2000-NO MORE RECORDS AVAILABE IN DeF.
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
C

SUBROUTINE PLBDLD(NDB,IDBAA,LABEL,IERR,*) L
C--NODULE: MOPADS/DBCS
C--REFEREi!CE: ROPADS VOLUME 5.13
C--PURPOSE:
C TO ASSIGN A LABEL TO A DL. PLBDLr UJIL OVERURITE A
C PREVIOUS DL LABEL.
C
C--INPUT PARAMETERS:
C NDB-DATA BASE(1-UORKING,2-REFERENCE)
C IDBAA(2)-DBAA OF A RECORD OF THE DL.
C LABEL-NEU DL LABEL(CHARACTER). DL LABELS UILL BE
C TRUNCATED TO 25 CHARACTERS.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 12-IDOAA NOT A DL.
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

SUBROUTINE •BELD(NDB,IRC,ILI,IL2,LABEL,NLBL,IDBAA,IERR,s)
C--MODULE: MOPALS,DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C PLBELD SETS LABELS OF DL ELEMENTS.
C--INPUT PARAMETERS:
C ND?-DATA PASE(1-WORKING,2-REFERENCE)
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C IRC-ROU/COLUIIN INDILATOR
C IRC.61.0-ROU IRC

cIRC.LT.O-CULI~tiN (-IRC)n
C IRCsO -A 1-7ý DATA LIST
C 1L1,1L2-ELEMENT NU?'BERS
C IRC.61.0-THESE ARE THE FIRST AND LAST COLUMNS
C OF ROUl IRC UHOSE LABELS ARE 70 BE CHANGED.

C IRC.LT O-THESS ARE THE FIRST ANIJ LAST ROUS OF COLUMN

C -IRC UHOSE LABELS ARE TO BE CHANGED.
C ~ IRC.EQ.0-THESE ARE THE FIRST AND LAST ELEMENTS UJH1SE

C LABELS ARE TO BE CHANGED.
C LABEL(NLDL)-CHARACTER ARRAY CONTAINING LABELS.
C IF 1L2-ILI1I.6T.NL.BL, ONLY NLBL LABELS WILL

c IZ CHARGED.
C IF ;L2-ILl*1.LT.NLDL, ONLY 1L2-IL1*1 ELEMENTS OF
C LABEL UILL BE REFERENCED.
C--INPUT/OUTPUT PARAMETERS:
C IDBAAC2)-DBAA OF THE DL UHOSE ELEMENTS LABELS ARE TO BE SET.
C--OUTPUT PARAMETERS:
C IERR-ERROR COJDE
C 0-NO ERROR
C 5,9.12
C--ALTERNATE RETURNS:
C I-lERR.HE.0
C

---- --- --- --- --- ---- --- --- --- --- --- ---- --- --- --- --- ---...

SUBROUTINE PLINKD(NDB,IDRAA,IDOAA,NID,IERR,*)
C--MODULE: MOPADS/DBES
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C PLINKD UII.L RETURN THE DRAA OF IHE OUNER OF A DiL OR DR.
C
C--INPUT PARAMETERS:
C NDD-DATA BASE(1-UDRKING,2-REFERENCE)
C IDRAA(4)-DRAA(DIRECTORY) OR DBAA(DL) OF THE DR OR DL UHOSE
C OUNER IS TO BE FOUND. IF IT IS A DL, IDRAA NEED BE
C DIMENSIONED ONLY TO 2.
C--OUTPUT PARAMETERS:
C IDOAA(4)-THE DRAA OF THE OUNER DIRECTORY. IF IDRAA HAS NO
C IOUNER, IDOAA(1)=O.
C RID-NUMBER OF UORDS IN THE ID OF IDRAA
C IERR-ERRDR CODE
C 0-NO ERROR
C
C--ALTERg4ATE RETURNS:
C 1-IERR.NE.O

---- ---- --- ---- ---- --- ---- ---- --- ---- ---- --- ---- ---- -- '
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SUBROUTINZ POSDRD(NDB,IBE,IDRDL,IDRAA,IERR,.,,.:)
C--MO9ULEz MOPADS/IJBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C POSDRD WILL POSITION A DR AT ITS BEGINNING OR ENr(FOR
C O UNED DL'S OR DR'S)
C--INPUT PARAMETERS:
C NOD-DATA DASE(1-UORKING,2-REFERENCE)
C ISE-DIRECTION
C -1-POSITION AT BEGIVNNING
C 2-POSITION AT END
C IDRDL-TYPE OF SEARCH
C 1-DR'*S
C 2-DL'S
C--INPUT/OUTPUT PARAMETERS:
C IDRAA(4)-DRAA OF THE DIRECTORY
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE ti'
C 0-NO ERROR.
C--ALTERNATE RETURNS:
C 1-IDRAA HAS NO ENTlRIES OF TYPE IDRDL
C 2-IERR.NE.0

* SUB"'OUTINE PRD(NDB,IFt,IU,RDL,NDL,IDBAA,IERR,*)
C--flODULE: KOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY THE CONTENTS OF THE ARRAY RDL TOj A REAL DATA LIST
C OR DIRECTORY.
C--INPUT PARAMETERS:
C NDD-DATA BASE (1-UORKING,2-REFERENCE)
C IPI-TIKE FIRST ELEMENT OF THE DL OR DR TO BE
C OVERWRITTEN WITH DATA FROM RDL. IF IP1 IS
C BEYOND THE CURRENT END OF THE DL, THE DL WILL
C BE EXTENDED (WITH ZERO VALUES FOR UNSPECIFIED
C ELEMENTS). IF IPI.LE.0, RETURN UITH NO ACTION~.
C lu-FORCE WRITE FLAG
C 1-DO NOT FORCE URITE. CHANGED DL OR DR MAY EXIST
C ONLY IN CORE.
C 2-FORCE WRITE THE CHANGES TO THE DBF.
C THIS OPTION IS IN ADDITION TO THE ZýB PROTECTION MODE.
C RDL(NDL)-THE REAL AR~RAY WITH VALUES TO BE WRITTEN TO THE
C DATA BASE. HDL ELEMENTS WILL BE COPIED FROM RDL - '

C -TO THE DATA BASE.
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C--INPUT/OUTPUT PAiRAMETERS:
C IDBAA(2)-D4AA OF THE DL OR DR. IDBAA MAY BE CHANGED BY
C PRD TO REFLECT CURRENT DBCS ADDRESSING.
C--OUTPUT PA~eiMETERS:
C IEAR-ERROR CO~)E. IF IERR.NE.0, THE CONTENTS OF THE
C IDBAA DL OR DR ARE UNPREDICTABLE.
C 0-NO ERROR
C 1,2-DI NOT OPENV
C 4-INVALID IDBAA
C $-INVALID WRITE TO READ ONLY DD
C 2000-NO NORE RECeIDS AVAILABE IN DBF.
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
C

SUBkOUTINE PROTD(NDB,KPROTIERR,*)

C--REFERENCE: MOPADS VOLUME 5.134
C--PURPOSE:
C TO SET THE PROTECT!~oN (rODE FOR THE DB ~~
C
C--INPUT PARAMETERS:
c NDB-DB(l-IJORKING, 2-REF)
C KPROT-PROTECTION CODE
C 1-READ ONLY
C 2-URITE(SAFE)
C 3-URITE(LOOSE)
C 4-URITECUNSAFE)
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C jý0-Na ERROR
C 1,2
C--ALTýRýNATE RETURNS:
C 1-IERR.NE.0

SUBROUTINE PROUCD(NDB,NROU,IC1I ,C2,IU,CDL,NDL,IDBAAIERR,*)
C--MODULE: MOPADS/DBCS4
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COP7 DATA FROM THE CHARACTER ARRAY CDL TO A 2-D DL IN
C THE D~ATA BASE.
C--INPUT PARAMETERS:
C NDO-DAIA BASE (1-UORKING,2-REFERENCE)
C NROU-THE ROWl OF THE DL TO BE COPIED
C ICI,IC2-COLUMN ELEMENTS IC1 TO 1C2 OF ROWl NROW WILL BE
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C CHANGED. IF HOL.GT.IC2-ICI+1, THE REMAINDER OF CDL
L luLL NOT BE USED. IF NDL.LT.1C2-ICI+1, ONLY

C NDL COLUMN ELEMENTS WILL BE CHANGED. SEE IERR, lF
C 1C2.LT.ICI OR ICI.LE.O, RETURN WITH NO ACTION
C lu-FORCE WRITE FLAG

C I-DO NOT FORCE WJRITE. BL CHANGED IN CORE ONLY.
C2-FORCE WRITE THE CHANGES TO DISK. THIS IS IN ADDITION TO THEI

C DB PROTECTION MODE.
C CDLfNDL)-CHARACTER ARRAY VITH VALUES TO BE WRITTEN 7O THE DO.

C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. IT MUST HAV6
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS

CSUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING. L
C (1)-DBA,(2)-DBCSA

C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 4-IDSAA INVALID
C 5-IC1 AND/OR 1C2'INVALID
C 8-ATTEMPT TO WRITE TO READ ONLY DB
C 9-ATTEMPT TO USE INCORRECT DIMENSION#S TO ACCESS DB
C 10-DL NOT CHARACTER
C--ALTERNATE RETURNS:

C I-IERR.NE.0

C h
SUBROUTINE PROUIDCNDB,NROU,!CI,IC2',IU,IDL,NDL,IDBAA,IERr,.t)

C--MODULE: MOPADS/DBCS
C--PEFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY DATA FROM THE INTEGER ARRAY IDL TO A 2-D DL IN
C THE DATA BASE.
C--INPUT PARAMETERS:

C NDB-DATA BASE (1-UORKING,2-REFERENCE)

C, ICI,IC2-COIUMN ELEMENTS iCl TO 1C2 OF ROU NROV WILL BE
r ~ CHA~tiED. IF NDL.GT.IC2-IC1+1, THE REMAINDER OF IDL
C WILL NOT BE USED. IF NDL.LT.IC2-IC1+1, ONLY

C NDL COLUMN~ ELEMENTS UIL'. BE CHANGED. SEE IERR. IF
C 1C2.LT.ICI OR ICI.LE.O, RETURN WITH NO ACTION
C lU-FORCE WRITE FLAG

C I-DO NOT FORCE WRITE. DL CHANGED IN CORE ONLY.
C 2-FORCE URITE THE CHANGES TO DISK. THIS IS IN ADDITION '1O THE
C DB PROTECTION MODE.
C IDL(NDL)-INTEGER ARRAY WITH VALUES TO BE WRITTEN TO THE DB.

C--INPUT/OUTPUT PARAMiEYERS:
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c IDBAA(21-DBAA OF THE DATA LIST OR DIRZCTORY. 1T MUST HAVE
C BEEN OBTAINED PRE'JIOSLY. IT ;lAY BE CHANGJED IN THISr
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (I)-DBA,(2)-DBCSA
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR v
C 4-IDBAA IhVALID
C 5-ICI AND/OR 1C2 INVALID
C 9-ATTEMPT TO URIIE :ý READ ONLY DB
C 9-'TTEMPT TO USE INCORRECT DIMENSIONS TO ACCESS DB
C 10-iJL NOT INTEGER
C--ALTERNATE RETURNS!
C 1-IERR.NE.0
C

---- --- --- --- --- ---- --- --- --- --- --- ---- --- --- ------ ---

SUBROUTINE PROURD(NDB,NPOU,1C1,IC2,IU,RDL,NDL,IDBAA,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO COPY JMATA FROM THE REAL ARRAY RDL T0 A 2-D DL IN
C THE DATA BASE.
C--INPUT PARAMETERS:
C NDB-DATA BASE (1-UORKING,2-REFFERENCE)
C NROU-THE ROW OF THE DL TO BE COPIED
C ICI,IC2-COLUMN ELEMENTS ICI TO 1C2 OF ROW NROW WILL BE
C CHANGED. IF NDL.GT.lC2-1C141, THE REMAINDER OF RDL

C UILL NOT BE USED. IF ODL.LT.IC2-'Cl+l, ONLY
C NDL COLUMN ELEM~ENTS WILL BE CHANGED. SEE IERR. IF
C 1C2.LT.ICI OR ICI.LE.0, RETURN UITA NO ACTION
C IU-FOPCE WRITE FLAG
C 1-DO NOT FORCE WRITE. DL CHANGED IN CORE ONLY.
C 2-FOPCE WRITE THE CHANGES 10 DISK. THIS 1S IN ADDITION TO THE
C DB PROTECTION MODE.
C RDL(NDL)-REAL ARRAY WITH VALUES TO BE WRITTEN TO THE UD.
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DBAA OF THE DATA LIST OR DIRECTORY. 1T MUST HAVE
C BEEN OBTAINED PREVIOSLY. IT MAY BE CHANGED IN THIS
C SUBROUTINE TO REFLECT CURRENT DBCS ADDRESSING.
C (I)-DBA,(2)-DBCSA
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR ..
C 4-IDBAA INýALID
C 5-IC1 AND/OR IC2 INVý 1~D
C 8-ATTEMPT TO WRITE TO READ ONLY DB
C 9-ATTEMPT TO USE INCORRECT DtIMENSIONS TO ACCESS DB
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C 1O-OL rOT REAL
C--ALTERNATE RETURNS:cC !-IERR.AE.O

C

SUBRgUTINE PRTDLD(NDBMSGILlIL2,IHEADIDBAAIERR,*)
C--NODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:

C PRTDLD PRINTS THE CONTENTS OF A DATA LIST ON THE DICS O(JTPOT
C FILE.
C--INPUT PARAMETERS:
C NDD-DAV'A DASE(I-UORKING,2-REFERENCE)
C MSG-(CHAkACTER) MESSAGE TO BE P5II"ED P1TH THE DL.(NOT PRINTED
C IF BLANK)
C ILI,1L2-FIRST AND LAST ELEMENTS TO PRINT.
.CILIaO STARTS AT FIRST ELEMENT.
SC IL2zO MEANS PRINT TO END

K. C FOR I-D DL'S, ILl AND IL2 ARE ELEMENTS
C FOR 2-D COLUMN ORIENTED DL'S, IlI AND 1L2 ARE COLUMN
C NUMBERS.
C FOR 2-9 ROU ORIENTED DL'S, ILI AND IL2 ARE ROU NUMBERS
"C IHEAD-HEADER OPTION
"C 1-YES
"C 2-NO
C--INPUT/OUTPUT PARAMETERS:
C IDBAA(2)-DRAA OF THE DL
C--OUTPUT PARAMETERS:
C !ERR-ERROR CODE
"C O-NO ERROR;
C 12-IDDAA NOT A DL
C 4010-DL NOT IN SPECIFIED DR
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

0 SUBROUTINE PRTDRD(NDB,IOPT,MSGIDRAA,IERR,*)
C--MODULE: MOPADS/DBCS
"C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
"C PRTDRD UILL PRINT THE CONTENTS OF A DIRECTORY ON THE DICS OUTPUT
C FILE.

0 C--INPUT PARAMETERS:
C NDB-DATA EASE(I-ULRKING,2-REFERENCE)
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C IOPT-OPFIOM
c I-PRINT OUNED VIRMCORAES
C 2-FRINT OUNED DATA LISTS
C 0sPRINT BOTH
C $SG-(CHARACTER) MESSAGE TO BE PRINTED(HNDE IF PLANIN)
C--INPtiT/OUTPUT PARAMETERS:
c IBRAA(4)-DRAA OF THE DIRECTORY
C--OUTPUT PARAKErERSs
r, LEER-ERROR CODE
C 0-NO ERiCU
C 13-1DRAA OUT A DIRECTORY
C--ALIERNATE RETURNS:
C 1-IERR.NE.0

SUBROUTINE PSAFD(IODAA,SAF,IERRt*)
C--MODULE: IIOPADS/DBCS
C--REFERENCE: ROPADS VOLUME 5.13
C--?URPOSE:
C TO SET THE SAF OF A DL OR DR PECORD TO A SPECIFIED VALUE.
C--INPUT PARAMETERS:
C IDBAA(2)-CURRENT DIAA OF THE DL OR OR Rr"CORD. AN
C ERROR RESULTS IF IDBAA IS NOT CURREN'T.
C SAF-VALUE OF THE SAF FOR THE RECORD AT IDPFOA.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C OxNO ERROR
C 11-IDSAA NOT CURRENTUJi"LUE OF SAF NOT CHAN~GED)~
C--ALTERNATE RETJRNS:
C I-IERR.NE.O

SUBROUTINE PSTORD
C--MODULE: HOPADSIDBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C PSTORD PRINTS THE CONTENTS OF THE DBCS DATA STORE TO THE
C DOCS OUTPUT FILE.
C

------------------------------------------------
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SUBROUTINE ACD4NDD,19IA,ICP.DPIERR,O)
C--f~DUE: OPADS/DSCS

C--REFERENCE: WIOADS VOULUME 5.13
C--PURPOSE:
C TO READ A CNA2ACTER RECORD
C--IUPUT FORAMETERS:
C ADS-flD(1-UDRKING, 2-REF)
C I10A-3BA(RECOP.D NUMBER)
C--OUTPUT PARAME;ERSt
C ICP(NVCPD)-ARRAY FOR CONTROL PART OF THE RECORD
r lP(NCIIPD)-CKARACTER VARIABLE FOR THE DATA PART OF Tk~ RECORD
C IERR-ERPOR CODE
£ 0-ND ERROR
C 1,2,3004,4002,4004,4003
C--ALTERNATE RETURNS:
C t-IERR.NE.O

SUBROUTINE RD(NDB,ITYP,NR,IDBAR,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C RD READS A RECORD FROM THE 99
C--INPUT PARAMETERS:
C HDB-DB(1-UORKING,2-REF)
C ITYP-RECORD TYPE(1-NUMERIC,2-CHARAC7ER)
C HR-RECORD NUMBER
C IDDAR(2)-DBCSA'S OF CONTROL AND DATA PARTS,RESPECTIVELY
C--OUTPUT PARAMETERS-.
C IERR-ERROR CODE
C 0-NO ERROR
C--ALTERNATE RETURNS:
C 1-IERR.HE.0

SUBROUTINE RETCHD(NDB,IOPT,IDBAA,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE 2
C TO RETURN A CHAIN OF DISK RECORDS 7O THE ARL
C STARTING AT IDBAA.
C--INPU7 PARAMETERS:
C NDB-DATA BASE (1-U1RKINj3,2-REFERENCE)
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C IOPT-OPTION
C O-RETURN ENTIRE CHAIN
C I-RETURN ALL RECORDS PRIOR TO irgAA
C 2-RETURN ALL RECORDS AFTER IDBAA
C IDDAA(2)-DDAA OF A RECORD IN THE CHAIN. TdIE RELORD MUST
C EXIST IN THE DAIA STORE AND IDBA) MUST BE CURRENT
C (ID35A(2) CORRECT). IDBAA IS UnCHANGED Cu
C RETURN.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C 1,2,PLUS OTHERS
C-ALTEROATE RETURNS:
C I-IERR.NE.0
C

SUBROUTINE RETRCD(NDB,IOPT,IDBA,IERR,*)
C--MODULE: NOPADS/DBCS
C--REFERENCE: HOPADS VOLUME 5.13
C--PURPOSE:
C TO RETURN A RECORD TO THE ARL. RETRCD PUTS THE
C RECORD IN THE ARL. IT UILL OPTIONALLY UNLINK
C THE DATA STORE SPACE AND MAKE IT AVQILABLE, AND UNLINK
C THE RECORD ON DISK. FOP ULLiNKING,THE RECORD MUST
C EXIST IN THE DATA STORE.
C--INPUT PARAMETERS:
C NDb-DD(1-UOkKIN9G,2-REF)
C IOPT-OPTION
C I-RETURN RECORD IDBA(1) TO THE ARL ONLY
C 2-RETURN THE RECORD TO THE ARL AND UNLINK ON
C DISK AND IN DATA STORE.(IF IT EXIST IN TIHE SIGRE)
C ID84(2)-THE CURRENT DDAA Di THE RECORD ON INPUT. IDLIA(2)
C IS NOT USED IF IOPTlu.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C I
C 3006
C--ALTERNATE AETURKSt
C I-IERR.NE.0

SUBROUTINE RID(#D?,IDOA,ICP,IDP.lERR,*)
C--MODULE: OtPAPS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
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C--PURPOSE:
C 7O READ AN INTEGER RECORD FROM A DD
C--IMPUI PARAMETER~S:
C NDD-DB(1-U¶JRIING, 2-REF)
C 1iWA-CBA(RECORD N'2IBER)
C-OUTPUT PARAMEIER'I:
C ICP(49CPD)-ARRAY FOR CONTROL PART OF RECORD
C IDP(NUDPD)-ARRAY FOR THE DATA PART OF THE RECORD
C IERR-ERROR CODE
C 0-NO ERROR
C 1,2,3004,4002,4004,4005
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE R:'DIRD( JaPT,KODES,KRKDL,KRKDR,KODES)
C--MODULE: MOPADSIIPBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C RKDIRD COMPUTES THE RANKING CODE FOR CONTROL UORD
C 5 OF DIfEECTORIES FROM THE DIRECTORY AND DATA LIST RANKING
(. CODES OR VICE VERSA.
C--INPUT PARAAEIERS:
C IOPT-OPTIUN
C I-COMPUTE CONTROL MORD 5 FROM THE RANKING
C CODES(INPUT-KRKDL,KRKDR,OUTPUT-KODE5)
C 2-COMPUTE iNDIVIDUAL RANKING CODES FROM
C CONTROL MORD 5(INPUT-KOiDES.UUTPUT-KRKDL AND KRKDR)
C KODEB-VALUE OF CONTROL UORD 8 OF 7TUE DIRECTORY
C--IKPUT/OUTPUT PARAMETERS:
C ICRKDL-THE INDIVIDUAL RANKING CODE FOR OUNED DATA LISTS
C KRKDR-THE INDIVIDUAL RANKING CODE FOR OUNED DIRECTORIES.
C XODE5-CONTROL UORD FIVE FOR DIRECTORIES
C

SUBRO2UTINE RN!9RD(ND0,LAlEL, IDRAA, IERR,*es)
C--MODULE: MCPADS/D9CS
C--REFERENCE: MOPADS 'J"LUME 5.13
C--PURPOSE:
C kNURL' VILL RENAME A DIRECTORY
C
C--INPUT PARAMETERS:
C NOb-DATA lAtSEC1-UORKING,2-REFERENCE)
C LABEL-THE NEU LAsEL FOR THE DIRECTORY(CHAROCTER).
C DIRECTORY LABELS MAY HAVE 40 CHARACTERS.
C IF LABEL- ' (UNLABELED) MILL BE USED.
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C--INPUT/OUTPUT PARAMETERSt
C IDRAA(4)-DRAA OF THE DIRECTORY
C--OUTPUT PARAMETERSt
C IERk-ERROR CODE
C 0-NO ERROR
C--ALTERNATE RETURNS:
C I-IDRAA NOT 'OUND
C 2-IERR.NE.O

SUBROUTINE RRD(NPB,IDBA,ICP,DP,IERR,*)
C--HODULE: MOPADS/DBCS
C--REFERENCE. MOPADS VOLUMF 5.13
C--PURPOSE:
C TO READ A REAL RECORD FROM A DO
C--INPUT PARAMETERS:
C NDO-DW(-IJORKING, 2-REV)
C IDIA-DBA(RECORD NUMBER)
C--OUTPUT PARAMETERS:
C ICP(NUCPD)-ARRAY FOR CONTROL PART OF RECORD
c DP(NUDPD)-ARRAY FOR THE DATA PART OF THE RECORD
C IERR-FRROR CODE
C 0-ND ERROR
C 1,2,3004,4002,4004,4005
C--ALTERNATE RETURNS:
C t-IERR.NE.O

SUbROUTINE RURCD( IRU, IFMT,IFILE,INCIDBAA,IERR,*)
C--MODULEt ROPADS/DBCS
C--REFERENCE. IIOPADS VOLUME 5.13
C--PURPOSE:
C RURCD VILL READ/URITE A RECORD rROM/TD A SEQUENTIAL INTERNAL.
C FORMAT OR A SEQUJENTIAL, EXTERNAL FORMAT FILE.
C
C--INPUT PARAMETERS:
C INI-READ/URITE FLAG
C 1-READ
C 2-URITE
C IFNT-FILE FORhAT
C 1-SEQUENTIAL INTERNAL
C 2-SEQUENTIAL EXTERNAL
C IFILE-LOGICAL UNIT NUMBER OF THE FILE
C--INPUT/OUTPUT PARAMETERS:
C INC-TYPE(1-NUMERIC,2-CHARACTER)
C IR~zl -ON OUTPUT, INC IS THE COLUMIN NUMBER OF IDRAA
C !HAT CONTAINS THE DBAA OF THE RECORD.
C IRU:2 -ON INPUT, INC IS THE COLUMN NUMBER OF IDOAA
C THAT CONTAINS THE RECORD.
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C IDBAA(2,2)-CURREHT DSAA FO3R THE RECORD. COLUMN I CONTAINS

C DCA NUMERIC DBCSA AND COLUMN 2 CONTAINS A CNARACTEA I
C IRUi~z-ON INPUT IDBAA(2,-) IS THE DBCSA FOR THE RECORD.
C ON OUTPUT, IDBAA(t,-) IS THE CORRECT RECORD
C NUMBER. IN OTHER UORDS, RURCD READS TIC NEXT
C RECORD 03i THE FILE INTO CORE SPACE AT IDBAA(2,-)
C AND RETURNS THE RECORD NUMBER OF THE RECORD IN
C IDBAA(it-).
C IRU=2-IDDAA IS NO~T CHANGED BY RURCD
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 11-IDiSAA NOT CURRENT FOR IRU:2
C 3004-SYSTEM ERROR ON IFILE.
C--ALTERNATE RETURNS:

C 1-IERR.NE.O --- -- --- -- --- -- --- -- --- -- --- -- --- -- --- -- --- -- --- --
SUBROUTINE R1IJ(NDB,NCREC,NUCP,NCDP,MXR,MAXR,A12H,iZL iýA,

MHDLA,TDLA,NUAD,KARLI ,IERRIOERR,*)
C--MODULE: MOPADSIDBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPUSE;
C TO READ RECORD 1 OF A DBF
C--INPUT PARAMETERS:
C NDB-DB(1-WORKWNG, 2-REF)
C--OUTPUT PARAMFlTERS:
C NCREC-NURECD(l)
C NUCP-NUCPD
C NCDP-NCDPD
C MXR-MXRD(1,NDB)
C MAXRD-MXRD(2,NDO)
C ALPH-ALPHD
C MLDLA-ALDLAD
C MHDLA-MHDLAD
C TDLA-TDLAD
C NUAD-NUADD
C KARL1-KARLD(1,ND)
C IERR-ERROR CODE
C 0-NO ERROR
C 3004
C IOERR-SYSTEM ERROR CODE
C--ALTERNATE RETURNSI
C 1-IERR.NE.0

---- --- ---- --- --- ---- --- --- ---- --- ---- --- --- ---- --- ---



SUBROUTINE SAFD(SAFOLD,TSLU,ACCNSAFNEU)
C--MOPULE: MOPADS/DBCS
C--REFERENCE: MOPADS %3LURE 5.13
C--PURPOSE:

SAFD COMPUTES THE NEU ESTIMATE OF THE SAF FROM THE OLD.
C--INPUT PARAMETERS:
C SAFOLD-fHE LAST ESTIMATE OF SAF
C TSLU-THE VALUE OF TDLAD UHEN SAFOLD UAS COMPUTED.
C ACCN-NUMBER OF ACCESSES OF THIS RECORD SINCE SAFOLD p
C UAS COMPUTED.
C--OUTPUT PARAMETERS:C SAFNEU-THE NEU ESTIMATE OF SAF

SUBROUTINE SAFtD(IOPT)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 3.13
C--PURPOSE:
C SAFID PERFORMS AN IN-COPE UPDATE ON THE SAF DATA
C IN THE US AND TS. SAFID DOES NOT SCHEDULE THE
C NEXT PERIODIC UPDATE.
C--INPUT PARAMETERS:
C IOPT-OPTION
C 1-DO NOT SWAP RECORDS FROM THE TS TO THE US TO GET
C HIGHEST SAF'S IN US.
C 2-AFTER UPDATE, SWAP RECORDS TO US IF HEEDED TO GET
C HIGHEST SAF'3 IN US(UORKING DATA BASE ONLY).

SUBROUTINE SAF2D(NDBIDBCS,ITYP,IERR,*)
C--MODULE: MOPADS/LbCS
C--REFERENE: fiOPADS VOLUME 5.13
C--PURPOSE:
C SAF2D nEADS A RECORD AND UPDATES THE SAF DATA.
C SAF2D DbZS NOT CHANGE THE IN-CORE LINKINGS DATA.
C--INPUT PARAMETERS:
C ND,-DATA BASE(1-UORKING,2-REFERENCE)
C IDICS(2)-DBAA OF THE RECORD.
C ITYP-OL TYPE
C 1-HUMERIC
C 2-CHARACTER
C--OUTPUT PARAMETERS%
C IERR-ERROR CODE
C 0-NO ERROR
C 3004,4002
C'-ALTERNATE RETURNS:
C 1-IERR.NE.O
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SUBROUTINE SAF3D(NDB,IOPT,IDBC,ITYP,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO UPFDATE THE SAF OF A DL OR DR RECORD PRICR TO URITING
C IT TO DISK. SAF3D URI7ES THE RECORD, AND OPTIONALLY DELINKS
C IT FROM THE IN-CORE DATA STORE AND MAKES THE SPACE AVAILABLE
C IN THE TS OR US.
C--INPUI PARAMETERS:
C NDB-DATA BASE(I-UORKIi4,2-REFERENCE)
C IOPT-OPTION
C 1-UPDATE AND URITE TO DISK Bi

C 2-UPDATE,URITE TO DISK, AND DELINK RECORD
C IDIC-DBCSA OF THE RECORD TO BE URITTEN.
C ITYP-DL TYPE
C 1-NUMERIC
C 2-CHARACTER
C-'OUTPUT PARAMETERS.
C IERR-EfROR CODE
C O-NO ERROR f..

C 3004 '
C--ALTERNATE RETURNS:
C I-IERR.NE.O

"-J
SCIROUTINE SETDSOiNNTSD,NNCTSD,IERR,*)

C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C SETDSD SETS THE BREAK POINTS OF THE DATA STORE
C
C--INPUT PARAMETE•iSs
C NNTSE-NUMBUE OF RECORDS FOR THE NUMERIC TS(IF .LE. 0, USE
C THE CURRENT VALUE)
C NNCTSD-NUMBER OF RECORDS FOR THE CHARACTER TS(IF LE.0, USE
C THE CURRENT VALUE)
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 4001-INSUFFICIENT DATA STORE SPACE
C--ALTERNATE RETURNS:
C !-IERR.NE.0
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SUBROUYII4E SHFDRD(NDB,IC1,1C2,NC,IDIR,IDBO,IERR,*)

C--MODULE: ?IOFADS/DZCS
C--REFLRENCEs ROPADS VOLUME 5.13

C SHFIJRD IS A UTILITY PROGRAM: UHICH UILL SHIFT COLUMNS OF
C A DIRECTORY TO OPEN UP SPACE FOR INSERTION. 'AT UILL
C SHIFT COLUMNS ICI TiARU IC2 NC CCLUMNS IN THlE DIREC7ION
C IDIR. NOTE: NO CHECK IS MADE TO INSURE THAT DATA IS NOT

C DESTROYED BY THE OPERATION. THE CURRENT POSITIONS OF THE 1
C DIRECTORY ARE UPDATED IF NdECESSARY. SAIFDRD IS CALLED ONLY
C BY INSDRD.
C--INPUT PARAMETERS:
C ODD-DATA BAqEf1-VDRI'.NG,2-i EFERENCE)
C ICI,IC2-COLUMNS TO SHIFT. IF THE COLUMNS ARE INVALID, RETURN
C IJITIl NO ACTION

aC NC-THE NUMBER COLUMN POSITI ONS TO SHIFT.
C IDIR-DARECTION -

C 1-FORUARD(AtJAY FORK ONE)
c 2-lACKUAWDTOUARD ONE),
a.--INPUYIOUTPUT PARAMETERS:
C IDBO(4)-DRAA OF THE DIRECTORY. IT tI'JST BE CURRENT
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 9-NO0 ERROR
C--LTERHATE RETURNS:
C 1-IERR.NE.Q

-- - - --9- - - - - - - - - - - -- - - - - - - - - - - - - - - - -

SUBROUTINE SHRTXD(NDB,NELCR,IDBAA,IERR,*)
C--i!ODULE: MOPADS/DDCS
C--REFERENCE: NOPADS VOLUME 5.13
C--PURPOSEi
CrI TO SHORTEN A DL OR DR
C-L1NPUT PARAMETERS:

C D0-DATA DASE(I-UOR9I~r .2-REFEREHCE)
C MELCR-THIE LAST DESIFF4 ELEMENT OF THE DL OR DR.
C ALL ELEMENTS 4FTER NELCR UILL BE DELETED(IRREVJCABLY).
C IF NELCR. .O0, THE ENTIRE DL OR DR CHAIN UILL BE
C MA.~TED. IF NELCR IS BEYOND THE END OF THE DL OR DR,
C RETURN 111TH NO ACTION. NELCR HAS DIFFERENT MIEANINGS
C FOR EACH TYPE OF DL.
C 1. A I-DIMENSIONAL DL --NELCR IS AN ELEMENT NUMBER.
C 2. A COLUMN ORIENTED DL OR
C A DIRECTORY --NELCR IS THE LAST DESIRED COLUMN
C ý1O RETAIN.
C 3. A ROU ORIENTED DL --NELCR IS THE LAST ROW TO
C RETAIN.
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C--INPUT!OUTPUT PARAMETERS: 'NV

C IOBAA(2)-A DBAA FOR THE DL Ok DR. ON RETURN IT UILL BE TAIE
C CURRENT DBAA OF THE RECORD CONTAINING HELCR.
C
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 1,2,4,8,OTHERS
C--ALTERNATE RETURNS:
C I-IERR.NE.0

---- --- ---- --- --- ---- --- --- ---- --- ---- --- --- ---- --- -- r

SUBROUTINE SRDSD(NDB,ITYP,IOFF,MATCH,NrJTI,LOCN)
C--NODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C SRDSD SEARCHES THE DATA STORE FOR AN ENTRY
C EQUAL TO MATCH THAT IS IN 'HE SAME DATA BASE. 1T LOOKS FOR

C IABS(KSTORD(i+IOFF))IIATCH, UHERE I IS
C THE DDCSA OF THE RECORD

C--INPUT PARAMETERS:
C NDD-DATA BASE( 1-UORKING,2-REFERENCE)
C ITYP-TYPE(1-NUMERIC,2-CHARACTER)
C IOFF=OFFEET FROM THE IST UORD OF THE
C CONTROL PART
C h4ATCH-ELEAENT TO FIND
C NOTI-SRDSD UILý IGNORE A RECORD UITH DDCSA=NOTI EVEN .-.

C IF IT MATCHES. THIS PERMITS A RECORD TO SEARCH
C FOR ANOTHER RECORD OF THE SAME CHAIN VITHOUT FINDING
C ITSELF.
C--OUTPUT PARAMETERSi
C LOLN-THE DBCSA OF THE RECORD UHOSE 10FF-TH
C UDRD=MATCH.
C ZERO IF NOME.

SUBROlUTINE SUP6D(IONOFF)
C--A¶ODULE: MO?ADS/DECS 2

C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C SUP6D lULL SUPPRESS DECS ERROR 6. SOME INTERNAIL DOCS PROGRAhS
C DELIBERATELY READ PAST THE END OF A DL OR DR. THESE OCCUPRANCES

c ARE NOT REPORTED AS ERRORS BY USING SUP6D TO ELIMINATE THiEI. K
C ERROR MESSAGE.
C
C--INPUT PARAMETERS:
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C IONOFF-CUPPRESSIOD SUITCr:.
C I-TURN ERROR 6 REPORTINO ON El
C 2-TURN ERROR 6 REPORTIN•G OFF

SUBROUTINE SUAPD(ITYP,ICURK,ID7TS,!DUS)
C--MODULE: MOPADS/DBCS J
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C SUAPD SWAPS A RECORD FROM THE TS TO THE US. IT DOES
C NOT EXAMINE THE US TO UPDATE SAFMND OR MNDSFD.
C BOTH RECORDS REMAIN LIN1KED PROPERLY IN THE DATA STORE. ,'•
C--INPUT PARAMETERS:
C ITYP-TYPE(1-NWUERIC,2-NUMERIC)
C ICURK(2.-DBCSA'S OF ONE RECORD OF SPACE 1N THE IS.
C ()-CONTROL PART,(2)-DATA PART*
C--INPUT/OUTPUT PARAMETERS:
C IDTS-(INPUT)-DBCSA OF THE IS RECORD-
C (OUTPUT)-DBCSA OF THE SAME RECORD NOW IN THE US.
C IDUS-(INPUT)-DDCSA OF THE US RECORD
C (OUTPUT)-DBCSA OF THE SAME RECORD IN THE TS

SU9ROUTINE ULLfSD(IDBCSLSTR)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MCPADS VOLUME 5.13
C--PURPOSE: r,_.!•C ULKDSD UILL UNLINK A RECORD FROM THE DATA STORE " N
C AND, IF NECESSARY, LINK THE
C FREED UP SPACE TO THE AVAILABLE SPACE IN THE US.
C THE RECORD NUMBER IS SET TO ZERO ALSO. ULKDSD
C ASSUMES PNY INFORMATION IN THE RECORD IS NOT '
C USEFUL, SINCE IT MAY NOT BE ACCESSIBLE AFIER ...
C RETURN.
C--INPUT PARAMETERS: .'
C IDBCS-DBCSA OF THE RECORD TO BE UNLIRKED.
C IF IDBCS.LE.O, RETURN UITH NO ACTION
C LSTR-STORAGE POSITIONCIE LSTR=LSTORI(IDBCS))

IF LSTR .LE. 0, ULKDSD UILL CALL LSTORD.

SUBROUTINE UPDATD(NDB.IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
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C TO UPDATE THE DDF ON DISK SO IT IS THE SOME AS IN-WO!E.
C IF THE DB IS NOT OPEN OR IS READ-ONLY, RETURN UIIN NO
C ACTION.
C--INPUT PARAMETERS:
C NDF-DATA BASE
C 0-BOTH

C 1-UORKING
C2-REFERENCEJ

C--OUTPUT PARAMETERSi
C IERR-ERROR CODE
C 0-NO ERR~OR
C .NE.0-110 ERRORS ONi OB
C--ALTERNATE RETURNS:
C I-IERR.NE.0

--- --- --- --- --- --- --- --- -- --- --- --- --- --- --- --- --- --

SUBROUTINE UC1JCNDB,ICP,CDPIERR,*)
C--MODULE: MOPADS/WJCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO URITE A CHARACTER RECORD TO THE DBF
C
C--INPUT PARAMETERS:
C NDB-DATA BASE(1-WORKING,_2-REFERENCE)
C ICPNNUCPD) THE CONTROL PART OF THE RECORD
C CDP*NCDPD-THE DATA PART OF THE RECORD(CHARACTER)
C--OUTPUT PARAMETERS:
C IERR-ERP.OR CODE
C 0-NO ERROR

C 1,2,3004,0004,4005
C--ALTERNATE RETURNS: ~
C I-IERR.NE.0
C

---- --- ---- --- ---- -- ---- --- --- ---- --- ---- --- ---- --- ---

SUBROUTINE UD(NDB,IDBAR,IERR,*)
C--MODULE: MOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C UD URITES A RECORD TO THE DB
C--INPUT PARAMETERS:
C NDB-DBU!-W0RKIHG,2-REF)
C IPBAR(2)-DBCSAS OF CONTROL ANI' DATA F'ARTS,RESPECTIVELY
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C--OUTPUT PARAMETERS:
C IERR-ERROR CODE

C--ALTERNATE RETURNS:0-OERRL

C 1-IERR.NE.0

SUBROUTINE UID(NDR,ICP,IDP,IERR,*) L
C--MODULE: iIOPADS/DBCS
C--REFERENCE: MOPADS VOLUME 5.13
C--PURPOSE:
C TO VRITE A INTEGER RECORD TO THE DBF
C
C--INPUT PARAM'ETERS:
C ND!'-DATA BASE(I-WORKING,2-REFERF.NCE)
C ICP(NUCPD) THE CONTROL PAR! OF THE RECORD
C IDP(NUDPD)-THE DATA FART OF THE RECORD
C--6]UTPJT PARAM~ETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 1,2,3004,4004,4005
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

SUBROUTINE URD(HDB,ICP,RDP,IERR,')
C--MODUI.E: hOPADS/DBCS
C--REFERENCE: MOPADS VOLUME j.13
C--PURPOSE:
C TO WRITE A REAL RECORD TO THE DBF
C
C--INPUT PARAMETERS:
C t4DB-DATA BASE(1-UORKING,21-REFERENCE)
C ICPINWCPD) THE CONTROL PAPT OF THE RECORD
C RDP(N'4DPD)-THE DATA PART OF THE RECORD
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C 0-NO ERROR
C 1,2,3004,400,:,4005
C--ALTERNATE RETURNS:
C 1-IERR.NE.0
C
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$U$RuUTTNE UID(NDB,IERRIOERR,*)
C--flNQUXEt ;;OPADS/DfCS
C--REFL:EkCE: NOPADS VOLUME 5.13
C--PURPLIE:
C 10 UITE THE FIRST RECORD TO A DBF
C--INPUT PARAMETERS:
C NOD-DATA BASE(I-UORKING,2-REFEPENCE)
C--OUTPUT PARAMETERS:
C IERR-ERAOR CODE
C O-NO ERR
C 1,2,3004
C IOE:R-SYSTER 1/0 ERROR CODE

SC 0-00 ERROR
S•c IfE.0-StSTEM ASSIGNED ERRJR E

•"C--ALTERNATE RETURNS:
iC 1-IERR.NL.O

P-C --

SUBROUTINE U2RUD(IRU,IFMT,IFILE,LDDF,IERR,*)
I C--MODULE: MCPADS/DBCS

C--REFERENCE: MOPADS VOLUPE 5.13
C--PURPOSE:
C U2RUD WILL :
C 1. READ SEQUENTIAL INTERNAL/EXTERNAL FORMATTED DBFIS TO

"AN EMPTY DIRECT ACCESS DBF.
C 2. URITE A DIRECT ACCESS DBF TO A SEQUENTIAL INTERNAL
C OR EXTERNAL FORMAT FILE.
C NO REFERENCE DATA BASE MAY BE OPEN DURING THIS OPERATION.
C--INPUT PARAMETERS:
C IRU-READ/URITE FLAG
C I-READ SEQUENTIAL FILE AND WRITE TO A DIRECT ACCESS DBF
C 2-READ DIRECT ACCESS DBF ArD URITE TO A •EUUFNTIAL FILE
C IFMT-SEQUENTIAL FILE FORMAT
C 1-SEQUENTIAL INTERNAL (UNFORMATTED) FILE

* C 2-SEOUENTIAL EXTERNAL (FORMATTED) FILE
C IFILE-LOGICAL UNIT NUMBER OF THE SEQUENTIAL FILE. THE DBCS DOES N
C OPEN, CLOSE, OR REUIND THIS PILE. IF IRU=2, AN ENDFILE WILL
C BE EXECUTED ON .IS FILE AFTER THE DD IS URITTEN TO IT.
C LDBF-(CHARACTER) THE NAME OF THL DIRECT ACCESS DB FILE. U2RUD UIL
C OPEN THIS FILE AND CLOSE IT WHEN DONE. LDBF SHOULD NOT BE
C CONCURRENTLY OPEN AS THE UORKING OR REFERENCE DB.
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE

0 C O-NO ERROR
C .NE.O-DBCS ERROR. POSITION OF FILE IFILE IS UNPREDICTABLE.
C--ALTERNATE RETURNS:
"C I-IERR.NE.O
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VI. USER INSTRUCTIONS

1-0 ACCESS ADDRESSES.

The primary means of accessing informatior with tae DBCS
is through access addresses. There are two types: Data Base
Access Addresses (DAA's) f'or data lists and Directory Accees
Addresses (DRAA's) for directories. DBAA's consist of two words,
and DRAA's consist of four words. See Table VI-1. The user's
application program need never be concerned about the contents
of the DBAA's and DRAA's. It must simply provide storage to hold
the addressing information.

