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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 words, sble to model a
wide variety of system configu-~
rations, human factors conditions,
and air defense scenarios,

2. expandable - i.e., emenable to inclusion of
additional elements of air
defense systems and additionsal
humen factors considerations with-
out disrupting previously exist-
ing features and with a rcason-
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
camputer 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 & 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.




2-0  FUMAN FALTORS MODELING m MOPADS T o

cmc:e operators are the main focus of MCPADS, the way in which
human yactors are represented in the models is eentral to the
methodology. Human factors affect the similation outcomes in

two ways:
1. . by affecting activity performance times, and

2. by affecting operator task sequencing.

- Three t}'pes of operator autivities are represented 1n 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 besed behaviors are simple control
actions. Examples in the Alr Defense setting are pressing appro-
priate buttons, entering alphanumeric values on & keyboard, and
locating a symbol on a display. In MOPADS terminology, these
actions are called "task elements"because 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 ections
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
tire required. The MOPADS model contains only a single modeling
symbol that represents the keyboard entry. This mesans that there is
a nearly one-to-one match between MOPADS model symbols and Army
system documentation. Also, data collection is restricted to vaJ.ues
which can be directly observed from operator actions. e

The second type of behavior represented in MOPADS is ru.le
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 "eritical tasks") rre specified in Army documentation, and
" they are, in effect, check lists which the operators memorize.

. Operator tasks (or simply "tasks") lavolve skill based actions (task
elements), and simple decisions. Examples include hooking & track, B
clearing alerts, and masually identifying a track.

: Operator tasks are also cbtained directly from Army documen-
tation, and there is a nearly cne-to-one correspondence between
official documents and MOPADS representations of tasks. In the same .
way that a single MOPADS modeling symbol represents e single

task element, & collection of such MOPADS symbols represents &n

operator task.
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The third tyvpe behavicr reprerentcd in MOPALS is knowledge
based behavior. This type o2 pehavicr is atrategiec in nature. Alr
defense operators perform this type of heuavior in selecting which
tasks tc perform in crder to accomplish taozir mission. In particu-
lar, the orerators must decide which opevator tasks to perform acd'
in vhat order. The MOPADS i<rm Jor this sciivity is "task
segquencing." MOPADS opereicre tre represerted as gosl seekers.
They evaluate the potential impsct of avallable operasor tasks on
their goals when selecting the next task to peryorm.

It is more difficuit to obtain Army dceumentat’on r"ferencea
for operator goals because they result from comon practice,
standard operating procedures and individusl operator motivatio::s.
The approach tukea in MOPADS hac been tr consult subject matte
experts (in addition to Army documentetion) to determine a sufﬁ.-
cient set of operator goals. : v

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 mndules. This means
that other researchers will be able t'. experiment with the metho-
dologv in a context rzmoved from the .IOPADS project. Furthermcre,
the modules are sufficiently well documented so that other
~esearchers can test alternate parumeter values and even substicute
human performance equations.

This approach has benefits to MOPADS in that salternate human
fectors representations cen be readily tested within the MOPADS
system, and it will hopefully provide a useful tool for behavioral
scigntists to evaluate theories in a "nified framework.

3-0 SIMULATION METHODOLOGY IN MOPALS

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 equstion 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
similatior. 7Inis 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,

I-3




2. Discrete event modeling provides the potential for &
higher degree of fidelity than 40 more aggregated
technigques. The degree of detail can be determined by
the modeler, and iudividual subsystems can be selectively
aggregated or disuzgregated as required.

3. It allows the ir roduction of human factors considera-
tions at the level at vhich they naturally occur. In
other vords, inilividual operator actions can be affacted
rather than sore performance measure sggregated over
many actions. :

The SAINT simulation language has been selected as the host
language for the MOPADS operator models. SAINT is an acronym for
Systems Analysis of Integrated Networks of Tasks. It was initially
developed by Pritsker & Associates, Inc. for the U. 8. Air Force to
model human performance in man-machine systems and has had numerous

. applications including modeling of operators of remotely piloted

“'l

k’

< vehigles.

6 .

4

~ The unique feature of SAINT is that it provides a formal cape~
2. bility to introduce human factors considerations. This is dome

using "moderator functions” which modify the nominal time to perform
tasks. The modification, of course, is based uron the operator's
ability to perform the task at that time. Thus, SAINT has features
wvhich make it immediately useful for constructing modeis in MOPADS.

L-0  MOPADS TERMINOLOGY

The remainder of this report discusses the above topics in
greater detail, and it will be helpful if the reader familiarizes
himsel: /herself wvith the "Standerd MOPADS Terminology”™ contained

in Table I-1.
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Table I-l., Standard MOPADS Terminologv

AIR DEFENSE SYSTEM A component of Air Deferse whicd includes |
- equipment and operators end for which
technical and tectical training arerequired.
Examples are IH WK and tte AK,/TSQ-T3.