The normal accessing method is as follows: The application
program requests the DBCS to locate a data list or directory (the

ways this can be done are explained below). The MECS locates it
and returns its DBAA (or DRAA) in an array the user has provided.
What the DECS has done is bring at least one record of the DL
(or DR) into core and store its MlA (or its negative if it is a
character record) in word one of the IBAA (DRAA). Word two con-
tains its current DBCSA. For directories, words 3 and 4 are also
set to zero (this essentially sets the current directory positions
to the beginning).

Now, whenever the application program desires to access that
DL (or DR), it passes the DBAA (DRAA) to the IBCS which is able to
quickly locate the information fa core or to determine that addi-
tional records must be read from disk. As discussed previously,
all record management is performed internally by the DBCS. The DBCS
also updates elements of the DBAA's (and DRAA's) as needed.

The DBAA and DWI are the primary means by which the IBCS
avoids frequent DB searches for information. Conventional hierarchical
searches for a DL or DR can be performed once (these are slow), and
then the DBAA or DRAA can be used on all subsequent accesses of that
data (these are fast). The user program must "remember" DBAA's and/
or DRAA's for each DL or DR which is frequently accessed in order to
take advantage of this efficient addressing.

2-0 USING THE DBCS.

2-1. Initializing the DBCS.

Subroutine INITD must be called prior to calling any other
DBCS programs. Note that BLOCK DATA prcgram BLOCKD must be loaded
with the DBCS also.
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Table VI-1. Conten•s or Data Base and Directory Access Addre3ses
(MSM and DP.AP).

Word DBAA DRAA

1 The MBA of the last record Same as for SAA but
of the DL accessed. Word DR's.
1 vwii be negative for
character DL's.

2 DBCSA of the record speci- Sane as for DEAA.
fied in Word 1.

3 Not applicable. Current directory position
for directories of the DR.

4 Not applicable. Current directory position
for data lists of the DR.

2-2. Opening/Closing DB's.

Use Subroutine OPNDBD to open DB files. MAXR is a parameter
needed on some computer systems which require that the maximum size of
the file be specified at crer.tion time.

Use Subroutine CLSDBD to close a DB. If ISTAT is specified as 2,
the DBF will be deleted(i.e., lost forever) after the file is closed.

DBF's may be opened and/or closed as often as needed during a

DBCS job.

2-3. Creating Directories.

Two subprogram calls are required to create a directory.
The first is a call to Subroutine CRDRD. CRDRD creates an empty direc-
tory that is not owned by another directory. It also returns the DRAA
of the new directory. Subroutine INSDRD is used to "insert" the new
directory into another directory. In other words, afttr calling INSDRD,
the new directory is owned by another directory.
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.iNSDRD :equires knowledge of the NAR.A of the owning directory.
This is no prcbltm except for the master directory. When inserting
directcries (or data lists) in the master directory, it is necessary
to know the mast-,r directoryj's DRAA. This case is the only instance
in which an eapplication program must be aware of internal DBCS
variables. The array ISYDBD (see Section VIII) always contains the
DRAA of the master directory. The user application program mlst have
CO*40N/DRCS3D/ to gain access to this array. The recormended pro-
cedure is to minimize the number of application program subprograms
which must access this COMON area.

2-4. Creating Data Lists.

Creating data lists is similar to creating directories.
Two subprogram calls are required. The first is to Subroutine CRDLD
to create the DL, and the second is to Subroutine INSDRD to insert
the new DL in its proper place in the owning direcotry. Creating
DL's to be cwned by the master directory require access to the array
ISYDBD as explained in Section 2-3 ;,bove.

The data lists created by this procedure are empty. In other
words, they contain no elements. Populating a data list is dis-
cussed next.

2-5. Storing and Retrieving Information From a Data List.

There are 18 subprograms for storing and retrieving
elements of data lists which will be described shortly. When an
application program nstructs that data be stored in an element that
is beyond the current length of the data. list, the DL is extended and
the data is stored. All intervening elements are also created and
are assigned values of zero for Lumeric DL's or blank for character
DL's. For example, if a user assigns a value of 15 to element 12 of
a new DL (which currently has no elements), then element 12 will
equal 15 and elements 1 through ll will exist and equal zero.

If a user program requests the value of an element that is
beyond the current length of a DL, an error results (see DBCS error
6 in Section VII).
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The subprogram for storing Lad rotieviag M elceuts m
shovn below.

[Ci These suboiAines pt inform~ition into DL'I
P I D of type .hiracter (C), integer (I), ad

LRJf real (F)..

rcl These subrcutines retrieve (get) .infoz*-

G j D - tin fr•m DL's analogaun to PCD, PID, and
[RJ PVD above.

[C} These subroutines put information into a rwv
PROW {i}-. of a tvo-demensbonal et. Seee i not belof .

GROW D a row of a tvo-dimensional DL. See the note
IB below.

C These subroutines put information into a
PCOL D column of a tvo-dirensional DL. See the

note below.

C These subroutines retrieve information from a
GCOL D row of a tvo-dimensicnal DL. See the note

PC,]b elow.

NOTE

Recall that character DL's can be one-
dimensional only. Therefore, Subroutines PROWCD,
GROWCD, PCOLCD, and GCOLCD are non-functional.
They are included only to allow for future modi-
fications to the EBCS.
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With each of these subprograms, the user program passes in an
array to hold the values of the DL. If the operation is to retrieve
data, the DBCS copies the specified values to this array. If the
operation is to store data tc the DL, the DBCS copies the new values
from the user array into the DL. This effectively overwrites the
previous value3 of th-ý elemients that were stored in the DL.

When storiag and retrieving data from two-dimensional DL's,
the user need not be concerned as to whether the DL is row or coluamn
oriented. The DBCS accounts for this internally. It is, however,
more efficient to acce.ss row oriented DL's by rows and column
oriented DL's by columns. In other words, it is more efficient to
use PROW-D and GROW-D with arow oriented DL. This implies that
during design of the data base, DL's that will be accessed most.
frequently by rows, for example, should be row oriented.

2-6. Assigning and Accessing Labels of Data Lists and
Data List Elements.

To give a data list a label, use Subroutine PLBDLD.
PLBDLD will. overwrite a previous label. If no label has been
assigned to a DL, it has a default label of "(UNLABLED)".

Subroutine PLBELD is used to assign labels to elements of
DL's. In this case an array of labe's is -passed to PLBELD for -
assignment to specified elements. Every element of a DL may be
assigned a labeJ, even every element of a two-dimensional DL- DL
elements which have no assigned labels are given default labels of
"(UNLABELED)". Recall that all DL and DL element labels have 25
or less characters.

Subroutine GLBDLD will return the label of a DL given its
DBAA. Similarly, Subroutine GLBELD will return labels of speci-
fied elements of a DL given the DL'n DBAA. If the user program
requests labels beyond the end of the LDL (in other words, the LDL
is shorter than its parent DL so some DL elements have no assigned
labels), GLBELD will return labels of "(UNLABELED)" for the missing
elements, and it will also generate an error number 6 (see Section
VII).

2-7. Assigning end Accessing Directory Labelz.

Directory, labels are normally assigned when the DR is
created. A directory may be renamed by using Subroutine RNDRD. A
DR's label can be accessed with Subroutine GLUDD. Both RNDRD and
GLBDRD require the DR's DRAA.
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2-8. Searching a Directory.

It is sometimes necessary to search a directory for a
particular DL or DR that is owned by the directory. There are
several facilities in the DBCS for doing this.

2.8.a. Subroutine FDBID will search a directory for an
owned DL or DR with a specified ID. FDBID returns the DBAA or DRAA
'of the found DL or DR and sets the current position of the owing
DR to the found entry.

2.8.b. Subroutine CDLLBD will search a directory for an
owned DL that has a specified label. GDLLBD returns the DL's IBAA
and sets the owning DR's current DL position to the found data list.

2.8.c. Subroutine NXD provides a flexible search capa-
bility to locate owned UL's and DR's. The important feature of NXD
is that the search criteria are specified by the user. NXD allows '•
searches of the following type:

Find the next DL in the forward direction (away from the
start of the DR) with

- the first ID element, ID(l), equ.LI to 4, and
- the third ID element, ID(3), greater than 6, and
- the fifth ID ,lement, I1(5), not equal to 1.

NXD, in the case above, would begin at. the current DL pcsition of the
DR and search forward for a DL whose ID satisfies the stpecified con-
dition. Similar searches can be performed for owned Directories.

NXD returns the found entity's ID, and DBAA or DRAA; it also
sets the owning DR's current DL or DR position to the found entity.

2.8.d. Subroutine POSDRD can be used with NXD. POSDRD
sets the current DL or DR position of a directory to its beginning
or end.

2-9. Locating a Directory or Data List.

2.9.a. Subroutine GDRLBD will return the DRAA of a direc-
tory that has a specified label. It will search the entire data base.
If directory labels are not unique, GDRLDD will return the DRAA of the
first directory whose label matches the specified label.

2.9.b. Subroutine FIDLD will return the label and ID of
a DL or DR that has a specified DRAA.
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2-10. Clearing and DeletiLng Directories.

2.10.a. Subroutine CIMDLD will delete all data lists
that are owned by a specified directory. The DL's are irrevocably
lost.

2-10.b. Subr.'itine CLRDRD will empty a directory of

all of its contents. AJl owned DL's are deleted and all owned
d.rectories with all of th,:ir owned entities, etc., are deleted.
In other words, CLRDRD deletes e- ery thing which descends from
a specified directory.

2.10.c. Subroutine DFLDRD will delete a direýcory.
It removes the ID of the DR from its owning directory and deletes
the directory itself. A directory must be empty before it can be
deleted, so the user program must explicitly deleta all owned DL's
and DR's or use Subroutine CLRDRD to clear the ditectory prior to
calling DELDRD.

2-11. Shortening and Deleting Data LUsts. %

2.31.a. Subroutine SHRTND will shorten a data list.
A parameter, NELCR, is passed to SHRTND which specifies the last
element to retain. For one dimensirnal DL's, the NELCR will be
the last element of the data list. For column oriented DL's,
NELCR will be the last column; all subsequent columns will be
deleted. Similarly, for row e:'*ented DL's, NELCR is the last row
that is retained. If NELCR - 0 for any case, the DL is emptied,
but it is not deleted.

2.1l.b. Subrcutine DELDLD deletes data lists. In
addition to deleting all elements of the DL, it also removes its
entry frow its owning directory. No call to SHRTND is needed
prior to calling DELDLD.

2-12. Finding the Owner Directory and Determining If a
Data Base is Open.

2.12.a. Subroutine PLID will return the DRAA of the
owner of a specified directory or data list. The programs described
in Section 2-8 can be used to find entities owned by a directory
and PLINKD can be used to find the owner of a DL or DID. Thus, it is
possible to search up and down the data base links for information.

2.12.b. Subroutine ASK!) will return an indication of

whether a particular DB (working or reference) is open.

2-13. Finding the Current Position of a Directory.

Subroutine CURD will return the initial DBA and ID of
the current DL or DR position of a directory. If the initial DBA
of the current position is stored in the first word of an array of
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length two (four for directories),and the rest of the array is zero
filled, then the array may be used as a DBAA (DRAA) for tbe entity
at the current position.

2-14. Printing the Contents of a Data List or Directoa.

It is possible to to get the contents of a directory or -
data list printed on the DBCS output file. This file is formatted
with standard carriage control characters so it can be listed on a
line printer.

Subroutine PRTDLD will print all or part of a data list on the
output file. Use Subroutine PRTDRD to print the contents of a direc-
tory. Both of these subprograms allow the user programs to sp cify
a message to be printed with the DB information.

2-15. Set and Retrieve DBCS Options.

Subroutine DBOPTD allows the user program to set (and I
retrieve the settings) of 17 options for the DBCS. Many of the
options are self explanatory from the comments in Section V for
Subroutine DBOPTD. Some options require explaniations, however;
these options are discussed here.

The DBCS has a trace option (!EOPrD options 4 and 5) which
will print a history of entrances and exits to each DBCS subprogram.
In other words, a message is printed each time a D3CS svbprogram is
entered. This option is off if the trace code is one astd on if the
code is two. The DBCS trace is useful only for debugging the qCS
code and has little utility in debugging application programs.
It also will produce a great deal of output. Its use by application
programs is not recommended, since its purpose is to aid in systems
development.

The DBCS has four levels of error processing which &re d~s-
cribed in Sectica VII. They are coded as follows:

1 - information
2 - warning
3 - severe
4 - fatal

The error print flag option (DBOPTD option 6) is one of these numbers.
Standard DBCS error messages are printed on the DBCS output file when
errors of severity greater than or equal to the error print flag occur.
The DBCS default for the error print flag is one. This is also the
default for MOFADS.

The DB protection mode options for DBOPTD options 7 and 8 are
given in Table 11-6.
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The SAP smoothing constant (defe.ult u 0.5) is specified with
DBOPTD option 9. The lower and upper bound on the SAF update
periods are specified with DBOPTD options 10 and 11. The DBCS
defaults are 75 and 125, respectively. 'he MOPADS settings for
these options are 150 and 250. The DBCS samples uniformly between k
these valuen to determine the next update point for SAF's. The
default values selected here are somewhat arbitrary and may be
changed as experience is gained with the CS.,

The effect of these three parameters is as follows:

a. The values specified are used for SAF updates until
they are again changed or until another working
DB is opened.

b. When a DB is closed (either working or reference),
the current values of SAF and the min and max
update period are written to the DBF.

c. When an old DBF is opened as the working DB, .
the values of SAF and the min and max update ;
period are read from the DBF. They become
the current values and are used in accordance
with (a) and (b) above.

With option 12 and 13, the user can Epecify the number of print
columns and the number of lines per page for the DECS output file
and the trace file. The printing device must have at least 80 columns.,'A. .

Option I4 allows the user to specify the number of words per

record for the DBF. The DECS will function with any record aize
greater than !6 words. This parameter should be set once for the "*
computer installation to optimize disk access speed. Most computer
systems achieve maximum disk access efficiency if the record size h.,•

is an even multiple of the disk sector size.

The ntmber of words per record is a characteristic of the DBF
not the DBCS. When a new LB is opened, the DBCS will read the record
size from the fBF and adjust accordingly. The exception to this
is that both the working and reference DB's must have the same
record size.

Options 15, 16, and 17 allow the user to adjust the sizes of
the Internal and temporary stores. The internal stores must have
at least three recordE and there is no benefit to increasing their
sizes.

As discussed in Section II, 3-0, the DBCS partitions its main
storage arrays to provide storage for the TS and WS. The number
of records specified in options 16 and 17 are allccated to the TS.
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All remaining available space is allocated to the WS. This permits
thet user to change the proportion of space allocated to the TS ailA
WS storage areas.

The storage allocaticn is a cha-.'acteristic of the DBCS, not
the EBF's. In other words, the DBF is not structurally affected A
by these parameters. Options 15, 16, and 17 may not be changed

while any data base is open, however. The DBCS will raise an error
if either a working or a reference DB is open when a request to
change one of these options is made.

2-16. Internal and External Sequential Data Bases.

Subroutine W2RWD will create or write sequential internal K
or external formatted representations of data base files. These
files have the following characteristics.

Internal Format sequential, unformatted, variable
length records. No record exceeds
the length of the data part, however.

Ecternal Format sequential, formatted, variable
length records. No record exceeds .
80 characters, however.

The internal format can be used to archive DBF's on tape or to trans-
fer them among similar computer systans. The external format can be
used to archive DBF's on tape and to trarsfer them among dis-similar com-
puter system. The direct access data base file to be written or
read must not be opened as the working or reference DB when W2RWD is
called. Furthermore, if a sequential access file is being read to
create a new direct access DBF, the DBF file will be opened with
STATUS = 'NEW' and will have the record size specified on the sequential
access file. t

2-17. Printing the Data Store.

Subroutine PSTORD prints the contents of the DBCS data
store (IS, TS, WS) to the DBCS output files. This is a debugging tool
only, and should normally never be required.

U-114 • -.



VII. ERROR PROCESSlING

1-0 SUBROUTINE ERRORD. ,. . .,

The single error processing subprogram in the DBCS is
Subroutine ERRORD. When an error is detected, ERRORD is called __

with the error code, an text message, the name of the calling .. ,
program and a list of integer and real parameters. If the
error print flag permits (see 2-0 below), a messqge is printed
on the DBCS output file. In addition, actions are performed
which are conditional upon the severity of the error. This
severity is determined by the value of the error code as in
Table VII-1.

Table VII-l. Error Severity Codes.

Error Code Severity Code Severity

+ 1-1999 1 Informatf n

+ 2000-2999 2 Warning ]
+ 3000-3999 3 Severe

+ 4C'O0- 4 Fatal

`.frrmatiori errors indicate requested actions that cannot be performed.
ning errors are similar to Information errors but are judged to
more severe in that they reflect a serious mis-judgement or mis-

take by the user. The difference between these two is subjective
since ERRCRD treats them essentially the same. After the error

-age is printed (conditioned on the error print flag) a REK URN
,cuted from ERRORD. The calling DBCS program will normally
its activity and return (with the error code) to the calling

S:plication program.

Severe errors imply that the user program has attempted to I
destroy the integrity of the DB, has violated DBCS conventions, or S
a compu+ý- system error has been detected. In this case, ERRORD will ...
updateý : DB (i.e., make the disk version identical to the .n-core
versa n/, set the DB to read-only, and return. If subsequent errors
occ' during these activities, ekecution will terminate immediately. .
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Fetal errors occur when indicators of faulty data bases are
detected or ceýrtain c'pacity limitations are exceeded. ERRORD
performs the same actions as for Severe error except that it ter- 7.
winate. execution instead of RETURNing.

2-0 THE ERROR PRINT FLAG.

As discussed in Section VI, 2-15, the DBCS error print flag
can be used to suppress printing from Subroutine ERRORD. The error
print flag is set to one of the error severity codes in Table VII-1.
Printing is then suppressed for Wny error with a severity code less
than the error print flag. The default error print flag is one.

3-0 DBCS ERROR CODES.%

3-1. Information Errors.

Error Code Description

1 Working data base not open.

2 Reference data Lase not open.

3 No output file available.

4 Invalid DBA for specified pturpose.

5 Attempt to access DL or DR with invalid elements.

6 Attempt to read beyond the end of a DL (see
Section 4-0 below). "

7 Force read flag overwirtes in-core data that is
not on disk.

8 Attempt to write to read-only DB.

9 Attempt to access two dimensional DL with ,.
incorrect dimensions. .

10 Attempt to access a DL with wrong data type
(reel, integer, etc.).

11 DBAA not current when it is required to be.

12 DBAA not a DL when it should be.

13 Not used.

14 Attempt to create a DR with incorrect or
incompatible ranking codes.

15 DRAA not a DR when it shouild be.

16 Incorrect conditions specified for search of a
directory.

17 Invalid option to DBOPTD. Examine integer
parameter 1.
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18 Invalid unit nt=ber.. Ste Intoeger pwrwveter 1.
29 .• Insufficient rov/colu•mn tpe•iflcation for

DBCS output or trace f;.le. See inter
pa~rw~tt er 1.

20 Unit numbei inmAlid or uIre ly use4. See
integer parameter 1.

21 no relft-ence L3 may Wbe open during this
operat ictn.

22 Direct acce" *- MY not empty

"3-2. Waxrn•th Errcrs.

rxror Code Nescription

S2000 1No more records available.

20y0l Attempt to del.wte a directory that is not empty.

..2002 Attempt to insert incorrect type (DL or Ds)
into a directory.

2003 Attempt to open a DB vithout prior call to ITITD.

2004 Attempt to change the unit number of an open DB.

"2005 Both DB's must be closed in order to reconfigure
"the data store.

2006 Record length too short. See intege-r parameter 1.

"3-3. Severe Errors.

Error Code Description

3000 Attempt to open a MlB with record size different
from the current size.

3001 Attempt to open a DB with control part size
different from the current size.

S... 30G2 Attempt to open a DB with data part size
different from the current size.

3003 Attempt to open a DB with variable NWADD
different from current size.

3004 System I/0 error. integer parameter 1 is the
system error code.

3005 Attempt to create character DL with too many
characters/elements. Maximum allowed is
integer parameter 1.

3006 Internal DBCS system error. Attempt to return
"record number zero to the ARL.
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3-4. Fatal Errors

rror Crde tcriptio

LOO' Invalid number of vords/record.

Insufficient storage in the data ..ore.

hOI02 A record has been read ulAch Indicatei a
faulty t2F update (negative record nuaber).

4003 Internal store exhtusted. (Se " ,D 'opt otioo 15).

4004 Mlmatcb between actual record type and the MW
type. Integer parameter 1 Is record numter.

1.005 Attempt to acceor invalid record (record number
Is .LE.0 or G1.WV2.-).

4006 Incorrect index of IM;PD array sent to F1MD.

4007 Reference :B record found in vorking store or
attempt to swap reference DB record into US.

4o08 A DL Is not in the IP specified in its control
part.

4OO9 Insufficient internal work space. Increase size
of KWORKD. Minum'im needed is integer parameter 1.

hOlO A DR is not in the &irectory specified in its
control part.

4oil Duplicate records found in the data store.

4-o SPECIAL PROCESSING OF ERROR CODE SIX.

Error code six flags an attempt to read past the end of a DL.
This action is frequently done on purpose to find the end of a DL or
DR. Therefore, printing of the error message is usually suppressed
(regardless of the value of the error-print flag). The DBCS deter-
mines internally when to suppress printing. In general, any call
from an application program that reads past the end of a DL will have
the error prijting suppressed (the error code value of six is still
returned, hovever). Errors internal to the DBCS that result in such
an error will not be suppressed, hovever.
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VIII. CO ON VARIABLE / FFINITIONS

1-0 PAWA=1.S

Parameter Names Value De firrition

HUM 100 length of the KWGO3C arrq

NC•ND number of characters/yord for the
cocput er

NCSMT 61400 number of characters in the
charact•er data store (C=T0)

XSTORD 6000 number of words in the numeri-
data store (STORD/STORD)

2-0 COWON/DBCSlD/

Variable Name Default Value Definition

KCPD(3) defines the partition of the
character data store

KCPD(l) - 1st character of
the IS

(2) - ist character of
the TS

(3) - ist character of
the WS

KNPD(9) defines the partition of the
numeric data store. See
Table 1I-4.

KSTORD(NSTORD)/ EQUIVALENCEd arrays that hold the
STORD(NSTORD) numeric data store

3-0 COMMON/DBCS2D/

Variable Name Default Value Definition

CSTORD*(NCST.J) - character variable to hold the
character data store
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4-0 CO lf/CS 3D/

Varlable Nae DefaI2t V'O, ;e Definition

,ULPYD 0.5 SA? noothing cmstant

1TRCD 1 trace code

1SYMBD(L,2,2) - WAA's fcr the master and system
directories

IEL a e6ments 1 to 4 of the
DRVA

IM a 1-mazter directory
2-systoz directory

M 1-working DB
2-reference M

XSYSD(2,2,2) -DBAA's for the directory, lbel
and directory address DL's in
the system directory.

ISYSD( IEL ,nIS,NDB)

S= elements 1-2 of the DI3AA
DG = 1-DR label data ]. ;t

2-DR adi.ss data list
NDB = 1-working DB

2-refereace DE

JOUTD 10 DBCS output file unit number

JTRCD 10 trace output file number

KARLD(2,2) - DBAA's of the ARL's

KARLD(IEL,NDB):

IEL = elements 1 and 2 of
the DBAA

NDB = 1-working DB
2-reference DB

XPFI error print flag

KPRTD(2,2) /132,132 output cha acteristics for theS64, 64 output (column 1) and the trace
(column 2) files.

Row 1 - colu2_ns/page

Row 2 - lines/page
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KSUP6D error code 6 supprewslon flag

1 - print error 6
2 - cuppress printirg of

error 6

KW0f•3(xrCiM ) - intern.l t.E- vorking Ptorae

U'r(2) (-l.-2) W unit nuzbers ((i)-vorking,
(2)-reference) Negative if
13 Is not open

SMAD nuiber of DV accesses reqired
till the next SAF update

MGAD(2) tCSA in vorking and. te•mporary
store of the first unused
record slot. (l)-noueri,.
(2)-character

JMalDUAD 125 MDLAD is tmiformly distributed
'.DLA6D 75 between MLDIAD and MIDIAD-

MOPADS defaults for these
variables a.-e 150 and 250

MNSFD(2) DBCSA of the WS record with the
mini=,= SAuv. (1)-numeric,

(M2 -character

MODED(2) protection modes ((1)-working MB,
(2)-reference DB)

MXRD(2,2) MXRD(l,i) - maxtmun record num-
ber allowed (0 for no limit).

KCBD(2,i) - largest record
number used so far for LB i.

i = (1)-working, (2)-reference

NCDPD number of characters in the data
part of each record

NCTSD(2) (0,3) nimber of records of storage
available in the character TS.
(1)-cuirrent, (2)-default value

NC-WSD number of records of storage for
the character WS

NDLAD ntumber of DB accesses since last
SAF update
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NISDt number of records of storaWe in
the 13 (both numeric and

FTD(2) (0,5) number cf records of storage
availp-ble for the nhzarie TS
(1)-currett value ,(2)-default

JNWAfD 2 number of vords of addressing
information in adition to the
ID in the data part of a direc-
tory. In other acrds, the nuaber
of rows in a directory In the
length of the ID's plus WADD.
See Section I1, 1-2.

IrWCPD 10 the number of words in the con-
trol part of each record

NWDPD number of vards in the data part
of each record

FWFECD(2) (0,64) number of vords per record. (1)-
current, (2) -default

NWSD numbt: of records of storage
available in the numeric WS.

OALPHD 1. -AIPHD

SAFMND(2) - value of the minimum SAF of any
record in the WS. (1)-numeric,
(2)-character

TDLAD cumulative totail of lB accesses

5-o comON/DBCSAD/

Variable Name Default Value Definition

CDBFD(2)*35 blank file names of the working and
reference DB's
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PREFACE wI

This report contains changes dated 14 May 1982
which are not upward compatible with the 24 July
1981 revisions. Uv'ers who have applicatiois utili-
zing this earlier version should retain pr: or copies
of this report for reference. The non-upward ccm-
patible features involve the use of the line ter-
minator character and subroutines FFPAC3, FFCPYI
and FFCPYO.
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SECTION I

INTRODUCTION

A set of FORTRAN 77 subprograms is presented here that

permit input of data without regard to column spacing on the

input device. The system maintains an internal buffer array

into which input records are read. The buffer can individually

address the characters in the record. The buffer is then

searched for a field of data that is delineated by user speci-

fied separator characters. When a field is found it is inter-

preted as a datum of the appropriate type. When the user next

requests a data item, the buffer is searched from the point

where the last field was encountered. This continues until

the internal buffer is exhausted. Then a new record is read

into the buffer and the process repeats.

Several options and environment parameters can be speci-

fied by Lhe user. A brief description of these follow.

Input and Output Files

An input file must be specified with each call to the

system for data. No default input file is provided.

V-7



An output file must also be 3pecified. The default

output file is unit S. The output file is used for print-

ing error messages. If an invalid output file unit number

is specified, a warning message will be printed and the

program will abort if any data is subsequently erroneously

entered. The user is responsible for providing a file

with the appropriate unit number.

Data Echo File

Another file, which may be the same as the output file,

may be specified as the echo file. Each record will be

written to the echo file as it is read. The default condition

is no echoing of data.

Error Processing

The system provides two levels of error processing:

interactive and batch. For batch processing, error messages

are printed and execution is terminated. With interactive

processing, the user is given the opportunity to re-enter

erroneous data. The default condition is interactive.

Numeric Field Validity Checking

The option for checking for valid numeric fields can be

either "on" or "off.* if it is on, each request to interpret

a field as a number results in an examination of the field

for validity. The default condition is "on" and is recom-

mended for interactive use. The FFIN system is slower than

%1 0
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standard formatted data input, and it is not recommended for

reading large, tabular data files. if it ir used with input

files which the user is confident have valid numeric fields,

then this option should be turned "off."

Line Terminator Character

A character may be provided which terminates processing

of a record. If this character is encountered in the buffer,

the remainder of the buffer is not examined, and a new record

will be read when additional. fields are needed. Use of the

line terminator character will speed processing on short records,

and it permits comments to be placed on data records. The

default line terminator is the dollar sign ($). The line ter-

minator character is not interpreted when in a quote field

(see "The Quote Character").

Field Separators

Fields are separated by separator characters. Up to five

separator characters may be specified. Two are provided by

default (blank and comma). There is no hierarchy among

separators, and multiple, consecutive separators are treated

as a single separator. Thus the following records are equivalent.

10, 20, 30

10,,,20, 30

10 20 30 $

Any character which is not a separator, a quote (see the next

page) or, in some cases, a line terminator, is part of a field.

No characters are ignored.

V-9
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The Nuote Character

Sometimes it is desirable to have a separator character

or the line terminator character contained in a field. For

example, blanks are by deZau'.t separators; however, a blank

may be desired in an alphanumeric or a numeric field. Such

fields may be enclosed in quote characters. The default quote

character is the double quote mark ("). Any field can be

enclosed in quotes. When a quote is the first non-separator

character in a field, the system stops searching for separator

characters and line terminators and instead searches for a .

matching quote to end the field. The quote marks are not

part of the field. For example, the following are not equi-

valent fields

GO TO

"GO TO"I

GO TO is two fields; "GO TO" is one. Quote marks are useful

mostly for alphanumeric or character fields, but they can be

used with any field. In particular,

3"

would be interpreted as -0.0003 (BLANK-ZERO) or -.3 (BLANK -

NULL).

Hollerith Character Count

FFIN2 supports Hollerith data for compatibility with

older systems. The user can specify the number of characters )

that he wishes to read per word. This option defaults to one

character per word.

V-10



Input Record Length

The user can srecify the number of columns (jp to 132)

to be read from the input file and the number of columns to

be examined for valid data. This permits the data to have

identifiers at the end of each record which are not examined

by FFIN2. The defaults are 90 columns read and 80 columns

examined.

NN
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SECTION II

USE OF THE INPUT SUBPROGRAMS

This section describes the sabprograms used Zor reacing

data with FFIN2. Section III presents sever'al utility sub-

programs which can be used for changing the default options

and parameters. Section IV contains programs for advanced

users who need to change the normal sequence of processing

the buffer.

Six types of data fields are recognized by the FFIN2.

programs: character, logical, double j•recislon, real, integer,

and Hollerith. In general, FFIN2 will recognize any field

within these six types that FORTRAN will accept. Alphanumeric -

and logical fields can be of any length so long as they fit -

within a record. No field may ever be split by the end of a

record. All numeric fields are lirtLtd to .0 characters. .

Each call to one of these subprograms returns a single datum. J11

FFL

FFL will return the value of a logical variable. The

calling sequence is:

SUBROUTINE FFL (LTF, JRD).

LTF must be type logical, and JRD is the input file. An

V-13 ' ,
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error is generated if the first nonoblank character of the

next field is not a "T" or "F.0

FFD

FFD will return the value of a double precision vari-

able. The calling sequence is:

SUBROUTINE FFD (DVAR, JRD).

DVAR must Le t-ý -- %cble precision, and JRD is the input file.

The "D" notation may be used with double precision input

fields, e.g., 3.4D1. Double precision fields are converted

with a D20.0 specification.

FFR

FFR will return the value of a real FORTRAN variable.

The calling sequence is:.

SUBROUTINE FFR (RVAR, JRD).

RVAR must be type real, and JRD is the input file. Real

fields are converted with a G20.0 specification.

FFI

FFI will return the value of an integer FORTRAN vari-

able. The caliiDg sequence iL:

SUBROUTINE FFI (IVAR, JRD).

IVAR must be type integer, and JRD is the input file.

Integer fields are converted with an 120 specification.
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FFC

FFC will return alphanumeric data as character vari-

ables. The calling sequence is:

SUBROUTINE FFC (CHAR, NC, LCHAR, JRD).

CHAR is a CHARACTER array of length NC. FFC will return

the next fiild in CHAR with LC-min[LCHAR, LEN(CHAR(l)))

characters per "word." If the field has fewer than NC*LC

characters, the remainder of CHAR is blank filled. If the

field has more than NC*LC characters, the right most excess

characters are ignored.

FFA

Subroutine FFA will return an alphanumeric field as

Hollerith data. The calling sequence is:

SUBROUTINE FFA (LAJXH, NAL13, JRD).

LAL11H is an integer array of length NALPH. JRD is the input

file. Say the current alphanumeric character count is

NOWCHR. The first (from the left) NALPH * NOWCHR characters

of the next field will be read into LALPH with NOWCHR charac-

ters per word. Any excess is ignored. If the field has fewer

characters than NALPH * NOWCI!R, the remaining words of LALPH

will be blank filled. FFA is the only non-ANSI FORTRAN 77

subprogram in FFIN2.
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FFCL2

FFCLR clears the internal baffer. The calling sequence

is:

SUBROUTINE FFCLR.

Any urised fieldu in a record will be ignored after a call to

FFCLR. The next call to one of the above FFIN2 programs will

result in a new record being read.

Example

Suppose file 12 has data on children in a school. Each

record contains the following information:

Last name,first name,M or F, age, height, weight.

"The first three fields are alphauumeric. M or F specifies

male or female. Age is an integer number and height and

weight are decimal numbers.

If we want to collect statistics on the height and weight

of all boys between the ages cf 9 and eleven we could use the

following code.

CHARACTER*8 FIRST, LAST

REWIND 12

100 CALL FFC(LAST, 1, 8, 12)

CALL FFC(FIRST, 1, 8, 12)
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CALL FFA(IMF, 1, 12)

IF(MF.EQ.IHM) GO TO 150

120 CALL FFCLR

GO TO 100

150 CALL FFI(IAGE,12)

IF(IAGE.LT.9.OR.IAGE.CT.11) GO TO 120

CALL FFR(HEIGHT, 12)

CALL FFR(WEIGHT, 12)

collect statistics

GO TO 100

If a record is not for a boy, the remainder of the

information is discarded at statement 120, and a new record

is read. The age criteria are checked after statement 150.
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SECTION III

USE OF FFIN2 UTILITY SUBPROGRAMS

Subprograms are pz3vided for use in changing the

default options and for use in identifying key words for

syntax processing.

FFSET

FFSET is used to change options in the FFIN2 system.

The calling sequence is:

SUBROUTINE FFSET(IOPT, LOPT, NOPT. COPT, NCR).

IOPT is the option code and has one of the following values.

1 - set output file number

2 - set echo file number

3 - set error processing mode

4 - set numeric field validity option *on" or "off"

5 - set new quote character

6 - set net line terminator character

7 - set neu separators

8 - not used

9 - set the Hollerith character count

10 - set input record length parameters

LOPT is a one dimensional, integer array of length NOPT. LOPT

contains the new values to be set for the options that require
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numbers. CV,2T is a CHARACTER *1 array of length NCR and

c~ontains ltihanumeric option data.

1. Output File Number. To set the output file number to

N, use:

CALL FFSET (1, N, 1, *,1).

A warning will be printed if N < 0.

2. Echo File Number. To set the echo file to N, use:

CALL M~FET (2, N, 1, ' ,1).

If N < 0, no echo of input records will take place.

3. Error Processing Option. To set the error processing

mode, use:

CALL FFSET (3, N, 1, '' )

If N -0,;, then interactive error processing is selected.

if N 0,1batch operation is aasuined, and execution will

terminate' if a bad field is encountered.

4. Nurneric Field Checking optio~n. To specify the n-aneric

field checking option use:

CALL FFSET (4, N, 1, * ,1).

If N - 0, fields will be checked. If N ~t0, no

checking is done of numeric fields.

V-20
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5. Quote Character. To set the quote character to, say a

colon (:) use:

CALL 'FFSET (5, 0, 1, ':', 1).

6. Line Terminatoz Character. To set the line terminator

character to, say a semicolon(;) use:

CALL FFSET (6, 0, 1, ' 1).

7. New Separators. To specify 4 separators which will be,

say, co-ma (,), slash(/), blank ( ), and period (.) use:

CHARACTER*1 IS(4)

DATA IS(',','/', ' , .)

CALL FFSET (7, 0, 1, IS, 4).

The new set of separator= compietely replaces the old

set, so the IS array above must contain all of the

separators that the user wants in effect after the sub-

routine call. No more than five separators are per-

mitted.

B. Not Used.

9. Hollerith Character Count. To set the alphanumeric

character count to N, use:

CALL FFSET (9, N, 1, ' ' 1).

If N < 0, the Hollerith character count is set to one.
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10. Input Record LengtLh. To set the input record length

parametera use:

CALL FFSET (10, LOPT, 2, , 1).

LOPT(1) is the number of columns to be read from the

input file (<132). LOPT(2) is the number of columns

to be examined by FFIN2 (<LOPT(1)). If LOPT(l) < 0,

132 columns will be read. If LOPT(2) < 0, then LOPT(l)

columns will be processed.

FFEN-V

FFENV will print the current environment (separator

characters, options, etc.) on the output file. The calling

sequence is:

CALL FFEW,

Figure 1 is a copy of the output produced by FFENV for

a typical condition.

FREE ra I~r ENvIRWOrw
OUIPUT F ILKE FILE G
ECHO FILE NO
INTERACTIVE MJON PROMSSING YES
NUMERIC FIELD C.ECJLCG YES
GUOIC CK.R.CTEMP
LINE TEM¶INA1O CHAAACflJu
FFA CHAAC7TER COUNaT. 4
WU• OF Ca•P.UL# FtADW
NSMKA4 OF C0LatA-4 PmPDCSSM

Figure 1. Output From FFENV for a Typical Environment.
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XFrIND and IFFINC

IFFIND and IFFINC are FUNCTION subprograms for use in

identifying key words. The calling sequence is:

FUNCTION {IFFINC) (LARRY, N, ICHAR).

On return, IFFIN{ D I if LARRY (I) . ICNAR, where LARRY is

a one dimensional, integer (IFFIND) or character (IFFINC)

array of length N. If ICHAR is not contained in LARRY,

IFFIN{ } = 0. These functions can be used to identify key

words as follows:

CHARACTER*5 KEY (n), KWORD

DATA KEY'keyword 1','keyword 2',---/

100 CALL FFC(KWORD, 1, 5, JRD)

J * IFFINC (KEY, n, KWORD)

branch to syntax processing or error.

IBFIND and IBFINC

IBFIN{c}D are FUNCTIONS similar to IFFIN{'0  except that

IBFIN{fC uses a binary search method. The calling sequence is:

FUNCTION IBFIN{c) (LARRY,NICHARNDEX).

LARRY, N, and ICHAR are as defined for IFFIN{•} . NDEX is a

one dimensional array, NDEX(N). LARRY need not be arranged

in the correct collating sequence by the user. This will be

V-23
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done internally. GO the first call to IBFIN{l, D NDEX(l),

must be equal to zero. This indicates to the program that

LARRY must be indexed in NDEX according to the computer's

collating sequence. IBFIN{rLjwill call COLAT(C{ (see Section
C

IV) to do this.

The LARRY array is not physically rearranged; NDEX is

returned as a cross-reference index array. The values ofNDEX must not be changed by the user. IBFINi D returns the <

location of ICHAR in LARRY.

To use IBFINC in the example for IFFINC, add statements

DIMENSION NDEX(n) and DATA NDEX(1)/O/. Change the "J=" state-

ment to J = IBFINC (KEY,n,M1ORD,NDEX).

itN,
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SECTION IV

FFIN2 PROGRAMS FOR ADVANCED USERS

Several subprograms are available which permit the user

to gain access to the contents of the internal buffer and to

affect the sequence in which the FFIN2 programs process the

fields contained on a record. Also, it is possible to use

the error processing programs in FFIN2 to report user

detected errors.

FFCPYO

Subroutine FFCPYO will copy a portion of the internal

buffer out to a local CHARACTR variable. The calling

sequence is:

SUBROUTINE FFCPYO(II.INE, NC, II, 12). a
ILINE is a CHARACTER variable of length NC. Ii and 12 are

the first and last characters to be copied from the buffer.

Chi return, ILINE(I:NC) contains buffer contents from chara-

cater II to 12. Il and 12 correspond to columns on the

input record. If Ii is less than 1 or Il is greater than

MCOLRD*, no action is taken and no warning is given. If 12

is less than Ii or greater than MCOLRD*, 12 = MCOLRD is used.

No more than NC characters will be copied into ILINE. FFCPYO

permits the user to examine fields in the buffer.

* See Section V for MCOLRD. :-7
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FFCPYI

Subroutine FFCPYI will copy the contents of a local CHARA-

CTER variable into the internal buffer. The calling sequence is.

SUBROUTI1NE FFCPYI(ILINE, NC, I1, 12).

ILINE is a CHARACTER variable of length NC containing informa-

tion to be copied into the buffer. Ii is the first character

in the buffer to be changed and 12 is the last. A maximum

of 12 - Ii + 1 characters will be copied into the buffer.

If 12 - Il + 1 is less than NC, the excess in ILINE will be

discarded. If it is greater, the excess in the buffer will j !
not be altered.

If II is greater than T2, no copy will occur, and no

warning will be given. If II is less than 1. FFCPYI will use

Il - 1. If 12 is greater than MCOLRD*, use 12 = MCOLRD.

FFCPYI does not alter the current pointers to the buffer.

FFINI

Subroutine FFINI sets the internal pointers so that the

internal buffer will be examined from its beginning. FFINI

is useful when an input record is to be re-examined or when'the

buffer is loaded by the user. The calling sequence is:

SUBROUTINE FFINI (JRD,MTY).

JRD is the input file number. MTY is an output variable that

is returned with the following values:

1 - the buffer is not empty. FFINI has

terminated normally.

• See Section V for MCOLRD
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2 - The buffer is empty (i~e., contains no

data fields). Therefore, it cannot be
positioned at its beginning. Upredictable

results will occur if any FFIN2 program is 4N .

subsequently called to examine the buffer. . '

The options are to load the buffer again with
FFCPYI and call FFINI again or to call one of

FFA, FFR, FFD, FFI, FFC, or FFL to cause a

new record to be read from an input file.

FFINI will echo the contents of the buffer if option two is

greater than zero.

FFINI is useful to examirle records th t the user has

obtained or constructed in some way other than the usual tivj
method of reading from an external file. For example the

following lines:

CHARACTER *80 STUFF

STUFF = 'THIS LINE IS USER GENERATED'

CALL FFCPYI (STUFF, 80, 1, 30)

CALL FFINI (5, MTY)

will insert STUFF into columns 1 through 80 of the internal

buffer, and FFINI will set up FFIN2 to beg~n reading 'THIS'.

FFLAST

Subroutine FFLAST will return the start and end of the last

processed field. The calling sequence is:

SUBROUTINE FFLAST(Il, 12).

Il is the pozition of the first character in the field and 12

is the position of the last character. Quote characters will

not be pointed to by II and 12. Il and 12 may be used as
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inputs to FFCYO or FFCPYI, for example. Quote fields will

automatically be taken care of internally.

If FFLAST is called after any of the input subprograms

in Section II, Il and 12 will point to the field that was just

processed. If FFCLR was called immediately previous, then

Ii = 12 - 0 will be returned. Zero values will also be

returned if FFLAST is called immediately after a call to

FFNEXT which causes a new record to be read. If it is called

immediately after FFSKIP, II and 12 will point to the field

which was skipped. FFNEXT and FFSKIP are discussed

subsequently.

FFNEXT

Subroutine FFNEXT will return the start and end of the

next field to be processed.- The callina sequence ist

SUBROUTINE FFNEXT(Il, 12, IQUOT, JRD).

Il and 12 will be returned as the first and last characters

in the field that will be processed by the next call to an

input subprogram. IQUOT will equal zero if the field is not

in quotes and will equal one if it is. The characters pointed

to by Ii and 12 are not quote marks. Characters II - 1 and

12 + 1 will be the quotes if IQUOT = 1. JRD is the input file.

If the buffer is exhausted when FFNEXT is called, a new record

will be read, and II and 12 will point to the first field on it.
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FFSKIP

Subroutine FFSKIP will skip the next field in the

buffer. The calling sequence is:

SUBROUTINE FFSKIP (JRD).

JRD is the input file. A call to FFSKIP will cause the internal

pointers to be moved to the field following the next

field. The skipped field becomes the last processed field

and a call to FFLAST will return pointers to it.

If the current record is exhausted when FFSKIP is

called, a new record will be read and the first field on it

will be skipped.