——

- AIR DEFENSE SYSTEM Models of operacor actions and 2quipment
MODULE characteristics for Aii- Tetenre Systems in

the MOPADS software. Trese models are pre-
pared with the SAIRT simulaticn language.
Alr Defense System Modules include the
SAIRT model and all dzta needed to com-
pletely define task elament timesg, task
sequencing requirements, anfl human factors

influences. .
*
i

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

BRANCHING A term used in the SAINT simulation lang-
uage to mean the process by wvhich 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 softvare 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 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
STATE VARTABLE

An element of an Environmental State
v‘cta.o

ENVIRONMC! TAL
STATE VECTOR

An array of values representing conditions
or cheracteristics that may affect more
than one cperator. Elements of Environmen-
tal State Vectors may change dynamically
during a MOPADS simulatlion to represent
changes in the envirommeat conditioms.

MODERATOR FUNCTION

A mathematical/logical relationship vhich
alters the nominal time to perform an opera-
tor activity (usually & Task Element). The
nominal time is changed to represent the
operstor's capability to perform the

 activity based on the Operator's State

Vector.

. MOPADS DATA BASE

A computerized data base designed specifi-
cally to suppcrt the MOPADS aoftware. The
MOPADE Data Base contains fimulation Data
Set(s). Tt communicates interactively with
MOPADS Usxers during pre- and post-run data
specification and dynamically with the SAINT
softvare during simulstion.

MOPADS MODELER

An snalyst wvho vill develop Alr Defense
Bystem Mcdules and modify/develop the
MOPADS moftvare system.

MOPADS USER

An analyst vho vill design and conduct simu-
lation experiments with the MOPADS software.

MSAINT
(MOPADS/SAINT)

B2

The variant of SAINT used in the MOPADS
system, The standard version of SAINT has
been modified for MOPADS to permit share-
able subnetvorks and more sophisticated
interrupts. The t:rms SAINT and MSAINT are
used interchangeably vhen no confusion will
result., Bee also, BAINT.
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OPERATOR STATE
VARTABLE

mg element of an Oper:tor State Vector.

~ OPERATOk STATE

VECTUR

An array of values represiating tue vcali-
tion and chararteristics of an up~rator of
an Alr Defense System. Many values of the
Operator State Vector will change dynsmically
during the course of a MUOPADS simulation to -
represent changes in operstor >ordition.

OPERATOR TASK

An operator activity identified during
wearons .system front-end analyses.

SAINT

The underlying ccaputer simulction lenguage
used to model Alir Defense Systems in Air
Defense System Mcéules. SAINT is an acronym
for Systems Analysis of Integrated lietvorks
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 requir:d
sizulation initialization snd other experi-
mental data needed to perfora a MOPAIS
simulation.

SIMULATION STATE

At any instent in time of a MOPADS simula-~
tion the Bimulation State is the set of
values of all variables in the MOPADS soft-
ware and the MOPADS Data Basze.

SYSTEM MODULES

See Air Defense System noculgl.

TACTICAL SCENARIO

The Air Scenario plus specification of
eriticel assets and the air defense con-
figuration (number, type and location of
weanans and the command and control system).

1-1




TACTICAL SCENARIO
COMPONENT

An element of s Tactical Scenario, e.g.,
if a Tactical Scenario contains several
Q-73's, each one is a Tactical Scenario

Component .

e inlt SR R ot S e e

TASK

8ee Operator Task.

TASK ELEMENTS

Individual operator actions vhich, vhen
grouped appropristely, make up operator
tasks. Tosk eiements are usually repre-
sented by single SAINT TASK nodes in Air
Defense System Modules.

TASK NODE

A modeling symbol used in the BAINT simule-

tion language. A TASK node represents an
activity; depending upon the modeling eir-
cumstances, a TASK node mey represent an
individual activity such as a Task Element,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING
MODERATOR
FURCTION

A mathematical/logical relationship which

. selects the next Operator Task vhich an

operstor will perform. The selection is
based upon operator goal seeking character-
istics.

1-8




I1.  MOPADS HUMAN FACTORS MODELING

1-0 OVERVIEW 0¥ HUMAK FACTORS IN MOPADS

MOPADS models consist of networks of {isks, and ezch task iz
a8 aetwerk of task elewents. Tae way in which the tasks are con-
nected in the network represents potential operator decisions cu
sequencing of tasks. Human factors will affect this system ia two

vays:

1. The time to perform task elements 13 affected
("moderated™) by envirommental 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 well as environmental
variables such as smbient tempersture may affect the
time rejuired to perform tasks. ,

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

2-0 TASK ELEMENT MODERATOR I'UNCTIONS

2-1. The MOPADS Skills Taxoncmy.

As discussed earlier, task elements are gensrally the
lovest level of activity descrided in Army documentation. Since
these actions are directly observable, it is relatively easy to
obtain estimates of the nominal time to perform them, Such times,
hovever, will be estimates of the "nominal™ time under average
conditions and by average operators. In order to systematicully
estimate the effect on operator performance of environmental and
scenario specific conditions, the task element performance times
must be knowvn as functions of these variables.

MOPADS uses the concept of a "moderator function®™ to accom-
plish this. The moderstor functions accept the nominal task element
performance time and alter it ("moderate it") based on endogenous
and exogenous environmental variables. In this way, an operator's

I1-1




\

performence is affected dynamizally during the simulation by the ‘ o o
changing conditions of the system. A major activity of the MOPALS el
project has been the developewnt of the moderator functions. Single oo
observations of operators is not a practical method to obtain such | Lo TR
functions because of the man; variables snd conditions that would = PR
need to be controlled. ‘ P ] S

. Consider the action of un AN/TSQ-T3 operator. There are . ‘
literally dozens of task elements which this operator performs. It L
would be a prohidbitively expensive chore to develop separate noders- 1 3
tor functions for each task element. To 40 so would requirs that
operators be cbserved performing esch task element under controlled . , S
conditions while varying the independent variables of irterest. Then . B ;
the data wvould need t2 be reduced to a functional form suitable for ‘ L
use in MOPADS models. .

gt e

A moderator function approsch vas needed that would de generic
in nature., In other vords, one that would be applicable to more than
one task element. The approach seiected was to consider each task
element as an activity that requires one or more operstor skilla. The
auman factors literature contains a good deal of dats on how skill
performance varies with a wvide variety of independent wvariables. The
1dea was to develop skill moderator functions for the skills required
by air defense operators, and then to combine these functions sccording
to the skills required for a particular task element to obtain a com-
bined moderator tailored for the task element. A skills taxonomy simi-
lar to the one presented in Finley, Obermeyer, Bertone, Neister, &
Muckler(1970) was selected since it includes skills required by air
defense operators. It is shown in Table II-l.

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 more of the skills shown in
Teable Il-l. A moderstor function for a particular task slement
is evaluated by comdining the moderators for the component skills
as explained in Section 2-2 below. In this way, moderators for a
wide variety of air defense operator actions are availsble from a
relatively small set of skill moderator functions.

The skill moderator functions vere developed from the open
human factors literature. The folloving five steps wvere performed
to develop them. .

II1-2




Tadle 1I-1. MOPADS Skills Taxonomy.

2 Probability Estimation
2 Time Estimation
3 Long Term Memery-Sensory
3 Long Term Memory-Symbolic
5 Short Term Memory-Sensory
6 Short Term Memory-Symbolie
1 Numeric Manipulation
8 Recognition
9 Unused
10 Unused
1n Timeshering
12 Detection
13 Pine Menipulstion
18 Gross Manipulation
15 Unused -
16 General Physical Effori
17 Recction Time
18 Trecking
19 Tean Coordination
1. Literature Reviev
2. Development of a Computer Data Base
3. Selecting Independent Variables
., Developing Moderator Functions
5. Cross-checking the Moderator Functicus with a

Structural Model of the Human

11-3
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Since the moderator functions are to refelct the|current
state-of-the-exrt ‘in quantitative human performance modeling, the
first step vas to reviev the current literature. This|wvas
cowpleted and documented in Laughery (1981a). The hext step vas
to organize thies literature in a meaningful wvay. One part of the
organization was already defined bty the skill categcries. Each
human performance model in an article was categorized by the skill
it modeled. In some cases the model grouped several skill categories
{e.g., detection and identification). In this evant, it was assigned
to multiple skill categories. Secondly, a model within an article
could be characterized by the independent variables vhilch moderated
performance of tke skill. By crmpiling these "data" on the litera-
ture, it was possible to select all articles involving a particular
skill and examine the independent variables included in the models.

To facilltate rapid analysis of the literature data base, a
set of computer progrems and files for data base managbnent wvere
prepared (Laughery, 19613). As the literature wvas reviewed and the
data entered into the dafa base, no screening was performed on the
information. Ia other wdrids, each time a new 1ndependént variable
was encountered, it was added to the list of variables. The extent
of the literature neview was constrained by resources and time avail-
able and by the skilla taxonomy which bounded the set Pr pertinent
literature. The entire data base and the data base programs have
been delivered to the government for further developemht i1f warranted.

|
!

When the literature search was complete, it was heceasu’y to
reduce the informetion collected to a coherent set of moderator func-
tions. HNot all of the independent variables represented in the dats
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 m%del air defense operators.