FFRSET

Subroutine FFRSET will reset the internal pointers to

a specified field. The calling sequence is:

SUBROUTINE FFRSET (Ii, IERR).

i1 is the position in the buffer of the first character of the

field the user wishes to be processed by the next call to

the input subprogram. In other words, the pointers are set to

process the field starting at Ii next. FFRSET will check to

see if the Ii - 1 character is a quote and will process the

field correctly if it is. The Ii character may not be a

separator; it must be a valid field character.
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IERR is an error indicator wiose values have the

following meaning:

1 - no error

2 - I1 < 0 or Ii > 80

3 - The II character is a separator

4 - I1 is beyond the end of the record.

Internal pointers are not changed if IERR is greater than one.

FFPAC3

Subroutine FFPAC3 produces error messages and is dis-

cussed more fully in Section V where the calling sequence is

given. The important point to note here is that the user may

call FFPAC3 to identify a bad field. Output from FFPAC3 is

shown in Figure 2 for an invalid numeric field.

IMPROPER NUMERIC FIELD
FREE FORN ERROR FIELD UNDERLINED

3.4E-.1

CORRECTLY RE-ENTER BAD FIELD AND REMAINDER

Figure 2. Output from FFPAC3 for an Invalid Numeric Field
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FFPAC3 output begins with the message "FRFE FORM ERROR

FIELD UNDERLINED." The previous message indicating a bad

numeric field is printed prior to the call to FFPAC3. The

user can print such messages, too, and then call FFPAC3 to

underline the detected error. Use a FORMAT statement of the

following form to be compatible:

FORMAT (5X, 'user error message')

Normally, FFPAC3 will prompt the user to re-enter the

record starting at the bad field, e.g., "CORRECTLY RE-ENTER...."

If the user prefers alternate processing, thib prompt can

be suppressed by sending IPRT > I to FFPAC3.

For example, suppose an improper menu selection is

made during interactive input. The programmer :nay want to

have the operator immediately try again, or he may want to

print the menu again before reading a new menu selection.

Figure 3 shows how to accomplish each of these cases.

In Case 1, the field is recovered with FFLAST and the

error underlined with FFPAC3. IPRT = 1 is sent to FFPAC3, so the

operator is prompted to correct his error and a transfer is

made to statement 100 to try again. In Case 2, IPRT = 2 is

sent, so the operator is not prompted for inpvt in FFPAC3.

After return from FFPAC3, the menu is printed again and then

the transfer is made to statement 100.
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IF(bad menuiselection) GO TO 200

Case 1

200 WRITE (6,900)

900 FORMAT (5X, -IMPROPER SELECTION-)

CALL FFLAST (11, 1,12) RDCALL FFPAC3 
(1,1I, 

12) JRD)
GO TO 100

200 WRITE (6,900)

900 FORMAT (5X, "YOU ARE CONFUSED")

4CALL FFLAST (11, 12)

CALL FFPAC3 (2, Il,. 12, JRD)

print menu, again

GO TO 100

Figure 3. Example of Use of FF'PAC3 to Generate a User Error Messagt
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FFMTY

Subroutine FFMTY permits the user to determine if the

buffer is exhausted. The calling sequence is:

SUBROUTINE FFMTY (?4TY).

MTY is returned as 1 if more data is in the buffer. it is

returned as 2 otherwise. FFMTY is useful in processing

syntax which has optional fields at the end of a line. It

can be used to determine when a call to an input routine will

cause a new record to be read.

COLATC and COLATI

Subroutines COLAT[IC will order a one dimensional integer
I

or CHARACTER array in least to greatest collating order. The

calling sequence is:

SU N COLAT{C (ICOL,NROW,NDEX).SUBROUTINE CLT IORWNE)
I.

ICOL is an array dimensioned to ICOL(NROW). The NDEX array

is dimensioned 'NDEX(NROW), and is returt.ed as an index array

for ICOL. ICOL is not physically rearranged.

Let JNEW be the rank of an entry in ICOL in the collated

orde-iing.

Then:

NDEX(JNEW) is the physical location in ICOL.

COLAT{Ci is not intended for frequent sorts of long arrays,
I

It uses a simple bubble sort and will be inefficient if used

for repeated sorts.
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FFREAD

Subroutine FFREAD loads new records into the internal buffer.

FFk EAD is user written. The calling sequence is:

SUBROUTINE FFREAD (JAD,MCOL, LIYE,IEOF).

JRD is a user specified, non-positive code, LINE(MCOL) is a

CHARACTER *1 array and IEOF is an end-of-file indicator. If

the user calls an FFIN2 program with JPD.GT.0, FFREAD is not

called; FFIN2 reads records from file JRD. If JRD.LE.0, however,

FFIN2 calls FFREAD when a new record is needed. It is the user's

responsibility to load LINE with the desired data. If IEOF is

returned as 2, FFIN2 end-of-file processing will be performed and

FFREAD will be called again. FFIN2 sets IEOF - 1 and LINE - blank

on input. on return, the contents of line will not be examined

if IEOF - 2.

The user may need to provide alt~rnate modes of loading

the buffer. For example, input from a graphics terminal may

require special subprogram calls rather than a READ statement.

Also, the user may wish to perform certain error checking on

the input record before allowing FFIN2 to examine it. All of

this can be done in FFREAD.

To provide alternate pro'-ssing, the user writes FFREAD,

loads it with his programs, and calls FFIN2 programs with

non-positive file numbers. The supplied version provides a

guide for re-writing FFREAD. See FFINI for another method to

utilize alternate processing.
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NOTE

No FFIN2 programs which m cause a

new record to be read should be called

from FFREAD since these programs might

cause an illegal circular call to FFREAD.

FFPAC5

FFPAC5 checks logical and numeric fields for validity.

It is more fully discussed in Section V. It can be used to

"look ahead" at the next field to determine if the field is

numeric or not. Consider the following statements

NCODE=5

CALL FFNEXT (11,12, IQUOTE,JRD)

CALL FFPAC5 (NCODE,Il,12,ICOND)

IF(ICOND.EQ.0) THEN

CALL FFI (IVAR,JRD)

ELSE

alternate processing

ENDIF

NCODE=5 (see FFPAC) specifies an integer field. FFNEXT

delineates the next field. FFPAC5 examines the field to deter-

mine if it is an acceptable integer field. If so, ICOND is

returned as zero and the field is read with FFI. If not some

alternate processing is performed.

Note that if option 4 (see FFSET) is set to zero, FFPAC5

will be called again for the field when FFI is called.
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FFSEP

FFSEP will return the first non-blank separator (FNBS)

before or after the next field to be read. The calling

sequence is:

S'BROUTINE FFSEP(IFB,SEP,ICOND)

IFB is input by the user. If IFB 1 1, FFSEP returns the FNBS

preceding the next field. If IFB - 2, it returns the FNBS

after the field. SEP is a CHAPACTER variable returned as the

non-blank separator or as blank if there is none. ICOND is

output as the condition detected by FFSEP.

ICOND - 1 - no unusual condition

2 - IFB - 1 and there is no previous

field. If separators precede the

next field, SEP = FNES in these

separators. If not, SEP = FNBS

following the last field of the

last record (SEP = blank if the

last record was cleared with FFCLR).

3 - IFB = 1 and the current record is

exhausted (i.e., there is no next

field). SEP = FNBS on the remainder

of the field or blank if none.

4 - IFB = 2 and the record is exhausted.

SEP = blank.

5 - IFB = 2 and the next field is the last.

SEP = FNBS at the end of the record.

Unpredictable results occur if FFSEP is called immediately after

a ca" to FFRSET.
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EXAMPLES

Consider the following record with separators "1" "2"

"3", and "4".

1 FIELD! 2 FIELD2 3 FIELD3 4

Next Field
Case to be read IFB SEP ICOND Description

1 FIELD2 1 "2" 1 normal

2 FIELD2 2 "3" 1 normal

3 FIELD1 1 "1" 2 FIELD1 is the first
field on the record
and separators
precede it.

4 record 1 "4" 3 SEP is the FNBS in
exhausted the remainder (after

(i.e. FIELD3 FIELD3) of the record
has been pro-
cessed already)

5 record 2 blank 4 no records remain so
exhausted it is not meaningful .

to request the FNBS
after the next field

6 FIELD3 2 "4" 5 FFIN2 examines the
remainder of theI
record for the FNBS

.•GET

FFGET will return options and current conditions for the

FFIN2 programs. The calling sequence is:

SUBROUTINE FFGET(IOPT,LOPT,NOPT,COPT,NCR)

IOPT is the option code input by the user and has one of the

following values.

V
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I-return output file number •I

2 - return echo file number

3 - return error processing flag (0- interacti~ve,

4-return numeric field validity checks (0 - on, 1 - of f)

5 - return quote character

6 - return line terminator character

7 - return the number of separator characters

8,- not used (return with no action~)

9 - return the Hollerith character count

10 - return input record length parameters

(1) - number of columns to be read%

(2) - number of columns to be examined

-i - return all separatot characters

-2 - return the column position in the buffer of the .IA

last non-separator (zero if the buffer is empty)

-3 - return the column position of the first character •.

of the next field (zero if the buffer is empty) '4.

(see also FFNEXT) '

-4 - return selected separators. See LOPT and COPT.

-5 - return the file number of the file last read from. I

LOPT is a one dimensional, integer array to hold integer ouptut

values. If only one value is returned, LOPT may be dimensioned .

to one. For IOPT=-4, the user must input the desired separator •:

numbers in LOPT. For example, if LOPT(I) = 2, then COPT (I) will •

equal the second separator on return. '
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COP is a one dimensional character array to hold output

characters. It needs to be dimensional to only one if the

option z turns only one character value..

NOP r and NCR are the number of elements in LOPT and COPT,

respectively.

IFFCHS

IFFCHS will determine if a particular character is a separa-

tor. The calling sequence is:

FUNCTION IFFCHS (CHS)

CHS is a character value on input. The values of IFFCHS are:

IFFCHS - 0 - if the first character of CHS is

not a separator

= n - if the first character of CHS is

separator n.

FFLNS

FFLNS will reset the internal pointer to the last non-

separator character in the buffer (sea COMMON variable NFF). No

action is taken if the buffer is empty, otherwise, FFLNS will

examine the buffer and set NFF to the last non-separator charac-

ter position in the buffer. It dces not affect the pointer [

to the current field.
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SECTION V

FFIN2 INTERNAL DOCUMENTATION

The internal buffer and all other permanent informa-

tion is strred in two labeled COMMON areas called FFCOM

and FFCOMC.

The COMMON Area

The variables in COMMON and their usage are explained

below. V

IFF and NFF are pointers to the buffer array LINE. LINE

(IFF) is the first character of the next field if there is one

in this record. If the buffer has been exhausted,then IFF =

NFF + 1. LINE (NFF) is the last available non-separator

character in the record. In other words, it is the last data

character of the last field on the card. If a call is made

to an FFIN2 program requesting input and IFF > NFF, then a

new record is read. Gtherwise, the next field on the existing

record is interpreted.

IF1 and 1FL are pointers to the most recently processed

field on the record if there is one. LINE (IFl) is the first

character of the field and LINE(IFL) is the last character.

If a new record has just been read, IF1 IFL 0.

IT
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JECHO iu the echo file unit number. If JECRO < 0, no

echo of data is performed.

JRDOLD is the input file unit number from the last call

to an FFIN2 input program. A call to an FFIN2 input proqram

with a new JRD causes the buffer to be cleared and forces

reading a new record from the new input file.

NCNT is a counter for input records. If the echo option

is on, NCNT is printed when the record is printed on the echo

file.

IEYRCR is the indicator for error processing. If

IERROR - 0, interactive operation is assumed. If IERROR 9 0,

batch error processing is done.

ICHK is the indicator for numeric field validity check-

ing. If ICHK = 0, fields are checked. If ICHK # 0, no

checking is done.

NSEP is the number of separators in use.

LTERM is the current line: terminator character.

LQUOT is the ctirrent quote character.

LBNK is the blank character.

NOWCHR is the current Hollerith character count.

"NWRDS is the number of words, at NOWCHR characters per

word, to hold MCOLRD characters. NWRDS is calculated in FFSET.
NNSEP is the length of the LSEP array.

LSEP is an array whose first NSEP locations contain the

current separator characters.

TITEMP is a CHARACTER variable. FFIN2 packs the fields

from LINE into LTEMP. The character capacity of LTEMP must
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be sufficient to hold at least 20 characters. A capacity of

MXCOL characters is reco,-mnended.

LNUM is an array which holds all characters that are valid

in a ziumeric field. Li'M is used primarily when XCHK -0.

IFMT'is a CHARACTER variable which holds a character alpha-

numeric representation of a format staterent for processing FFA.

LINE is the buffer array.

MXCOL is the length of the array LINE.

MCOLRD is the number of columns that are read from the

input file.

MCOLFF is the number of columns examined by FFIN2 for

valid data.

PSEP is the first non-blank separator following the last

field processed. Blank if none.

FFIN2 Internal Subprograms

There are several subprograms internal to the FFIN2 which

the user normally is not concerned with. These are described

below.

SUBROUTINE FFPAC is callled by FFA, FFL, FFR, FFD, FFC,

and FFI. On return from FFPAC, the appropriate field is

packed into LTEMP. To accomplish this, FFPAC calls subroutines

FFPAC1, FFPAC2, and FFPAC4. The calling sequence is:
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SUBPCUTINE FFPAC (•1CODE, JRD)

where:

NCODE identifier for calling program

1- FFA

2 - FFL

3 - FFD

4 - FFR

5 - FFI

6 - FFC

JRD - input file number.

SUBROUTINE FFPAC1 processes naew records. If a current

record is exhausted (IFF.GT.NFF) then a new record is read

and examined to set IFF and NFF properly. If the current

record is not exhausted, an immediate RETURN is executed.

In either case, on return, LINE (IFF) is the first character

of the next field, and LINE (NFF) is the last character of

the last field of the current record. The calling sequence

for FFPACl is:

SUBROUTINE FFPACI (JRD).
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SUBROUTINE FFPAC2 will delineate the next field. The

calling sequence is:

SUBROUTINE FFPAC2 (IFRST, ILAST, JRD)

where

IFRST on return, LINE (IFRST) is the

first character (not a quote)

*of the next field.

ILAST on return, LINE (ILAST) is the

last character (not a quote) of

the next field.

JRD input file number.

Also, FFPAC2 will reset IFF to point to the first character of

the field following the one delineated by IFRST and ILAST. If

there is none, then IFF will be set to NFF + 1 so that the

next call to FFPAC1 will cause a new record to be read.

SUBROUTINE FFPAC3 performs standard error processing.

The calling sequence is:

SUBROUTINE FFPAC3 ('IPRT, 1l, 12, JRD)
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IPRT - l=prompt for bad field, 2=do not prompt

Ii - LINE (I) is the first character of an

erroneous field.

12 - LINE (12) is the last character of an

erroneous field.

JRD - input file number.

FFPAC3 will print the current record and underline the bad

field on the output file and the echo file (if one exists).

If batch error-processing is in effect, a STOP statement will

be executed. Otherwise, if IPRT = 1 the user will be asked

to re-enter the erroneous fields. If IPRT. - 2 no prompt will

be issued. This feature is for users who may wish to call

FFPAC3 directly. See Section IV for :iuch applications.

SUBROUTINE FFPAC4 will pack the field into LTEMP.

The calling sequence is:

SUBROUTINE FFPAC4 (IFRST, ILAST, NCODE, JRD)

where

IFRST and ILAST = values set by FFPAC2

NCODE - identifier for calling

program (see FFPAC)

JRD = input file number.

For alphanumeric fields, the field is packed up to

132 characters starting at the left. Any excess

is discarded with no error message. For logical fields, only

V-46

tI!



Revised 10/8/82

the first non-blank character is packed into LTEMP. Twenty

characters are packed for numeric fields. Leading blanks are

filled if the field is less than 20 characters, and an error

is generated if a numeric field has more than 20 characters.

SUBROUTINE FFPAC5 checks logical and numeric fields for

errors. The calling sequence is:

SUBROUTINE FFPAC5 (NCODE, IFRST, ILAST, ICOND)

where

NCODE = identifier for calling program

(see FFPAC)

IFRST and ILAST - values set by FFPAC2

ICODE = 0 if the field is acceptable

1 if the fie13 has errors.

FFPAC5 is called for all calls from FFL. The first non-blank

character of the field is checked to deternine if it is a

"T" or "F." If not, ICOND = 1 is returned.

FFPAC5 does validity checking for numeric fields and is

called for this application only if ICHK - 0.

SUBROUTINES FFLOA{(C load an array with a single value.D

The calling sequence is:

SUBROUTINE FFLOA{(LARRY, N, XCHAR).
D

On return, the first N words of the one dimensional array LARRY

are equal to ICHAR. LARRY and ICHAR are integer for FFLOAD

and character for FFLOAC.
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SECTION VI

CHANGES NEEDED TO RUN ON OTHER COMPUTER SYSTEMS

The FFIN2 programs are written in ANSI FORTRAN 77 (see

FFA for the only exception). No changes should be required

to run on any compiler which s~upports FORTRAN 77.

The control data FTN5 (FORTR2= 77) compiler does not

process the END parameteT ct READ statements in the usual

manner. On non-CDC systemiZ, delete the statement.X -EOF(JRD)

from SUBROUTINE FFPAC1.
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KOPA'S Terminology

AIR DEFEINSE SYSTEM A cc.ontnt of Air Defense vhich includes
equipment and operators and for which
technical and tactical training arerequcrel..
LEa-vles are ZWAWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Models of ol.)erator actions and equipment
ODDLLE (ADSM) ehmracteristiis for Air tftsc .fn 0 Syste= in

the HOPAWl sofvw-re. These _odelt r•zre pre-
pared vith the SAI"T si=ulation language.
Air Defense System oidules intlude the
"EA I model and all oxat needed to ccz-
pletely define task elemnt t'nes, t-s)

- sequencing reqi.rementz, and han facto:rs
inZ'luences.

AIR SCENARIO A samtial and t--ocral record of aerial
¶ activitiez and crnaracteristics of an air

defense battle. The Air Scenmrio incluides
aircraft tracks, safe corridt:rs, E=., and
other aircraft and airsrace data. Se
also T-ctical Scenario.

SBRANCHI NG A te-r used in the SAZ sirmulation lvng-
uage to mean the process by which TASK nodes
are seauenced. At the cc=Dletion of the
si=ulated activity at a TASK node, the
"Branchi-4 fro that node deter-ines vhich
TASK nodes --ill be simulated next..

DATA BASE COINTROL That part of the M4OPADS so-ware vhich
SYSTEM Performs an direct ccu 4ica:ion vith the

."OADS Datt B-se. All incriaotion :ransfer
to and fro the data base is performed by
invoking the sub.rograns %hich makIk up the
Data Base Control System.

DATA SOURCE A specialist in ohtaining and inte-reting
SPECIALIST A=ry documentation and other data needed to

prepare Air Defe-nse System Fodules.
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EjVIROij.::TAL An element of an EnTir=o-_.e.tPl State
STATE VARIABLE Vecto=.

ENVIRON•!ENTAL An array (f values remresentiin conditions
STATE VECTOR or charaiteristics that may affect more

than one operazor. feMents of Mnv.rrc=en-
tal State Vectors may change dna:nica.ly
&-ring a MOPADS simulation to represent
changes in the 'euvironmn--t conditions.

MODERATOR FUNCION A mathematical/logiral relationship which
alters the ninal time T; perform an over&-
% or activity (usually a Task Element). The
nominal time is changed To represent the
o•erator's capability to per-form the
aztiN-it-y based on the Operator's State
Vector.

KfPADS DATA BASE A cc--.uterized -data base designed specifi-
cally to s=p- nc- the FOPAZS so.ware. The
2OPADS Data Base contains SWmulation Data
Set(s). It o=-v-icates inTera:tively with
MEOPAS Users during pr.e- and post-r•n data
specification and dyne=.iclly Vith the SALNT
soft.rare dur'zins simulation.

0
MOPADS MODELER fn analyst 6ho -.i7 develop Air Defense

System Modules and modify/develop the
MIOPADS softnare systm.

MOMADS USER An analyst Vho wi-ll design and conduct zimu-
lation exneri-ents vith the NOPAMIS software.

MSAINT The variant of SAIMT used in the MOPAMS
(.'DOPADS/SAINT) system. The standard version of SAIT, has

been modified for MOMADS to permit share-
able subnet-wrorks and more sophisticated
int':rru ots. The terms SAIT and MSAI1'.T are
used interchangeably vhen no confusion will
result. See also, SAINT.
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*OPERATOR STATE one el~ent of an Operator State Ve--.o...a
VARIABLE

OPERATOR STATE An ex-ray of values representing tbe condi-
VECTOR tion and abaracteristics of an onerator of

an Air Defense System. Many values of the
Operator State Vector w-ill1 change dy-nxical.ly

ptduring~ the course of a. MOM~fS simulation to
represent changes in~ orcrator condition.

OPERATOR TASK An op~erator activity identified duin
vespons system front.-end mnalyses.

SAINT The un&e~lying c=-Pter simulation langrage
used to model. Air Defense Systems in A~ir
Defense Syszem M~odules. SAILIT -Is an acronym

% ~for Systems Analysis of Znterg-ated iNetvorksF 5 of Tasks. It is a. well documented labuage
diesigned spe~zific ally to re-prtsent. humsn
factors a~spects of =z/machine systems.
See also MSPXT71.

SIMULATION4 DATA SET The Tactica~l Scenario tlus all reau~irnd
si-lation in-itialization end other exccri-
r-enzal data nee(-%ed to -orform a. MOM'AS
simulation.

SIMULATION STATE At emy instant in tieof a. !'OPAfS simula-
tion the S~imulazion State is the set of
values of LU. vzxiables in the IMOFAS so'.,-
vare and the XOPADS Data Base.

SYSTEM MO1DULES See Air Defense System Modules.

TACTICAL. SCENARIO The Air Scenario plus specificattion of
critical assets and the air defense corn-

* figuretion (nu~mber, type and location of
64, wee-~nos and the cotzand and co~trol syst em).
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TACTICAL SCENARIO An element of a Tactical Scenario, e.g.,
COMPONENT if a Tactical Scenario contains several

Qý-73's, each one is a Tactical Scenario

TASK See Operator Task.

TASK ELEMENTS Individual operator aetions V'.ich, vhen
grouped appropriate2.v, make up operator
tasks. Task elements arr usually repre-
sented by single SAINT TASK nodes in Air
Defense Systrem ~oules.

TASK NIODE A modeling syzbol used in the SA7NT simula-
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathe•atichl/logical relationship vhich
MODERATOR selects the next Operator Task vhich an
FUNCTION operator will perform. The selection is

based upon operator goal seeking character-
istics.

Additional Terminology and Abbreviations

BN Bat~alion

Q-73 A1N/TSQ-73

TD Tactical Director

TDA Tactical Director Assistant

TD1, TD2 The operator of a Battalion AN/TSQ-73
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I, OVERVIEW OF THE MOPADS MODEL

This report documents the implementation details of the IHAWK

system module. It's intended audience is the MOPADS modeler who
must maintain and explain the model. A companion report (Goodin &
Polito (1983)) provides user information for the MOPADS user.

The MOPADS operator tasks are modeled with subnetworks of
MSAINT task nodes. Each node has a subroutine of user code asso-
ciated with it where the user may write code to access the data
base and modify the MSAINT data structure. These task node sub-
routines are named according to the task node they represent. For
instance, the subroutine used to process logic associated with node
175 is named T175Q (T175G is Group Q-73) and the one for node 62 is
named T62Q (T62G if Group Q-73).

The two operators in the Group Q-73 and the two operators in
the Battalicn Q-73 perform various tasks in the networks. The Group

Q-73 network is a subset of the Battalion Q-73 network. The Group
Q-73 operators perform some of the same operator tasks as the
Battalion Q-73 TD (Tactical Director) operator. The operators in
the Group Q-73 will do all their communications with themselves and
their Battalion Q-73. A Grovp Q-73 will not communicate with a
Battalion Q-73 that it is not controlling, The Battalion Q-73 will
communicate with the Group Q-73 contr.oiling it and the fire units
under its control. This communication is carried out by sending
messages, altering the data base, altering the data structure, or
signaling (clearing an operator from one task node to another).

Table I-1 is a list of some of the assumptions made in con-
structing the 1OPADS model of the Battalion and Group Q-73's.

W-9



Table I-1. Assumptions.

- Jamming and ECV are not considered.

- All setup, checkout and emplacement procedures have been

perfo-med.i
- The Q-73 will not be mobile during the simulation.

- All ADP's remain operational assuming the Q-73 has not !

been destroyed.
- The ATDL data link is used for communicating with other I

AN/TSQ-73s and the Q-73's fire units.

- •,= TDA will perfoim all IFF procedures. I
- A target will be positively identified if the TDA

performs IFF procedures on that target.

- The CEASE FIRE comnand will not be modeled.

- TD will make all assignments to fire units.

- All Battalion Q-73s will have one TDA operator and

one TD operator.
- All Group Q-73s will hdve two TD operators.

- When a Battalion Q-73 identifies a target the

information is sent to all its fire units.

W-1 0
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II. MODEL DESCRIPTION FORMS

1-0 Er'ITIES

The operators that perform the work in the Battalion and

Group Q-73's are the entities in their respective syste modules.

The forms in this seciton describe each entity, their attributes,

and their resource requirements.
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2-0 RESOURCES

There were no MSAINT resourres used iii modeling the Battalion
and Group Q-73's.

3-0 VARIABLES

The forms in this section describe all the state variables,
system attributes,and user variables used in the Q-73 system
modules. Table II-i, shown after the forms, expands the definition
for the variable TSVALQ. Note that no state variables or system
attributes are used in the Q-73 modules.
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4-0 TASK NETWORKS

in this section are the forms used to document each of the
oper',ator tasks and each individual noae in those tasks. Each
operator task is documented by two types of forms: MSAINT TASK

MODELS ,nd MSAIITr TASK NETWORKS. The MSAINT TASK MODEL forms
*. given a written description of the activities involved at each
*, node on the network. The MSAINT TASK NETWORKS forms contain the

MSAINT subnetworks used to describe each operator task. Followring
these two forms for each task Is the TASK NODE SPECIFIC DATA forms
for each node in the operator task (MSAINT subnetwork). These
forms contain the information stored in the data base for each
node.

Note that the source nodes, the ?Lad z±Lde, and the task
sequencing subnetwork are also contain-.d in this section. These
particular nodes are not shown or the ME;AINT TASK MODEL forms
because there are no operator actions involved.

,Note that some of the task nodes and task numbers .re speci-
"fic to the Battalion Q-73 (denoted by (BIT) after the number), and
some are specific to the Group Q-73 (denoted by (GRP) after the
number).

Table 11-2, at the end of this section, is a cross-reference
table that may be used to look up which operator tasks are asso-
ciated with which nodes.
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Table 11-2.

CROSS REE -ECE OF NOLL IL,'ZM S TO OPERATOR TASK I.•BERSFOR

AN/TSQ-73 SYST-='M C7.LE __

SPERATOR MSAI: I TAn OPERATOR
NODE TASK TASK NMDE TSTASKNODE LABEL

1 IDLETIME 1 43 SWIACT 3
2 CAUC2ND 2 41 CMNCODE 3
3 SENDTM 3 42 ENDTSK3 4
4 CLRHES 4 43 OTHESDB 4
5 PERFHOOK 5 44 CLRHFE 4
6 45 CLRSTS 4
7 CHIDFT 7 46 EINDTSK4 4 |..
8 INTTAP 8 47 POSHOOK 5
9 48 NUMHOOK 5
10 SNDCOMM 10 49 HOOKBRCH 5
11 50 HKROUTl 5
12 51 HKROUT2 5
13 52 PPOSHK 5 .
14 53 HKROUT3 5
15 ASSWEAPN 15 HOOKBRCH
16 54
17 55
18 56

l 19 57
20 RECCUD 20 58
21 59
22 DETALERT 22 60
23 61
24 62 ENTC 7
25 63 ENTID 7
26 DE'IMSGN 26 64
27 65
28 66 DETM4 8
29 67 ENTMODE 8
30 TASKSEQ 30 68
31 CREATETD - 69
32 CREATTDA 70 PRINT6 8 L

CREATTD2 71 PRM4CH 8
33 72 NDTSK8 8
34 73
35 74
36 CANCL2 2 75 [ETGENSP 10
37 GENSPC 3 76 :NTSFUA 10
38 ENTSAD 3 77 "__"
39 SWICMD 3 78 -, 1
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Table 11-2 (continued)

CrCSS R-EFEECE OF NODE M';hM S TO OPER.A1OR TASK , s4..S
FOR

ANITSQ-73 SYST= MODULE

I-SAI:T' TASK PATOR MSIT TASK OPERATOR
NODE LBL TASK NOJDE LAE TS

82 121 "!
ENTCCC 10 119Il

a 120 "

85 125
86 12687 127

84 128

89 129

91 131
92 132
93 13394 134 .

95 PRAARECM 15 135
96 HOOKADR 15 136
97 ENTADRSS 15 137
98 SWORCCEN 15 138
99 PRSADLDT 15 139

100 PRSASSN 15 140 WHFUALRT 22 -
101 PRSAPPR 15 141
102 ENDTSK15 15 142 ALERT16 22
103 143 ALERTI 22
104 144 ENDTSK22 22 lo
105 145 ALERT20 22
106 146 ALERT93 22
107 147
108 EXMALERT 20 148 -"
109 PRSCLRA 20 149
110 ENTCOMCD 20 150
111 ENDTSK20 20 151
112 152
113 153
114 154
115 155 i'r•
116 156
117 157
118 158
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Table 11-2 (.continued)

CROSS RFIERI4iCE OF NODE .h2UýBZRS TO OPERATOR TASK NUMBERS

AN/TSQ-73 SYSTEM MODULE

MT ASK PERATOR 1-:SAINTj OPERATOR
NODE TASK NODE TASK TASK

.ABE. . LABE NTLER

159 RECMSG17 26 199
16 EMG1 26 200

161 ENDTSDK26 .26
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

OF 178
179
180
181
182
183
184
185
186
187
188

1909
191 TSEQTD 30

192 TSEQTDA 30
193 TDROUTE1 30
194 TDROUTE2 30
195 TDAROUTI 30
i06 TDAROUT2 30
197[198..

.%
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5-0 USER FUNCTIONS
There are no user functions in the Battalion or Croup Q-73

user code.

6-o MODERAIOR FUNCTION

There is only one moderator function (referred to as Mod-
erator Function #1) used by the Q-73 syste modules. This mod-
crator function allows the user to gain access to the human factors
codes-for moderating task performance time.

Any task node that has moderator function one active must
have skills and distribution data stored in the data base, and
the task time on the Tabk data card must be specified as DS,l.

7-0 M4FESSAGES S•= FROM Q-73 SYST:4 MODULE

The follow.r!-, form5 describe each of the messages sent from
operators in the . ttalion and Group Q-73 system modules to opera-
tors within the Q-73's and to operators in the IHAWK.

Si/ij

W-126 .

. 7.-



MIPADS MESSAGE DESCRIPTION

Jesg o MESSAGE ID ELEMENT 1,29 1Of

EleJient DescriptionVau

I * Receiver CRN
2 Operator Type 1 or 3
3 Fuiictional Type 1I I
4 Message Subtype
5 hessage Priority -9

MESSAGE DATA LINK ELEMENT

'Elemen Desrription V ,u
I Communication Network S

1-Voice 2-ATDL 2
2 Acknouledgement Required

1 - Yes 2 - No 1
3 Unused
4 ATDL Code (Unused) -
5 * Time Message Sent -
6 * Message Number -
7 * Sender CRN
8 Sender Operator Type 1
7 Sender System Module Type 2 or 3

10 Task Node Number Sent From

M Must te set at the time the message is senit

VARIABLE MESSAGE FORMAT

Elemen Descriotion

"- # Subs. WORDS = *2
- Which Fire Section(=l F.S.A, =2 F.S.B, =3 Both)
3 UTRACK Column Number
4 UTRACK Column Number (use oni~y if element 2 = 3)
5 Copy Row # of FS

MESSAGE SUBTYPE DESCRIPT1ON
Hold Fire Command. Tells receiver to stop engaging an air-
craft and destroy any in-flight missiles.

Nane: Riley Goodin Systen Module: AN/TSQ-73
Date: 12/20/83 Project: MOPADS

From To From To
GRP( 3 ) BN (4 ) ....... . , .. ... )1 ' '.:

BN(3) HAW-K(35)
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ICU-ADS t•ESSAGE INSCRIPTICN

Message Mo. 3 MESSAGE 19 ELEnlEA lce I orf
- --------------- -- ------

I *Rkeceiver CRI
2 Operator type 1 rc3
3 Fuoctiomal Typo

* 4 #essag# Subtype 3
5 Message Priority

"ESSAWF. DATA LINK ELEMENT

SI Connuutication Netuork
I-Voice 2-ATDL 2

2 Acknowledgencnt Required
ii- 1 ItYs 2 N o

3 Unaused
"4 ATDL Code (Unused)
"5 0 Tine message Sent
6 M Message N;nDer
7 * Smuder CRN
S,.8 Siender Operator ipe #

Sender Systent Module Type 2 or 3
S10 Task Node Nunber Sent Fron

M flust be set at the tine the nessage is sent

VARIABLE MESSAGE FORMAT

Element Irescriptiolr

1 # WORrS =4
* 2 Which Fire Section (=l A, =2 B, =3 Both)

3 NTRArK Column Number
4 'TRACK Column Number = 2nd F.S. (if element 2 3)
5 Copy Row # of FS

MESSAGE SUBTYPE DJESCRIPTION
Cease FEngage Command. Stop engaging, don't destroy
in-flight missiles, and break the IHIPIR lock.

Nam e Riley Goodin ISystem Module: AN/TSQ-73
Date: 12/20/83 Project: MOPADS

From To Fron To
'SRP(3) BN(4)

B!I(3) HAWK(37) _.___"
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AMOPA$S MESSAGE DVESCRIPTIC4

,,.-hebl Mo. 4 "ESSA'E 1" ELEMENT tas t .r

* Receiver CIO

1 Operator Type 1 or 3
3 Fuactional Type It Message S13btype 4

W Restage I'riority +6

KESSAf£ DATA LINK ELEMENT

S, I Comnunication ttluork
l-VuiC. -ATDL 2

2 Acknouiedqeneto Requ~rpd
w-*es 2 - No

S3 Unused
4 ATDL Code (Unused)
,.5 0 Time Messaq& Senti

A 0 message Munbetr
S7 C Setcler CRHi
.. Sender Operator Type

Sender Systen module Type 2 or 3
10 Task Made Nusber Sent Fron

$ must be set at the time the messago is sent

VARIABLE MESSAGE FORMAT

Element ___________

1 # WORDS =2
2 Which Fire Section (=I A, =2 B)
"3 NTRACK Column Pointer

MESSAGE SUBTYPE DESCRIPTION
- Engage Command on a track which was previously assigned

(covered). Gives permission to fire.
(Coupled with Message 26 to Q-73)

Nane: Riley Goodin System Module: AN/TSQ-73
D aJte: 12/20/83 Project: MOPADS

----------------------------------------- -----------------
Fro. To From To

B!4(l0) HAW*K(32)
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IWAVS NESSAGE M..RrPTION

R o AESSaE IP LLILMET I'ap

SLJurriptlyo

I Receive? CAN
2 Operator Type 3
3 Functional Type 1

4 Aessa~e Subtype 7
5 fhessae Priority 46

MESSA6E DATA LINK [E1lMET
--- - --- - -rr--o------

•'"I :€Conauaic.,toa network F
I-Voice 2-ATDL 2

2 ACkitwlaedgemont Required
I - les 2 - Mo

3 Unused
4 ATOL Coe (Unused) -

S * Tine hessaqe Sent
6 a hoesage Nunber
7 * Sender CRN
9 j Sender Operator Type

"" Sender Systeq Module Type 2 or 3
10 Task Mode Nunber Sent Fron

* Must be set at the tine the nessage is sent 0

* :VARIABLE MESSAGE FORMAT
--- -------- ------------------- w---------------------------------------

_______Descript:io

1 #WORDS =3
2 Which Fire Section (=0 Either, =1 A, =2 B)
3 NTRACK Column Number
"4h =1 Primary, =2 Secondary, -1 if covered

MESSAGE SUBTYPE DESCRIPTION

Assign-New Tartet - HIPIR Lock do not fire

Name: Riley Goodin S",tem Module: .NiTS4-73
Date: 12/20/83 Project: MOPADS

From (o From To
B11(75) F WK(T23
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*, HOPADS IMESSAGE DESCRIPTION

ftessIte No. 8 M[5SiAE ID ELEM~ENT Palo a
k~~-- - - --- -------------...... ...

'. I * Receiver tRII
"*2 Operator lype 3

3 functional )y~ 1," •4 Mlessage Subtype

5 Mlessage Priority +5

* MESSAGE DATA LINK ELEMENT

•I Conmmunication Network
1-Voice 2-ATBL 2

2 Acknouue meiwnt Required
I - Tes 2 - No 1

3 Unused
4 ATDL Code (Unused)
5 * Time hIssaie Sent
6 0 M~es sage iPunirer
"7 * Senaer CRN
B Sender Operator Type 1

Sender System Module Type 2 or 3
10 Task Node Number Sent Fron

m nust be set at the time the message is sent

VARIABLE MESSAGE FORMAT

Element 'sci.to

1 # WORDS =2
2 Which Fire Section (=O Either, =1 A, =2 B)
3 3 NRACK Column Number

MESSAGE SUBTYPE DESCRIPTION
Olt Cover New Target Co~ and. Obtain a HIPIR lock on a new

target, bat do not f•ire.

Nane: Riley Goodin System Module: AW/TSQ-73
Date: 12/20/83 Project: MOPADS---------------- ---- ------, I -- -- -. . ------- ------- -------

From. To Fro" 1
B'N(15) HAWK(33)

- -- W- 131
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1hosage No. 11 E. It ELEMENi ke,. of

I k eceiver CRO
2 Operator Type 1
3 rvactional Type 4
4 *sssa*e Subtye 1
5 message Priority +2

NHESASE DATA LIXK ELEMENT

I Csnnunicatioa Netmork
I-Voice 2-ATDL

Acknoouedlenmot Required
I - p*s 2 - No 2

3 Unused
4 ATDL Code (Unusel)
5 * Tine hessaqv Setit
6 M hessage Nunber
7 s Sender CRN _
a Sender Opprztor Type
9 Sinatr System Module Type 3

10 Taik Node Punber Sint From

R fust be set at the tine the message is seat

VAIABLE MESFAGE FORMAT

I # w0BT:s I
2 Message Number Acknowledging

MESSAGE SUBTYPE DESCRIPTION
Acknowledge Message, type Will Comrtl (BN to GRP only)

SNa~e; liley Goodin Syitem Module: AN/TSQ-73
Date: 12/20/83 Project: MOPADS

Fro To ----- T--o T

B13(20) G"(26)
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III, USER WRITTEN PROGRAMSV11"
1-0 OVCEVIEIW OF THE FLOW OF CZRCL•

3he user-written code for the Battalion ezd Group Q-73
system modules are accessed via the subroutines UTB3Q and UTGRPC,
respectively. When a node is being processed, '.AI:T calls sut-Ii: routin LTASK, UTSK determines if it is a Battalion or GroupQ-73 node. If so, LTAS14 calls UTBI1Q or UPORM'. These subrou-
tines then call the subroutkne that 'nerforms processing for that

node (e.g., TlOQ, T15OQ, etc.)(Tl6oG, etc. if Croup).

"'; The Q-73 MZAIrT networks regulate the flow of the entitites
through the task nodes. Branching is accompli3hed either deter-
ministic•lly where the operator follows a logical sequence of
actions or conditionally where the operator may do one node verses
another node depending on the state of the system.

2-0 ECTEAL FILE USAGE

V There is no direct external file access in the Pattalitn
and Group Q-73 system modules.

3-0 SUBPROGRAI: DESCRIFTION:S

This section contains a copy of the subprogram descriptions
for each of the Battalion and Group Q-73 user code subprograms.
These subprograms are on the follcwing pages. Only four subroutines
are specific to Group Q-73. They are INITG, TI60G, Tl61G, and
UTGRPG. Since the operators in the Group Q-73 do some of the same
tasks as the operators in the Battalion Q-73 the user code associated
with a node in a network for the Battalion may be used for the same

* node in the Group Q-73.

W
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SUBROUTINE CLTDO (I1)
C
C--NODULEs MOPADS BATTALION 1/1T9-73 SYSTEM NODULE
C--REFERENCEs MOP.DS VOLUME 5.13
C
CsOPURPOSEs THIS SUBROUTINE IS USED 70 COMPUTE THE SCREEN CLUTTER FOR
c A 0-73 OPERATOR.THIS VALUE IS THEN USED TO UPDATE THE
C OPERATOR STATE VECTOR.

C&*INPUT PARAMETERS: IDsOPERATOR ID

-----------------------------------------------

SUBROUTINE SEVIO(IDCP,NCOPI,IOPR,GSI)
C--MODULE: MOPADS BATTALION AN/TSG-73 SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.15
C--PURPOSE:
C 6EVIO VILL EVALUATE THE GOAL STATE FOR GOAL I FOR THE
C AN/TSO-73 OPFRATORS. THE FIRST GOAL IS SELF PRESERVATID7
C--INPUr PARAMETERS:
C IDOP-OPERATOR ID
C NCOPI-COPY ROU NUMBER OF THE OPERATOR'S UNIT
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAPETERS:
C GSI-GOAL STATE FOR GOAL 1. IF THE OPERATOR DOES NOT HAVE
C GOAL I, 651 IS UNCHANGED.

------- ----------------------------------------------- --

SUBROUTINE GEV20(IDOP,NCOPI,IOPR,GS2)
C-NODULE: MOPADS BATTALION AN/TSO-73 SYSTEM MODULE
C--REFERENCE: HOPADS VOLUME 5.15 -

C--PURPOSE:
C GEV20 UILL EVALUATE THE GOAL STATE FOR GOAL 2 FOR THE
C AN/TSO-73 OPERATORS. THE SECOND GOAL IS TO PROTECT CRITICAL
C ASSETS.
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID
C NCOPI-COPY ROU NUMBER OF THE OPERATOR'S UNIT
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C GS2-GOAL STATE FOR GOAL 2. IF THE OPERATOR DOES NOT HAVE
C GOAL 2, GS2 IS UNCHANGED.
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SY Ut--------------------------------

SUBROUTINE GEV3O(IDOP,NPOP,10P4,G53)
C-NOIULEs KOPADS BAITALION AN/TSP-73 3YSWE NMODULE
C--REFERENCEs NOPADS VOLUNE 5.15
C'-PURPOSEs
C G6V30 VILL EVALUATE THE GWAL STATE FOR GOAL 3 FOR THE
C AM/TSQ-73 OPERATORS. THE 3-Rb GOAL IS REDUCE THE NUMBER OF
C UNASSIGNED, HOSTILE TRACKS CR COVERED TRACKS.
C--INPUT PARAKETERSt
C IDOP-OPERATOR 1D
C NCOPI-COPY ROU NUMBEK OF TH. OPERATOR'S UNIT
C--INPUT/OUTPUT PARANETERSs
C IOPR(2)-DIAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C 6S3-GOAL STATE FOR GOAL 3. IF THE OPERATOR DOES NOT HAVE
C GOAL 3, GS3 IS UNCHANGED.

SUBROUTIHE GEV4OQIDOP,NCOPIIOPR.GS4)
C--NODULEs NOPADS BATTALION AN/TSG-73 SYSTEM NODULE
C--REFERENCE: NOPADS VOLUME 3.15
C--PURPOSEs
"C 6EV40 UILL EVALUATE THE GOAL STATE FOR GOAL 4 FOR THE
C AN/TSO-73 OPERATORS. THE 4-TH GOAL IS REDUCF THE HUMBER OF
C UNIDENTIFIED TRACKS.
C--INPUT PARAMET.RSi
C IDOP-OPERATOR ID
C NCOPI-COPY ROY NUMBER OF THE OPERATOR'S UNIT
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C GS4-GOAL STATE FOR GOAL 4. IF THE OPERATOR DOES NOT HAVE

L C GOAL 4, GS4 IS UNCHANGED.

SUBROUTINE GEVSO(IDOPNCOPI,IOPR,GSi)
C--MODULE: NOPADS BATTALION AN/TSO-73 SYSTEM MODULE
C--REFERENCE: HOPADS VOLUME 5.15

*- C--PURPOSE:
C GEV50 VILL EVALUATE THE GOAL STATE FOR GOAL 5 FOR THE
C AN/TSQ-73 OrERATORS. THE 5-TH GOAL IS REDUCE THE NUMBER OF
C VIDEO CONTACTS.
C--INPUT PARAMETERSs
C IDOP-OPERATOR 1D
C NCOPI-COPY ROU NUMBER OF THE OPERATOR'S UNIT
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C -INPUT/OUTPUT PARAMETERS:

c IOPR(2)-DIAA OF THE OPERATOR
C--CUTPUT PARAMETERSt:

OS5-GOAL STATE FOR GOAL S. IF THE OPERATOR DOES NOT HAVE

SUBROUTINE GEV60(I1IUP,NCOPi,IDPR,US6)
C--NODULE: MOPADS BATTALION AN/TSQ-73 SYSTEM HODULE
C--REFERENCEE MOPADS VOLUME 5.15
C--PURPOSE:
C GEV60 VILL EVALUATE THE GOAL STATE FOR GOAL 6 FOR THE
C AN/TSA-73 OPERATORS. THE 6-TH GOAL IS MAXIMIZE MISSILES.
C--INPUT PARAMETERS:
C IDOP-OPERATOR 12
C NCOPI-COPY ROU NUMBER OF THE OPERATOR'S UNIT
C--INPUT/OUTPUT PARAMETERS,
C IOPR(2)-DIAA OF THE OPERATOR
C--OUTPUT PARAMETERSs
C 656-GOAL STATE FOR GOAL 6. IF THE OPERATOR DOES NOT HAVE
C. GOAL 6, 656 IS UNCHANGED.

SUBROUTINE GEV70(IDOPNCOPI,lOPR,GS7)
C--MODULE: MOPAPS BATTALION AN/TSO-73 SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.15
C--PURPOSE:
C GEV70 VILL EVALUATE THE GOAL STATE FOR GOAL 7 FOR TIRE
C AN/7SO-73 OPERATORS. THE 7-TH IiCAL IS RECEIVE MESSAGES..
C--INPUT PARAMETERS:
C IDOP-OPERATOR 10
C NCOPI-COPY ROU NUMBER OF THE OPERATOR'S UNIT
C--INPUT/OUTPUT PARAMETERS:
C IO'/R(2)-DBAA OF THE OPERNTOR
C--OUTPUT PARAMIETERS:
C 637-GOAL STATE FOR COAiL 7. !F THE OPERATOR DOES NOT HAVE
C GOAL 7, 0S7 IS UNCHANGED.

------------------------------------- w--------------- ------------

SUBROUTINE GEVBO(IDOP,NCOPI,IOPR,GSB)
C--MODULE: MOPADS BATTALION AN/TSD-73 SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.15
C--PURPOSE:
C GEV8O VXILL EVALUATE THE GOAL STATE FOR GOAL 8 FOR THE
C AN/TS0-73 OPERATORS. THE 8-TH GOAL IS DO NOT SHOOT AT FRIENDS.
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C--INPUT PARANETERSt
C IDOP-OPERATOR ID
C NCOPI-COPY ROU NUMBER OF THE OPERATOR'S UNIT
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2,-DBAA OF THE OPERATE
C--OUTPUT PARAMETERS1
C *SB-GOAL STATE FOR GOAL B. I'F THE OPERATOR DOES NOT HAVE
C GOAL 8, GS IS UNCHANGED.

SUDROUTINE GEVALG(IDOPNADSM, NCOPI,NGS,IOPRGS,NNG)
C--NODULEs ROPADS DATTALION AN/TSG-73 SYSTEM NODULE
C--REFERENCE% HOPADS VOLUME 3.15S€C PURPOSEs t

C GEVALD UILL EVALUATE AN OPERATOR'S GOAL SlATE VECTOR
lk C • FOR THE ANITSO-73 BATTALION.

C--INPUT .PARANETERSS
"C IDOP-OPERATOR ID
c AADSM-SYSTEM MODULE TYPE
SC NCOPI-COPY ROU NUMBER
C NOS-ACTUAL LENGTH OF 4SS.....--INPUT/OUTPUT PARAMETERSt

C IOPT(2)-DDAA OF THE OPERATOR STATE VECTOR
C--OUTPUT PARAnETERSI
C 6S(NGS)-GOAL STATE VECTOR
C NRG-THE NUMBER OF GOALS THE OPERATORS OF THE SYSTEM HAVE.
C (I.E. ONLY (HE FIRST NNG ELEMEMTS OF GS HAVE MEAINGFUL
C C INFORhATION). IF THE OPERATOR DOES NOT HAVE GOAL 1,
C THEN GS(Q)u--.ElO.

i FUNCTION IFFO(IDNTRK)

C--MODULE: MOPADS BATTALION AN/TSO-73 SYSTEM 'MODULE
C--REFERENCE: MOPADS VOLUME 5.15 ,

C
C**PURPOSE: THIS SUBROUTINE IS USEt 'O PERFORM IFF OPERATIONS ON A
C TRACK FOR THE 0-73.
C
C**INPUT PARAMETERS: ID=OPERATOR ID
"C NTRK=NTRACK COLUMN NUMBER
C
C*SOUTPUT PARAMETERS: IFFO=t IF HOSTILE

-C =2 IF FRIEND
C -3 IF UNKNOUN
C

7: W-137



wa ~ ~ 4Qv.-lnT TV- T ,-z., ~-.-~~ll,~fl

FUNCTION IFMODO (IOPP)
C
C--NODULE: MOPADS BATTALION AN/TSO-73 SYSTEM hOQULE
C--REFERENCE: MOPADS VOLUME 5.15

C**PURPOSE: THIS SUBROUTINE IS USED TO DETERMINE UHICH IFF MODE SHOULD
C .E SELECTED IT THE TDA IN THE 0-73.
C
C*¢INPUT PARAMETERS: IOPP&OPERATOR 13
C**OUTPUT PARAMETERS: IFMODOwi CHANGE TO MODE 1,2,OR 3

C *2 REMAIN IN CURRENT MODE
C z3 SELECT MODE 4
C

------------------------------------- - ---------- q

SUBROUTINE INITO(NRUN)
C--MODULE: MOPADS BATTALION AN/TSO-73 SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.15 t 14
C--PURPOSE:

C INITO PERFORMS INITIALIZATION FOR THE BATTALION AN/TSQ-73 /
C SYSTEM MODULE
C--INPUT PARAMETERS:
C NRUN-RUR NUMBER -
C O-DO ONE-TIME INITIALIZATION BEFORE A4Y RUNS
C N-INITIALIZE FOR RUN N.

SUBROUTINE OEVALO(IDOFNADSM,NCOPI,GSNNG,JTASKIOPRGSJTJ,*)
C--MODULE: MOPADS BATTALION AN/TSG-'3 SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.15
C--PURPOSE:
C OEVALO UILL COMPUTE THE EXPECTED GOAL STATE VECTOR FOR
C THE AN/TSD-73 OPERATORS.
C--INPUT PARAMETERS: &

C IDOP-OPERATOR ID
C NADSM-SYSTEI NODULE TYPE 6'
C NCOPI-COPY ROU NUMBER
C OS(NH')-CURRENT GOAL STATE VECTOR
C JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OEVALO UILL
C EVALUATE EXPFCTED GOAL STATES GIVEN THAT THE
C OPERATOR PERFORMS TASK JTASK. L
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C--INPUT/OUTPUT PARAMETERS:
C IOPR(2Q-DBAA OF THE OPERATOR
C GSJ(NNG)-EXPECTED9GOAL STATES RESULTING FROM PERFORINC
C TASK JTASK. ON INPUT, 6SJ=GS.
C--OUTPUT PARAMETERS:
C TJ-EXPECTED TIME (MINUTES) TO PERFORM TASK JTASX. IF THE
C OPERATOR CANNOT PERFORM OR DOES NOT PERFORM TA3K JTASK,
C THEN TJ%-I.
C--ALTERNATE RETURNS:
C I-JTASK IS GREATER THAN THE MAXIMUM TASK NUMBER THAT THE OPERATOR
C PERFORMS. OEVALO WILL BE CALLED REPEATEDLY UITH GREATER
C VALUES OF JTASK UNTIL THIS CONDITION OCCURS.

SUBROUTINE OTS150(IDOPNADSMNCOPI,GS,NNG,IOPR,GSJ,TJ)
C--MODULE: MOPADS BATTALION AN/TSO-73 SYSTEM NODULE
C--REFERENCE: MOPADS VOLUME 5.15
C--PURPOSE:
C OTSISO PERFORMS EVALUATION OF OPERATOR TASK 15 FOR THE
C BATTALION 0-73 OPERATORS. 0TS150 IS CALLED DY OEVAL3 ONLY.
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID
C NADSM-SYSTEM MODULE TYPE
C NCOPI-COPY ROW NUMBER
C GS(NNG).CURRENT GOAL STATE VECTOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DDAA OF THE OPERATOR
C GSJ(MNG)-EXPECTED GOAL STATES RESULTING FROM PERFORMING
C TASK 13. ON INPUT, GSJ=GS.
C--OUTPUT PARAMETERS:
C TJ-EXPECTED rImE (MINUTES) TO PERFORM TASK 15. IF THE
C OPERATOR .. NNOT PERFORM OR DOES NOT PERFORM TACK 15,
C THEN TJ=-1.

SUBROUTINE 073EO(KODE)
C--MODULE: MOPADS BATTALION AN/T30-73 SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.15
C--INPUf PARAMETERS:
C 073E0 PERFORMS SPECIAL ERROR PROCESSING FOR MOPADS ERROR
C CODES 5000-5999 UHICH ARE GENERATED IN THE 0-73 SYSTEM
C MODULE CODE
C--INPUT PARAMETERS:
c KODE-ERROR CODE VALUE
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C-------------------OUE -AD --A-TAL-O---N-T---' ---S-----------

SUBROUTINE T ---Q0 (NPLACE)

C--REFERENCE: MOPADS VOLUME 5.15

C*ePURPOSEt USER CODE FOR IN 0-73 TASK' NODE--
C
C.*INPUT PARAMETER: NPLACE - TASK O CCURRENCE TINE

------- THIS PORMIS TYPICAL OF ALL ------

NODE SUBROUTIPES

FUNCTION USERFO(ICODE)
C--nODULE: MOPADS BATTALION AN/TSQ-73 SYSTEM MODULE
C--REFERENCE: KOPADS VOLUME 5.15 I
C--PURPOSE:
C USERFO EVALUATES THE USER FUNCTION FOR THE GROUP AND
C )ATTALION tNITSO-73
C--INPUT PARAMETERS: a

C ICODE-USER FUNCTION CODE
C--OUTPUT PARAMETERS:
C USERFO-VALUE OF THE USER FUNCTION

FUNCTION USERNO(ICODZ) '--ra
C--MODULE: MOPADS BATTALION AN/TSO-73 SYSTEM MODULE
C--REFERENCE: NOPADS VOLUME 5.15 K
C--PURPOSE:4
C USERNO EVALUATES THE INPUT USER FUNCTION FOR THE WHUP AND
C BATTALION AN/7SQ-73
C--INPUT PARAMETERS: iI
C ICODE-USER FUNCTION CODE
C--OUTPUT PARAMETERS:
C USERNO-VALUE OF THE USER FUNCTION
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SUJBROUTINE UTBNQ(NT,NPLACE)
C--AIODULE. M¶OPADS BATTALION AN/TSO-73 SYS7EM MODULE
C--,REFERENCE: iIOPADS VOLUME 5.1
C--PiJRP(JSE:
C UTBNO PROCESSES CALLS FROM UTAS., FOR THE BATTALION AN/TSU-73

C SYSTEM MODULE.
C-JINPUT PARAMETERS: I
C NT-TASK NODE NUMBER

C XPLACE-1ASK NODE OCCURRANCE TIME(SEE UTASK)

SUBROUTINE INITG(NRUN)
C--PURPOSE:
C INITS PERFORMS INITIALIZATION FOR THE GROUP AN/TSO-73
C SYSTEM MODULE
C--INPUT PARAMETERS:

C NRUN-RUN NUMBER

C 0-DO0 ONE-TIME INITIALIZATION BEFORE ANY RUNS
C N-INITIALIZE FOR RUN N.

SUBROUTINE 71600 (NPLACE)
C
C
C**PURPOSE: UGER CODE FOR GROUP U-73 TASK NODE 160
C

p C**INPUT PARAMETER: NPLACE -TASK OCCURRENCE TIME

C5

SUBROUTINE T18~16 (NPLACE)
C
C
C**PURPOSE: USER CODE FOR GROUP 0-73 TAS, NODE 161
C
C**INIPUT PARAMETER: NPLACE - TASK OCCURRINCE TIME
C

SUBROUTINE UTGRPG(NT,NPLACE)
C--PURPOSE:
C UTGRPG PROCESSES CALLS FROM UTASI( FOR THE GROUP AN/TSQ-73
C SYSTEM MODULE.
C--INPUT PARAMETERS:
C NT-TASK NODE NUMBER
C NPLACE-TASK NODE OCCURRANCE TIME(SEE U1ASK)
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4-0 ERROR PROCESSING

When an error invol'•.ing the Q-73 user code is detected a
call is made to sutLroutine SMRR. The only parameter this sub-
routine has is the errcr code. The error codes 5000 to 5999
are reserved for errors detected in either the Group or Batta-
lion Q-73. The error codes 5500 to 5T49 are reserved for
errors solely in the Grouv Q-73. The error codes 5750 to 5999
are reseved fo:. errors solely in the Battalion Q-73. Table III-1
lists all the error codes and their definitions.

4.
, Table III-1. Battalion and Group Q-73 Error Messages.

Error Description ProgrznsS~Code
,.

5020 Invalid message id for message T26Q
to be received by Q-73.

5021 Unable to find Q-73 operator T159Q

* 5022 Unable to clear Q-73 operator T159Q
b'.

5023 Unable to self-clear T159Q

5200 Increase NEVEL GEV8A

5201 Incorrect operator type OEVALQ

5202 Data Base error INITQ

5203 Can't find covered Track in Track Data OEVALQ

5204 Increase dimension of NFASS array OTS15Q

5205 Incorrect user function code USERFQ,
USERNQ

S5206 Incorrect node number UTBNQ
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IV, MSAINT AETWORK DATA

1-0 BN Q-73 LISTING

-. ~ The following is a listing of the MSAIBT network data for
5 the Battalion Q-73,

.W
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SEN,BATT G73,9,7,93,3*
POP,0,0,15,10,104
DIS,1 ,CO,0.0s
DIS,2,NO, .1,.02A,.2,.07*

UTI,l ,NMUINCOV*
IMO,1,A*

DEAD NODE FOR ROUTING ENTITIES TO UHLtJ THE 073 HAS BEEN DESTROYED
D Y EMERY AIR.RIKFT.

TAS,90,DEADNODE,I,1 ,DS,14

NOD,?0,1,D,Ts
*NO IRANCH,ENTITY IS ELIMINATED FROM NETUORK

* SOURCE TASKS

TAS,31 ,CREATi.TD,FDS,1,,,SO' i
UTC,31 .0.0,0.0,1 .0*
MOD,31 ,1,0,7'
DET,31 .30-4

TAS,32,CREAT7DA,,,DS,1 ,,,SO*
UTC, 32 ,O0.0,0.0, 1. 0
NOD ,32,1,9, 1*
DET,32,30*

* OPERATOR TASK 1, SCAN THE SCREEN,DISPLAYS,ETC. (TD/TDA)

TAS,1,IDLETI1ME,1 ,1 .05,1
UTC,1 .1.0,3.0,1 .04
BET,1 .30'

* OPERATOR TASK 2, CANCEL SECONDARY ASSIGNMENT (TD)

TAS,2,CANC2ND,1 ,! .D,1*
UTC,2,2.0,1.0,1.00
DETt2,5*

TAS,36,CANCL2,1 ,1 ,DS,1*
UTC,34&,2.0,2.0,1 .0,(12)1.0*
DET,36,30*

OPERATOR TASK 3, SEND TERMINATE COMMANDS (TO)
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TAS,3,SENDTII, 1,DS,1s
UTCt3,3.0,1.0,1.0*
SET,3,5*

TAS,37,GENSPC, 1,I, IS,
UTC,37,3.0,0.0,1 .0*
CFI,37,38,AEV,2.0,13,IA,,5,AEV,1 .0,13,IA*

TAS,38,ENTSAD,1 ,l,DS,1*
UTC,36,3.0,O.0,1 .0*
DIET ,38,39*ý

TAS,39,SUICND,1,1,DS,1*
aUTC,3930,0.0,1.0s

CFI,39,40,AEV,l.0,13,IA,,41 ,AEV,2.0,13,IAs

7AS,40,SUIACT,1,1,DSpl*
UTC,40,3.0,0.0,I .0*
VET ,40,42*

TAS,41 ,CNNCODE,1 ,l,DS,1*
UTC,41,3.0,O.0,1.0*
DET ,41, 42*

TAS,42,ENDTSK3,1 ,1 ,DS,3*
UTC,42,3.0,2.0,1 .0,(12)1.0*
N01,42,1 ,D,T*
BET,42, 30*

* OPERATOR TASK~ 4, CLEAR HOLD FIJRE,EFFEC71VE,STATUS (71

TAS,4,CLRNES,1 ,l,DS,1*
UTC,4,4.0,1.0,1 .0*
SET,4, 43*
s

it TAS,43,DTHESDD,1 ,1,DS,ls
UTC,43,4.O,0.0,1 .0*
CFI,43,5,AE'J,1 .0,13,JA,,

5,AEV,2.0,13,IA,,
46 ,AEV,3.0, 13, 1A*

TAS,44,CLRHFE,1 ,l,DS,lt
UTC,44,4 .0, 0 .0,1.0*

* DET,44,460

TAS,45,CLRSTS,1,1 ,DS,1*
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UTC,45,4.0O,0.0,1 .0*
DET,45,46*

;AS,46,ERDTSK4,1 ,1 ,DS,3*

MDD,46,1 ,D,7*
BET ,46, 30*

* OPERATOR TASK 5, PERFOiRM HOOKING PROCEDURE (TD/TDA)

TAS,5,PERFHOOIC,1,l,DS,l1,
UTC,3,5.O, 1.0,1.0*

CFI,5,48,ALV,0.0,9,IA,,4ý,,AG'J,0.0,9,IA*

TAS,47,POSHODK,1 ,1,DS,1*
UTC,417,5.O,O.0,1 .0*
BET0,47, 52*.

TAS,52,PPOSHK,1 ,1 ,IS,1*
UTC,S2,5.0,O.0,1 .0*
DET ,52, 49*

TAS,48,NUNHO0K,1 ,1,DS,1.
UTC,48,5.0,0.0,1 .0*
BET,46,49*

TAS,49,HOOKBRCH,1 ,1 ,DS,l*
UTC,49,5.0,0.0,1 .0*
MOD, 49 ,1,D,T
CFI,49,5O,ALV,46.O,B,]A,,

51 ,ALV,97.0,9,IA,,
53, ALV, 1 42. 0,8, IAS

AS50 ,HKROUT1, 1,1, IS, 1*
UTC,50,5.O,2.0,1 .0,(12)1.0*
MOD,50,1 ,D,T*
CFI,30,36,AEV,36.0,8,JA,,

37,AEY,37.O,9,IA,,
39,AEY,39.0,8,IA,,
44,AEV,44.0,8,IA,,
45, AE V,45.0, 8, IA.

TAS,5f,NKR0UT2,1 .1,B5,1*
UTC,51 ,5.0,2.0,1.0,(12)1.0*
MOD,51 ,1 ,D,Ts
CFl,51 ,70,AEV,70.0,8,JA,,
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75,AEV,?-5.0,8,JA,,
79,AEV,79.0,8,IA,,
96,AE'J,96.0,8,IA*

TAS,53,HKROT,,,SI

IIOD,53,1 ,D,T*
CF1,53, 98,AEV, 9S.0,8;IA,,

1O8,AEV,10B.0,8,IA,,
140,AEV,140.O,8,IA*

*OPERATOR TASK 7, ENTER 10 DATA (TDA)

TAS 7,CHIDFT,t,' ,DS,1*
UTC,7,7.0,1.0,1.0'
C-FI,7,63,AEV,1.0,13,IA,,62,AEV,2.0,13,4A*

TAS,62,ENTC,I,1,DS,1*
UTC,62,7.0,0.0,t.0*
DET,62,63*

TAS,63,ENTID,1,1,DS,14
UTC,63,7.0,3.0,1.0,(12)1.0*
DET,63,30*

*OPERATOR TASK 8, INTERROGATE TARGET (TDA)

TAS,8,INTTAR,1 ,05,1.~
UTC,8,8.0,1 .0,1 .0*
DET,8,66e

TAS,66,DETH4,1,1,DS4*s
UTC,66 ,S.0, 0.0, 1. 0.
CFI,66,67,AEV,1 .0,13,]A,,

5,AEV,2.0,13,IA,,
71,AEV,3.0,13,IA*

TAS,67,ENTI¶ODE,1.1 ,DS,l*
UTC,67,S .0,0.0, 1.0'
BET,67,5*

UTC,70,S.0,0.0,1 .0*
DET,70,72*

TAS,71,PRII4CH.,1 1,DS,I*
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UTC,71 ,8.0,0.O,1 .0*
DET,71 ,72*

IAS,72,ENDTSKB,1 ,1,DS,3*
UTC,72,8.0,2.0,1.0, (12)1 .0*
MOD,72,1 ,D,T*
DET,72,30*

OPERATOR TASK 10, SEND COMMAND MESSAGE %CTD)

UTC,10,10.0',1 .0,1.0*
DET,10,5.

TAS,75,DETGENSl,,,1,I,DS,1s
UTC,75,10.0,1 .0,1 .0*
CFI,75,5,AEV,1 .0,13,IA,,

76,AE'J,2.0,13,IA,,r6

79,AEV,3.0,13,IA*

TAS,76,ENTSFUA,1,1,DS,l*
UTC,76,iO.0,0.0,1 .0*

*E,6,9

TAS,79,ENTCCC,1 ,1 ,DS,1*

JIET,79,30e

* OPERATOR TASK 15, ASSIGN WEAPONS
t

TAS,15,ASSUEAPN,1 ,lbS,Ie
UTC,15,15.0.1 .0,1.0*
CFI,15,5,AEV,1 .0,13,IA,,95,AEV,2.0,13,IA*El

TAS,95,PRAARECM,1 ,1,05,I*
UTC,95,15.0,0.001 .0*
BET,95 ,102.

TAS,96,HOOKADR,1,1,DS,1*
UTC,96,15.0,0.0,1 .0*
CFI,96,5,AEV,1 .0,13,IA,,?7,AEV,2.0,13,IA*

TAS,97,ENTADRSS,1 ,1,DS,1*
UTC , 7, 15.0 ,0 .0, 1.0*
DET, 97 , 99
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tAS,98,SUORCCEN, 1,1,DS,I*

CFI,98,100,AE"V,1 .0,13,IA,,99,AEV,2.0,13,LA*

YAS,99,PRSADLDT,I ,1,DS,I*
UTC,99,13.0,0.O,1 .0*
LiET,99, 102*

TAS,100,PRSASSN,1 ,1,DS,I*
UTCt100,15.0,0.0,I .0'
DET,IO0,101*

TASI01 ,PRSAPPR,1 ,1 ,DS,1*
UTC,101,15.0,0.0,1 .0*
DET,101 ,102*

TAS, 102,ENDTSK15. ,1 ,DS,3*

HOD,102,1 ,D,T*
DET,102,30s

OPRTRTASK 20, RECEIVE COMMANDS (TD)

TAS,20,RECCND,1 ,1,DS,t*
UTC,20,20.0,1.O,1 .0*
DET,?0,5*

*UTC,108,20.0,0.0,1.0*

CFI,108,109,AEV,1.0,13,IA,,I10,AEV,2.O,13,IA*

TAS,10?,PRSCLRA,I,1 ,DS,1*
UTC,109,20.0,0.0,1 .0*

TAS,110,EN7CIJMCD,1,l ,DS,I*
UTC,tI0,20.0,0.0,1 .04
DET,110,1 11*

TAS,1 11 ,ENDTS92O,11,1 ,DS,3*

IMOD,1 11,1 ,D,1*
DET,11I ,30*

*OPERATOR TASK 22, CLEAR ALERTS
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TAS,22,DETALERT,1 ,1,DS,1*
UTC,2&2,22.0,1.0,1 .0*
CFI,22,143,AEV,1 .0,13,IA,,140,AGY,16.0,13,IA*

TAS,143,A:.ERT1 1,1 ,DSI1s

DET,143,144*

TAS,140,UH1FUALRT~1,1 ,DS,1*
UTC,140,22.0,0.0,1 .0*

145,AEV,20.0,13,IA,,
146,AE'J,93.0,13,IA*

TAS ,142 ,ALERT 16, 1,1, DS, 1*
UTC,142,22.0,0.O,1 .0*
DET,142,144*

TAS,145,ALERT2O,1 ,1 ,DS,1:* ,
BET,145,144*

TAS,146,ALER793,1 ,1,DS,1* I .
UTC,146,22.0,0.0,1 .0*
DET,146,144$

*1
iAS,144,ENDTSK22,1 ,1,DS,3*
UTC,144,22.0,2.0,1 .0,(12)1 .0*
fIOD,144,1 ,D,T* 4
DET,144,30*

* OPERATOR TASK 26 TD RF.CEIVE MISCELLANEOUS MESSAGES

TAS,26,DETMSGN,1 ,1 ,DS,1*
UTC,26,26.0,1 .0,1 .0*
NOD,26,1 ,D,T*
BET,26, 157*

TAS,t59,RECHSOI7,1,1,DS,1*
UTC,159,26.0,0.0,1 .0#

DET,159,3O* A

* OPERATOR TASK 30, TASK SEQUENCING

TAS,3 0,TASKSEG,1 ,t,DS,I*
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UTC,ý0,30.0,1 .0,1 .0*

CFI,30,191 ,AEV,1 .0,3,IA,,1?2,AEU,2.0,3,IA*,

TAS,191 ,TSEUTD,1,I,DS,1*
VC,191 ,30.0,0.0,1 .0*

CFI,ylv, 193,ALV,6 .0, 14 ,IA, ,194,ACV,5.0, 14, IA*

TA-3,iY3,TDROUTE1,1 ,l,DS,1*
UTC,193,30.O,2.0,1.0,(12)1.0** 9d
IIOD,193,1 ,D,T* 1.61
CFI,193,l ,AEV,1 .0,14,IA,,

2,AEV,2.0,14,IA,,
3,AEV,3.0,14,XA,,
4,AEV,4.0, 14, IA,,
5,AEV,5.O,14,IA*

TAS,194,TDROUTE2,1 ,1,DS,1*
UTC,194,30.0,2.0,1 .0,(12)1.0*
MOD,194,1 ,D,T*
CFI, 194, 10,AEV, 10.0, 14, IA,,

15,AE'J,15.0,14,IA,,
20,AEV,20.0,14,]A,,
22,AEY,22.0,14,IA,,
26,AEY,26.0,14,IA*

TAS,192,TSEaTDA,1 ,1,DS,1*
UTC,192,30.0,0.0,1 .0*
MOD,192,1 ,D,T*
CFI, 192, 19i, AL.V,8 .0,14, IA, ,196 ,AGV, 7.0,14,A#

TAS,195,TDAROUH ,1 ,1,DS,1*

MOD,195,1 ,D,T*
CFI,195,1 ,AEV,1 .0,14,IA,,

5,AEV,5.0,14,IA,,
7,AEV,7.0,14, IA.

TAS,196,TDAROUT2,1 ,1,DS,14
UTC,196,30.0,2.O,1 .0, (12)1.0*
MOD, 196, 1,0,T 77"

CF1,196, 8,AEV, 8.0,14,IA,,
22,AEV,22.0,14,IA,,V
26,AEV,26.0,14,IA*
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2-0 GROUP Q-73 LISTING

Thie following is a listing of the MSAINT- netwc-rk data for

the Group Q-73.
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GEN,GRO'IP 073,9,7,83,34

DIS,1 ,CO,O.0*

DIS,3,CO,0.OO14

*DEAD NODE FOR ROUTING ENTITIES TO UHEN THE 073 HAS BEEN DES7ROYED

B* Y ENEMY AIRCRAFT.N
TAS,90,DEADH4ODE,1 ,1,DS,1*
IJTC,90 ,0 .0,0 .0, 1. 0*

1100,90,1 ,D,Ts
*NO BRAN'CH,ENTITY IS ELIMINATED FROM1 NETUORK

SOURCE TASKS

TAS,31 ,CREATETD .. ,DS,l ... SO*
UTC,31 ,0.O,0..0,1 .0*
NOD,31 ,1 ,D,T*
DET,31 ,30*

TAS,32,CREATTD2, ,DS, 1,,,SO*
UTC,32,0O0,0.0,1 .0*
MOD,32,I ,D,T*
DET,32,30'

* OPERATOR TASK 1,SCAN THE SCREEN,DISPLAYS,ETC.

UTC,1,1 .0,3.0,1.0*
D E!, 1.30 *

$ OPERATOR TASK 3, SEND TERMINATE COMMANDS (TD)

4-UTC,3,3.0,'.0,1.0*

DET ,3.5*

TAS,37,GENSPC,I,I,DS,I*

UTC,37,3.0,0.0,1 .0*

DET,38,39*
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IIiC,39,3.0,0.0,1 .0*
CFI ,39,40,AEV, 1.0, 13, IA, ,41 ,AEV,2.0,13, IA*

TAS,40,SWIACT,1,1,DS,1*
UTC,40,3.0,O.0,1 .0*
DET,40,42*

K. TAS,41,CIHCODE,1,1,DS,1*
* UTC,41,3.0,0.0,1.0*

BET,41 ,42*

TAS,42,ENDTSK3,1 ,1 ,DS,3s
UTC,42,3.0,2.0,1.0,(12)1.0*
MOD,42,1 ,D,T*
DET,42,30*

* OPERATOR TASR~ 5, P'ERFORM HOOKING PROCEDURE

TAS,S,PERFHOaO(,1,1 ,DS,l*
UTC,5,5.0,1 .0,1 .0*
CFI,5,48,ALV,0.0,9,IA, ,47,AGV,0.0,9,IA*t

TAS,47,POSHOOK,1 ,1,DS,l*
UTC,47,5.0,0.0,1.0*
DET,47,52*

TAS,52,PPOSHK,1 ,1,DS,1*
UTC,52,5.O,0.0,1.0*
DET,52,53*

TAS,48,NUMiHOOk,1 ,1,DS,1*
UTC,48,5..0,0.0,1 .0*
DE , 48,53*

TAS,53,HOOKBRCH,1,1 ,DS,1*
UTC,53,5.0,2.0,1 .0,(1?)1.0*
flOD,53,1,D,.T*
CFI,49,37,AEV,37.O,8,IA,,

39,AEV,39.0,8,IA*

* OPERATOR TAjK 26 7D RECEIVE MISCELLANEOUS MESSAGES

7AS,26,DETMSGN,1 ,1,DS,1*
UTC,26,26.0,1 .0,1 .0*
1100,26,1 ,D,T*
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TAS,159,RECflS017,1,1,DS,i*

UTC,159, 26 ,O,00:. 0,

MDE7 119,1,AT

* pS,1CSl~~ ,DS,L.
brc,160,26.0,0.0,1.0*
NOD,16O,1,D,Ts
DET,160,161*

TAS,161.EtIDTS26,19I,DS,I*
UTC,161,26.0,2.O,1.0*
ItOD,161 ,1,D,T*
DET,161 ,30*

~,, % * (IIERATOR TASK 30, TA SK SEQUENCING

TAS,30,7ASKSEG,1,1,DS,14
UTC ,30 ,30 .0, 1.0, 1.0'
MlD , 30, 1, 0,Y*
DET,30,191*

TAS,19I ,TSEGTD,1,1,DS,1*
UTC,191 ,30.0,0.0,1.0*0

TAS,193,TDROUTEI ,1 ,1,DS,1.
UTC,193,30.0,,.0,1 .0,(12)1.0'
MOD,193,1, 0, 1
CFI,193,1 ,AEV,1.0,14,IA,,

3,AEV,3.0,14,IA,,
5,AEV,5.0,14,!A4-

[. TAS,1?4,TDROU7E2,1,1.DS,lS

UTC,194,30.O,2.0,1.0,(12)1.04
MOD, 194 ,1, 0,T
DET, 194 ,26'
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NOIPADS Tt--=ino.logY

AIR DEFENSE SYSTEM A commonent of Air Defence which includes
eequipment and operators and for which
technical r.nd tactical training arerequired.
"L"xamles are LAUWK and the AN/TSQ-73.

AIR DEFENSE SYSTEM Mod&ls of operator actions and equi.pment
9- MODULE (ADSM) chsu'acteristics for Air Defense Systems in

. *.," the 14OPADS software. These models are ;re-
., ~pared with the SAINT simulation language.

Air Defense Syztem Modules include the
SAINT model and all data needed to corn-

"" pletely define task element times, -ask
sequencing requirements,' and human factors
inlluences.

AIR SCENARIO A spatial and tanporal record of1 aet lal
S..activities and characteristics of an air

defense battle. The Air Scenario inc',ia,'
aircraft tracks, safe corridcrs, FC* , and

. other aircraft and airspace data. >ý-i
also Tactical Scenario.

BRANCHING A term vL.--d in the SAI_ simulation lang-
uage to mean the process by which TASK nodes
are seauenced. At the copletion of t--
. "rsimulated activity at a TASK node, the
Branching ircm that node determines which
TASK nodes -will be simulated next.

DATA BASE CONTROL That pan±. of the 14OPADS so',-r' -
SYSTEM performs all direct vmr~i~ation "ith the

MOF.'DS Data Base. All ir.1 v-at~on transfer
to and from the data base is performed by
invoking the subprograms --hich make up the

Data B-se Control System.

DATA SOURCE A soecialist in obtaining and interpreting
SPECIALIST Ar-or documentation and other data needed to

* prepa-re Air Defense 5y--.te Modules.

SX- 5



ENVIRONMENTAL An element. of an Environrnental State
SIATE VARIABLE Vector.

ENVIRONMENTAL ~ An r-rayr of~ v-aluis representing cindtcn
STATE VEtTOR or characteristics thatt may aff~ect more

than one ozerator. =-1eents of Environen-
lop, 'al Sta:-e Vectors may ch~ange c~yna~iiaflly

dr-ing a MOAIPS simulation to rapreseflt
006 phanges in the environment conditions.

MODERATOR FUNCTION A mathematticai/logica~l relationship vhich
alters -the noimnal time to pDerfc-.m an overa-
tor activ-ity (usually a Task Eleinent). 7he
nominal time is changed to represent the
omera~tor's camabzility to petrfcrm t*he
activity based on the Crmerator's, Sta

Vector.V

MCPADIS DATA BASE A cc=;uter-ized data base designed specifi-
cally to sumpcr the MOP;':3 so-fta-re. The
1_'?,OAZS Da~ta Base contains -nu-lation Data
Set(s). it co-_unicates ir-teractively vith
MOPADS, Users during pre- and post-r~zn data
specification and dynsmically vith the SAIM

M~OPA0S C'C ~L E R An analyst -vho vi2J. develop ýAir Def~ense
System Modules and modiy/develop the #
MOADS software syste.--

MOPADS USER An enaiyst. who urii: des,-;n a-nd conduct riu-
latiot eype==iezts v.izh the MOPAZS sbft"are.

M.SAINff T:he varia-nt of SAL= used in the IOAl
* ('ZPADSf SAINT) systcx. The standard version of S~ilT.- has

been mod!ified. for 1XQADS to permit share-
able sufbnetworkn. and more sothisticated
inte=trruts. 7ne terms SAINT and !KSATNT are
used in'ter~hangeably whem. no confusion vill
result. See also, SAIrT.1

[ ~X- 6



t'Al
OPERATOR STATE One element of va t.erator State Vector.
VARIABLE

OPERATOR STATE An srray of values r2presenting the condi-
VECTOR tion ana characteristics of an operator of

an Air Defense System. Mr.ny values of the
Operator State Vector vill change dynamlicrly
during the course of a MOPAMS simulation to
relretent chengcs in operator condition.

OPERATOR TASK An operattor activity identified •urin;
weapons system fron;-end analyses.

SAINT The umderlying co=putr simulation language
• used to model Air DE Systems in Air

,efense System Modules. SAMIT is an acrony
for Systems Analysis of integrated Networks
of Tasks. It is a well documented language

9d designed specifically to represent human
,• ,factors aspects of m.n/machine systems.

See also MSAINT.

• SIMULATION1 DATA SET The Tactical Scenario plus nil required
simulation irItialization and other exoeri-
mental data neeaed to perfor= a MOPADS
"simulation.

i SIMULATION STATE At any instant in time of a MOPADS simula-
1'. tion the Si--la:ion State is the set of

values of all variables in the ýOPA:S soft-
ware and the MOPADS Data Base.

* .,

t_ SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specification of
critical assets and the air defense con-

A ,figuration (number, type and location of
weapons end the c and and control system).

.4,,
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TACTICaL SCENARIO An element of a Tac-ical Scenario, e.g.,
COIMPONJENT -f a Tactical Scenario corainis seve•'al

Q-73Ts, each one is a Tactical Scenario
copcn ent.

TASK See COerator Task.

TASK ELEMENTS Individual ocr~atcr actions ".'hich, ".hn
grouped appro-riately, -•ak-, up operator
%asks. Task elements are us'ally repre-

Ssented by single SAM'.T TASK nodes in. AirSDýefense Sys _oaes.

TASK INODE A modeling sy--bol used t.% the SAINT sizula-
-ion language. A TASK node represents sn
activity; depending upon the modeling cir-
Su•sances, a TASK node may recresent an

individual ac-ivity such as a Task Mele--t,
or it may represent an aggregetted activi--y
such as an entire Opere.or Task.

TASK SECUENCING A mathematical/logical relaticnship which
MODFRATOR selects the next Operator Task which an
FUN CTICU operator wil! perform. The selection is

based upon uvera-.or goal seeking charazcter-

"* Additional Terminnloogy

"ADP Aiutomatic L-a- proezzo.

ASO Azimuth Sneed Onerator

ATDL Automatic Tactical Data Link

BCC Battery Control Central

* ECM Electronic Countermeasure

FCO Firing Console Operator

PCP Platoon Co~and Post

X-8
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TCA Tactical Control Assistant

TCC Tactical Control Console

TCO Tactical Control Officer
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.I, OVERVIEW OF THE MOPALS MODEL

"- This repcrt documents the implementation details of the IHAWK
saystem module. It's intended audience is the MOPADS modeler who
must maintain and explain the model. A companior report (ýoodin &
Polito (1983)) provides user information for the MOPADS r

The MOPADS operator tasks are modeled wi-h subnetwol!ks of
-MSAINT task nodes. Each node has a subroutine of user code assoc-

iated with it where the user may write code to access the data
base and modify the MSAINT data structure. These task node sub-
routines are named according to the task node they repres4nt.

£ For instance, the subroutine used to process logic associated with
node 175 is named T175W and the one for node 62 is named T62W.

The five operators pe form various task nodes in the network.
The two Firing Console Oper tors (FCOs) are the only operanors who
may perform the same task n d~s; other operators perform ý urnique
set of tasks. The onerators communicate with one another by
sending messages, signaLing (clearing one operator to another node),
altering the data base, or altering the MSAIINT data structure.

Table 1-1 is a list of some of the assumptions made' in con-

structing the MOPADS model of the IHAWK.,

Xr
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Teble I-i. Assumttions. F

1) Jamming and ECM are nnt considered

2) All setup, checkout and emplacement procedures have been

performed..

3) The IHAWK will not be mobile during the simulation.

4) The automatic firing mode will not be employed.

5) All ADP's remain operational assuming the IHAWK has not
been destroyed.

6) The use of the IHAWK in the PCP (Platoon Command Post) is
not represented.

7) The ATDL data link is used for communicating with

Battalion AN/TSQ-73.

8) The TCO receives all messages from Battalion.

9) No communication occurs between IHAWK units except for
those passed up through the Battalion.

10) The IHIPIR radars will always acquire lock.

II) A target will be positively identified if the TCA performs
IFF procedures on that target.

12) All targets fired upon will be destroyed unless the
CHANGE TARGETS task is performed by the FCO.

13) The TCO must ask permission to fire from Battalion before

engaging a target other than a self-initiated engagement.

14) The FCO must manually select launchers.

15) The CEASE FIRE command will not be modeled.

16) TCO will make all weapon assignments.

X-12 ,. •:



C

II. MODEL DESCRIPTION FORMS

1-0 L..11TI7"S

The operators that perform the work in the Battery Control

Centar (BCC) are the entities in the IfAWK system module. The

forms in this section describe each entity, their attributes, and

their resource requirements.

_1
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2-0 RESOURCES

The launchers are modeled as resources in the IHAWK system
,,d-iule. There are six launchers for each IHAWK (,three for each
fire section). The following forms describe each of the
resourzes and their attributes used during the simulation.
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3-0 VARIABLES

I The'forms in this section describe all the state variables,
* system attributes, and user variables used in the IHAWK system

module. Table I!-1, shown after the forms, expands the defini-
tior for the variable TSVALW.
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S4-0 TASK NFMTWORKS

In this section are the forms used to document each of the
onerator tasks and each individual node in those tasks. Each
operator task is documented by two types of forms: MSAINT TASK
MODELS and MSAINT TASK NETWORMS. The MSAIhT TASK MODEL forms
give a "written description of the activities involved of each
node on the network. The MSAINT TASK NEIOPXS forms contain the
MSAINT subnetworks used to describe each operator task. Fcllowing
these two forms for each task is the TASK NODE SPECIFIC DATA forms
for each node in the operator task (MSAINT subnetwork). T.ese
forms contain the information stored in the data base for each
node.

Note that the source nodes, the dead rode, and the task
sequencing subnetwork are also contained in this section. These
carticular nodes are not shown on the MSAIT'T TASK MODEL forms
because there are no operator actions involved.

Tabie 11-2, at the end of this section, is a cross-reference
table that may be used to lock up which operator tasks are
associated with which nodes.
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Table 11-2

CROSS REFERENCE OF NODE NUMERS TO OPERATOR TASK NUMBERS
FOR

IHAWK SYSTEM MODULE

MSAiT R MSAIN 0•PERATORTASK 0TASK
NODE tE [TACK NODE LA TASK

TUER LABEL nth LABELi____U NUMBER NUMR BER

1 SOSTNB 1 41
2 DTCTCWAR 2 42
3 ESTTARPR 3 43
4 REQCLRAL 4 44
5 POSCWCRS 5 45 SOURCTCO -
5 BSVALEX 6. 46 SOURCTCA -
7 FCOSTNDB 7 47 SOURCASO -
8 DROCADP 8 48 SOURCFCA -
9 POSCURS 9 49 SOURCFCB -

10 PSHFSOFF 10 50
11 MONTO•PA 11 61
12 OBSVLNCH 12 F2
13 DECFCTYP 13 53
14 WAITINTP 14 54
15 PSHFSACT 15 55
16 PRCHTRGT 16 56
17 TCASTNBD 17 57
18 PCCHANDW 18 58
19 SLTIFFM 19 59
20 DCDATDLS 20 60 PRHLDCT 26
21 TCOSTNDB 21 61 ENDTSK26 26
22 DTCTIPAR 22 62 DCDFIRET 27
23 EVALTHRT 23 63 ISSFIRFC 27
24 EVALHDAT 24 64 ENDTSK27 27
25 NDCCOMP 25 65
26 IGHPRI 26 66
27 ETRFCFR 27 67
28 PRSSCHT 28 68
29 DCAADCPF 29 69 PLTRCKSY 29
30 TOGRCCF 30 70 PRSSFSW 29
31 PERMCNCL 31 71 STRFSW 29
3? TCORMSG 32 72 ENDTSK29 29
33 73 BYDEFFR 34
34 74 ONOKILL 30

* 35 RCVHLDFR 35 75 ENDTSK30 30
36 76
37 DBCSENDGD 37 77 RECQ73M 32
38 78 RECFCOM 32
39 79 RECASOM 32
40 TASKSEQW 40 80 ENDTSK32 32

"X-235
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Table 11-2 (continued)

CROSS REFERENCE OF NODE NUYMERS TO OPERATOR TASK NUI'BERS

IHA~ SYTEMMODULE

MSAITIT TAS OPERATOR MSAINT TASK IOPERATOR
NODE LBL TASK NODE LBL TASK
NULAR UME NUMBER, ______ rMER

81 1RECTCAN 32 .21 PRSFLSHE 9
82 122' DCDHIPLK 9
83 123 TARGALT 9
84 124 ENDTSK09 9
85 125
86 126
87 127
88 ENDTSKIO 10 128
89 WAITRELD 10 129 790 DEMON0E - 130
91 TCOTSEQ 40 131
92 ASOTSEQ 40 132
93 TCATSEQ 40 133 DCDRDSIZ 11
94 FCOTSEQ 40 134 PSHOFM 11
95 TCOROUT1 40 135
96 TCOROUT2 40 136 LCHRDLAY .13
97 TCOROIJT3 40 137 ENDTSK11 11
98 138 ENDTSJ12 12
99 FCOROUIT1 40 ~ 139 PSHFBRP 13 4

100 FCOROUT2 40 140 WAITRPFR 13
101 WAITMSGK 14 141
102 142 ENDTSK13 13
103 143 PSHFBSLS 13
104 144 OdJDTNBST 14
105 145 DROPDOP 14
106 LOWPRCOF 3 146 GVERBNK 14
107 WAITTCOM 4 147 PSHNOKLL 14
108 PRSALCNL 4 148 PRSKILLB 14
109 PSWSLEW 5 149 PRSBRKLK 14
110 PRSTCCAB 5 150 SHOOTEM 14
il1 MRKTARGT 6 151
112 OBSRCHLM 8 152 PACKNWL 37
113 DHIPIRI.K 8 153 DCDMSSEN 37
114 154 WORCML 37
115 OBVLOCKL 8 155 ENDTSK37 37
116 156
117 ENDTSK08 8 157 PRACKNOW 35
118 158 PRSDESTR 35
119 159 OFCOBLK 35
120 OBASSLTP 8 1160 IENDTSK14 1_14
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Table II-2 (continued)

CROSS REYMECE OF NODE NUMDRS TO 01?ýEATOR TASK FUMBERS
FOR

IHAWK SYSTEM MCDULE

MSIT TASK PEA'R''AIN TASK OPERATOR
NDTASK NODE TASK

LABEL_ LABEL NTh

w.161 PSHBREAK 16
162 PRCWCONF 18
163 CORLTGT 18
164 WAITSWEP 19
165 MONIFFN 19
166 MRKRFLCT 20
167 ENDTSK20 20

168 IFBATT22

10 ENDTSK22 22

1722

173
174

177
178 OIFFMON 23
179 DECATDLD 23
180 DETLOC 23
181 PTSOVPPI 23
182 PALAB 23
183
184

ft 185
186
187 ENDTSK23 23
188 PLTSOVAS 23
189 PRENOTH 23
190 OBVLBLS 23
191
192
193
194 FCOESTS 24

195 OFFTC24

197

X-23 9



"5-0 USER FUNCTIONS

"This section contains the forms used to describe the user.
functions called in the simulation.
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6-0 MODEATOR FUNCTION

There is only one moderator funct.on (referred to as
Moderator Function #1) used by the IH.'K. This moderator func-
tion allows the user to gain access to the human factors codes
for moderating task performance time.

Any task node that has moderator function one active must
4 have skills and distribution data stored in the data base, and
* the task time on the Task data card must be specified as DSl.

7-0 MESSAGES SENT FROM IHAWK SYSTM4 MODULE

"The following forms describe each of the messages sent from
operators in the IHAWK system module to operators within the
IHAWK and to operators in Battalion AN/TSQ-T3.
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* ~ ~ .7 2. 17 1!7 -Z- ""W"~T~¶ :. t ~ -n...

MOPA*U IESSARE DESCRIPTION

14 RESSAGE I1 ELEKENT Paqe 1 of 1

3i~et 1criptioi LIL

1 * Rtceiver CRN
2 Operator Type 1
3 Functional Type 4
4 Hissage Subtype 4
5 Message Priority 3

MESSAGE DATA LINK ELEMENT

" 'Comnunication Netuork
I-Voice 2-ATDL 2

2 Acknowledgement Required
1-Yes 2 - No 2

3 Unused
4 ATDL Code (Unused)
•*5 a Tine Message Sent --

6 * meSsage Nunber --

7 * Sender CRN --

8 Sender Operator Type 3
9 Sender Systen Module Type 4

10 Task Node Nunber Sent Fron --

O lust be set at the tine the nessage is sent

VARIABLE MESSAGE FORMAT
------- ------- ----a----------------- w-------------------------

Elmn LDesrription

1 #WORDS I
2 MessageNumber Acknowledging

"MESSAGE SUBTYPE DESCRIPTION
Acknowledge Message - '"ill Comply"

"* Mane: Riley Goodin 1 Systen Module: IHAWK
"Date: 12/20/83 Project: MOPADS

From To---roe-T

IHAWK(35) BN(22) _____

I

S,. •.::X-243



7
7

HOPADS MESSA8E IESCRIPTION

Message HIi. 15 MESSAGE 13 ELEMENT rae 1 ot 1

Elmn bi~Latln Dim

1 4 Receiver CRN
2 Operator Type
3 Functional Type 4
4 Message Subtype 5
5 Aessage Priority4

HE5SA9E DATA LINK ELEMENT

1i Connunication Netiork
1-Voice 2-ATDL 2

2 Acknouledgenent Required
I - Yes 2 " go 2

3 Unused --
4 ATDL Code (Unused)
5 * Tine message Sent
6 0 Message Nunber --

7 0 Sender CRN --
I Sender Operator Type 3

"9 Sender Systen Module Type 4
10 Task Node Nunber Sent Fron --

M* ust be set at the tine the nessage is sent

VARIABLE flESSASE FORMAT

1 #WORDS - 1
2 NTRACK column number of track that fire unit is

unable to get a lock on

MESSAGE SUBTYPE DESCRIPTION

Acknowledge Message - "Can't Comply"

Nane: Riley Goodin Systen Module: IIIAWK
Date: 12/20/83 Project: MOPADS

From To Frail To
LLAwK(25) BN(26)

"X-244.



IWA

ROPADS MESSAGE DESCRIPTION

"'ess'ge No. 16 MESSAGE III ELEMENT Pael1 of I
---------- ------------------- --------- ----------------------------- 4
Elepent behsIti va.lue

.I Receiver CRN
2 Operator Type 1
3 Functional Type 3
4 Neosaes Subtype 9
S hessage Priority 3

NESSASE DATA LINK ELEMENT

"Elenent Desrrxotion
*. 1 Connunication Netuork

I-Voice '-ATDL 2
t2 Acknouledgenent Required

I - Yes 2 - No 2
3 Unused
4 ATDL Code (Unused) --
5 * Tine Nessage Sent --

6 * Message Nunber --

7 * Sender CRN
,.I Sender Operator Type 3

9 Sender Systen Module Type 4
1te0 Task Node Nunber Sent From

k ':" ' Must be set at the time the mes',oaq* is sent

Element Descriotiog

1 
=ma 2 copw roy nuber of fire section

3 FS A =1

InSB =2

MESSAGE SUITYPE DESCRIPTION

;L back in action after missile reloading

NaeSysten flodLe IHAWK

Date: 12/20/83 Project: MOPADS

------------- ------- 0------------- --r-o-------- ------.. Fran Tm Frog To

16.2 :X-245



IWPADS MESSAGE DESCRIPTION

Message No. 17 MESSAGE IS ELEMENT tage 1 eta:

Element 'Description h

1 t Receiver CR-

2 operator Type
3 Functional Type
4 Message Subtype 1
5 Message Priority -20

nMESSAGE DATA LINK ELEMENT

E l e me n D e s cr i pt ionD I
I ;Connunication Network

I 1-Voice 2-ATDL 2
2 Ackrnledgement Required

I - Tos 2 - No 2
•'3 Unused --

4 ATDL Code (Unused) -
5 Tint Message Sent --

n Message Humber --

7 :Sender CRN
a 8 Snder Operator Type Aircraft
9 Sender Systen Module Type 1,4

10 Task Node Nunber Sent Fron --

M fust be set at the time the message is sent

VARIABLE MESSAGE FORMAT

Elmn b escrsptiot

1 #WORDS =0

L MESSAGE SUBTYPE DESCRIPTION

You are dead message - sent fron COmTTh :. SfSTEM MODULE to all
operators in the destroyed AD system module

"NMane: Riley Goodin Systen Modules CI;TRL
Sate: 12/20/83 Project: MOPADS

'Fron -- Fro" Ti
CNTFL IHAWK CNTRL GROUP

X-246,
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MOPADS MESSAGE DESCRIPTION

Message Ho. 18 MESSAGE ID ELEMENT paqe 1 of I

Element Bescription MumI

1 S Receiver CRN
2 Operator Type 1
3 rFunctional Type
4 Message Subtype 2
5 Message Priority 3

MESSAGE DATA LINK ELEMENT

Element Description value
I Comnunication Network

1-Voice 2-ATDL 2
2 Acknowledgenent Required

1 I-Yes 2-No 2
3 Unused
4 ATDL C,,de (Unused)
5 * Tine bessaqe Sent
6 * Message Nunber
7 * Sender CRN
8 Sender Operator Type 3
9 Sender Systen Module Type 4

10 Task Node Nunber Sent Fron -

M* ust be set at the tine the message is sent

VARIABLE MESSAGE FORMAT

Element Description

1 #WORDS 0

MESSAGE SUBTYPE DESCRIPTION
FU expended all hot missiles. This alert is followed by an

4 . inactive period during which reloading may occur.

Nane: Rilty Goodin Systen Module: IHAWK
bate: 12/20/83 Project: IOPADS

Fromo Fro To

IHAWK( 10) BN( 22)

. .X-247
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HOPADS MESSAGE DESCRIPTION

hessase No. 19 MESSAGE II ELEMENT Page j Ofl.

Elenent besckitrin bin

I * Receiver CRN
2 Operator Type 1
3 Functional Type 3
4 Message Subtype 3 !

N. 5 Ressage Priority +2

MESSAGE DATA LINK ELEMENT

Se Desrri•tion • e
I Connunication Network

1-Voice 2-ATDL 2
2 Acknowledgenent Required

I - Yes 2 - No 2
3 Unused
4 ATDL Code (Unused)
5 * Time Message Sent
6 * Res;age Nunber
7 * Sender CRN
9 Sender Operator Type
9 Sender Systen Module Type
10 Task Node Number Sent From

* Must be set, at the thee the nessa~ie is sent "'

VARIABLE MESSAGE FORMAT

f.J±!±nt Description

1 #WORDS = 2
2 NTRi.ACK columnnumber of target
3 1 Kill

= 2 No Kill

MESSAGE SUBTYPE DESCRIPTION
FU effective-tells the Q-73 whether the FU successfully
engaged the indicated target

Nane: Riley Goodin 1Systen odule; IiAdK
Date: 12/20/83 Project: MOPADS

----------------------------------------------- om------- ---- t

X-248
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HOPADS MESSAGE DESCRIPTION

-et5age ito. 20 MESSAGE II ELEMENT Paqe l ofti

F Description U j
SI *Receiver CRN
2 Operator Type 1
3. Functional Type 3
4 message Subtype 4

5 Message Priority +5

"MESSAGE DATA LINK ELEMENT

Eleen Description value
I Communication Network

I-Voice 2-A.TDL 2
2 Acknowledgenent Required

1 - Yes 2 - No 2
"• 3 Unused
4 ATDL Code (Unused)
5 Tine Message Sent

- M Mes;age Number
7 * Sender CRN
8 Sender Operator Type 3
9 Sender Systen Module Type 4

10 Task Node Nunber Sent Fron -

M Must be set at the time the message is sent

VARIABLE MESSAGE FORMAT

.lenent Description

1 #WORDS = 1
L 2 ' TRACK column number

MESSAGE SUBTYPE DESCRIPTION
FU self-initiated an Engagement (Alert 93)-Notifies the 0-73
that the FP is engaging a pop-up target.

_ane: Jack Walker - Systen Module: IHAWK
Date: 8/4/73 Project: MOPADS

From To FroA To

X-249



NOPADS MESSAGE DESCRIPTION

hessage No. 21 MESSAGE ID ELEMENT Page 1 orl

lemen t Description bla

1 4 $ Receiver CRN

2 Operator Type 3
3 Functional Type 2
4 Message Subtype 1
5 Message Priority -5.5

- MESSAGE DATA LINK ELEMENT

ElemenDescription
1 1 Connunication Network

1-Voice 2-ATDL
2 Acknouledgpment Required

I - Yes 2 - No 2
3 Unused
4 ATDL Code (Unused)
5 * Tine hessage Sent
6 * Message Number
7 * Sender CRN
8 Sender Operator Type 5
? Sender System Hodule Type 4

10 Task Node Number Sent From

* Must be set at the time the message is, sent

VARIABLE MESSAGE FORMAT

clement Description

1 #WORDS = 1
2 NTRACK Column Number

(Track to be pre-empted)

MESSAGE SUBTYPE DESCRIPTION
Request permission to cancel TCC alert-ASO has found a higher
priority target. (Coupled with Message 22)

Name* Riley Goodin System Module: IHAWK
Bate: 8/h/83 Project: MOPADS

From To T Fraonm To

ASO(4) i Tc,,32)

-J

X-250
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HOPADS MESSAGE DESCRIPTION

hessage Mu. 22 MESSAGE ID ELEMENT Past 1 of 1

Element Lescriptio Value

I 'Receiver CRN
2 Operator Type 5
3 Functional Type 1
4 Message Subtype 11
5 Message Priority

MESSAGE DATA LINK ELEMENT

Element Description Value
! I Communication Network

1-Voice 2-ATDL 1
2 Acknowledgement Required

I - Yes 2 - No 2
3 Unused
4 ATDL Code (Unused)
5 * Time hessage. Sent
6 * Message Nimber
7 * Sender CRN
8 Sender Operator Type 3
9 Sender System Module Type 4

10 Task Node Number Sent From -
----------------------------------------------------
* Must be set at the time the message is sent

VARIABLE MESSAGE FORMAT

Clement Lescd.1ptoa

1 #WORDS = 1
2 LTRACK Column number

MESSAGE SUBTYPE DESCRIPTION
Cancel TCC alert order - TCO ok's the ASO forgetting about a
pre-empted track (coupled with Message 21)

Nane: Ril- Goodin System Module: IHAWK
Date: 8/4/63 Project: MOPADS

From To From To
TCO(31) ASO(4)

"X-251



HOPADS MESSAGE DESCRIPTION

Message No. 23 MESSAGE ID ELEMENT Pa.ae 1 of -1

Element bescriptio,,t,,

I Receiver CRN
2 Operator Type 4
3 Functional Type 3
4 Message Subtype 5
5 Message Priority -5

MESSAGE DATA LINK ELEMENT

SDesrription V lue r4
I Communication Network

"l-Voice 2-ATDL 1
2 Acknowledgement Required

I - yer 2 - No 1
3 Unused
4 ATDL Code (Unused)
5 * Time Message Sent
6 * Message Number
7 * -Sender CRN -
8 Sender Operator Type 5
9 Sender System Module Type 4

10 -Task Node Number Sent From -

* Must be set at the time the message is sent

VARIABLE MESSAGE FORMAT

1 #fWORDS = 1
2 NTRACK Colinn lhluber for New Track

MESSAGE SUBTYPE DESCRIPTIONI
Alert the TCA of a new ASO target (coupled NLth Message 24)

Name: RiIey Goodin 1 System Module: IHAWK
Date: 8/41/83 J Project: MOPADS -

-------------------------- ----- ------------------- --------------
From To From To

ASO(5) TCA(lI)

L
X-252 ."
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-4 KOPADS MESSAGE DESCRIPTION

% hessage No. 24 MESSAGE ID ELEMENT Page i of

- SAReceiver CRN
2 Operator Type 5
3 Functional Type
4 Nessage Subtype 6
5 Message priority +3

"MSSAGE DATA LINK ELEMENT

1 Connmuoication network
I-Voace 2-ATOL .

2 Acknowledqement Required
,I -yes 2 - No

3 Unused
4 ATDL Code (Unused)
5 * Tine hessa~e Sent
6 Message Nunber
7 * Sender CRN
8 Sender Operator Type
9 Sender System Module Type 4S
o0 Task Node Nunber Sent From

M Must be set at the time the nessaqe is sent

VARIA0LE MESSAGE FORMAT

.lem"nt Descri•tion

1 #WORTDS 2
2 Messaf;e NiLuber Acknowledging (Internally assigned no.)
3 :NTRAVEL Column Number

1IESEAGE SUBTYPE DESCRIPTION

Acknowledge new ASO target (coupled with Message 2:)

Riley Goodin Systen Module: IHAWK

""te:: 8/4/83 Project: MOPADS

Fron To Fro on T To
TC-,A(1) ASO(6)
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IIwaS NESSAUE DESCRIPTIOM

hostage No. 25 fti3SAZE 11 ELENMET tre t of I

I S Roceiver CRN
2 Operator Type 3
3 Functional Type 3
4 Nesseag Subtype 6
5 Nesstbe Priority -7

NESSASE WATA LINK ELEMENT

Communication Ne~tork
1-Voice 2-ATDL 1

Acknouwe'3gene9t Re';uzred
"I - yes 2 -o 2

S3 Unused
ATDL Code (Unused)

S 0 Time Nessale Stilt
, N.Ss,9, Munber

.7 Sender CRN
S Sender Operator Type or 7
9 Sender Systen Module Type 4

10 Task Node Nunber Sent Fron -

M Must be set at the tine the nessage is sent

VARIABLE MESSAGE FORMAT

"."Element Descriti~on

1 #WORDS•3
2 frLHACK Coltn Nh~ber

"" 3 IHIPIR Status:= . Lock, = 2 No lock
.4 Raid Size: 1-Few, 2-Feu, 3-Many

MESSAGE SUBTYPE DESCRIPTION
*• Report IHIPIR Status to the TCO

Name: Riley Goodin Systen Nodule: IHAWK
Date: 8/4/83 Project: MOPADS

Fro" To From To
"FCO(8) TCU(24) FCO(9) . TCO(24)
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INWPUS IIESSAUGE VESCRIPTION
M--essa No. 26 MESSAGE IS ELEMENT tag# eo I

* Elfew~et YALUri2.u

""0I keceiver CRN
Operator lype
Functional type

4 Iessage S-4btype 7
5 Nfessa&$ Priority

-MESSAGE DATA LINK ELEMENT

"".I Connunication network
1-voice 2-ATDL 2

2 Acknouledgement kequired
"I - Yes 2 - No 2

3 Unused
" 4 ATDL Code (Unused) -
5', Tine mMessage Sent -
6 S Message Nunber -
7 S Sender CRN -

"I Sender Operator Type 3
I Sender Systen Nodule Type 4

10 Task Node Nunber Sent Fron

M* ust be set at the tine the ngssaqe is sent
*1---------------------------------------------------------------

VARIABLE .MESSAGE FORMAT

* -lenit± Description,

1 #IPORDS = 1
*2 NTFLACK column number

- - MESSAGE SURTYPE - -ES-RIPTION-
- Ready to Fire Message (HAWK to BN Only) (Coupled with

Message 4 from Q-7?)

Mane: Riley Goodin System hodulet IHAWK
Ia Dte: 11/8/83 Project: MOPADS

I From To *From To
T00(24) BN(22)
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Wl nAN ESSAS MESCRIPTIOU

•hessase No. 27 MESSASE It EL.EMENT rav 1 of 1
Elmn b escrintio Vl

I Receiver CRN .
2 Operator Type 3
3 Functional Type 3
4 Restate Subtype 8
5 Nessage Priority -6

"MESSAGE DATA LINK ELEMENT

" I Comnunication Netuork
I-Voice 2-ATDL

2 Acknowledoeneat Required
1 - Yes 2 - No 2

3 Unused
4 ATDL Code (Unused)
3S Tine Message Sent
6 M essage Nunoer
7 * Sender CRN
I Sender Operator Type 6 or 7
.' 9 Sender Systen Module Type

10 Tdsk Node Nunber Sent Fron

* Must be set at the time the message is sent

VARIABLE MESSAGE FORMAT
el---- ----------------- ---------------

Element Description

1 #WORDS = 1
2 NTRACK Column Number

-- - - -- ---- -

- - -- MESSAGE SUBTYPE DESCRIPTION

Temporary No Kill Message - FCO then waits for a Method of
Fire Command (Subtype i4) or an order No Kill Command (subtype
15)

Nane: Riley Goodin Systen Module: IHAWK
Date: 8/4/83 Project: MOPADS

t From To From To

FCO(.4) TCO(32)
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PWADS NESSAGE SESCRIPTION

PMessage NO 28 NESSAGE 11 ELEMENT Pael of i

I hoectivut CI6O
2 Operator Type 1 7

3 Functional Type
-4 Hessale Subtype
5 flssal, Priority

MESSAGE DATA LINK ELEMENT

Eee lescrrtplioa •L

I I Communication Network
I-Voice 2-ATDL 2

2 Acknowledgement Required
- 3 Unused

"4 ATDL Code (Unused) -
S 0 Tine Message Sent .

.r * ftessage Nunber -
* 7 * Sender CRN .

I Sender Operator Type 3
•" 1 Sender Systen Module Type 4
"" 10 Task Node Nunber Sent From -

M Must be set at the time the nessale is sent

VARIABLE MESSAGE FORMAT

Element Description~

i #WORDS = 2
1 2 11ý.TF'R Column Number
"3 Manual or Automatic Lock = 1 Manual, 2-Automatic

MESSAGE SUBTYPE DESCRIPTION
Assign new target - TCO task nodes 187 or 171 cause a sending

* V of this message

* r,.:[" None: Riley Goodin Syste1 lodule: IHAWK
Date: 8/4/83 Project: MOPADS

:' ~From To 0 ------- From' To
.[. TCO(23) FCO(3)

"2022) CO
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KOMAN KT3ABEK UcIPTIOh

/ .-

.essa., No. 30 MESSAGF 11 ELEMENT Pv o .
Elt•e t hscriptioe

I Receiver CRN
2 Operator Type 6 or T

.3 Functional Type I
4 Message Subtype 14
S Message Priority +6

MESSAGE DATA LINK ELEMENT

I Connunication Network
I-Voice 2-ATDL

2 Acknowledgemnent Required
"1 - Yes 2 - No 2

3 Unused
4 ATDL Code (Unused)
5 S Time Mussage Sent
"6 Message Nunber
7 $ Sender CRN
B Sender Operator Type 3
"� Sender Systems Module Type 4

10 Task Node Nunber Sent Fran -

"M* ust be set at the time the ,Issa9e is qent

VARIABLE MESSAGE FORMAT

"Elaemen Descriotion

1 #WORDS = 2
2 NTRACK Column Nunber
3 Method of Fi:e = 1 Shoot-Look-Shoot, 2 Ripple Fire

MESSAGE SUBTYPE DESCRIPTION
Method of Fire Command - Shoot-Look-Shoot means shoot one then
evaluate before shotting another. Ripple means shoot two
missiles

----------- ll--- l---- -- - - - -- - -- - -- - -- - -- - -- - -- - -

Nae: Riley Goodin I System Module: IHAW
Date: 8/483 Project: MOPADS

From To r a, To
TCO(27) FCO(13)
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A 7,

iIOPAS 11ESSAGE DESCRIPTION

hessage No. 32 NE:SAGE :I"D ELENT Pal at

I :Receiver CRN
v 2 Operator Type 6 or 7
•.23 Functional Type 1
"4 Message Subtype 16
5 Message Priority -5

MESSAGE DATA LINK ELEMENT
./lee D ii escription ,Uw

I Communication Network
I-Voice 2-ATDL 1

2 AcknovIedgenent Required
I- Yes 2-No 2

3 Unused =
4 ATDL Code (Unused)
5 S Tine Ressaqe Sent
6 * Message Nunber
7 * Sender CRN -
I Sender Operator Type 3
€. 9 Sender Systen Module Type 4

10 Task Node Nunber Sent From -

R* ust be set at the time the nessage is sent

VARIABLE MESSAGE FORMAT

Element Description

1 #WORDS 1
I. 2 NTpACK Column Number

"MESSAGE SUBTYPE DESCRIPTION
-- Order FCO to Break Lock

Name: Filey Goodc, System Module: IHAWK
•ate: 8/4/83 Project: MOPADS

From To Fr ~to
TCO(35) FCO(l5) , '__

TCO( 6) FCO(16)
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SOPADS MESSAGE DESC.0PTJON

hussage No. 34" NESSAGE 1D ELFAENT Page1 of1 .

1 e Receiver CRN
Operator Type 3

3 Functinnal Type
4 Message Subtype 10
S Message Priority 3

MESSAGE DATA LI4K ELEMENT

, lemenL lesrriptionDI U
I Conmunication Network

I-Voice 2-ATDL 2
2 Acknouledgement Requ2red

I - Yes 2 - No 2
,% Unused -
4 ATDL Code (Unused)
5 e Tine Message Sent
&8 * esiage Number
7 * Sender CRN
"I O Sender Operator 7yoe
"-" i Sender System Module Type

10 'iTask Node Number Sent Froom

* flust be set at the tine the message is sent

VARIABLE MESSAGE FORMAT

E I em Description

1 #WORDS = 1
2 Row number of Track data of Track determined to be

friendly

MESSAGE SUBTYPE DESCRIPTION

Track identified as friendly

Nanm: Joe Polito Syste- -odule: IHAWK
* tDate: 10/4/83 Project: MOPADS

From TuFrmT
TCA(20) TCO( 32")
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111, USER WRITTEN PROGPAMS* 4'. 4 '+

1 .- 0 OVERVIEW OF TH7E FLOW OF CON1TROL

The user-written code for the IIIAWK system module is
accessed via subroutine UTHWKW (called oy subroutine U;'q).
These subroutines are divided into code to be used at first pre-
decessor completion time, release time, start time, complete time

* •* or clear time. There are various types of processing that will
- go on at these different task times. When a node is being pro-

cessed, M':SAINT calls subroutine UTASK. UTASK determines if it is
an IHAWK node. If so, UTASK calls UTTHW17W. LtI'FwK then calls the

I ,subroutine that performs processing for that node.

* The IHAWK MSAINT network regulates the flow of the entities
through the task nodes. Branching is accomplished either deter-
ministically where the operator follows a logical sequence of
actions or conditionally where the operator may do one node verses
another node depending on the state of the system.

2-0 EXTIAL FILE USAGE

There is no direct external file access in the IHAWK system
module.

I 'D 3-0 SUBPROGM4

"This section contains a cory of the subprogram descriptions
for each of the IHAWK user code subprograms. These subprograms
"are on the following pages.

I'L
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SUBROUTINE CLASOU (IOPP)

-, - --MODULEs NOPADS IHAUK SYSTEM MODULE

* C--REFERENCE: MOPADS VOLUME 5.16
C**PURPOSE: THIS SUBROUTINE IS USED 7O COMPUTE THE SCREEN CLUTTER FOR
C THE ASO.11 ALSO UPDATES THE OSY FOR SCREEN CLUTTER.
C
CSSINPUT PARANETUZI !OPPeOPERATOR It

SUBROUTINE CLFCOU (IOPP)
C
C--MODULE: NOPADS IHAWK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
Ce*PURPOSEs THIS SUBROUTINE IS USED TO COMPUTE THE SCREEN CLUTTER FOR
C THE FCO AND UPDATES THE OSV.
C
C**INPUT PARAMETERSo IOPPoOPERATOR It
C

SUBROUTINE CLTCAU (IOPP)
C
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C*.PURPOSE: THIS SUBROUTINE COMPUTES THE SCREEN CLUTTER FOR TCA AND
C UPDATES HIS OSV.
'C
Cs*INPUT PARAMETERS: IOPP-OPERATOR ID
C

SUBROUTINE CLTCOU (IOPP)
C
C--MODULE: WOADS IHAWK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C**PURPOSE: THIS SUBROUTINE IS USED T0 COMPUTE THE SCREEN CLUTTER FOR
C THE TCO AND UPDATES THE OSV.
C
Cs*ýI;PUT PARAHETERS: IOPP=OPERATOR ID
C
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s~~eyU'~~& ------------ .-------.

SUBROUTINE OCRNSV(IFLA6)

C--NODULE: MOPADS IHAUK SYSTEM MODULE
f . 5C--REFERENCE: HOFADS VOLUME 5.16

SCs*PURPOSEs THIS SUBROUTINE IS USED 10 DECREiS! MISSILE COUNTS UHEN AN
C INAUK MISSILE IS FIRED FROM THE LAUNChER.

~. C
C**OUTPVT PARAMETERS: IFLASO0 If MORE NOT MISSILES REM~AIN ON THE
C SELECTED LAUNCHER
C al IF SELECTED LAUNCHER 1S OUT OF HOT
C MISSILES

* C 2 IF ALL HOT MISSILES ARE EXPENDED

C- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -

SUBROUT INE DEADU(IOPTIDOPP,HPLACEI

* C--NODULS: MOPADS INAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C*SPURPOSEt THIS SUBROUTINE IS U50E TO CHECK IF TilE HAUK HAS BEEN
C DESTROYED OR ALL TNH. MISSILES HAVE BEEN EXPENDED FOR
C 30TH FIRE SECTIC'HS.
C
C.*INPUT PARAMETERS: ICPT=DEAD NODE TYPE
C al IF HAUK IS DESTROYED
C *2 IF BOTH FIRE SECIIONS HAVE

EXPENDED ALL MISSILES

C IDOPPxOPERATOR ID
C NPLACExTASK OCCURRENCE TIME
C

SUBROUTINE FRDOPU (IOPRTY,ICDPRNNTASKN,ID)
C
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16

* .~C**PURPOSE: THIS SUBROUTINE VILL FIND THE TASK NUMBER A PARTICULAR
C NAUK OPERATOR IS AT AND VILL RETURN THE IDI OF THAT OPERATOR
C
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C40INPUT PARAMETERSt IOPRTY*HAUK OPERATOR TYPE
c w3 TCO
C w4 TCA
'C W5 ASO
C &6 FCC A
C "7 FCC B
C ICOPRNuCOPY ROV NUMBER

C"SOUTPUT PARAMETERSt NTASKN-TASK NUMBER OPERATOR IOPRTY IS AT
C ID&THAT OPERATOR'S IDI
C

SUBROUTINE GEVALU(IDOP,NADSMNCOPINGSIOPRGSHNG)
C--NODULE: HOPADS IHAUK SYSTEM NODULE
C--REFERENCE: AOPADS VOLUME 5.16
C--PURPOSE:
C BEVALV UILL EVALUATE AN OPERATOR'S GOAL STA VECTOR
C FOR THE IHAUK.
C
C--INPUT PARAMETERS3
C IDOP-OPERATOR ID
C NADSM-SYSTEM MODULE TYPE
C NCOPI-COPY ROu NUMBER
C NGS-ACTUAL LENGTH OF GS

* C--INPUT/OUTPUT PARAMETERSs
C IOPR(2)-DBAA OF THE OPERATOR STATE VECTOR
C--OUTPUT PARAMETERS3
C GS(NGS)-GOAL STATE VECTOR
C NHG-THE NUMBER OF GOALS THE OPERATORS OF THE SYSTEM HAVE.
C (I.E. ONLY THE FIRST NNC ELEMENTS OF GS HAVE MEANINGFUL
C INFORMATION). IF THE OPERATOR DOES NOT HAVE GOAL Iv
C THEN OS(I)s-I.EIO.

Sii

SUBROUTINE SEVIU(IDOPNCOPI,IOPRGS1) IF
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C--PURPOSEs
C GEV1U UILL EVALUATE GOAL I FOR THE IHAUK. GOAL 1 IS ATTACK
C ASSIGNED TRACKS.
C--INPUT PARAMETERS:
C lDOP-OPERATOR ID
C NCOPI-COPY ROU NUMBER OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DiAA OF THE OPERATOR
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C--OUTPUT PARAMETERS:
C 051-GOAL STATE.FOR GOAL I

SUBROUTINE GEV2UCIDOPtNCOPI,IOPR,GS2)
C--MODULE: HOPADS IHAUK SYSTEM MODULE
C--REFERENCEi NOPADS VOLUME 5.16
C--PURPOSE:
C GEV29 VILL EVALUATE GOAL 2 FOR THE IHAUK. GOAL 2 IS SELF
C DEFENSE.
C--INPUT PARANETERSt
C IDOP-OPERATOR ID
C NCOPI-COPY ROU NUMBER OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMIETERS:
C 052-GOAL STATE FOR GOAL 2

SUBROUTINE GEV3U(IDOP,NCOPI,IOPR,DS3)
C--NODULE: MOPADS IHAUK SYSTEM NODULE
C--REFERENCE: MOPADS VOLUME 5.16
C--PURPOSE:
C GEVJ3W UILL EVALUATE GOAL 3 FOR THE IHAUK. GOAL 3 IS
C PROTECT CRITICAL ASSETS.
C--INPUT PARAMETERS a
C IDOP-OPERATOR ID

LeC NCOPI-COPY ROU NUMBER OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C 653-GOAL SIATE FOR GOAL 3

SUBROUTINE GEV4V(IDOP,NCOPI,IOPR,654)
C--MODULE: iIOPADS 1HAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C--PURPOSE:
C GEV49 VILL EVALUATE GOAL 4 FOR THiE IHAUK. GOAL 4 IS
C IDENTIFY TRACKS
C--INPUT PARAMETERS:
C IDOP-OPPRATOR ID
C NCOPI-COPY ROU NUMBER OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C 6S4-GOAL STATE FOR GOAL 4

------- -------------------------------------------------------- -------------
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SUBROUTINE GEV5U(IDOPNCOPI,ICPR,GSS)
C--NODULE: MOPADS INAUI( SYSTEM NODULE
C--REFERENCE: NOPADS VOLUME 5.16
C--?URPOSEs

C GEV5U VILL EVALUATE GOAL 5 FOR THE IHAUK. GOAL 5 IS

C--INPUT PARAMETERSs
C IDOP-OPEeRATOR 11
C NCOPI-COPY RODl NUMBER OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
c IOPR(2V-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERSt
C 655-GOAL STATE FOR GOAL 5

----- -------------------------------------- ------------------------------

SUBROUTINE 6EV6UCIDOP,NCOPI,IOPR,GS6)
C--MODULE: KOPADS IHAUK SYSTEM MODULE
C--REFERENCE3 MOPADS VOLUME 5.16
C--PURPOSE&
C GEV6U VILL EVALUATE GOAL 6 FOR THE INAUK. GOAL 6 13Ss
C MAXIMIZE MISSILES.
C--INPUT PARAMETERS:
C IDOP-OPERATOR ID
C NCOPI-COPY RODl NUNDER OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR,
C--OUTPUT PARAMETERS8
C GS6-GOAL STATE FOR GOAL 6

SUBROUTINE GEV7U(IDOP,.NCOPI,IOPR,GS7)el
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: NPPADS VOLUME 5.16
C--PURPOSE:-
C GEV79 VILL EVALUATE GOAL 7 FOR THE IHAUK. GOAL 7 IS
C PROTECT FRIENDS
C--INPUT PARAMETERS1
C IDOP-OPERATOR ID
C NCOPI-COPY RU4 NUMBER1 OF THE OPERATOR
C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERSs

c 0G7-GOAL STATE FOR GOAL 7
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S60PROUTINE jEV)8V(ITO?,NLO7I,IOPR,GS8)
C--MOrULE. MOPADW TdA!JK SYSTEM~ MODULE
C--REFERENCE: IIOPA1)S VOLUME .'J6

C Si.VBU 9.:LL !-VALUMITIT 6JAL 8 F9R THE IHAUK. GOAL 8 IS
C hINIXMUE COAR aNL'T TAPiETS.
C--INPUT PARAiiETER6:
c IDLP-OPERATUR ID
C NCOPI-COPY iW~a NUMBER OF "?HE OPERATOR
C--fNPUT/OUTPUT PARAKETERSt
C IOPR(2)-DBAh' OF TNT OPERATOR
C--OUTPUT PARAMETERS?
C 858-GOAL STATE FOR GOAL 8

SUBROUTINE HAUKEU(KODE)
C--MODULE: HOPADS IHAUX SYSTEM MODULE
C--REFERENCE: MOPAD$ VJOLUME 5.18

C--INPllT PARAMETERS:
C HAUXEU PERFORMS SPECIAL EPROR PROCESSING FOR tIOPADS ERROR'
C CODES 6000-6999 UHICI. ARE GENERATED IN THE IHAUtC SYSTEM

rC MODULE CODE
C--INPIIT PARAMETERS:
C KODE-ERROR CODE VALUE

FUNCTION IDLCKU (NTRKCL,ICOPRN)

C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
Cs*PURPOSEs THIS FUNCTION IS USED TO DEIERI1INE IF IHIPIR LOCK UAS
C ACHEIVED.
C

UCe.IKPUT PARAMETERS3 NTRKCL=NTRACX COLUMN NUMBER FOR TRACK DATA
C ICOPRN:OPERATOR COPY NUMBER TRYING TO ACHEIVE
C .LOCK

C
C**OUTPUT PARAMETERS: IDLCKUhI IF LOCK UAS ACHEIVED
c s2 IF LOCK UAS NOT ACHEIVED

- C
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FUNCTION IFFNU ýIcOPPtNTRKCL)

C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
Cs*PU .RPOSE: THIS FUHq TIO" IS USED TO DETERMINE THE IFF RETURN WHEN THE
C TCA CHAL4 ENGES A TARGET.

C*SINPUT PARAMETERS: IOPPxOPERATOR ir
C NTRKCLZTRACK COLUMN NUMB:R IN N'YRACK
C
Ce*OUTPUT PARAMETERSs, IFFNU.1 HOSTILE
C x2 FRIEND
C 83 UNKNOUN
C

SUBROUTINE INITV(NRUN)
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: NOPADS VOLUME 5.16
C--PURPOSE:
C INITU PERFORMS iNITIALI'ATION FOR THE IH4UX SYSTEM NODULE.
C--INPUT PARAMETERS:
C NRUN-RUN NUMBER
C 0-DO ONE-TIME INITIALIZATION BEFORE ANY RUNS
C *-INITIALIZE FOR RUN N

FUNCTION IRDSZU(NTRKCL)

C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
COOPURPOSE3 THIS FUNCTION IS USED TO DETERMINE THE FCC'$ PERCEPTION
C OF THE RAID SIZE.
Cel
C**INPUT PARAMETERS: NTRXCLaNTRACK COLUMN NUMBER FOR THE TRACK
C
CssOUTPUT PARAMETERS: IRDSZU'1 IF RAID'SIZE IS I
C a2 IF RAID SIZE 13 2 OR 3
C *3 IF RAID SIZE IS )3
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FUNCTION KILLTU IOPPNTLYCL)
C
C--NODULE: HOPADS IHAUK SYSTEM MOJULE
C--REFEREMCE: MOPAD- VOLUNE 5.16
C**PURPGSE: THIS TONCTION IS USED TO DETERMINE IF AN IHAUK ENGAGEHEFT
C UAS EFFECTIVE

C**INPUT PARANETERSt I'PPaOPERArOR ID
C NTRKCLaNTRACK COLUMN NUMDERS~c
C**OUTPUY PARAMETERS: KILLTUzO INEFFECTIVE
C of EFFECTIVE

w2 PARTIALLY EFFECTIVE
C

FUNCTION NFRMSU(IOPRCNNTRKCL).
C

C--NODULEs MOPADS INAUK SYSTEM NODULE
C--REFERENCE: MOPADS VOLUME 5.16
C*ePURPOSE: THIS FUNCTION EVALUATES UHE(HER THE TCO SHOULD ORDER THE
C FCO TO PRESS THE NO KILL SUTTON OR TO FIRE NORE MISSILES.

C4C*INPUT PARAMETERS: IOPRCN-COPY ROU NURBER OF THE TCO
C NTRKCLaNTRACK COLUMN POINTER FOR THE TRACK
C
C**OUTPUT PARANETERS: MFRMSU-1 IF TCC SHOULD ORDER FCO TO PRESS NO KILL
C &2 IF TCO SHOULD ORDER FCO TG FIRE MORE
C MISSILES
c

--------------------------------- ----------------- ---------------------

SGUROUTINE OEASOU(IDOP,NADSNNCOPIGSNNGJTASKIOPR,6SJTJ)
C--NODULEs NOPADS IHAUK SYSTEM MODULE

*' C--REFERENCEs NOPADS VOLUME 5.16
C--PURPOSEs
C GEASOV VILL COMPUTE EXPECTED GOAL STATES FOR THE IHAUK ASO
C--INPUT PARAMETERSt
"C IDOP-OPERATOR I.
C NADSM-SYSTER NODULE TYPE
C NCOPI-COPT RO NURSER
C OSANNS)-CURRENT GOAL STATE VECTOR
C JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OEASOU VILL
C EVALUATE THE EXPECTED GOALS GIVEN THAT THE OPERATOR
C PERFORMS TASK JTASK
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C-'INPUT/3UTPUT PARAMETERSs
C IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C GSJ(NNG)-EXPECTED GOAL STATES RESULTING FROM TASK JTASK.
C ON INPUT, GSJ=GS
C TJ-EXPECTED IME(MINUTES) TO PERFORM TASK JTASK. IF THE
C OPERATOR CANNOT PERFORM OR DOES NOT PERFORM TASK JTASK,
C THEN DO NOT CHANGE TJ.

------------------------------------- ----------------

SUBROUTINE DEFCOU(IDOPNADSM,NCOPIGSNNGtJTASKIOPRGSJTJ)
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C--PURPOSE:
C OEFCOU VILL COMPUTE EXPECTED GOAL STATES FOR THE IHAUK FCO
C--INPUT PARAMETERSs
C 11OP-OPERATOR ID
C NADSM-SYSTEM MODULE TYPE
C NCOPI-COPY ROM NUMBER
C GS(NNG)-CURRENT GOAL STATE VECTOR
C JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OEFCOV VILL
C EVALUATE THE EXPECTED GOALS GIVEN THAT THE OPERATOR
C PERFORMS TASK JTASK
C--INPUT/OUTPUT PARAMETERS:
C lOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERS:
C GSJ(NNG)-EXPECTED GOAL STATES RESULTING FROM TASK JTASK.
C ON INPUT, GSJ=GS
C TJ-EXPECTED TIME(MINUTES) TO PERFORM TASK JTASK. IF THE
C OPERATOR CANNOT PERFORM OR tZES NOT PERFORM TASK JTASK,
C T1IEN DO NOT CHANGE TJ.

------- ------ t--------------------------------------

SUBROUTINE OETCAU(IDOPNADSMNCOPIGSNNGJTASKIOPR GSJTJJ)
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: NOPADS VOLUME 3.16
C--PURPOSEs IH-
C OETCAU VILL COMPUTE EXPECTED GOAL STATES FOR THE INK TCA
C--INPUT PARAMETERS:
C IDOP-OPERATOR I1
C NADSM-SYSTEM MODULE TYPE
C NCOPI-COP7 ROM IUMBER
C GS(NNG)-CURRENT GOAL STATE VECTOR
C JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OETCAV VILL
C EVALUATE THE EXPECTED GOALS GIVEN THAT THE OPERATOR
C PERFORMS TASK JTASK
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C--INPUT/OUTPUT PARAhlETERSt
C IOPR(2)-DBAA. OF THE OPERATOR
C--OUTPUT PARAMETERS:
C GSJ(NNG)-EXPECTED 6OAL STATES RESULTiNG FROtf TASK JTASK.
C ON INPUT, GSJzGS
C TJ-EXPECTED T;ME(MINUTES) TO PERFORM TASK JTASK. IF THE
C OPERATOR CANNOT PEkFORM OR DOES NUT PERFORM TASK JTASK,
C THEN DO NOT CHANGE TJ.

4

* SUgROUTINS OETCOU(IDOPNADSMNCOPZGS,NNSJTASK,IOPR,GSJ,TJ)
* C--MODULE: MCPADS IHAUK SYSTEM MODULE

C--REFERENCEs NOPADS VOLUME 5.16
C--PURPOSE:
C OETCOU VILL COMPUTE EXPECTED GOAL STATES FOR THE IHAUK TCO
C--INPUT PARAMETERS:
C IDOP-OPERATOR 1D
C NADSM-SYSTEH MODULE TYPE
C NCOPI-COPT ROU NUMBER
C OS(NNG)-CURRENT GOAL STATE VECTOR
C JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OETCOU VILL
C EVALUATE THE EXPECTED GOALS GIVEN THAT THE OPERATOR
C PERFORMS TASK JTASK
C--INPUT/OUTPUT PARAMETERS:

SC IOPR(2)-DBAA OF THE OPERATOR
C--OUTPUT PARAMETERSt
C GSJ(NNG)-EXPECTED GOAL ST1TES RESULTING FROM TASK JTASK.

•:C ON INPUT, GS J=6S

C TJ-EXPECTEI) TIME(MINUTES) TO PERFORM TASK JTASK. IF THE
C OPERATOR CANNOT PERFORM IR DOES NOT PERFORM TASK JTASK,
C THEN 10 NOT CHANGE TJ.

------------------------ w------ ----- --------- -------------------

SUIRPUTINE DEVALU(IDOPNADSN,NCOPI,GSNNG,JTASK,IOPR,GSJ,TJ,e)
C--MGULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: NOPADS VOLUME 5.16
"C--PURPOSEp
"C OEVALU VILL COMPUTE THE EXPECTED GOAL STATE VECTOR FOR
C THE IHAUK OPERATORS.
C--INPUT PARAMETERS:
C IlOP-OPERATOR ID
.C NADSM-SYSTEN NODULE TYPE
C NCOPI-COPY ROU NUMBER
C GS(NNG)-CURRENT GOAL STATE VECTOR
C JTASK-OPERATOR TASK NUMBER OF THE OPERATOR. OEVALV WILL
C EVALUATE EXPECTED GOAL STATES GIVEN THAT THE
C OPERATOR PERFORMS TASK JTASK.
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C--INPUT/OUTPUT PARAMETERS:
C IOPR(2)-DBAA OF THE OPERATOR
C--rUTPUT PARAMETERS:
C GSJiNNS)-EXPECTED GOAL STATES RESULTING FROM PERFORMING
C TASK JTASK. ON IPPUT GSJ=GS.
L TJ-EXPECTED TIME (MINUTES) 10 PERFORM TASK JTASK. IF THE
C OPERATOR CANNOT PERFORM OR DOES NOT PERFORM TASK JTASKI
C THEN TJa-l.
C--ALTERNATE RETURNS:
C I-JTASK IS GREATER THAN THE MAXIMUM TASK NUMBER THAT THE OFERATOR.
C PERFORMS. OEVALU 4ILL BE CALLED REPEATEDLY UITH GREATER
C VALUES OF JTASK UNTIL THIS CONDITION OCCURS.

SUBROUTINE T---U (NPLACE)
C
C--MODULE: NOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C
C**PURPOSE: USER CODE FOR IHAUK TASK NODE --- •
C**INPUT PARAMETER: NPLACE - TASK OCCURRENCE TIME

C

THIS TEMPLATE IS T'iPICAL FOR ALL TASK NODE PROGRAMS -------

SUBROUTINE THR2U(IDOPNCOPIJTRKXLBTCANTRKISTAT)
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFEREACEs MOPADS VOLUME 5.16 :
C--PURPOSE:
C THR2U MILL LOCATE THE TRACK THAI !S NOST 1HREATENING TO
C AN IHAUK. THIS SUBPROGRAM 1S USED 10 EVALUATE THE SELF
C DEFENSE GOAL. THR2U MILL ALSO EVALUATE A SINGLE TRACK,
C BASED ON THE VALUE OF JTRK. r.
C--INPUT PARAMETERS:
C IDOP-THE OPERATOR'S IS
C NCOPI-COPY ROU NUMBER FOR THE OPERATOR-Y
C JTRK-TRACX COLUMN NJMBER IN NTRACK
C O-EVALUATE ALL TRACKS
C K-EVALUATE ONLY THE TRACK IN COLUMN K
C XLB-LOUER BOUND ON TOA. THE TRACK VITH THE MINIMUM TIME
C BUT GREATER THAN XLl UILL BE RETURNED. XLB .GT. 0
C IS USED TO EXCLUDE THE MOST THREATENING TRACK UHEN
C ESTIMATING THE IMPACT O GOALS OF VARIOUS TASKS.
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C--OUTPUT PARAMETERS:-
C 70A-TIME OF ARRIVAL OF THE HOST THREATENING TRACK.
C NTRK-NTRACK COLUMN OF THE MOST THREATEhING TRAIC,
C ISTAT-TRACK STATUS(SEE THRIY)

SUBROUTINE THR3U(IDOPNCJPI,JTRKYLBpTOA.,NTR(,ISTAT)
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUOI 5.16
C--PURPOSE:
C THR3U UILL LOCATE THE TRACK THAT IS MOST T4REATENING 7O
C AN IHAUK'S PROTECTED SITES.
C THR3U UILL ALSO EVALUATE A SINGLE TRACM,
C BASED ON THE VALUE OF JTRK.
C--INPUT PARAMETERS:
C IDOP-THE OPERATOR'S IDI
C NCOPI-COPY ROU NUMBER FOR THE OPERATOR
C JTRK-TRACK COLUMN NUMBER IN NTRACK
C O-EVALUATE ALL TRACKS
C K-EVALUATE ONLY THE TRACK IN COLUMN K
C XLP-LOUER BOUND ON TOA. THE TRACK UITH THE MINIMUM TIME
C BUT GREATER THAN XLR UILL BE RETURNED. XLI .GT. 0
C IS USED TO EXCLUDE THE MOST THREATENING TRACK UHEN
C ESTIMATING THE IMPACT ON GOALS OF VARIOUS TASKS.
C--OUTPUT PARAMETERS:
C TOA-TIME OF ARRIVAL OF THE MOST THREATENING TRACK.
C NTRK-NTRACK COLUMN OF THE MOST THREATENING TRACK.

.•C ISTAT-TRACK S1ATUS(SEE ThRIY) Ni

FUNCTION USERFUCICODE)
C--MODULE: MOPADS IHAUK SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.16
C--PURPOSE:
C USERFV EVALUATES THE USER FUNC7ION FOR THE IHAUK
C--INPUT PARAMETERS: tI
C ICOIJE-USER FUNCTIOIN CODE

C--OUTPUT PARAMETERS:
C USERFU-VALUE OF THE USER FUNCTION

"7v
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---- ---- ---- --- ---- ---- ---

FUNCTION USERNU(CODE) d
C--NODULE: 4PADS IHAIJK SYSTEM MODIULE ~.
C--REFERENCE: MOPADS VJOLUMIE '.mb

USERNU EVALUATEL iHE INPU.T USER FUNCTION FOR THE IHAUK
C---INPUT PARAMETERS:
C XCODE-USER FOK-sIDN CODE
C--OUTPUT PARAMETERS:
C USERNV-YALUE 0i THE USER FUNCTION

----------------------------------------------------------------- ---------- ---------------~

SUBROU71NE UTHUKJ(NFtNPLACE) r*,
C-':iDUl.Cs ~ ASIHAUK SYSTEM MOLE K-

C--RI.FERENC-i ROPADS VOLUME 5.16
C--PURPOSEe
C UTHUKV PROCESSES CALLS FROM UTASK FOR THE IHAUA 'ý
C SYSTEM MODULE.
C--INPUT PARAKETERSS
C MT-TASK NODE NUMBER ~
C NPLACE-TASK NODE OCCUL.AANCE Tl,$:(SEE UTASK)
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li-O ERROR PROCESSINGtco

When an error involving the IHAWK i.er code is deteýtzd a a
call is made to subroutine SERR. The only parameter tV,ý suab-
routine has is the error code. The number- E•00 to 6999 a>:'-ý
reserved for errors detected in the IHAWK uier code. Tabhl& TI1-i
lists all the error coder and their definitions. IN%
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Table III-1. IHAWK Error Codes and Messages

Error Description ProgramsCode

6000 No track was found in data base corres- T8W
ponding to the current track for the
IHAWK fire sectionf

6001 The current track engaged by the HAWK TI3W
does not match the track referred to in
the message.

6002 Self-clearing operation has failed T136W

6003 User clearing operation has failed T136W

6004 Fire section status does not requirp TIOW
the FCO to place his fire section cut
of action.

6005 FCO has received a message from the TCO T16W
to break lock on a target other than
his current target.

6006 No hot missile& available for launchers. T48W -

6007 Effect of current fire section status on CLFCOW
FCO clutter has not been accounted for.

6008 The track (changing from) was not found T16W

in the data base.

6009 Too many tracks found in data base. T16W i.'Q

6010 Row does not exist in data base or it T31W, "
does not contain track data. T11OW

6011 Not used

6012 Invalid message subtype for a Q-73 TT1W
message to the TCO.

6013 Invalid message subtype for a FCO T78W
message to the TCO.

6014 Invalid message subtype for an ASO T79W
message to the TCO.

6015 Cannot -ind FCO.

X-276 %



Table III-1. (continued)

Error Description Programs
Code

6016 Unable to clear FCO T28W,T60W,
T63W,T153W,
T158W

6017 Invalid message subtype for a T81W
TCA message to the TCO.

6030 Could not find operator ID in NCOPY FNDOPW
array.

6031 Could not find operator at a task. FNDOPW

6032 Operator not found at appropriate task T31W,T73W

6033 Invalid operator type. FNDOPW

6500 Invalid user function code USERFW,
USERNW

6501 No message was found for the ASO OETCAW
when one was expected.

6502 Incorrect message type received by OETCAW
TCA.

6503 Incorrect message type received by OEASOW
ASO.

6504 Incorrect node number. UTHWKW

6505 An attempt was made to make a primary TT1W
assignment to a track that already has
a primary assignment.
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IV, MSAINT NETWORK DATA

The following is a listing of the MSAIfT network data.
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GEN, IHAIK,9,7,83,44

SI POPDI,6,5o,1,0,0* I
DIS,3,CD,0.001a
DIS.4,CO,9999.0*
DIS,5,CD,13.0*

UTI I HLUIMI PAR*
UTI,2,NUIICIARs
UBODi ,THREA7*
IRA,1,3,SC,1,4,SC,0*I
!RA, 2,3,SC, 1.4, SC, 0*

IRA,3,3,SC,1 ,4,SC,0*
IRA,4,3,SC,2,4,SC,0* IRA,,3,S,2,4SCI
IRA,6,3,SC,2,4,SC,O*
LREIILCHRIA,2,ILCHR2A,3,ILCHR3A,4,ILCHR1B,5,ILCHR2B,6,ILCHR3D*

SNIA

* SOURCE TASKS FOR THE INAUX SYSTEM MODULE

TAS,45,SOURCTCO, ,,DSF ,qtSO*
UTC,45,0.0,O.0,1 .0*
MOD,45,1,D,T*
DET,45,40a

7AS,46,SOURCTCAvr, DS,1 ,,,SO$
UTC,46,0.0,0.0,1 .0'I ~MDD,46,1 ,D,T*
DET,46,405

TAS,47,SOURC4S(:,,,DS 1v,, V*
UTC,47,0.0,0.0,1.0*o
MOD,47,1 ,P,0ý*
DETp47,40s

TASp4P,SOURCFCA, ...DS,l ...SO*
UIC,48,0.0,O.0,1 .0e
NOD,48,1 ,D,T*
DEt,4S,40*
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TASt49,SDURCFCP ...DS,1,,,SO.
UTC,45,0.O,0.0,I.0.
MOD,49,I ,DT*
BET, 49p~40'

*THIS CO;iTROL NETUORK IS FOR SCHEDUlING LAUNCHER DOUNTIME
) UE TO RELOADING NOT MISSILES

TAS,13&,LCHRDLAY,1 ,1 DS,5*
UJTC,136,O0.,0.O,1.0e

*NO BRANCH, TREATED LIKE A SINK NODE

* THIS NODE IS THE DEAD NODE, USED FOR REMOVING OPER7ORS
*THAT ARE NO LONGER PART OF THE SIMULATION (E.G. HAUK IS
*DESTROYED (REMOVE ALL OPERATORS),FIRE UNIT HAS EXPENDED
*ALL MISSILES (REMOVE THE CORRESPONDING FCO)

TAS,90,DEADNODE,1 ,1,DS,ls
UTCt90,O.O,3.0,1 .0*
"upOB,90, ,DT

*NO BRANtCH, ENTITY IS DESTROYED

*OPERATOR TASK It ASO MONITOR CRT,CONTROLStINDICATORS

TAS,I ,ASOSTHDDt,1 ,1,DS,1*
UTC,1,1.O,3.0,1.0*
DET,1 ,40*

SOPERATOR TASK 2, DETECT TARGET AT CUTDC

TAS,2,DTCTCUARt,1,,DS~tl
UTC,2p2.0,3.O,1 .0s
DETt2,40s

*OPERATOR TASK 3, ESTABLISH TARGET PRIORITY (ASO).

TAS,3,ESTTARPR,1 ,t,DS,1e
UTC,3,3.0,t .0,1.0.

- DET,3,106.

TAS,f0i,LO9PRCOF,I,1 ,DS,1*
UTC,I06,3.0,2.0,I .0,(I2)1.0*
DET9106,40s
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*OPERATOR TASK 4, PREEMPT LOUFR PRIORITY TARGET (ASO)

TAS,4,RE2CLRAL,1v1 ,DS,1s
UTC,4,4.0,1.0,1 .0s
MOD,4,1 ,D,Ts
BET, 4,107.

;AS,107,UAITTC0R, 1,1,lS,4*
UTC,107,4.0,0.0,1 .0*
MOD,107,1,D,To

00 NORANCH,OPERATOR MUST SE CLEARED TO TASK 108

TAS,108,PRSALCNL,1 ,1,DS,1e
UTC,lO8,4.0,2.0,1 .0,(12)1.0*
DET, 108, 400

* OPERATOR TASK 5, TCC ALERT IASO) '
0
TAS.5,POSCUCRS,1,10DS,10
UTC,3,5.0,1 .0,1.0.
DET ,5, 109*

TAS,1OY,PNVSLEU,1 .1,DS,1s
UTC,109,5.0,0.001 .0.
BET,109,110.

UIC,110,3.0,2.0,1 .0,(12)!.0e
DET,1 10,40*

*OPERATOR TASK 6, MARK TARGET AS ACCEPTED DY TCC ('ýSU)

TAS,6,OPSIJALEX,1,1 ,DS,l*
UTC,6,6.0,1.0,1.0*
DET,6,111*
s
TAS,111,MRKTARGT,1,I,DS,10

DET,111, 40.

OPERATOR TASK 7, FC MONITOR CRT,CON7ROLS,INDICATORS

TAS,7,FCOSTHDD,,tT,DS,40
IJTC,7,7. 0,3 .0, 1. 0.
00D,7,1 ,0,To
PET ,7, 40.
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* OPERATOR TASK 3, TRACK TARGET (FCC)

TAS,S,DPROCADP,1 ,1,DS,1.
UTC,S,s.0,1 .0,1 .04
CFI,S,120,AEV,'..0,13,IA,,112,AEV,1 .O,13,IA*

MA,120,uIA35LTPt,lt1DS,1*
?ITCqia20.8 .0, 0C,1. 0s
IETpI20,117*
0

TASp112,OBSRCHLN,I,I,DS,lt
ft.'.UTC,112,8.0,0.0,1.04

DET1112,113s

TAS,113,DI4IPIRLK,1,I,UF,2*
UTCp113,e.0,0.0,1 .0'
MOD,113,1,D,Ts
CFl,ll3,117,AEV,0.0,14,IA,,115,AEV,1.0,14,JAS

TAS,113,O3VLOCKLp,1,1 ,S,1'
UTC,115 ,S.0p,0.G0, .0*
DET,115pl17*

TAS,1l7,ENDTSKOS,1,1,IJS,3$
UTC,1 17,8.0,2.0,1 .0,(12)1 .0*

DET,117, 40*

*OPERATOR TASK ?, OUTAIN MANUJAL HIPIR LOCK (FCO)

TAS,?,POSC'JRS,1Ip,DS,1*

DETt?,~121'

7AS,121,PRSFLSHE,1,I,DS.I*
UTC,121 ,f.0,0.0,1 .0*
DET, 121, 122*

TAS,122,DCDHIPLK,1 .1,UF,2*
- ~UTC,122,?.0,0.0,1 .0*

MOD,122,1 ,D,To
CFI,122,123,AEV,1 .O,14,IA,,124,AEV,2.O,14,IAS

YAS,123,TARGALT,1 ,1,DS,1S
UTC,123,?.O,O.0,1.OS
DET0123,124*
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TAS,124,EHDTSK09,1 ,1 43,3*

UTC,124,9.0,2.0,1 .0'

DET0124,40s *

*OPERATOR TASK 10, PUT FIRE SECTION OUT OF ACTION (FCC)

TAS,tO,PSNFSOFF,1,1 ,DS,le
UTC, 10, 10.0, 1.0, 1. 0'

TA5,88,ENDTSKl0,t,1 ,DS,3*
UTC4df,10.3,2.O,1 .0, (12)1.0*
mOD,8s,1 ,D,To
DET,88,40*

TAS,9T,UAITRELD,1,1 ,DSt4S
UTC,8?,10.0,0.0,1 .0s
MODF,89,1 ,D,To
*NO $RANCH~ MUST BE CLEARED- TO TASK NODE 388

* OPERATOR TASK 11, ESTINATS RAID SIZ E (FCO)

TAStiMONTOOPA,II,DS,t*

BET,11, 133*

TAS,133,DCDRDSIZ,1 91,DS,1t '!pW

UTC,133,11 .0,0.0,1.05
DEl, 133, 134'

TAS,134,PSHOFM,1 ,1,PS,1e
UTC,134,1 1.0,0.0,1.00
DETt134.,137*

TAS,137,EkDTSKI 19,1 ,DS,3' V

UTC,137,hI .0,2.0,1 .0,(12)I .0*
flOD,137,1,D,T*
DETp137, 40.

*OPERATOR TASK 12, SELECT LAUNCHER (FCO)

TAS,12,OBSVLNtH,1,1 ,DS,l*
UTC,12,12.O,1.0,1.0$
DET, 2, 138'
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TAS,138,ENDTS12,1,1 ,DS,1e
UTC,138,12.0,2.0,1 .0,(12)1 .0*
CAL,138, 40,AEV,0,1:,IA,,

* OPERATOP TASK 13, FIRE MIISSILES (FCO)

TAS,13,DECFCTY~t',1 1,DS,1*
UTC,13,13.0,1.0,1.0'

* CFI,13,143,AEV,1.0,13,IA,,139,AEV,2.O,13,IA*

TAS,143,PSHFBSLS,1 ,1,DS,1,

UTC,143,13.0,0.0,1 .0*I
* hAL,143,142,UNC,,,,,136,AGV,0.0,14,IA*

TAS0139,PSHFBRPI ,1,1,BS,1*

* ~CAL,139,140,AEV,0.0,14, IA,,
12,AEV,i.0,14,IA,,

136,AEV,2.0,14,lAt,

ETA,140,VAT44 p,,*Sl

UTC,140,1 4.0,0.0,1 .0*

PET,140,143*

TAS,145,EDROPDOP,1,1 ,DS,3*
UT C,145, 14.0 ,20O,1.0*I

UCF,145,148,AEVI1.0,1,A,4,EV001,A
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TAS,148,PRSKILLl,1 ,i ,S,I*
UTC, 148, 14. 0,0.0,1. 0* pI
DET,148,149*

TAS,146,GVER2NJ(,1,1 ,DS,1.
UTC,146,14. 0,0. 0, 1.06
CFI,146,147,AEV,1 .0,15plA,,101,AEV,2.C,14,IA*

UTC,101 ,14.0,0.0,1 .0.

TAS,11 ,UATNSSK1 ,1Flo.4

*NO )RANCHI, INUST BE CLEAR~ED TO TASK 147 OR TASK 150

YAS,147,PRSNOKLL,1 ,1,DS,1*
tJTC,147,14.0,0.0,1 .0$
DET,147,149*

TAF,150,SHOOTEM,1 ,1,DS,l*
UTC,150,14.0,0.0,1 .0*

DET,150,160s

TAS,149,PRSDRXLX,1 ,1,DS,1'

DET,149,160*

TAS,160,ENDTSK14,1 ,1 ,DS,3*

NOD,160,1 ,D,70
DEjl, 60, 40*

S* OPERATOR TASK 15, PUT FIRE SECTION NACK IN ACTION4
TAS,15,PSHFSACT,1 ,1 ,fS,10
UTC,15,15.0,3.0,1 .04
MOD,15,1 ,0,Ts
BET,15,40*

* OPERATOR TASK 16, PROCESS CHANGE TARGETS COMMAND (FCC)

TAS,16,PRCHTRGT,1 ,1,DS,1e 70!
UTC,16,16.0,l .0,1 .0.
DET,16,1615

7AS,161 ,PSHIREAK,1,1 ,DS,1*
UTC,161 ,16.0,2.0,1.0,(t2)t.O*
DET,161 ,400
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* OPERATOR TASK 17, TCA MNOI1(UR CRI,CDN70LS,IND CA70RS

TAS,17,TCASTNDB,1,l,DS,1*
UTC, 17, 17.0,3.0,1. 0*
DET,17,40*

* OPERATOR TASK 18, ACCEPT CUTDC TARGET FROM ASI (TCA)

TAS,18,PCCHANDU,1 ,1 DS,1s
UTC,18, 18. 0,1.0,1.0*
BETvl8p162*

TAS,162,PRCYCONF,I, ,,DS,1*
UTC,162,19.0,0.0,1,.0*
DET,762?163*

TAS,163,CORLTGTOI 1,DS,ls
LtTC?163,18.0,2.0? .1O,C112)1.0*
DET,163,40*

* OPERATOR TASK 1?, 1FF CHALLENGE (TCA)K

7AS,1?,SLTIFFN,1,1 ,DS,1S
UTC, 17, 1.0,1.0,1. 0*
DET,19,164*

TAS,164,UAITSUEP,1 ,1 ,DS,I*
3 UTCt164,19.0,0.0?1.0*

DE~t,64vl650

TAS,165,IIONTIFFN,1 ,1,DS,1e
UTC,165,19.0,2.0,1 .0,(12)1.0*
DET, 165, 40*

* OPERATOR TASK 20, NARK ON REFLECTION PLOTTER (TEA)

TAS,20,DCDATDLS,1 ,1 DSv1*
UTC,20,20.0?1 .0,1.0*
CFI,20,166,AEV,1 .0,13,IA,,167,AEV,2.0,13,Th*

TAS,166,MRKRFLCT,1 ,1,DS,1*
UTC,166,20.0,0.0,1.00
DET,166?167*

TAS,167,ENDTSK20,t ,I,DS,3*
UTC,167,20.0,2.0,1 .0,C12)1.0*
MOD, 167,1 ,D,7*
DET,167,400
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OPERATOR TASK 21, TCO MONITOR CRT,CONTPOLS,INDICATORS

lAS, 21, TCOSTND ,1, 1, DS, 1*
UTC,21,-21.0r3.0,1 .0*
DET,21 ,40*

* OPERATOR TASK 22, DETECT AN ASSIGN IPAR ADP TARUET (TCO)

TAS,22,DTCTIPAR,1,1,DS,1e
UTC,22,22.0,1 .0,1 .00
DET,22r168.

TAS,168,IFFBATT,1 ,1,DS,I*
UTC,16B,22.0,0.0,1 .0.
CFZ,168,169,AEV,2.0,13,IA, ,170,UNC* p:__

TAS,J69,ENDTSK22,1 ,1,D3,3*
UTC,16?,22.0,2.0,1.0,(t2)1 .04
HOD,16?,1 ,D,Ts
DE7, 169,40*

TAS,170,PRFLASHI, 1,DS,1*
UTC,170,22.0,0.0,1 .0'
DETti70,169.

* OPERATOR TASK 23, MANUALLY ASSIGN TARtUET(TCO)

TAS,23,EVALTHRT,1 ,1,DS,1.
UTC,23,23.0,1 .0,1 .0*

TA,7,IFO,1 ,DS,1*[

UTC,178,23.0,0.0,1 .0*
DET ,179, 179*

UTC,179,23.0,0.0,1 .0*

TAS,198,PLTSOVAS,1 ,1,DS,1*
UTC, 188, 23. 0,0.0, 1.0*

TAS,189,PRENOTH,1,ft,DS,1*
UTC,187,23.0,0.0,1 .0*
DET,18?, 190.
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TAS,190,CBSLBLS,1,1 ,DSOI*
N UTC,190,23.0,0.O,1.0*

DEIvl90,l87*

TASvl80,DETLOC,I ,l ,DS,l*

DET,180,181*

TAS,181 ,PTSOYPPI,1,1 ,DS,ls
UTC,181 ,23.0,0.0,1.0*
DET, 181,182'

TAS,182,PALAB,1 ,1,DS,1*
UTC,182,23.0,0.0,1 .0*

DET0182,187*

TAS,187,ENDTSK23,1,1 ,1S,3*

UTC,197,23.0,2.0,1.0,(12)t .0*

aDET,187,40*51

* OPERATOR TASK 24, IHIPIR TRACKING (TCO) W

TASt24,EVALHDAT,1 ,1,DS, 1*
tUTC,24,24.0,1 .0,1.0*
DET,24,194e

TAS,194,FCOESTS,1,1 ,DS,1*
UTC, 194 ,.24 .0,0 .0,1. 0*
DET,194,195*

TAS,195,OIFFTC,1 ,1,DS,1.
UTCri95,24.0,2.0,1 .0,(12)1 .0*

* OPERATOR TASK 25, SEND CANNOT COMPLY MESSAGE TO Q-73 (TCO)

TAS,25,SND3CCOMP,1 ,1,DS, 1*
UTC,25,25.0,3.0,1 .0*
DET025,40*

* OPERATOR TASK 26, HIGHER PRIORITY TARGET TO BE ASSIGNED TO FS (TCO)

TAS,26,HIGHPRI,1 ,1,DS,1*
UTC,26,26.0,1 .0,1.0*
DET,26,600
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TA:,60,PRHLDCT,1 ,t,DS,I.*
LITC,Lt0,26.0,0.0,1 .0*

DEl ,60,61s

TAS,61 ,ENDTSK26, 1,1 ,DS,3*
UTC,61 ,26.0,2.0,1 .0,(12)1 .0*Z
tIOD,61 ,1 ,D,T*

*DET,61 ,40* d l
* OPERATOR TASK 27, PROCESS HOSTILE TARGET (TCO)

TAS,27,SETRFCFR,1 ,1,DS,I*
U!C,27,27.0,1 .0,1 .0*
DET,27,62s

TAS,62,DCDFIRET,lpl1,DS,1*
UTC,62,27.0,0.0,.O 1.0N
DET,62&,63* ~

TAS,63, ISSFIREC,1 ,1,DS,'I*
UTCo63,27.0,O.0,1 .0* ~~ .

DET,63,64*

TAS,64,EHDTS927,1 ,1,DS,3*
UTC,b4,27.O,2.0,1 .0,(l2)1.0*

MOD,64,I ,D,7*
DET,64:40.

OPRAO TAK2,SINDTRE EEMNDFIN TO

TAS,29,PRSSCHT,1 ,1,DS,1*
UTC,28,28.0,3.0,1 .0*
DET,28,40*

OPERATOR TASK 29t PROCESS FRIEND (TCO)

UIC,29,29.0,1 .0,1 .0*
CFI,29,71 ,AEV,2.0,13,IA, ,6V,AEV,1 .O,13,IA* *

TAS,69,PLTRCKSY,1 ,1,DS,1*
UTCp69,29.0,0.0,1 .0.
DET,69,70*

TAS,70,PRSSFSU,1 ,1,DS,I*
UTC,70,29.0,0.C,1 .0*
DET,70,7?*
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TAS,71,STRFSIJ,I,1 ,05,1.
UTC,71 ,29.0,0.0,1 .0.
DE7,71 ,72*

TAS,7&',ENDTSK29,1,1 ,DS,3*
UTC,72,29.O,:.0,1.O,(12)1 .0*
MOD,721,T*

OPRTRTS 30, EVALUATE MIORE MISSILES (ICO)

TAS,30,TOGRCCF,1 ,1,DS,1*
UTC,30,30.0,1 .0,1.01
DET,30,73*

TAS,73,BYDEFER,1 ,1 ,DS,1'
UTC,73,30.0,0.0,1 .0*
CFI,73,?4,AEV,1 .0,13,IA,,75,AEV,2.0,13,IA*

TAS,74,ONOKILL,1 ,1,DS,1*
UTC,74,30.O,0.0,1.0*
DET,74,75*

TAS, 5, ENDTSK30, 1,1, OS ,3*
UTC,73,30.0,2.0,1 .0*MOB,75j1,.;1
DET,75,40*

* OPERATOR TASK 31, GIVE ASO PERMISSIOJN TO CANCEL ALERT (TCO)

TAS,31,PERMCNCL,1,1 ,DS,1*
UTC,31 ,31 .0,3.0,1 .0*
DET,31 ,40*

* OPERATOR TASK 32, TCO RECEIVE MIESSAGES

TA ,32,TCORiMSG,1,1,DS,1*
IflC,32,32.0,1 .0,1.0*
MOD.32,1 ,D,T*

78,AEV,5.0,13,IA,,

81 ,AEV,4.0,13,IAe#

TAS,77,RECO7311,1 1,05,)*
UTC,77,32.0,0.0,1 .0*
iIOB,77,1 ,D,T*
DET,77,80s
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TAS,78,RECFCOMIi,1 1,DS,1s
UTC,78,32.0,0.0,1 .0*

DET ,78 ,804

TAS,79,RECASOMI,,1,DS,1s
UTC,79,32.0,0.0,1 .0*
MDD,79,1 ,D,T*
DE , 79,80*

TAS,81 JRECTCAMI, t,DS,lo

U-TC,81 ,32.0,0.0,1 .0'
MOD,81 ,1 ,D,T*
DETt81 ,80*

TAS,80,ENDTS32,1 ,1 ,DS,3*
UTC,80),32.0,2.0,1 .0,(12)1 ,)A
ttOD,80,1 ,D,T*
DET,BO,4i)*

* PER,;TO)X TASK 35, PROCESS -HOLD FIRE- COMMIAND TCUD)

IAS,35,RCU:1I.DFR,1 ,1,DS,1s-
UTC,35,35.0,1 .0,1 .0*
DET,35,157'*

TAS,157,PRACKNOU,1 , I,DS,i*
UTC,157,35.0,0.O,1 .0'
DET,157,158*

TAS,153,PRSDESTK,1 ,1,DS,1'

DET,158,159*

UTC,159,35.0,2.0,I .O,(12)1 .0*
DEl, 159, 40*

OPERATOR TASK 37, PROCESS -CEASE ENGAGED" CUMMAND (TCO) ~~~ .

TAS,37,OBCSENGD,1,1 ,DS,1*

DET,3'. 152.

TAS,152,PACKNUL,1 ,1 ,DS,ls
UTC,152,37.0,0.0,1 .0*
DET,152, 1536
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TAS,153,DCDHSSEN,1 ,1 ,IS,1*

UTC, 153, 37.0,0.0,1. 0'
CFI,153,154,AEV,1 .0,15,IA,,155,AEVt2.OrlS,IA*

TAS, 154,OFCOBLCK, 1,1, DS,1*
UTC,154,37.0,0.0,1.0*
BET,154,1355

TAS,155,ENDTSK37,1 ,1 ,DS,3.

fir UTC.135,37.0,,2.0,1.0v(12)1.0*
MOD,155,1 ,D,T*

DE,3,0

O tPERATOR TASKC 40, TASK SEGUENCING

TASt40,TASKSEOU91 ,1 ,DS,I** - UTC,40,40.0,1.0,1.0*
MOD,40,l,D,T*
CFI,40,91,AEV,3.0,3,IA,,

* 92,AEV,5.0,3,IA,,
93,AEV,4.O,3,IA,t
94,AGV,5.0,3,IA*

TAS,?1,TCOTSEG,1,1,DSOI*
UTCS'l,40.O,0.0,l.0*
IiDD,91,1,DT*
CFI,91,95,ALV,27.0,14,IA,,

96,ALY,32.0,14,IA,,
97,ALV,38.0,14,JAO

T AS ,95 ,TCOROUT1, 1,1, DSP 1*
UTC,95,40.0,2.0,1.0*
IIOD,95,1,D,T*

CFI,95,21,AEV,21.0,14,IA,,I. 22,AEV,22.0,14,IA,,
23,AEV,23.0,14,IA,,
24,AEV,24.0,14,IA,,
26,AEV,26.0,14,IA*

TAS,96,7COROUT2,1 ,1 ,DS,1*
UTC,96,40.0,2.0,1 .0*
IIOD,96,1,D,Ts.ri CFI,96,27,AEV,27.0,14,]A,p

28 ,AE V,28 .0 ,14, IA,,
29,AEV,27.O,14,]A,,
30,AEV,30.0,44,IA,,
31 ,AEV,31 .0,14,IA*
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TAS,V7,iCL0UT3,1,1,DS,¶s
UTC, 97t40`,,0,2.0 ,1. 0*
hoo,?7,1 ,t,Ts *,,-I ~CFI,97,32#AE!J,32.0,14,]A,,

* 3~'AEV,35,0. ,4,]A,,
37AEV,37.O,i4,IA*

UTC,92,40.O,2.0,1.0.
MOD,92,1 ,D,Ts .

2,OEV,2.0,14,IA,, I
5,AEY,5.0,14,IA,vJ 6,AEU,6.0,14,IA*

IAS,93,1'C4TSEQ,1 ,1,DS,1.
V ~UTC,93,40.0,2.0,1.0s

099,93,I,D,Ts

18,ýAEV, 18. 0, 14, IA,,
1YAEV,19'.0,14,IA,,
20,AEV,20.0,14,IAs

TAS,94,FCOJTSEQ,1 ,l,DS,1*

I NMOD,94,1 ,D, r.
CFI,94,99,Ai ),13.0,14,IA,,100,AGV,12.o.1;,IA*

* ~TAS,99,FCDROUTI,1,1,DS,1,
UTC,9?,40.0,2.0,1 .0'

CFI,99, 7,AEV, 7.O,14,IA,,
B,AEV, S.0,14,IA,,
9,AEV, 9.0,14,IA,,

IOOAEV,10.0,14,IA,,
11,AEV,11.0,14,]A,,
12tAEV,12.0,14,IA*

TAS,100,FCCROUT2,1 ,1,DS,l. 
*

* UTC,100,40.O,2.0,1.0.
MOD, 100,1, D, Ts
CFI,100,13,AEV,13.0,14,IA,,

14,AEV,14.0,14,IA,,
15, AEV, 15. 0, 14, 3A,,
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3,MOPADS Terminologyp

* AIR DEFENSE SYSTEM A component of Air Defense which includes
equiprent and operators and for wihich
technical and tactical training arerequired.
Examples are IHAWK and the AN/TSQ-73.

AIR DEFE•NSE SYSTEM Models of orerate1- actions and equipmentMODULE (ADSM) characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the
SAINT model and a3l data needed to com-
pletely define task element times, task
sequencing requirements, and nhman factors
influences.

9.s.

AIR SCENARIO A spatial and temporal record of aerial
activities and characteristics of an air
defense battle. The Air Scenario includes

.aircraft tracks, safe corridors, ECM, and
other aircraft and airspace data. See
a3so Tactical Scenario.

SBRANCHING A term used in the SAINT simulation lang-
uage to mean the process by which TASK nodes
are sequenced. At the completion of the
simulated activity at a TASK node, the
Branching from that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOPADS software which
SYSTEM performs all direct communication with the

MOPADS Data Base. AUl information transfer
to and from the data base is performed by
invoking the subprograms which make up the
Data Base Control System.

DATA SOURCE A specialist in obtaining and interpreting
SPECIALIST Army documentation and other data needed to

prepare Air Defense System Modules.

Y-2
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ENVIRONMENTAL An element of an Environmental State
STATE VARIABLE Vector.

ENVIRONMENTAL An array of values representing conditions
STATE VECTOR or chr.racteristics that may affect more

than one operator. Elements of Environmen-
tal State Vectors may change dynamica!!y
during a MOPADS s.Jmulation to represent
changes in the environment conditions.

MODERATOR FINCTION A mathematical/logical relationship which
alters the nominal t ine to pert'o= an opera-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability-to perform the
activity based on the Operator's State $..

Vector.

MOPADS DATA BASE A computerized data base designed specifi-
cally to support the MOPADS software. The
MOPADS Data Base contains Simulation Data
Set(s). It conmunicates interactively with
MOPADS Users during pre- and post-run data
specification and dynamically with the SAINT
software during simulation.

MOPADS MODELER An analyst who will develop Air Defense
System Modules and modify/develop the
MOPADS software system.

MOPADS USER An analyst who will design and conduct simu- -
lation experiments with the MOPADS software.

MSAINT The variant of SAINT used in the MOPADS
(MOPADS/SAINT) system. The standard version of SAIMT has

been modified for MOPADS to permit share- "
able subnetworks and more sophisticated -

interrupts. The terms SAINT and MSAIRT are
used interchangeably when no confusion will LZ.
result. See also, SAINT.
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OPERATOR STATE One element of an Operator State Vector.
VARIABLE

OPERATOR STATE An array of values representing the condi-
VECTOR tion and characteristics of an operator of

an Air Defense System. Many values of the
Operator State Vector will change dynamically
during the course of a MOPADS simulation to
represent changes in operator condition.

OPERATOR TASK An operator activity identified during
weapons system front-end analyses.

SAINT The underlying computer simulation language
used to model Air Defense Systems in Air
Defense System Modules. SAINT "s an acronym .
for Systems Analysis of Integrated Networks
of Tasks. It J s a well documented languag? P. "'
designed specifically to represent human
factors aspects of man/machine systems.See also MSAINT.

SIMULATION DATA SET The Tactical Scenario plus all required
simulation initialization and other cxpert-
mental data needed to perform a MOPADS
simullation. "

SIMULATION STATE At any instant in time of a MOPADS simula-
tion the Simulation State is the set of
values of all variables in the MOPADS soft-
ware and the MOPADS Data Base.

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARIO The Air Scenario plus specificati 'n of
critical assets and the air -defense con-
figuration (number, type and location of
weapons and the command and control system).

Y-4
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TACTICAL SCENARIO An element of a Tactical Scenario, e.g.,
COMPONENT if a Tactical Scenario contains seve:al

Q-73's, each one is a Tactical Scenario
Component.

TASK See Operator Task.

TASK ELEMENTS Individual operator actions which, when
grouped appropriately, make up operator
tasths. Task elements are usually repre-
sented by single SAINT TASK nodes in Air

Defense System Modules.-

TASK NODE A modeling symbol used in the SAINT simula- !.,,_ NA
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire OpErator Task.

TASK SEQUENCING A mathematical/logical relationship which
MODERATOR selects the next Operator Task which an
FUNCTION operator will perform. The selection is

based upon operator goal seeking character-
istics. -

Additional Terminology and Abbreviations

ACN ADSY Component Number.

ADSM Air Defense System Module •

Reference System A code 11 directory in a MOPADS data base
Module which contains default values for operator"* .

and system parpneters. It is the "baseline".
model for an air defense system.

DB Data base.

Y- 5
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ID An identifier. ID's of MOPADS data base
entries are lists of integer numbers.

ACC ADSM character code. A single r'haracter
value uniquely assigned to a reference f~w

sy~stem module.

1)1CC Data List Character Code. A one, two, or
three character mnemonic assigned to cer-
tai.n ty~pes of data lists. For example,M
operator state vectors have a DLCC of "OP."

NECC Number Equivalent of a Character Code. An
integer number that corresponds to a short
character string. The capital lette~rs,
A-Z, correspond to the integers 1-20' and
the digits 0-9 corres~pond to the numbers
27--36. Thu.s the string P'YB has an NEC"' of
162902 ("P" corresponds to 16, ."2" to 29,
and "B" to 02).

DL Data List. A list of values. '

DR Directorý. An index of other A-irectories
and/or data lists.
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I. INTRODUCTION

This document descrioes the particular data base created and
used by the MOPADS softVare. MOPADS data base software is des-
cribed in Polito (1983a). Here we Ere concerned with the structure
and contents of the data base filc L.sed to implement the MOPADS
simulations. User instructions for exercising MOPADS software areN contained in Polito (1983b).

"The MOPADS data base contains virtually all of the information
required to set up, run, and review MOPADS simulations. During

" " initial phases of development, a MOPADS modeler uses the User
Interface (Polito, 1983c) to create reference air defense system
"modules and air scenarios (Polito, 1983d,e). This information is
stored in the MOPADS data base.

i" With the above building blocks, a MOPADS user will create simu-

lation data sets that contain a specific command and control struc-
ture involving (perhaps) multiple copies of the reference systen,
modules and specifying a particular air-scenario. When this simu-
lation data set is e.xecuted, the resulting statistics are stored in
the data base. The MOPADS user can later examine thpse statistics
and select those he/she desirez to be printed.

The data base may contain one or more simulation data sets,
so multiple analyses can be performed with one data base file. Also,

V the data base files provide ideal vehicles for archiving MOPADS data,
K' because the data base contains all of the required data to duplicate

a simulation.

IY
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II.* THE MOPADS DATA BASE

1-0 STRUCTURE OF THE DATA BASE.

Figure II-i shows the structure of the directories in the MOPADS
data base. The "DR" in the boxes indicates a directory as opp )sed
to a data list (data lists are not shown on this figure). Diractory
labels are shown in capital letters in the larger portions of he
boxes. If the label section has an entry in lower case letters, it
indicates that an arbitrary number of these directories may exist
with user assigned labels. The numbers over the upper right corners
are directory codes which are discussed in Section 2-0 below.

The REFENCE-ADSM directory (code 2) owns all reference system
modules. The reference system m-dules are copied to appropriate
locations in a particular ccmman and control structure where they
become code 12 dcrectories. Mul ple copies of each reference system
module may be copied and each code 12 directory may be edited i
individually. i

Multiple battlefield scenarios can be created. They are all
owned by the SCENARIOS directory (code 4). Multiple CRITICAL-ASSET-
CONFIGUPVTIgN (code 13) directories can be created, each of which
may contain one or more air.scenarios (code 8).

Co. From the menu of reference qystem modules and scenarios avail-
able, the user may construct one or more SIT•JLATION-DATA-SET
(code 1) directories that contain all information necessary to per-
f, om MOPADS simulations. Each of the directories is explained in
detail in Section III.

2-0 DIRECTORY CODES AtND CONTENTS.

The f!0PADS data base contains 14 directory types identified
by directory codes numbered fron zero to 13. More than one instance
of some directory types may exist in a single data base. Table II-1
"explains the contents of each directory type.

3-0 IDTI:IE~RS AND L13ES FOR CODE 11 AND 12 DIRECTORIES.

Code 11 and 12 directories have systematic conventions for
assigning labels and ID's. Labels of reference ADSM's (code i)
directories consist of a one-character ADSM code character (ACC)
followed by a hyphen (-) and a text string of up to 23 characterz.

I
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For example:

Q-BAdTVALION-Q-73

(6 is an acceptable reference ADSM label. The ACC is Every

reference ADSM must have a unique ACC. The ACC is used in develop-
inr mnemonic labele for s,:stem modules in the command and control
configuration as will be seen soon.

Directory identifiers (DRID) for reference ADSM's have four
values whose definitions are shown below.

DRID(l) - 11

DRID(2) = NECC(ACC)

DRID(3) = 0

DPID(4) a basic ACM

The function NECC is the Number Equivalent of Character Code. It
converts, in this case, the ACC character to an integer. NECC maps
the letters A-Z to the numbers 1-26 and the digits 0-9 to the
numbers 27-36.

In addition to the ACC, each reference ADSM is assigned a
basic ADSM Component Number (ACN) by the user. The basic ACN is a
multiple o0 1000 and must be unique for the ADSM. When reference
ADSM's are ccpied as code 12 directories, the basic ACN is incre-
mentcd to identify each copy (e.g., code 12 directories might have
ACN's of 1001, 1002, 1003, etc. for a reference ADSM with a basic
ACN of 1000).

The DRID's for code 12 directories are:

DRID(l) = 12

DRID(2) = NECC(ACC)

DRID(3) = sequence number

DRID(4) = ACN

The ACN is assigned as discussed above so every code 12 system
module directory has a unique value, in its fourth ID elemient. The
sequence number is assigned within the owning directory. For
example, suppose there are two battalion Q-73's each with three
HAWK batteries. The HAWK batteries for each Q-73 will be numbered
1, 2, and 3 (their sequence numbers). Thus HAWKs belonging to the
different Q-73's may have identical values for DRID(3) (but of
course their ACN's will be different).

Y-12



Labels of code 12 directories reflect their location in the
caiand and control configuration. This is done by taking the lebel
of the owning directory and appending the ACC and the DRTD(3) value
to it. In other words, the "component suffix" is appended to the
owning directory's label. For example, I

might be the label of the fourth HAWK belonging to the second batta-
lion Q-73. The "4" in the label above is the sequence number stored
in DRID(3) of the HAWK ID. 'Y

The labels for code 12 directories e assigned automatically
by the MOPADS software using information from the reference ADSM's
and the command and control configuration.

L,
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1ll. CONTENTS OF THE DIRECTORIES AND DATA LISTS

1-0 CONTENTS OF THIS SECION

Section III contains lists of the information contained in
each directory type of the MOPADS da.ta base. Since this is a
reference document, no extensive defi.nitions or discussion of the
contents are provided. "'expanded discussions are found in user
documents referred to in Section I. Also, it is assumed that the
reader is familiar with the concepts in Section I and II of MOPADS
Volume 5.13 (Polito, 1983a).

The function NECC is used in several instances. NECC can trans-
late strings greater in length than one character (which was the
only case presented in Section II, 3-0). In fact, each character is
mapped to a two-digit number (which may have a leading zero if the
number is less than 10) and these two-digit numbers are concatenated
if the input string has more than one character. As examples,

Strig NECC(string)

A 1

BA 201

ZZ 2626

ZY 2625

Note that NECC( ) is a number, not a string. Therefore, the length
of the input string that can be converted by NECC is limited by the
number of digits which the computer can represent as an integer
number.

Also, some data list labels have code characters that identify
them. These "Data List Code Characters" or DLCC's are one, two, or
three characters. A data list label with a DLCC is composed of the
DLCC followed by a dash (-) followed by the rest of the label; e.g., t%

OP-OPERATOR-STATE-VECTOR. Frequently, the ID of such a data list
contains the NECC of the DLCC. For example, NECC('OP') is 1516.

Each subsequent section contains a description of a directory.
A schematic shows the directories and data lists owned by the direc-
tcrd,afld the contenrtz of all o-T.cd data lists is given in detail.

Y-14
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1-1. Fo-ms Used in This Document.

Three forms are used to desc-ibe the contents of the
YMOPADS data base. The first form is shown in Figure Ill-1. Each
directory is described by one of these forms. The directory code
and label are given on the first line. The directory level specified
on the second line is the depth of the directory from the master
directory. For example, the depth, in Figure 111-2 of the Code 2 6"

directory (REFERENCE-ADSM) is one because it is owned directly by the
master directory. Similarly, the directory level of Code 11 direc-H
tories is two.

The owner directory is specified next in Figure III-1. Next is
the identifier of this.directory. Recall that this identifier is
stored physically in the directory that owns this directory. Thus
the title "ID IN OWNER DIRECTORY."

The next three items concern the ID's of directories and data
lists that are owned by this directory. First the number of words
in the ID's is specified. The ranking codes for owned directories
and data lists is given next, see Polito (1983a).

The second form shown for each directory is the Directory
Contents Form shown in Figure 111-2. All owned directories and data
lists are shown on this form. In the "TYPE" column will appear
"DL" or "DR" to indicate a data list or directory, respectively. For
directories, the directory code will be specified in the "CODE"
column. The label is given in the center column, and the number of

, such entities which may be owned by the directory will be given in*
the "NUMBER" column. This column will be either "'" to indicate
that only one of the specifieddata list or directories may belong to
the directory or "as needed" to indicate that more than one may be
owned. For example, the master directory may own more than one
"SIMULATION-DATA-SET" (Code 1) directory. It's NUMBER would be t.
specified as "as needed" in the directory contents form of the
(*1ASTER DIRECTORY).

The last form is the Data List Description Form shown in V
Figure 111-3. This form is used to describe the detailed contents
of all data lists. As discussed in Polito (19 8 3a), each data list
may be either real (RDL), integer (IDL), or character (CDL). RDL's
and IDL's ray be two-dimensional, and all elements of a data list
may have a 25-character label. All of this information may be speci-
fied on the Data List Description form.

Space exists at the top of the form to specify the data list
label, the owner directory, and the data list ID. The data list
type is also specified. For example, to specify a tuo-dimensional,
row-oriented,real data list whose maximum column dimension is 21, -

the following would be filled in on tLe form:

p.X RDL,®- C DIM 21

Y-,I5



MOPADS/DATA _ DI[iODRY DESCS!PIOJ

DIRECTORY LAREL(CODE/LADEL)R: I
DIRECTORY LEVEL:

OWNER DIRECTORY(CODE):------------------ ------------

ID IN OUNER DIRECTORY:__'-------------------------------- --------

NUMBER OF UORDS IN ID'S OF
OUNED DIRECTORIES I DATA LISTS:--------------------------------------

RAN•ING CODE FOR OUNED DIRECTORIES:- - -,- -

RANKING CODE FOR OUNED DATA LISTS:

DESCRI PTI ON:

N.,

Figurc III-1. Dire~tory Lescription Form.

¢.r 

~Y-W16 .1k,
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//"

'li0_iM _ETOR; .ONTNTS '

DIRECTORY COIDEs

DIRECTORY LABEL:-- - - - - - - - - -- - - -- - - -- - --- - -

TYPE CODE LABEL HUMBER

t i

* .' ;•

;:'

• ?."

",<"

Figure 111-2. Dinectory Contents Form.

Y-17
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In the case of character data lists, only the maximum number of
characters per element may ce specified. J .'

The body of the fnrm is filled in to describe the individual
data list elements. For one-dimensional data lists, the elements
are numbered in the left-hanId column, and the label and element |
descriptions are given in the indicated columns. If initial or
default values are specified for elements, they are given with the
following notation: "(I)=" implies an initial value and "(D)="
implies a default; e.g., (I) = 16 Pnd (D) = 21.4.

For two-dlmensional data lists, one dimension must be fixed.
If it is a row-oriented DL, then the column dimension is fixed. In
this case, each column generally has a fixed meaning, and as many
rows as needed can be included. The column definitions are specified
by putting the column numbers in the first column az follows: Cl,
C2, C3, etc. If a label is provided for that column (actually in row
1 of the data list), it is put in the label column. The column 4
definition is given in the last column as before. For column "
oriented DL's, the situation is reversed, and row definitions are
given with the notation RI, R2, R3, etc. used in the first column I.I'-.
of the form.

IP

Y-19
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2. 0 THE MIASTE1R DIRECT'ORY {CODE 0)

tfl1PADS/DATA BAS9 LgOYDSRPI!

DIRECTORY LABEL(CODS/LABEL): .... O/(MASTER-DIRECTORY)---------- ---------------------------

DIRECTORY~~ EEL--------------- ----------------------
U ERDIREC70RRYO E) (none)-- - -- -- --

OUNER DIECTO ---------.... --.. -(none)------- --------

III IN OUNER DIRECTORY:-------- (none)---- -----

NUMBER OF UORDS IN ID'S OF
OtJNED DIRECTORIES & DATA LISTS: ...................

RANKING CODE------ -------------------------

RANK~ING CODE~ FOR OUNED DAETAOLISTS:...0
---------------------------------

DESCRIPTION:

RANINGCOD FO OHEDDAT LITS-----0V



"DIRECTORY CODE: 0

DIRECTORY LABEL: MAS.E-D- RECTO.Y)- -

- - - - - -------------------------------

TYPE CODE LABEL NUMBER

DR 1 SIMULATION-DATA-SET as needed

DR 2 REFERENCE-ADSM 1

DR 4 SCENARIOS 1

DL DB-TITLE

Y-21
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3-0 THE "SIMULATION-DATA-SET" DIBECTORY (CODE 1)

UO2AJ•!•ISISE •t ATIoN-DATA-oE

DIRECTORY LADEL(COLE/LABEL)s 1 SIMULATION-DATA-SET

DIRECTORY LEVELs ----------------------------

OUNER DIRECTORY(CODE):----- - OI(MASTER-DIRECTORY)

1 IN OUNER DIRECTORY:.,_. 1(sequence number)

NUflIER OF UORDS IN ID'S OF
OUNED DIRECTORIES A DATA LISTSs :..... 2

RANKING CODE FOR DUNED DIRECTORIESS

RANKING CODE FOR OUNED DATA LISTS: 1

DESCRIPTION:

i
4
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fif5•jfTR IRTU I

DIRECTORY CODEs I

DIRECTORY LABEL. SIMULATION-DATA-SET

TYPE CODE LABEL HIDER

DR 6 TACTICAL-SCENARIO as needed

DR 7 COMMAND-AND-CONTRO. 1

DL - COPY-COUNTER

L*
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4-0 THE "REFERENCE-ADSM" DIRECTORY (CODE 2)

IIOPADSIDATA BASE 1~Oyk;Lu

DIRECTORY LADEL.(CODE/LADEL): 21-REFERENCE-ADSM

DIRECTORY LEVELS 1

OUNER DIRECTORY(CODE): . OI(MASTER-DIRECTORY)

1D IN OURER DIRECTORYt 211
....... ... . ... -- ---

NUMBER OF UORDS IN ID'S OF 4
OURED DIRECTORIES I DATA LISTSs---------------------

2
RANKING CODE FOR CURED DIRECTORIES: --- ---------------- .

RANKING CODE FOR OURED DATA LISTS: 2

DESCRIPTION:

Y-26
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"--" DIRECTORY CODE_ 2

DIRECTORY LABEL:.. REFERENCE-ADSM
------------ --- ----- --- ----------------- ------

WYPE CODE LABEL NUMBER

DL - SKILL-CATEGORIES 1

DR 11 reference ADSM'S as needed

7-27
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5-0 THE "RUN-n" DIRECTORY (CODE 3)

* filUAeILOAYA .AHr laiu-301V

DIRECTORY LABEL(CODE/LABELu,,.J RUN-.

DIRECTORY LEVELs . ...

OUNER DIRECTORY(CODE):l_..- ... . ... .
31n

I1 IN OURER DIRECTORY:_ -- .............

I*IDER OF UORDS IN ID'S OF

OUNED DIRECTORIES I DATA LISTS: 2

RANKING CODE FOR OUNED DIRECTORIES: -

RANKING CODE FOR CURED DATA LISTSs 0

DESCRIPTION:

Y2
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!IRECIORY CODEs._ 3 .

DIRECTORY LABEL:- T------

-- - --- - - ----------------

TYPE COPJE LABEL NUIMER

DL TRACE 1

DL STATISTICS-ARRAYS 1

Y.30
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6-0 THE "SCENARIOS" DIRECTORY (CODE 4)

mf•ADSIDATA _DASj pRiD|I~!_! p__rCRj_.!n_!•

DIRELTfnlR LABEL(CODE/LADEL) :- 4 LSCENARIOS ...

DIRECTORY LEVEL: 1 ..... . ... -- ,- -- -
OJNER DIRECTORY CODE ) : 0o (MASTER-DIRECTORY) A

OUNER----------------....---.--------- -- -

I1 IN OUNER DIRECTORY: 410

NUIE O UR~S N D' O - - ----------- - --------- -------
NUMBER OF UORIS IN ID'S OF Z.,

WUNED DIRECTORIES I DATA LISTS: 2

RANKING CODE FOR OUNED DIRECTORIES:- -- 0-

RANKING CODE FOR OUNED DATA LISTS: --------------------------- ----------------------------------

DESCRIPTION:

Y-33
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x .. IIJ.m I

• /

DIRECTORY CODE: 4 ---------

DIRECTORY LABEL:----SCENARIOSS..";, "-!, ..... . u q

TYPE CODE LABEL NUMBER

DR 13 CRITICAL-ASSET-CONFIGURATION as neeied

Y-3-..4
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-41

, ~~~~V~o. ,

I+ K:-:',-:'
y-34.+"o•

--I



7-0 TSE "STATISTICS" DIRECTORY (Code 5)

HOADILDAT IH REflk&C 11US! CLjIjpiJ

DIREMTORr LADEL(CODE/LASEL) - 5 ISTATISTICS------

DIRECTORIL

OUtER DIRECTORY(CODE) . . .- 61TACTICAL SCEN.ARIO

ID I1K OUNER DIRECTORIY:_ 511

NUMBER OF UORDS IN ID'S OF

OUNED DIRECTORIES I DATA LISTSt ..... 2

RANKING CODE FOR OUNED DIRECTORIES: 2

RANKING CODE FOR CUNED DATA LISTS: 0

"DESCRIPTION:

Y-"35



* ' DIRECTORY CODi-__._ _

DIRECTORY LADEL:___

TYPE CODE LAPEL NIM3ER

DR 3 RUN-n multiple
*d

DL - MSAINT-DATA

DL - LABELS

fY-3,
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8-0 THE "TACTICAL SCENARIO" DIRECTORY (CODE 6)

DIRECTORY LABEL(CODE/LADEL)i" 61TACTICAL-SCENARIO

DIRECTORY LEVELs 2

OUNER DIRECTORY("ODE): 1-SIMULATION-DATA-SET

It IN CURER DIRECTORY: 51(sequence number)

NUMBER OF UORDS IN ID'S OF
OUNED DIRECTORIES A DATA LISTS ------------------------

RANKING CODE FOR DURED DIRECTORIES: 0

RANKING CODE FOR DURED DATA LISTS: 0

DESCRIPTION:

Y-41



m i i i i ! aI iaTE T

DIRECTOkY CODEs___ 6

DIRECTORY LABEL: TCIA.S~JjQ

TYPE CODE LADEL NUWMER

DL - RUN-DATA 1

DR 5 STATISTICS

DL - TITLE

Y-42
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9-0 THE "COMAnD-ANDD-CONTROL" DIRECTORY (CODE 7)

MOPADS/DATA 8A[ PI9.•I •[J_!1OQC

DIRECTORY LABEL(CODE/LABEL) -?.j7.COMQMD-AND-CONTROL

DIRECTORY LEVEL 2 ------------------

OUNER DIRECTORY(CODE): ------ SI MULATION-DATA-S i-T

11 IN OUNER DIRECTORY:__"' 7L1-- - -,a

NUMDER OF UORDS IN ID'S OF
DUNED DIRECTORIES A DATA LISTS: 4

RANKING CODE FOR OWNED DIRECTORIES: 4 ,..

RANKING CODE FOR UWNED DATA LISTS: 2

DESCRIPTIONs

* a.,

,a -
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fOPAjfl RECTOR! JON JHTi

DIRECTORY CODEt --------------- -

DIRECTORY LABEL:__ COMMAN D-AN D-CONTROL -

TYPE CODE LABEL NUMBER

DR 9 MESSAGES

DR 12 working ADSMIS (assigned by as needed

MOPADS)

Y-4 6



10-0 THE AIR SCENARIO DIRECTORY (CODE 8)

IOPADSIDA!_A _DAS[ PIgCIQBY •_EsclhIHl -'i

DIRECTORY LABELCCODE/LABEL) .-Juser s~ecified lAIR SCENARIO'

DIRECTORY LEVEL: 3

DUMER DIRECTORY(CODE): 13JUCRITICAL-ASSET-CONFIGURATION

Il IN OUNER DIRECTORY: 81 --user assigned number-

NUMBER OF UORDS IN ID'S OF 1
DUNED DIRECTORIES A DATA LISTS: ---------------------

RANKING CODE FOR OUNED DIRECTORIES: -- ------------------------

RANKING CODE FOR DUONED DATA LISTS -----------------------

DESCRIPTION:.,

-4.7
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BAREC70RY CO~ __ _- -Q --------

DIRECTORY LAE:_MnýD~fg_~rlero

TYPE CODE LAPEL NUMBDER

DL - AIRCRAFT-TRACKS-HOSTILE1

DL - AIRCRAFT-TRACKS-FRIENDLY1 .

DL - AIRCRAFT-TRACKS-OTHER1

L I
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-0 THE "MESSAGES" DIRECTORY (CODE 9)

DIRECTORY LASEL(CODE/LADEL)I 91MESSAGES
S~4

DIRECTORY LEVELs
71COMMAN D-AN DmCONTROL

OUWNER DIRECTORYCCODE): -.............. . ..

11 IN OUNER DIRECTORY:--------9101010

NUNDER OF UORDS IN ID'S. OF
DUNED DIRECTORIES I DATA LISTS: -

RANKING CODE FOR CUNED DIRECTORIES: - 0

RANKING CODE FOR OURED DATA LISTSt 0

DESCRIPTIONs

Y-51
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-IRECTLCRT CODE 9

DIRECTORY LABEL: MESSAGES

TYPE CODE LABEL NUfER

DL MESSAGES-DL as needed

Y-!I
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12-0 THE "ACKNOWLEDGD{£EMT-MESSAGES" DIRECTORY (CODE 10)

DIRECTORY LADEL(CODE/LADEL)i .... j.0ACKNOWLEDGEMENT-MESSAGES

DIRECTORY LEVELs various

DOM DIRECTORYCCODE): ........ 1......2

I311 N ONER DIRECTORY:- ....... o... 1J - ...JACN

HUrBER OF UORDS IN ID'S OF
CUNED DIRECTORIES I DATA LISTS: ------------5-----------

RANKING CODE FPR CUNED DIRECTORIES: 0

RANKING CODE FUR OURED DATA LISTS: 0 -

DESCRIPTION:

Y-5



DW ' IDIBI910RI IgH iff

DIRECTORY CODE:- 10

DIRECTORY LAsEL: ACKNOWLEDGEMENT-MESSAGES

TYPE CODE LAMEL NUNISE1

DL ACK-MESSAGES-DL as needed

Y-56
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13-0 THE REFERENCE SYSTE4 MODULE DIRECTORY (CODE i1)

DIRECTORY LADEL(CODE/LADEL)-s -1-"

DIRECTORY LEVELs 2 "----------

OUNER DIRECTORYCCODE), -- -- LREFFRENCE-ADSM--

ID IN OUNER DIRECTORY:- -11NECC(ACC)OJbasic ACN

NUMIBER OF UORDS IN ID'S OF

OUNED DIRECTORIES I DATA LISTS: 4 .. .

RANKING CODE FOR OURED DIRECTORIES: 0 ,--.-

RANKIN6 CODE FOR OUNED DATA LISTS: 2.".,

DESCRIPTION,
* The labei is a one-character ACC followed by a dash (-)

followed by a user specified label; e.g., Q-BATTALION-Q73. P.-.

Y-5

Y-59

* - / -'Z%'



99PALUMECTOR EORTETII

DIRECTORY CODE:_ - -----------

DIRECTORY LABEL: user.specified --.--

---------------------------------------- ------

TYPE CODE LABEL NUMBDER

DL - TD-TASK-DATA1

DL - R-ADS-RESOURCES1

DL - -~RESOURCE-LABELS 1--

-L OIPERATOR-STATE-VECTOR* as needed

DL - EN -EN V IRONMENTAL -STAT E -VE c*1

DL - OT-OPERATOR-TYPE1

*These OL's have 2 rows. The
second row holds initial
values. The second row is.
copied to the first row prior
to each simulation run.

Y-60
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TASK 8PECIFIC DATA 5-17/DLD " 06

7 Kilocalories/Ainute I

8 Number of branches out I •" .

Stimulus Mode 1 10
A two-digit number

10's digit - 0 - no visual
I - visual .,

I's digit - 0 - no auditory
I - auditory

iu Stinulus Node 2 00

A three-digit number as above
100'S digit- 0 - no olfactory

1 - olfactory * 4

10s digit - 0 - no kinesthetic,-.
1 - kinesthetic

Vs digit -0 - no tactile
I - tactile

I I Response Diode
A two-digit number

10's digit - 0 - no vocal
I - vocal

F's digit - 0 - no tactile
I - tactile

12 Observer - Target Position 3

1 - ground to ground
2 - air to ground
3 - ground Lo air
4 - air to air
5 - at a display ,.,

13 Control Distance (distance from operator
to control dvice in feet)

14 Control Uidth (width of the control 0.1

devic2 in feet)

15 Number of Displays 1

16 Nimnber of Alterni'ives (number of possible :
co.trols that may need to be actuated

17 Humber of items that must be kept in short

term memory

Y-62
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5-17/9LD 09

4.. TARGET TYPE CODES .-0

CODE NO. MAKE COUNTRY MISSION

.1 F4C USA
2 FIO0 USAS3 T33 USA _

4. OTHER JET USA
5 UIA USA

A U&A USA
7 OTHER PROP USA

| 01A USA

9 tJ3 USA
10 OTHER HELICOPTER USA
11 TANK USA
12 JEEP USA
13 TROOP USA
14 APC USA
13 TRUCK USA

16 ZERO USA
17 HALFTRACK USA
1i F14 USA
19 FIS USA
20 FI& USA
21 FIB USA
22 N1621 USA
23 M1623 USA
24 91625 USA
25 SOLDIER(FOOT) ANT
26 NIS-27 USSR
27 SU-17 USSR
28 OIANO Ji-5 PRC Ground A-ttack
2? R-2350 FRANCE Military surveillance L

30 MIRAGE 3E. FRANCE Fighter V
31 MIRAGE FI FRANCE Fighter
32 MIRAGE 2000 FRANCE Fighter r
33 MIRAGE 4000 FRANCE Fighter
34 MIRAGE 4 FRANCE Donber
35 MIRAGE S FRANCE Ground Support
36 MIRAGE 30 FRANCE Fighter
37 AV.660 GREAT JRITAIN Military Transport
38 690 GREAT IRITAIN Donber
39 HS740 GREAT IRITAIN Military Transport
40 HS.780 GREAT IRITAIN Military Transport
41 P.1099 GREAT DRITAIN Ground Attack
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42 1AX202 ISRAEL 4-itary " Trassort
43 MIRAGE 3C IS2AEL Fighter
44 KfirC2 TS1IAEL Fighter,
45 6.222 ITALY N1Lt,'y Transport
46 F1045 ITALY Ipterclptor
47 NB.326K IIALY 6trtke
48 S.".101?E ITALY hiltary STOL
49 F-I JAPAN Fig iter
50 C.207A SPAYN Mlitytry Transport
51 SF-5A SPAIN Fighter
52 HA-220 SPAI1 Ground Attack
53 35XD SUEDEN 6rcund Attack .

54 JA37 SUEDEN Fighter
55 J-1 YUGOSLAVIA Strike 1

56 Light (a.g.blinking)
57 Digit (digit on a display)
58 MIs-17 USSR
59 HIG-19 USSR
60 SU-7 USSR
61 SU-9Pm USSR
62 SU-11 USSR
63 SU-15 USSR
64 SU-19 USSR
65 SU-20 USSR
&6 YAK-28P USZR
67 VAK-36 USSR
68 TU-28P USSR

•69 IL-28 USSR
70 M-4 USSR
71 TU-16 USsR
72 TU-20 USSR
73 TU-22 USSR
74 TU-26 USSR
75 IL-30 USSR
76 TU-126 USSR
77 HI6-15 USSR
78 L-29 USSR
79 L-31 USSI!
90 J-5 USSR
81 J-6 USSR
82 J-7 USSR
83 J-8 USSR
84 H-5 USSR
85 H-6 USSR
96 CJ-6 USSR
87 Y-l, USSR
98 MIRAGE III FRANCE
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COLOR CODES 5-17/DLDO- 08

I Uhite

2 Tat
3 Green
4 slut

5 Red
6 1Yellow

ISSION CODES

I Ground a tack
2 Military surveillance
3 Fighter
4 samber
S Ground support& Military Transport 2'

7 Interceptor
O STOL
9 Strike

COUNTRY CODES

IUSA I7 Italy
2 USSR 3 Japan
3 PRC 9 Spain

4 France 10 Sweden
6 Israel 11 Yugoslavia
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14-0 THE WORKING SYSTEM MODULE DIRECTORY (CODE 12)

MA M PI D1~scnp! II~1UXQlp
DIRECTORT LAPELICODE/LABEL): 121detemitned by MOPADS*

DIRECTORY LEVEL: various

OUNER DIRECTORY(CODE)_ 7 or 12 various

II IN CONER DIRElTORY: 121NECC(ACC)Isequence numberlACN

NUNDER OF UORDS IN ID'S OF

OUNED DIRECTORIEM I DATA LISTS - 4

RANKING CODE FOR OUNRD DIRECTORIES: a

RANKING CODE FOR OUhEZ DATA LISTS. 2

DESCRIPTION:
* See MOPADS Volume 3.3

4. Y- 78r.
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#0O-A);MLU]B• CONIENTS

SIRECO0RY CODE: 12

DIRECTORY LABEL: .determined by MOPADS

TYPE CODE LABEL II3U

DL - TD-TASK-DATA* 1

DL - R-ADS-RESOURCES* A

DL - RL-RESOURCE-LABELS*

DL - OP-OPERATOR-STATE-VECTOR* as needed

DL - EN-ENVIRONMENTAJ.-STATE-VEC*

DL - OT-OPERATOR-TYPE* 1

DL " working ADSM labe-FV**
DL - working ADSM label-TRD*** 1

DR 10 ACKNOWLEDGEMENT-MESSAGES

DR 12 other working ADSM's as needed

* These data lists are identical
to those in Code 11 directories.
Their descriptions are not
repeated here.

Field of View

***Track Data
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15-o THE "CRIvICAL-ASSEr-CONFIGURATION" DRECTORY (CODE 13)

DIRECTORY LAPELCODSE/LADEL) I__ 131 CRITICAL-ASSET-CONFIGURATION

JIRECIOkY LEVEL -2

OUNER DIRECTORYCCODE): --- 4 SCENARIOS

II IN OUNER DIRECTORY:__. 131(user assigned)

NUMBER OF UORDS IN ID'S OF

OUNED DIRECTORIES a DATA LISTS* -------------------

RANKING CODE FOR OURED DIRECTORIES_-- 2.------------------ -

RANKING CODE FOR OUNED DATA LISTS:---- 0 ----------........

DESCRIPTION:

i
0!

I

I
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1• ..g. r4 l.-.fl a. ar -. . -......

DIRECTORY CODE: 13

DIRECTORY LABEL ,---'CRITCAL-ASSET-CON FI GURAT ION

TYPE CODE LABEL NUMBER

DR 8 air scenario as. needed

DL - COORDINATE-AND-ASSET-DATA 1

Y'85
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Standard MOPADS Terminology

'i ' AIR DEFENSE SYSTEM A component of Air Defense whih includes
4quipment and operators mid for which
technical and tactical training arerequired.
Examples are IHAWX and the AN/TSQ-T3-

AIR DEFENSE SYSTEM Models of operator actions and equipment
MODULE characteristics for Air Defense Systems in

the MOPADS software. These models are pre-
pared with the SAINT simulation language.
Air Defense Systin Modules include the
SAINT model and all data needed to com-
pletely define task element times, task
sequencing requirements, and hman factors
infuences.

AIR SCENARIO A spatial and temporal record of .aerial
activities and characteristics of an air
defense battle. The Air Scenario includes
aircraft tracks, safe corridors, ECM, and
other aircreft and airspace data. See
also Tactical Scenario.

BRANCHING A term used in the SAINT simulation lang-
uage to meen the process by which TASK nodes
are sequenced. At the completion of the
simulated activity at a TASK node, the
Branching frou that node determines which
TASK nodes will be simulated next.

DATA BASE CONTROL That part of the MOPADS software which
SYSTEM performs all direct communication with the

MOPADS Data Base. All information transfer
to and from the data base is performed by
invoking the subprogr%:ms which make up the
Data Base Control System.

DATA SOURCE A specialist in obtaining and interpretin;
SPECIALIST Arn documentation and other data needed to

prepare Air Defense System Modules.

Z-2



ENVIRONMENTAL An element of an Environmental State

STATE VARIABLE Vector.

ENVIRONMENTAL An array of values representing conditions
STAT" VECTOR or characteristics that may affect more

than cae operator. Elements of Environmen-
tal State Vectors Way change dynamically
during a MOPADS simulation to represent
changes in the environment conditions.

MODERATOR FJNCTION A mathematical/logical relationship which
alters the nominal time to perform an opera-
tor activity (usually a Task Element). The
nominal time is changed to represent the
operator's capability to perform the
activity based on the Operator's State
Vector.

MOPADS DATA BASE A computerized data base designed specifi-
cally to support the MOPADS software. The
MOPADS Data Base contains Simulation Data
Set(s). It comzunicates interactively with
HOPADS Users during pre- and post-run data
specification aid dynamically with the SAINT
software during simulation.

MOPADS MODELER An analyst who will develop Air Defense
System Modules and modify/develop the
MOPADS software system.

MOPADS USER An analyst who will design and conduct simu-
lation experiments with the MOPADS software.

MSAINT The varient of SAIlT used in the MOPADS
(MOPADS/SAINT) system. The standard version of SAINT has

been modified for MOPADS to permit share-
able subnetworks and more sophisticated
interrupts. The terms SAINT and MSAINT are
used interchangeably when no confusion vwill
result. See also, SAINT.
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TO ATE One element of an Operator State Vec:;or.VARIABLE

OPERATOR STATE An array of values representing the condi-
VECTOR tion and characteristics of an operator of

an Air Defense System. Many values of the
Operator State Vector will change dynamically
during the course of a MOPADS simulation to
represent changes in opcrator condition.

OPERATOR TASK An operator activity identified duringweapons system front-end analyses.

SAINT The umderlying computer s ion language
used to modea Air Defense Sy ems in Air
Defense System Modules. SiTis an acrornm
for Systems Analysis of Integrated Netvorks
of Tasks. It is a well documented language
designed specifically to represent human
factors aspects of man/mac•ine systems.
See also MSAINT."

SIMULATION DATA SET The Tactical Scenario plus all required
simulation initialization and other experi-
mental data needed to pe.form a MOPADS
simulation.

SIMULATION STATE At any instant in time of a MOPADS simula-
tion the Simulation State is the set of
values of all variables in the MOPAD3 soft-
ware and the MOPADS Data Bae._

SYSTEM MODULES See Air Defense System Modules.

TACTICAL SCENARI'O The Air Scenario plus specification of
critical assets and the air defense con-
figuration (number, type and location of
weapons and the ccomand and control system).
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TACTICAL SCENARIO* An element of a Tactical Scenario, e.g.,
COMPONENT if a Tactical 6cenario contains several

Q-73's, each one is a Tactical Scenario- Component.

TASK See Operator Task.

TASK ELEMENTS Indi7idual operator actions vhich, when
grouped appropriately, make up operator
task . Task elements are usually repre-
sented by single SAINT TASK nodes in Air
Defense System Modules.

TASK NODE A modeling symbol used in the SAIVT simula-
tion language. A TASK node represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathematical/logical relationship which
MODERATOR selects the next Operator Task which an
FUNCTION operator will perform. The selection is

based upon operator goal seeking character-
istics.

MOPADS Abbreviations

DBCS Data Base Control System.

DBAP Data BUse Application Programs

DBF Data Base File.
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I PURPOSE

This document describes a set of utility programs used by the
MOPADS software to implement the specific data base structure of
MOPADS. The MOPADS Data Base Control System (DBCS), Polito (1983a),
is a set of programs that manage the data base files (DBF). The
DBCS, however, is generic in the sense that nothing in these pro-
grams is unique to MOPADS. The particular data and its organiza-
tion in a MOPADS data base is documented in Polito (1983b). The
Data Base Applications Programs (DBAP), which are dicussed here,
use the DBCS programs to implement and access the particular DBF
discussed in Polito (1983b).

Thus, the DBAP implements high level data access functions
for the MOPADS modeler to use rather than requiring lowel level
data base accesses. For example, the DBAP has a program to retrieve
information from a operator's operator state vector directly. The
modeler could accomplish the same thing by making direct calls to
the DBCS, but this latter would require that the modeler know
details of how data-is stored in the DBF. The DBAP masks the
modeler from having to know this low level information which is not
relevant to his data access requirements. Furthermore, many such
high level functions involve intricate combinations of low level
functions that would be a burden to reprogram each time they were
required. O

This is a reference document intended for MOPADS modelers who
must extend or revise the MOPADS software. The MOPADS program
suffix for the DBAP is "A." All of the subprogram names and vari-
ables in labelled COMMON in the DBAP end with the letter "A." Note
that not all programs in MOPADS that end with "A" are part of the
DBAP. SAINT and programs in FFIN2, Polito (19 8 3c), were written
before MOPADS and do contain some programs that end with the letter

"A.z
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.II DATA STRUCTURE DESCRIPTION

The DBAP is a collection of more or less umrelated subprograms
that perform a variety of functions for the MOPAPS modeler. There-
fore, there is no unified data structure that is Jinternal to the
DBAP. All information is exchanged through formil subprogram para-
meters.

The structure of the data files created by the DBCS is dis-
cussed in Polito (1983a) and the contents of the DBF used by MOPADS
is presented in detail in P6lito (1983b). The contents of the single
labeled COMMON area contained in the DBAP is dis ussed in
SECTION VIII.

"j
Iii

FZ
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III. OVERVIEW OF THE FLOW OF CONTROL

The DBAP programs are generally intermediaries between the
DBCS and the programs whizh implement the MOPADS User Interface and
the Air Defense System Modules. DBAP programs are used extensively
by both the User Interface, Polito (1983d), and the SAINT simula-
tion phases of MOPADS. See Polito (1983e) for a description of this
software organization.

DBAP programs normally are called by these external programs t
and in turn call other programs in the DBCS, MOPADS/UTIL, Polito &
Goodin (1983), and, in some cases, FFIN2, Polito (1983c). DBAP
programs seldom call other programs in the DBAP, and programs called
from the DBAP do not in turn call other programs in the DBAP.

.p-...;
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IV. EXTERNAL FILE USAGE

The DBAP operates. directly on only three files, and none of
these are opened or closed by DBAP rrugrams. These files are the
following:

1. MOPADS Line Printer Output
2. User Interface Interactive Input
3. User Interface Interactive Output

The line printer output file is used only for error processing
which will be discussed in Section VII. The interactive input and
output files are used only by subroutine CREATA to request informa-
tion while creating a new MOPADS DBF.

The interactive input and output unit numbers are passed to
the DBAP as formal parameters. The line printer file unit number
is maintained in COMMON, but it is initialized through a subprogram
call. A;_L of these files are sequential, formatted files.

To summarize, the DBAP has no responsibility to open, clore,
or otherwise manage any files. Unit numbers of all files which it
reads or writes are passed to it through subprogram parameters. . .

Z 9..*
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V. SUBPROGRAM DESCRIPTIONS

The following pages contain description of all subprograms that
are part of the PBAP. Each programi description contaiuis an explana-
tion of its purpose, parameters, and alternate returns.

0i

--- --
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SUBROUTINE APOPTA(IOPTIVLNIVYRVLNRV)
C--NODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C APOPTA SETS OPTIONS FOR THE DBAP
C
C--INPUT PARAMETERS:
C IOPT-OPTION NUMBER(SEE SELOU)
C IVL(NIV)-INTEBER VALUES FOR OPTIONS
C RVL(NRV)-REAL VALUES FOR OPTIONS
C
C OPTIONS
C w -
"C I OUTPUT FILE NUMBER ( IVL(I) )
C

SUBROUTINE ASROUA(NROUNR,IDDA,ROUKERR,*)
C--MODULEt MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: NOPADS VOLUME 5.18
C--PURPOSE:
C TO RETURN A ROU OF AN AIR SCENARIO TRACK DATA LIST.
C--INPUT PARAMETERS:
C NROU-THE DESIRED ROU NUMBER
C NR-THE NUMBER OF ELEMENTS IN A ROU

i •. C--INPUT/CUTPUT PARAMETERS:

c IONA(2)iTHE DIAA OF THE TRACK DATA DATA LIST ZN THE AIR SCENARIC
C--OUTPUT PARAMETERS:
C R3U(NR)-AN ARRAY TO HOLD THE VALUES IN THE SPECIFIES IOU.
C SEE THE 31 DESCRIPTION FOR "AIRCRAFT-TRACKS-HOSTILE
C (FRIENCLY)(OTHER)" FOR THE CONTEMTS OF ROU.
C KERR-ERROR CODE
C O-NO ERROR
"C I-ROM NROU DOFS NOT EXIST
C 2-NROU.LE.0
C-*-ALTERNATE RETURNS:
C I-KERR.#E.0

".Z Z-11

* -". * • -- - * * *



SUBROUTINE CCDLA(IOPT,NROU,IDRF1IROU) &

C--NODULEt MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENLE: NOPADS VOLUME 5.18

rv, C--PURPOSEi
C CCDLA MANIPLATES THE 'COPY-COUNTER' DL OF A SIMULATION DATA SET
C CCDLA ASSURES THE DDAA OF THE COPY COUNTER DL IS IN COLUMN 3
C OF IDRFIX. 'HE COPY COUNTER HAS 2 COLUMNS. FOR ROU N,
C COL. I HAS VALUE N*IO000+I UHICH MEANS I COPIES OF THE ADSM
C UITE BASIC ACM N*1000 HAVE BEEN CREATED(BUT NEED NOT STILL
C EYIST.) COLUMN 2 IS THE CURRENT NUMBER OF COPIES THAT DO
C EXIST.I •C--INPUT PARAMETERS:
C IOPT-OPTION
C O-RETURN CONTENTS OF ROU NROU ONLY.
C I-ADD ONE TO BOTH COLUMNS OF ROY NROU AND RETURN RESULTS IN
C Rog,'.
C 2-SUBTRACT I FROM COLUMN 2 OF ROU NROU. DO NOTHING IF
C COLUMN 2 IS ZERO. RETURN RESULTS IN "ROY'
C NROU-THE ROg NUMBtR TO PROCESS

C--INPUT/OUTPUT PARAMETERS:
C IDRFII(4,3)-DRAA'S
C COL. I- DRAA OF THE SIMULATION DATA SET ON A
C DIRECT LINE UP THE DR TREE FROM THE
C CURRENT DR.
C COL. 2- DRAA OF THE COMMAND AND CONTROL DR
C ON A DIRECT LINE UP FROM THE CURRENT DR.
C COL. 3- DIAA OF THE COPY COUNTER DL OF TKS
C SIMULATION DATA SET IN COL. 1.

C--OUTPUT PARAEETERS:C ROU(2)-CONTENTS OF ROUI WROS AFTER JOPT IS PROCESSED.

------ ----------------------------------------------------------------------

SUBROUTINE CENCA (NECCLABCL,*)
C
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.15
C**PURPOSE: THIS SUBROUTINE IS USED TO DECODE INTEGER INDEX VALUES
C INTO THEIR CHARACTER STRING EQUIVALENTS (LABELS).
C
CSSINPUT PARAMETERS: NECCEINTEGER VALUE TO BE DECODED
C
C'*OUTPUT PARAMETERSi LABEL=DECODED CHARACTER STRING
C

"Z-12
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C*SALTERNATE RETURNS: THE SINGLE ALTERNATE RETURN OCCURS IF NECC
C CONTAINS AN INTEGER COMPONENT THAT CAN NOT BE
C DECODED. FIR EXAMPLEINDEX VALUES OF LESS THAN

"" C OR EQUAL To OOOR GREATER THAN 36 CAN NOT BE
C DECODED. ALSn, IF LABEL IS NOT
C LONC ENOUGH TO HOLD THE CHARACTERS.
C

SUBROUTINE CHKGLA(IGL,IOPR,KGL)
C--NODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C CHKOLA MILL DETERMINE IF A SPECIFIED OPERATOR HAS
c A PARTICULAR GOAL.
C--INPUT PARAMETERS:
C IGL-A 60AL NUMBER. CHKGLA VILL CHECK TO SEE IF THE DERATOR
C HAS THIS GOAL
C--INPUTIOUTPUT PARAMETERS:
C IOPR(2)-DBAA Or THE OPERATOR
C--OUTPUT PARAMETERS:
C KGL-GOAL STATUS
C I- tHE OPERATOR HAS THE GOAL
C 2- THE OPERATOR DOES NOT HAVE THE GOAL

(jSUBROUTINE CLRSTA(IPOP)
C--NODULEt fOPADS DATA BASE AP'LICATION PROGRAMS
C--REFERENCE: NOPADS VOLUME 5.18
C--PURPOSEs
C CLRSTA VILL CLEAR (EMPTY) AN OPERATOR'S TASK STACK.
C--INPUT PARAMETERS:
C IDOP-THE OPERATOR'S ID

SUBROUTINE CPDLA(NDBF,NDBTIDNIDIDBAFIDRTIDBAT,IERR,*)
C--NODULEs MOPADS/UI
C--REFERENCE: NOPADS VOL. 5.12
C--PURPOSE:
C CPOLA WILL COPY A DL FROM ONE DR TO ANOTHER UITH REPLACEMENT.
C
C--INPUT PARAMETERS:
C NDDF-DB(1-UORKING,2-REFERENCE) OF THE DL TO BE COPIED
C NODT-bl(AS ABOVE) OF THE DR TO BE COPIED TO.
C ID(NID)-ID OF THE DL IN THE NEU DR

* , *i * Z-1 3
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C--INPUT/OUTPUT PARAMETERS:
C IDBAF(2)-DBAA OF THE DL THAT IS TO BE COPIED
C IDRT(4)-DRAA OF THE DR T0 RECEIVE A COPY OF THE DL
C--OUTPUT PARAMETERS:
C IDBAT(2)-DDAA OF THE COPY OF THE DL ON THE 1O1" PR.
C IERR-ERROR LODE
C O-NO ERROR
C .NE.0-PBCS ERROR CODE
C--ALTERNATE RETURNS:
C 1-IERR.NE.0

---------------------------------------------------

SUBROUTINE CPDRA(NDBFNDBT,IDNID,LABEL,IDRFIDROT,IDRTIERR,*)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C CPDRA WILL COPY A DR FROM ONE DB TO ANOTHER UITH REPLACEMENT
C (OR UITHIN ONE DE). THE DR MAY OUN DL'S BUT NO DR'S. MORE
C CORRECTLY, ONLY THE OUNED DL'S UILL BE COPIED.
C--INPUT PARAMETERS:
C NDBF-"FROM" DB (1-UORKING, 2-REFERENCE)
C NDBT-*TO" DB
C ID(NID)-THE ID OF THE DR ON THE 'TO' DIRECTORY
C LABEL-(CHARACTER) LABEL. OF THE DR ON THE 'TO' DR
C--INPUT/OUTPUT PARAMETERS:
C IDRF(4)-DRAA OF THE DR TO BE COPIED
C IDROT(4)-DRAA OF THE OUNER DIRECTJRY ON NDBT
C--OUTPUT PARAMETERS:
C IDRT(4)-DRAA OF THE COPIED DIRECTORY ON NDBT
C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBCS ERROR CODE
C--ALTERNATE RETURNS:
C I-IERR.NE.O. IF A NON-DBCS ERROR OCCURS, ALTERNATE RETURN
C 1UILL BE TAKEN UWTH IERR=O.

SUBROUTINE CREATA(NDB,JIN,JOUT,IERR,*)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C CREATA UILL CREATE THE SHELL OF A MOPADS DATA BASE ON A NEU
c DB FILE. IT ASSUMES THAT THE DB FILE IS VIRGIN AND URITES
C ON IT. THEREFORE, ANY INFORMATION UHICH MAY HAVE BEEN ON
C THE FILE UILL BE LOST. CREATA UILL SET URITE PERMISSION
C ON THE FILE (MODED=2)
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C--INPUT PARAMETERS:
C NOB-DATA BASEZI-UORKING,2-REFERENCE)
C JIN-INPUT FILE
C JOUT-OUTPUT FILE
C--OUTPUT PARAMETERS:
C IERR-ERROR CODE
C O-NO ERROR
C oNE.O-DBCS ERROR CODE. CREATA UILL CLOSE NOD BEFORE
C RETURNING.
C--ALTERNATE RETURNS:
C I-IERR.NE.0

SUBROUTINE ERRORA(MSGNMSGSUBPIPARINPARPARNPARIDA)
C--NODULE: HOPADS DATA BASE APPLICATION PROGRAMS
C-REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C ERRORA VILL PROCESS RUN TIME ERRORS UITH DATA BASE ACCESSES
C THAT INDICATE FAULTY OR MISUSED MOPADS DATA BASES. AS
C COMPLETE A DUMP AS POSSIBLE UILL BE DONE TO DIAGNOSE THE
C PROBLEM. ERRORA ASSUMES THE WORKING DB8 AND IT WILL TERMINATE
C EXECUTION.
C--XHPUT PARAMTTERS:
C MSG(NMSG)-CHARACTER ARRAY WITH ERROR MESSAGE. EACH ELEMENT
C WILL BE TREATED AS A ROW OF AN ERROR MESSAGE.
C SUBP-CHARACTER VARIABLE WITH THE NAME OF THE CALLING PROGRAM
C IPAR(INPAR)-INTEGER ARRAY TO PRINT IF INPAR .GT. 0

(o C PAR(NPAR)- REAL ARRAY TO PRINT IF NPAR .GT.O
C--INPUT/OUTPUT PARAMETERS:
C IDA(4)-THE DRAA OR DBAA OF THE OFFENDING DR OR DL. IF IDA IS
C A DBAA FOR A DL, IT NEED BE DIMENSIONED ONLY TO 2.

SUBROUTINE EVLPA(KGOALGS,IDBOPKASEGPRI,*)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C EVLPA VILL EVALUATE THE GOAL PRIORITY FUNCTION FOR A PARTICULAR
C GOAL AND OPERATOR.
C--INPUT PARAMETERS:
C KGOAL-THE GOAL NUMBER TO EVALUATE
C GS-THE GOAL STATE FOR GOAL KGOAL
C--INPUT/OUTPUT PARAMETERS:
C IDBOP(2)-DBAA OF THE OPERATOR
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C-1 OUTPUT PARAMETERS:
C KASE-OUTPUT CONDITION
C I-PRIORITY CALCULATED AN) STORED IN GPRI
C 2-THE OPERATOR DOES NOT HAVE 60AL KGOAL. SPRIxO.
C 3-KGOAL IS INVALID(I.E. .LE.O OR .GT. THE MAX NUMBER OF
C 60ALS)
C 6PRI-GOAL PRIORITY FOR 6JAL K6OAL
C--ALTERNATE RETURNS:
C I-KASEx3

SUBROUTINE FNDAKA(IDOPIELLIREL,IVAL,NCNDSNCOLMFID,MSAA,NCOL)
C-TMODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C-'REFERENCE: HOPADS VOLUME 5.18
C'-PURPOSE:
C FNDAKA WILL FIND ACKNOULEDGMENT MESSAGES BELONGING TO A
C PARTICULAR OPERATOR THAT SATISFY SPECIFIED CONDITIONS.
C--INPUT PARAMETERS:
C IDOP-THE OPERATOR'S ID
C IELL(NCMDS),
C IREL(NCNDS),
C IVAL(NCNDS)-CONDITIONS TO CHECK FOR THE MESSAGE ID.
C ELEMENT IELL(-) OF THE MESSAGE MUST RELATE
C TO IVAL(-) UITH THE RELATION IREL(-).
C IELL(-) MAY HAVE THE VALUES:
C 3-A CONDITION ON THE FUNCTION TYPE
C 4-A CONDITION CN THE SUBTYPE

(Ce C 5-A CONDITION ON THE MESSAGE PRIORITY
C
C VALUES FOR IREL(-) ARE:
C 1-LT
C 2-LE
C 3-EQ
C 4-GE
C 5-6T
C 6-NE
C
C A) ALL NCNDS CONDITIONS MUST BE SATISFIED FOR
C AN ACKNOULEDGMENT MESSAGE TO BE FOUND BY
C FNDAKA.
C 1) IF NCNDS=C, ALL ACKNOULEDGMENT MESSAGES
C BELONGING TO OPERATOR IDOP WILL BE FOUND
C C) NCNDS MAY NOT BE GREATER THAN 6
C D) EXAMPLEt NCNDS=2
C IELL(t)z3, LL(1)3, IVAL(1)zl
C IELL(2)=4, IREL(2)L4, IVAL(2)-8
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C
C THE ABOVE EXAMPLE UILL FIND ONLY
C COMMAND RE$SAGES(FUNCTION TYPEs|) UITH
C SUITYPE .BE. t

C MCOL-LENGTH OF NSID AND MSAA ARRAS
C--OUTPUT PqARMETERS:
C NSI5D5,MCOL)-MESSAGE ID'S OF ALL MESSAGES FOR OPERATOR IDOP
C THAT SATISFY THE CONDITIONS.
C NSAA(2,NCGL)-DATA BASE ADDRESSES OF ALL MESSAGES IN NSID
C NCOL-NUMDER OF MESSAGES FOUND.
C O.LE.NCOL.LE.MCOL. FNDAKA VILL GENERATE AN ERROR IF
C THE NUMDER OF MESSAGES IS GREATER THAN MCOL.

SUBROUTINE FNDMSA(IDOPIELLIRELIVALNCNDSMCOLNSIDMSAANCOL)
C--NODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MUPADS VOLUME 5.18
C--PURPOSEs
C FNDMSA VILL FIND MESSAGES BELONGING TO A PARTICULAR OPERATOR
C THAT SAT!SFY SPECIFIED CONDITIONS.
C--INPUT PARAMETERS:
C IDOP-THE OPERATOR'S ID
C IELL(NCNDS),
C IREL(NCNDS),
C IVAL(NCNDS)-CONDITIONS TO CHECK FOR THE MESSAGE ID.
C ELEMENT IELL(-) OF THE MESSAGE MUST RELATE

SC TO IVAL(-) MITH THE RELATION IREL(-).
C IELL(-) MAY HAVE THE VALUES:
C 3-A CONDITION ON THE FUNCTION TYPE
C 4-A CONDITION ON THE SUBTYPE
C 5-A CONDITION ON THE MESSAGE PRIORITY
C
C VALUES FOR IREL(-) AREs
C 1-LT
C 2-LE
C 3-EQ
C 4-GE
C 5-ST
C 6-NE
C
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C A) ALL NCNDS CONDITIONS MUST BE SATISFIED FOR
C A MESSAGE TJ BE cfUND BY FNDMSA
C 1) IF MCNDS=O, ALL MESSAGES BELONGING TO
C OPERATOR IDOP VILL BE FOUND
C C) NCNDS MAY NOT BE GREATER THAN 6
C D) EXAMPLE: NCNDS-2
C IELL(1)z3, IREL(1)=3, IVAL(1)zl
C IELL(2)*4, IREL(2):4, IVAL(2)=3
C
C THE ABOVE EXAMPLE VILL FIND ONLY
C COMMAND MESSAGES(FUNCTION TYPE=l) VITH
C SUBTYPE .GE. 8
C
C MCOL-LENGTH OF NSID AND MSAA ARRAYS
C--OUTPUT PARAMETERS:
C KSID(5,MCOL)-NESSAGE ID'S OF ALL MESSAGES FOR OPERATOR IDOP
C THAT SATISFY THE CONDITIONS.
C MSAA(2,MCOL)-DATA BASE ADDRESSES OF ALL MESSAGES IN NSID
C NCOL-NUMBER OF MESSAGES FOUND.
C O.LE.NCOL.LE.MCOL. FNDNSA VULL GENERATE AN ERROR IF
C TPE NUMBER OF MESSAGES IS GREATER THAN MCOL.

SUBROUTINE FTKAA(NCURNROU)
C--KODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.10
C--PURPOSE:

(,•. C FTKAA VILL FIND AN UNUSED ROU IN THE *TRACK DATA" DL OF A
C PARTICULAR ADSM
C--INPUT PARAMETERS:
C NCUR-ADSM COPY ROU NUMBER

- C--OUTPUT PARAMETERS:
C NROU-AN AVAILABLE ROV

SUBROUTINE GETEVA(IDEN,NEEIKEIXE)
C--MODULE: MOPADS DATA BASE APPLICATION! PROGRAMS
C--REFIRENCE: MOPADS VOLUME 5.18
C--PURPOSE:S: C

C GETEVA RETURNS THE VALUES OF SPECIFIED HUMAN FACTORS ELEMENTS OF
C ENVIRONMENTAL STATE VECTORS. IT IS CALLED FROM THE HUMAN FACTORS
C MODULE.
C
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C--INPUT VARAMETERS:
C IDE(N)-THE DBAA OF THE ESV
C NEE(KE)-THE DESIRED ELEMENT NUMBERS. E.G. NEE(2)-7 IMPLIES THAT
C HUMAN FACTORS ELEMENT 7 OF THE ESV IS TO BE RETURNED.
C--OUTPUT PARAMETERS:
C XE(KE)-TiiE CURRENT VALUES OF THE ELEMENTS SPECIFIED IN NEE.
C E.G. IF NEE(2)=?, THEN XE(2)=THE VALUE OF HF ELEMENT 7.

I

SUBROUTINE GETOVA(IDONNEOKOXO)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C GETOVA RETURNS THE VALUES OF SPECIFIED HUMAN FACTORS ELEMENTS OF
C STATE VECTORS(OSV). IT IS CALLED FROM THE HUMAN FACTORS
C NODULE.
C--INPUT PARAMETERS:
C IDO(N)-DBAA OF THE OSV
C NEO(KO)-THE DESIRED ELEMENT NUMBERS. E.G. NEO(2)z7 IMPLIES THAT
C HUNAN FACTORS ELEMENT 7 OF THE OSV IS TO BE RETURNED.
C--OUTPUT PARAMETERS:
C XO(KO)-THE CURRENT VALUES OF THE HUMAN FACTORS ELEMENTS
C SPECIFIED IN NEO. E.G. IF NEO(2)270 THEN XO(2)=THE
C VALUE OF HF ELEMENT 7.

L SUBROUTINE GETTSA(IOPTITASKNTSNTSKNT,XTSK)
C--iIODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--2EFERENCE: HOPADS VOLUME 5.18
C--PURPOSE:
C GETTSA RETURNS THE VALUES OF SPECIFIED TASK DATA ELEMENTS.
C IT IS CALLED TO OBTAIN
C INFORMATION ABOUT THE TASK BEING PERFORMED.
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-REQUESTING TASK TIME TNFCRMATION
C 1-REQUESTING HUMAN FACTORS DATA SPECIFIC TO THE TASK.
C 2-REQUESTING INFORMATION ON THE SKILLS REQUIRED TO
C PERFORM THE TASK.
C 3-REQUESTING INFORMATION ON SYSTEM RESOURCES NEEDED.
C ITASK(NTS)-THE DBAA OF THE TASK DATA LIST+TASK NUMBER.

C ITASK(1) a (2) ARE THE DBAA. ITASK(3)=NODE NUMBER. Z
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C NISK(NT)-THE DESIRED ELEMENT NUMBERS. THERE ARE 4 CASES:
c IOPT=O--NTSK NOT USED
C IOPT=I--NTSK CONTAINS ELEMENT NUMBERS OF THE TASK
C SPECIFIC CATEUORIES.
C IOPT=2--NTSK CONTAINS SKILL NUMBERS
C IOPTm3--NTSK CONTAINS RESOURCE NUMBERS
C--OUTPUT PARAMETERS:
C XTSK(NT)-THE VALUES OF THE VARIABLES REQUESTED IN NTSK ABOVE.
C 4 CASES:
C IOPTsO--XTSK(1) TO (3) ARE DISTRIBUTION TYPE, MEAN, AND
C STANDARD DEVIATION.
C IOPT=I--IF(NTSK(2)=3, XTSK(2)=THE VALUE OF TASK
C SPECIFIC CATEGORY 3.
C IOPT=2--IF(NTSK(2)=3, XTSK(2)=THE UEIGHT OF SKILL
C CATEGORY 3 REQUIRED TO FERFORM THE TASK.

.C IF SKILL 3 IS NOT REflUIRED, XTSK(2)=O IS
C RETURNED.
C IOPT=3--IF "TSK(2)=3, THEN XTSK(2)xRESOURCE PARAMETER
C FOR RESOURCE 3. ZERO IF RESOURCE 2 NOT NEEDED.

SUBROUTINE GTKAA(NCURID,ICOLIREL,VALNCNDLEN.IDATANCLMORE)
C--MODULE: HOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: HOPADS VOLUME 5.18
C--PURPOSE:
C 6TKAA IS USED TO LOCATE TRACK INFORMATION IN AN ADSN'S
C "TRACK-DATA" DATA LIST THAT SATISFIES CERTAIN CONDITIONS.
C--INPUT PARAMETERS:
C NCUR-ADSM COPY ROU NUMBER
C lb-ID OF THE OPERATOR. IF ID.NE.O, GTKAA ONLY FINDS TRACKS
C THAT BELONG TO OPERATOR ID. IF ID=O, ALL TRACKS SATISFYING
C THE CONDITIONS ARE FOUND.
C ICOL(NCND),
C IREL(NCND),
C VAL(NCND)-THE CONDITIONS TO SEARCH FOR. TRACK DATA IS
C STORED IN ROUS OF A MATRIX IN THE DO. ICOL(-)
C IS A COLUMN NUMBER, IREL(-) IS A RELATION CODE,
C AND VAL(-) IS A VALUE FOR COMPARISON. GTKAA UILL
C SEARCH FOR ROUS OF THE "TRACK DATA" DL UHOSE
C ICOL(-) COLUMN RELATES TO VAL(-) IN THE MANNER
C SPECIFIED BY IREL(-). IREL(-) MAY HAVE THE
C FOLLO4ING VALUES:

-.2
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C I -LT
SC 2-LE

2 -L3-EQ (TOLERANCE OF 0.001 IS USED)
C 5-ST

C 6-NE (TOLERANCE OF 0.001 IS USED)
C
C ALL NCND CONDITIONS hUST BE TRUE FOR A ROU TO BE
C FOUND.
C EXAMPLE: ZCOLC2)=4,IREL(2)=5,VAL(2)=2. VILL
C SEARCH FOR ROUS UHOSE 4-TH COLUMN
C IS GREATER THAN 2.
C
C IF NCND=0, GTKAA SEARCHES ONLY FOR TRACKS THAT
C BELONG TO OPERATOR ID. IF NCND=O AND IDzO0
C STKAA RETURNS ALL TRACKS.c

GTKAA CAN BE USED TO SEARCH FOR iHPTY ROUS OF

C THE DL BY SENDING lD0,ICOL(l)IlIREL(1)=3,
C VAL(1):O., AND NCND=I. h
C
C LEN-THE NUMBER OF COLUMNS IN THE IDATA ARRAY.
C--OUTPUT PARAMETENS:
C IDATA(3,LEN)-EACH COLUJK CAN REPRESENT A TRACK THAT SATISFIES
C THE ABOVE CONDITIONS. FOR A PARTICULAR COLUMN,
C IDATA(I,-)-ROU NUMBER IN THE TRACK DATA
C DATA LIST OF THE ADSM
C IDATA(2,-)-COLUMN IN NWRACK FOR THE TRACK
C IDA1A(3,-)-SYMBOL CODE FOR THE TRACK
C NCL-COLUMNS I THRU NCL OF IDATA VILL CONTAIN TRACK DATA
C THAT SATISFIES THE CONDITIONS. ZERO IF NONE.
C NORE-MORE=O IF IDATA CONTAINS ALL OF THE TRACKS SATISFYING
C THE CONDITIONS. 5
C MORE.NE.0 IMPLIES IDATA IS FILLED AND MORE TRACKS REMAIN
C UHICH SATISFY THE CONDITIONS. TO GET THESE TRACKS, CALL
C GTKAA AGAIN UITHOUT CHANGING THE VALUE OF MORE.
C INITIALLY, MORE SHOULD BE SET TO ZERO BY THE USER.

V
SUBROUTINE aKDBA(NCURNROUIOKROU)

C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C GTKBA UILL RETURN A ROW OF THE 0TRACK-DATA" DL FOR A SPECIFIED
C ADSM
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C--INPUT PARAMETERS:
C NCUR-ADSM COPY ROU NUMBER
C NROU-ROU OF THE DATA LIST TO SET
C--OUTPUT PARAMETERS:
C IOK-OUTPUT CONDITION

C 1-ROU NROU CONTAINED TRACK DATA
C 2-ROU NROU DID NOT CONTAIN TRACK DATA. THIS IS AN ERROR.
C 3-ROU NROU DOES NOT EXIST-BEYOND END OF DATA LIST
C ROU(13)-CONTENTS OF ROU NROU IF IOK=1

SUBROUTINE GTKCA(NCURICODENPOINTNCOLVALIOK)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C GTKCA IS USED TO GET A SINGLE ELEMENT OF A ROU IN THE
C *TRACK DATAm DATA LIST OF AN ADSM.
C--INPUT PARAMETERS:
C NCUR-ADSM COPY ROU NUMBER
C ICODE-MEANING OF NPOINT
C 1-NPOINT IS A ROU NUMBER IN THE "TRACK DATA" DL(THIS
C IS THE EFFICIENT UAY)
C 2-NPOINT IS A COLUMN NUMBER IN THE NTRACK ARRAY(THIS
C IS THE INEFFICIENT UAY)
C NPOINT-ROU NUMBER OR NTRACK COLUMN NUMBER (SEE ICODE)
C NCOL-COLUMN NUMBER OF THE ROU TO GET
C--OUTPUT PARAMETERS:
C VAL-VALUE OF THE NCOL-TH ELEMENT OF THE SPECIFIED
C ROU.
C IOK-OUTPUT CONDITION I."

C 1-ALL OK
C 2-NCOL NOT VALID OR THE SPECIFIED ROU DOES NOT CONTAIN
C TRACK DATA. VAL NOT CHANGED.

SUBROUTINE OTSPA(NCURIPARSYSP)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C GTSPA gILL GET A SINGLE SYSTEM PARAMETER FROM THE ENVIRONMENT
C STATE VECTOR OF AN ADSM.
C--INPUT PARAMETERS:
C NCUR-COPY ROU NUMBER OF THE ADSM
C IPAR-SYSTEM PARAMETER NUMBER (1.LE.IPAR.LE.21)
C--OUTPUT PARAMETERS:
C SYSP-VALUE OF THE SYSTEM PARAMETER
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SUBROUTINE INIBLA(NDB,IRCF,IRCT,IDDAA,IERR,*)I
C--MODULE: MOPADS DATA BASE APPLICATION PRCGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C IKIDLA UILL COPY A REAL DL ROU(COLUMN) TO ANOTHER ROU(COLUMN)
C OF THE SAME OL

C--INPUT PARAMETERS: Ii
C NDB-DATA BASE (1-UORKINO, 2-REFERENCE)
C IRCF-ROU OR COLUMN TO BE COPIED. IF IRCFoGT.O, COPY ROU IRCF.

C IF IRCF.LT.Ot COPY COLUMN (-IRCF).
C IRCT-ROU OR COLUMN TO BE COPIED INTO.
C--INPUT/OUTPUT PARAMETERS:

C--OUTPUT P• ,AHETERSD

C IERR-ERROR CODE
C O-NO ERROR
C .NE.0-DBBCS ERROR CODE P;•
C--ALTERNATE RETURNS:

C 1-IERR.NE.O

SUBROUTINE NCOPYA
C--MODULE: HOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: HOPADS VOLUME 5.18
C--PURPOSE:
C NCOPYA U;LL EXAMINE THE DATA BASE AND FILL THE NCOPY ARRAY.
c COLUMNS 3 AND LFDB+4 HAVE ALREADY BEEN FILLED BY MSAINT.
C NCOPYA ALSO FILLS THE NOPRI,NDB4,AND NMES ARRAYS

SUBROUTINE NECCA (LADELNECC,*)
C
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C**PURPOSE: THIS SUBRgUTINE CODES A CHARACTER STRING INTO AN INTEGER
C EQUVALENT BY CODING EACH CHARACTER IN THE STRING AS A
C TUO DIGIT INTEGER VALUE.THE ONLY CHARACTERS THAT MAY BE
C CODED ARE A-Z AND O-9.THE LETTERS OF THE ALPHABET ARE .
C CODED ACCORDING TO THEIR ORDER (E.G. A IS CODED AS 01,D AS
C 04,F AS 06,ETC.).THE DIGITS 1,2,3,4,5,6,7,8,5,0 ARE A
C ASSIGNED THE VALUES OF 27-36 RESPECTIVELY.
C
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C**INPUT PARAMETERS: LABEL*CHARACTER STRING TO BE CODED
C
C**OUTPUT PARAMETERS: NECC=CODED INTEGER VALUE REPRESENTING THE

-4, C CHARACTER STRING 1LABEL)
C
C**ALTERNATE RFTURNS: THE SINGLE ALTERNATE RETURN OCCURS IF THERE IS
C NOT AN INDEX VALUE FOR A PARTICULAR CHARACTER.

*, C

SUBROUTINE NFST1A
C--MODULE: NOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C NFST1A IS CALLED IMMEDIATELY AFTER NCOPYA. IT FILLS THE
C NSITE AND NFSTOR ARRAYS UITH DATA FOR THE AIR DEFENSE UNITS.
C IT DOES NOT FILL NSITE FOR PROTECTED SITES OR VIEUERS.
C NEITHER NSITE NOR NFSTOR CAN IE COMPLETELY FILLED HERE BECAUSE
C OF REFERENCES TO PROTECTED SITES AND VIEUERS.

SUBROUTINE NFST2A
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: HOPADS VOLUME 5.18
C--PURPOSE:
C NFST2A FILLS THE 61SITE ARRAY UITH COLUMNS FOR REMOTE VIEUERS

SUBROUTINE NFST3A
C--MODUO.E: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C NFST3A UILL FINISH INITIALIZING THE NFSTOR ARRAY AND UILL LOAD
C PROTECTED SITE DATA IN NSITE. IT ALSO LOADS OTHER VALUES
C FROM RUN-DATA.

--
SUBROUTINE POPSTA(IOPTIDOP,NTTASKS,NSLS)

C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C POPSTA UILL POP TASK DATA OFF OF AN OPERATOR'S TASK STACK.

* C THE STACK IS A LAST-IN-FIRST-OUT STACK OF TASK DATA.
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C--INPUT PARAMETERSs
C IOPT-OPTION
"le C I-SET TASK DATA FROM THE TASK STACK AND REMOVE IT
c FROM THE STACK.
C 2-GET TASK DATA BUT LEAVE IT ON THE STACK(I.E. EXAMINE
C THE STACK)
C IDOP-OPERATOR ID NUMBER
C NT-NUMBER OF COLUMNS OF THE TASKS ARRAY. THE NEXT NT TASKS
C ON THE STACK MILL BE RETURNED IN TASKS. TASKS(-pl) VILL
C BE THE NEXT TASK TO BE PERFORMED.
C--OUTPUT PARAMETERS:

SC TASKS(SNT)-ARRAY TO HOLD TASK DATA FROM THE STACK. IF
C TASKS(-,I).LTO, THE TASK VAS PREVIOUSLY INTERRUPTED
"C EACH COLUMN OF TASKS CAN HOLD DATA FOR ONE TASK.
C NSL-TIIE NUMBER OF TASKS RETURNED IN TASKS). IF NSL.LT.NT, 1T
C MEANS THAT FEUER THAN NT TASKS ARE ON THE STACK. NSL=O IF
C ALTERNATE RETURN 1 IS TAKEN.
C--ALTERNATE RETURNS:
C 1-STACK EMPTY

(.------------------------------------------------- ----------------------------------

SUBROUTINE PSHSTA(IDOP,TASKSNT)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
"C--REFERENCEs MOPADS VOLUME 5.19
C--PURPOSEs
C PSHSTA UILL PUSH TASK DATA ONTO AN OPERATOR'S TASK STACK.
C THE STACK IS A LAST-IN-FIRST-OUT STACK OF TASK DATA.

* C--INPUT PARAMETERS:
C IDOP-OPERATOR ID NUMBER
C TASKS(5,NT)-ARRAY OF TASK DATA FOR THE STACK. IF
C TASKS(-,I).LT.O, THE TASK IS DEING INTERRUPTED.
C TASKS(I,NT) VILL DECOME THE NEXT TASK 10 BE PERFORMED.

SUBROUTINE PTKIA(NCUR,NROU,ROM)
C--MODULE: ROPADS DATA BASE APPLICATION PROGRAMS

* C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C PTKSA UILL FILL A ROM OF THE OTRACK-DATA" DATA LIST FOA A
C SPECIFIED ADSM
C--INPUT PARAMETERS:
C NCUR-ADSM COPY ROU NUMBER
C WROU-ROU TO FILL
C ROU(I!)-VALUES TO PUT IN ROU NROU

I
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SUBROUTINE PTKCA(NCUR,ICODE,NPOINTNCOL,VALIOK)
C--NODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: HOPADS VOLUME 5.18
C--PURPOSE:
C PTKCA IS USED TO CHANGE A SINGLE ELEMENT OF A ROU IN THE
C "TRACK DATA" DATA LIST OF AN ADSM.
C--INPUT PARAMETERS:
C NCUR-ADSN COPY ROU NUMBER
C ICODE-MEANING OF NPOINT
C I-NPOINT IS A ROU NUMBER IN THE *TRACK DATA" DL(THIS
C IS THE EFFICIENT UAY)
C 2-NPOINT IS A COLUMN NUMBER IN THE NTRACK ARRAY(THIS
"C IS THE INEFFICIENT UAY)
"C NPOINT-ROU NUMBER OR NTRACK COLUMN NUMBER (SEE ICODE)

e c NCOL-COLUMN NUMBER OF THE ROU TO CHANGE
* C VAL-NEU VALUE FOR THE NCOL-TH ELEMENT OF THE SPECIFIED

C ROU.
C--OUTPUT PARAMETERS:
C 30K-OUTPUT CONDITION
C I-ALL OK
C 2-NCOL NOT VALID OR THE SPECIFIED ROU DOES NOT CONTAIN
C TRACK DATA.

SUBROUTINE PTSPA(NCURIPARSYSP)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18

," C--PURPOSE:
C PTSPA MILL SET A SINGLE SYSTEM PARAMETER FROM THE ENVIRONMENT
C STATE VECTOR OF AN ADSM.
C--INPUT PARAMETERS:
C NCUR-COPY ROU NUMBER OF THE ADSH
c C IPAR-SYSTEN PARAMETER NUMBER (1.LE.IPAR.LE.21)
C SYSP-VALUE OF THE SYSTEN PARAMETER

SUBROUTINE PUTEVA(IDE,N,NEE,KEXE)
C--MODULE: MOPADS 6ATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
"C--PURPOSEs
C
C PUTEVA SETS THE VALUES OF SPECIFIED HUMAN FACTORS ELEMENTS OF
C ENVIRONMENTAL PTATE VECTORS.
C
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C--INPUT PARAMETERS:
C 1DE(N)-THE DBAA OF THE ESV
C NEE(KE)-THE DESIRED ELEMENT NUMBERS. E.G. NEE(2)=7 INPLIES THAT

SHUMAN FACTORS ELEMENT 7 OF THE ESV IS TO BE SET.C %E(KE)-THE NEU VALUES FOR THE ELEMENTS SPECIFIED IN NEE.

SE.G. IF NEE(2)z7, THEN XE(2)=THE VALUE OF HF ELEMENT 7.
I

i* SUBROUTINE PUTOVA(IDONNEOKOXO)
C--NODULEs MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C PUTOVA SETS THE VALUES OF SPECIFIED HUMAN FACTORS ELEMENTS OF
C STATE VECTORS(OSV).
C--INPUT PARAMETERS:
C IDO(N)-DBAA OF THE OSV
SC NEO(KO)-THE DESIRED ELEMENT NUMBERS. E.G. NEO(2)*7 IMPLIES THAT

C HUMAN FACTORS ELEMENT 7 OF THE OSY 1 TO BE SET.
C XO(KO)-THE NEU VALUES OF THE HUMAN FACTORS ELEMENTS
C SPECIFIED IN NED. E.G. IF NEO(2)*7, THEN XO(2)*THE
"C VALUE OF HF ELEMENT 7.

SUBROUTINE PUTTSA(IOPT,ITASKNTS,NTSK,NT,XTSK)
"C--MODULE: NOPADS DATA BASE APPLICATION PROGRAHS
C--REFERENCE: MOPADS VOLUME 5.18

* • C--PURPOSE:
C PUTTSA SETS THE VALUES OF SPECIFIED TASK DATA ELEMENTS.
C IT IS CALLED TO SET
C INFORMATION ABOUT THE TASK BEING PERFORMED.
C
C--INPUT PARAMETERS:
C IOPT-OPTION
C O-SETTING TASK TIME INFORMATION
C 1-SETTING HUMAN FACTORS DATA SPECIFIC TO THE TASK.
C 2-SETTING INFORMATION CH THE SKILLS REGUIRED TO
C PERFORM THE TASK.
C 3-SETTINE INFORMATION ON SYSTEM RESOURCES NEEDED.
C ITASK(NTS)-THE DBAA OF THE TASK DATA LIST+TASK NbfBER.
C ITASK(1) 1 (2) ARE THE DBAA. ITASK(3)=NODE NUMBER.
C NTSKtNT)-THE DESIRED ELEMENT NUMBERS. THERE ARE 4 CASES:
C IOPTsO--NTSK NOT USED
C IOPTw1--NTSK CONTAiNS ELEMENT NUMBERS OF THE TASK
C SPECIFIC CATEGORIES.
C IOPT:2--NTSK CONTAINS SKILL NUMBERS
C IOP1z3--MTSK CONTAINS RESOURCE NUMBERS

Z
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C XTSK(NT)-THE VALUES OF THE VARIABLES REQUESTED IN NTSK ABOVE.
C 4 CASES:
C IOPTO--XTSK(1) TO (3) ARE DISTRIBUTION TYPE, MEAN, AND
C STANDARD DEVIATION.(ALL MUST BE SET)
C IOPTal--IF(NTSK(2)u3, XTSK(2)xTHE VALUE OF TASK
C SPECIFIC CATEGORY 3.
C IOPT*2--IF(NTSK(2)x3, XTSK(2)=THE UEIGHT OF SKILL
C CATEGORY 3 REQUIRED TO PERFORM THE TASK.
C IF SKILL 3 IS NOT REQUIRED, SEND XTSK(2)=O.
C NEU SKILLS MAY NOT BE ADDED, BUT UEIGHTS OF
C EXISTING SKILLS MAY BE CHANGED.
C IOPTx3--IF NTSK(2)*3, THEN XTSK(2)uRESOURCE PARAMETER
C FOR RESOURCE 3. liRO IF RESOURCE 2 NOT NEEDED.
C NEM RESOURCES MAY NOT BE ADDED, BUT PARAMETERS
C OF EXISTING RESOURCES MAY BE CHANCED.

SUBROUTINE RECMSA(IOPT,IDOP,NDATA,NSAA,CHARS,DATAMSID,NLEN)
C--MOBULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
C RECMSA UILL RETRIEVE A MESSAGE. SEE SUBROUTINES SNDMSA AND
C FNDMSA FOR hORE INFORMATION.
C--INPUT PARAMETERS:
C IOPT-OPTION
C I-RETRIEVE MESSAGE AND DELETE IT FROM THE MESSAGE DIRECTORY
C 2-RETRIEVE MESSAGE BUT DO HOT DELETE IT( I.E. EXAMINE IT

(*.• C ONLY)
C IDOP-OPERATOR ID UHO IS TO RECEIVE THE MESSAGE
C NDATA-LENGTH OF THE DATA ARRAY
C--INPUT/OUTPUT PARAMETERS:
C MSAA(2)-DATA BASE ADDRESS OF THE MESSAGE. SEE FNDMSA.
C--OUTPUT PARAMETERS:
C CHARS(1O)-MESSASE CHARACTERISTICS. SEE SNDMSA.
C DATA(NDATA)-ARRAY TO HOLD MESSAGE
C MSID(5)-MESSAGE ID
C ALEN-MESSAGE LENGTH. ELEMENTS I TU NLEN OF 'DATA' HOLD THE
C MESSAGE. IF NLEN.LT.O, THEN THE MESSAGE IS TOO LONG
c TO FIT IN 'DATA'. -NLEN IS THE TOTAL MESSAGE LENGTH AND
C THE FIRST NDATA ELEMENTS ARE RETURNED IN 'DATA'.



SUBROUTINE RETAKA(IOPT,NCOPNDATA,MSAA,CHARS,DATA,NLEN)
AV,• C-MODULE: HOP4DS DATA BASE APPLICATION PROGRAMS

C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C RETAKA UILL RETRIEVE AN ACKNOULEDOMENT MESSAGE. SEE SUbROUTINES
C SVAKA AND FNDAKA FOR MORE INFORMATION.
C--INPUT PARAMETERS:
C IOPT-OPTION
C I-RETRIEVE MESSAGE AND DELETE IT FROM THE MESSAGE DIRECTORY
C 2-RETRIEVE MESSAGE BUT DO NOT DELETE IT( I.E. EXAMINE IT
C ONLY)
C NCOP-COPY ROU NUMBER OF ACKNbULEDGMENT-MESSAGE DIRECTORY
C NDATA-LENGTH OF THE DATA ARRAY
C--INPUT/OUTPUT PARAMETERS:
C NSAA(2)-DATA BASE ADDRESS OF THE MESSAGE. SEE FNDAKA.
C-OUTPUT PARAMETERS:
C CHARS(1O)-MESSAGE CHARACTERISTICS. SEE SVAKA.
C DATA(ND^TA)-ARRAY TO HOLD MESSAGE
C NLEN-MESSAGE LENGTH. ELEMENTS I TO NLEN OF 'DATA' HOLD THE
C MESSAGE. IF NLEN.LT.O, THEN THE MESSAGE IS TOO LONG
C TO FIT IN 'DATA'. -NLEN IS THE TOTAL MESSAGE LENGTH AND
C THE FIRST NDATA ELEMEN1TS ARE RETURNED IN 'DATA'.

SUBROUTINE SNDMSA(IDIST,MSID,DATA,NDATA,CHARSMSGNO)
C--MODULE: MOPADS DA'A BASE APPLICATION PROGRAMS

i... C--REFERENCE: NOPADS VOLUME 5.18
"C--PURPOSE:
C
C SNDMSA UILL SEND A MESSAGE TO ONE OR MORE OPERATORS
C--INPUT PARAMETERS:
C IDIST-DISTRIBUTION CODE(SEE MSIP)
C O-SEND MESSAGE TO OPERATOR TYPE MSID(2) IN ALL ADSM'S
C I-SEND ONLY TO SYSTEM AND OPERAT9R SPECIFIED IN MSID(1)
C AND (2)
C 2-SEND TO ALL NEXT LEVEL DESCENDENTS (TO OPERATOR TYPE
C MSID(2))
C 3-SEND TO ALL DESCENDENTS(OPERATOR TYPE HSID(2))
C 4-SEND TO ADSM MSID(1) AND ALL OF ITS DESCENDENTS
C (OPERATOR TYPE MSID(2))
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C NSID(5)-THE MESSAG: ID. THE SENDER MUST LOAD THIS ARRAY.
C ASID(1)-COPY ROU NUMBER OF RECEIVER (FOR IDIST.I ANI 4)
C M2)-OPERATOR TYPE OF RECEIVER (FOR ALL IDIST VALUES)
C (3)-FUNCTION TYPE (1-COMMAND,2-REOUEST FUR INFO
C 3-REPORT OF STATUS,4-ACKNOULEDGMENT,5-
C COMPUTER GENERATED)
C (4)-MESSAGE SUBTYPE(APPL.ZATION DEPENDENT)
C (5)-NESSAGE PRIORITY
C
C SNDMSA DOES NOT CHANGE THE VALUES OF MSID.
C
C DATA(NDATA)-CONTENTS OF THE MESSAGE
r (NDATA MAY BE ZERO FOR A NULL MESSAGE.)
C
C--INPUT/OUTPUT PARAMETERS:
C CHARS(1O)-MESSAGE CHARACTERISTICS
C
C CHARS (ALL INPUT ýY THE USER UNLESS NOTED OTHERUISE)c ......... . .. .. .. . .. .. .. .
C 2 ACKNOULEDG, 2 T REQUIRED, 1-YES, 2-NO
C 3 UNUSED
C 4 ATDL MESSAGE CODE (CURRENTLY UNUSED)
C 5 TIME MESSAGE UAS SENT (OUTPUT)
C 6 MESSAGE NUMBER (OUTPUT)
C 7 SENDER COPY ROU NUMBER
C 8 SENDER OPERATOR TYPE
C 9 UNUSED
C 10 UNUSED
C
C SNDMSA DOES NOT CHECK THE INPUT VALUES OF CHARS.
C--OUTPUT PARAMETERS:
C MSGNO-MESSAGE NUMBER. SAME A90CHARS(6)

SUBROUTINE SVAKA(MSID,DATA,NDATA,CHARS)
C--MODULE: MOPADS DATA BASE APPLIC TION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.18
C--PURPOSE:
C SVAKA UILL SAVE A MESSAGE IN THE ACKNOULEDONENT-MESSAGES
C DIRECTORY OF A UORKING ADSM. SVAKA ASSUMES THAT TNOU IS
C THE RECEIVE-TIME FOR THE MESSAGE AND STORES IT IN CHARS(3).
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C--INPUT PARAMETERS:
C NSID(5)-THE MESSAGE ID
C (1)-COPY ROW NUMBER OF THE ADSM THAT IS SAVING THE
C NESSIGE.
C (2)-OPERATOR TYPE OF RECEIVER
C (3)-FUNCTION TYPE(I-COMMAND,2-REOUEST FOR INFO,
C 3-REPORT OF STATUS,4-ACKNOULEDC¶IENT,5-COMPUTER
C GENERATED)
C (4)-MESSAGE SUBTYPE
C (5)-MESSAGE PRIORITY
C DATA(NDATA)-CONTENTS OF MESSAGE. NDAT4 MAY BE ZERO FOR A
C NULL MESSAGE.
C--INPUT/OUTPUT PARAMETERS:
C CHARS(IO)-MESSAGE CHARACTERISICS
C CHARS (ALL INPUT BY THE USER UNLESS NOTED OTHERUISE)

C I I-VOICE, 2-ATDL
C 2 ACKNOULEDGOENT REQUIRED, I-YES, 2-NO
C 3 TIME MESSAGE WAS RECEIVED(OUTPUT)
C 4 ATDL MESSAGE CODE (CURRENTLY UNUSED)
C 5 TIME MESSAGE JAS SENT
C 6 MESSAGE NUMBER
C 7 SENDER COPY ROU NUMBER
C 8 SENDER OPERATOR TYPE
C 9 UNUSED
C 10 UNUSED
C

FUNCTION TIMEAI)
C--MODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MOPADS VOLUME 5.10
C--PURPOSE:
C TIMEA ILL RETURN THE PRESENT SIMULATED CLOCK TIME IN
C MILITARY UNITS. E.G. IF THE TIME IS 4:10 P.M., TIMEA1610.
C O000.LE.TIMEA.LE.2359. TIMEA IS ACCURATE TO ONLY THE
C NEAREST MINUTE.
C
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SUBROUTINE TRAVA(NDB,IOPT,ICSa,IDBD2,ID12,IRSLT)
C--NODULE: MOPADS DATA BASE APPLICATION PROGRAMS
C--REFERENCE: MQPADS VOLUME 5.18
C--PURPOSE:

C TRAVA UILL TRAVERSE A COMMAND AND CONTROL TREE AND RETURN
C THE DRAA'S OF ALL CODE 12 DR'S. IT IS CALLED REPEATEDLY
C RETURNING A NEU CODE 12 DRAA EACH TIME UNTIL IT RETURNS AN
C INDICATION THAT THE TREE IS EXHAUSTED. THE ORDER IN UHICH TRAJA
C RETURNS CODE 12 DR'S IS NOT PREDICTABLE.
C--INPUT PARAMETERS:
C NDB-DATA BASE (1-UORKING,2-REFERENCE)
C IOPT-OPTION
C I-INITIALIZE TRAVA FOR A NEU SEARCH OF THE TREE. TRAVA
C DOES RETURN A CODE 12 DRAA FROM THIS CALL IF ONE EXISTS
C (SEE IRSLT)
C 2-LOCATE ANOTHER CODE 12 DR. A CALL UITH IOPTml MUST
C BE MADE BEFORE CALLING UITH IOPT:2. THEN EACH SUBSEQUENT
C CALL SHCULD HAVE IOPT=2.
C 3-DEACTIVATE TRAVA. A CALL UITH IOPT=3 IS NOT NECESSARY
C IF IRSLTS2 ON A PREVIOUS CALL.
C--INPUT/OUTPUT PARAME'ERS:
C ICSO(4)-DRAA OF THE COMMAND AND CONTROL (CODE 7) DR AT THE
C ROOT OF THE TREE. TRAVA DOES NOT CHECK THAT ICSO
C IS ACTUALLY A CODE 7 DR.
C--OUTPUT PARAMETERS:
C IDB12(4)-DRAA OF ANWTHER CODE 12 DR IF IRSLT*l. ZERO OTHERUISE.
C 1D12(4)-IO OF THE CODE 12 DR IN IDl?2. ZERO IF IRSLT=2.
"C IRSLT-RESULT
C 1-ANOTHER CODE 12 DR HAS BEEN FOUND. ITS DRAA AND ID ARE
C IN IDB12 AND I012, RESPECTIVELY.
C Z-THE CODE 12 TREE IS EXHAUSTED. ID112 AND ID12 ARE ZERO.
C--LOCAL VARIABLES:
C IDDL(2)-DBAA OF A DUMMY DL CREATED TO STORE CODE 12 DRAR'S
C AND ID'S AS TRAVA TRAVERSES THE BRANCHES OF THE TREE.
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VI. USER INS RUCTIONS

1-0 SETTING DBAP OPTIONS i
SUBROUTINE APOPA is used to et internal options for the

DBAP. At present, there is only one such option, the unit number
of the MOPADS output file. MOPADS sets this to the line printer
output file. DBAP will write error messages to this file.

2-0 RETRIEVING AIR SCENARIO DATA

SUBROUTINE ASROWA will retrieve the data for an aircraft
initiation point or checkpoint from the data base. ASROWA is
called only from the control system module.
3-0 1SCEMENOUS DATA BASE OPERATORS

The DBAP has several programs that perform needed data base
operations. These programs are explained below:

CCDLA - maintains the "Copy Counter"
data list for a simulation data
set (0,Fe Polito (1983b).

CPDLA - copies data lists from one
"directory to another

CPDR.. - copies directories from one place
in a directory to another

CREATA - creates an empty MOPADS data base

INIDLA - copies information within s
single data list

NCOPYA, NFSTIA, - perftrrns initialization of the
NFST2A, NFST3A MSAINT data structure from the

data base file

TRAVA - finds all air defense units in a
simulation data set
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I
4-o OPERATOR AND ENVIRONMETh AL STATE VECTORS AND TASK DATA

Several programs are available for accessing information in
the operator state vectors, the environmental state vectors, and
the task specific data. The programs are:

GETEVA retrieve information from an
environmental state vector

GETOVA retrieve information from an

operator state vector

GE~TSA - retrieve information from the
task data

GTSEA - retrieve a single element of an
environmental state vector

PTSPA - chaxgge a single element of an
environmental state vector

PUTEVA - change information in an environ-
mental state vector

PUTOVA - change information in an operator
sta'.e vector

PUTTSA change information in the task
data

5-0 MESSAGES

There are two types of messages, 1) original messages and

2) acknowledgement messages. The DBAP provides facilities to
manage both types. The following programs are provided for
original messages and acknowledgement messages.

5-1. Original Messages.

FNDMSA - locate an outstanding message
that satifies specified criteria

RECMSA - receive a message

SNDMSA - send a message
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5-2. Acknowledgement messages.

FNDAKA - locate an acknowledgement message
that satisfies specified

conditions

RETAYA - retrieve an acknowledgement
message

SVAKA - save a message that requires
acknowledgement

Acknowledgement messages are simply copies of original messages that
require an acknowledgement. The operator saves these in his
ACKNOWLEDGEMENT-MESSAGES directory for later reference. FNDAKA,
RETAKA, and SVAKA operate on this directory.

6-o TRACK DATA

Each air defense unit maintains information on tracks in its
"Track Data" data list. The DBAP provides programs to manage this
information.

FTKAA - finds an unused row in the "track
data" data list

GTKAA - locate a track that satisfies
specifiied conditions

GTKBA - retrive one row of track data

GTKCA - retrieve one element of a row
of track data

PIKBA change the contents of one row
of track data

PTKCA change one element of a row of
track data
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7-0 STACK OPERATIONS

The DBAP has programs to manipulate the operators' task stack:

CLRSTA - empty one operator's task stack

POPSTA - retrieve the last element from
Y~he stack

PSHSTA add an element to the end of the

stack

8-0 G-jALS

The DBAP has two programs dealing with operator goals:

CHKGLA check to see if a particular
S'erator has a specified goal

EVLPA - evaluate a goal priority function
for a specified operator

9-0 MISCELLANEOUS FUNCTIONS

NECCA implements the fucntion NECC
(Number Equivalent of a
Character Code) that converts
character strings to integers

CENCA - performs the inverse NECC func-
tion. Converts an integer to a
character string.

TIMEA - returns the current time in
military format (e.g., 1620) "

10-0 ERROR PROCESSING

The error processing program in the DBAP is discussed in
Section VII.
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VIll ERROR PROCESSING

SUBROUTDNE ERRORA processes run time errors for the DBAP and, -

in fact, is called by programs outside the DBAP, too. The parameters

of ERRORA include a text message of arbitrary length, the calling

subprogram name, and lists of integer and real parameters to print.

Also, if a data base error occurred, the data base address of the

offending directory or data list can be passed to ERRORA. ERRORA

will attempt to print the contents of this data base entry.

ERRORA always terminates execution by performing a deliberate

FOR1RAN error. It does this so that Traceback information will be

obtained (if it is available) to aid in debugging.
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VIII. COMMON VARIABLE DEFINITIONS

"There is only one labeled COMMON area in the DBAP. It is
"labeled COMIA, and it has only one variable.

Variable Name Default Name Definition

JOUTA - =it number of the
file to vrite error
information to

/

0

0
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