Scme type of cross-check was required. Relying solely on the
literature to identify which Independent variables affect skills
assumes that all relationships have been studied and reported in the
open literature. Since this is surely not the case, a conceptual

model of the human wae developed from a slightly Aifferent 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 systoms (e.g., visual, auvditor;,
memory). Those human systems involved in each skill category from the
taxonomy were then intuitively identified and arrayed into a “human
systems” by "skills" matrix. 23 the list of independent variables was
developed, those independent variables vhich were intultively expected
to interact with the himan systems were identified and documented in
& "human systems” by “independent variables" matrix. Finally, 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 "human systews™ metrix, resulting in an "independent
variables” by "skill categmies® matrix. This matrix was compared -
with the moderazor functtfons for each skill category to see if all
theoretically relate® independent variables were included.

Prasising articlee in the data base were examined in greater.
detail and thiir periormance models compared with the i tuitive human
function model. Two articles that significantly affected the final
model were Siegel, Pfeiffer, Konstein, Wilson, &Ozkaptan (1979) and
Pew, Barcn, Snehrer, & Miller (1977). The final set of independent
variables for MOPADS is shown in Table II-2.

The three categrries 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 ervironmental variables form the environmental state
. vector. These variables affect all operators in the same environ-
ment. For example, both operators in an AN/TSQ-73 are affected by
the same environmental state vectdr. 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 varisbles do not apply to
operators of the AN/TSQ-T3 and IHAWK. 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 II-2 have been inrlemented in the current
MOPADS software. Since only the AN/TSQ-73 and IHAWK are modeled,
however, not all of the variables are us=sd. This causes no difficulty
in the present models, but it will greatly facilitate future

expansions.
2-2. Computation of Combined Task Element Moderator Functions.

The curren® implementation of the MOPADS skill moderator
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 availadble, then the standard deviation and distribution func-

tion can alsoc be moderated.

Consider the operator task shown in Figure II-1 for the
AN/TSQ-T73, and the aggregate SAINT tack model shown in Figure II-2.
The trapezoids labeled @ ia Figure IT-1 corresponds to the SAINT
"task node™ numbered 48 Twith LABL: NUMHOOK) in Figure II-2. Task
node 48 ia Figure II-2 is the SAINT modeling symbol that corresponds
to the task elements "ENTER TRACK NUMBER, FIRE UNIT, OR SITE ADDRESS
ON A/R XEYBOARD"™ and "PRESS TASK FUNCTIONS-NUMBER HOOK".

11-5
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Table II-2.

MOPADS Independent Varlables.

OPERATOR STATE VARIABLES

CORE TEMPERATURE

CIO VALUE

TIME ON TASK

DAYS OF DUTY

SEARCH DIMENSIONS
NUMBER FIRE UNITS
PERCENTAGE RECOVERY
PREVIOUS WORK
PREVIOUS REST

FLASH INTENSITY
TARGET SPEED

TARGET TYPE

TARGET SIZE

TARGET COLOR

SEARCH AREA
BINOCULAR USAGE .
SLANT RANGE TO TARGET
TARCET TRAJECTORY
TARGET BACKGROUND COMPLEXITY
NUMBER BACKGROUND CHARACTERS
MESSAGE BACKLOG
SIGNALS PER MINUTE
HOURS WORKED PER WEEK
DAYS WITHOUT SLEEP
DAYS OF NIGHT DUTY
SIMULTANEOUS TASKS
CONTRAST RATIO

- AVERAGE HOURS SLEEP

OBJECTIVE FUNCTION
GOALS CONSIDERED
TARGET BRIGHTNESS
NIGHTS

SKY GROUND RATIO
AIRCRAFT ALTITUDE
METEOROLOGICAL RANGE
THRESHOLD CONTRAST
TARGET HEIGHT

TARGET WIDTH

TARGET DEPTH
HORIZONTAL RANGE
NUMBER OF RESOLUTION ELEMENTS
NUMBER OF SUSPECT ARZAS
AIRCRAFT SPEED

FIELD OF VIEW

ORBSERVER OFFSET

11-6




Table 1I-2 (continued)

pros—

46
47
48
43
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

PISPLAY TARCET LOCATION
TARGET LOCATION

CiSPLAY RESOLUTION
DYSPLAY BACKGROU 1D HEIGHT
NISPLAY BACKGROLND WINTH
DISPLAY BACKGROUND DEPTH
DISTANCE TO DISPLAY
DISPLAY HEIGHT

DISPLAY WIDTH

TARGET NOISE LEVEL
TARGET DURATION
EXPERIENCE

SIGNAL PROBABILITY

REST PERIODS

DAYS SINCE PRACTICE
SENSE OF DIRECTION

SKIN TEMPERATURE

TIME IN TEMPERATURE
PREVIOUS SKIN TEMPERATURE

ENVIRONMENTAL VARIABLES

WSROI & WN -

DRY BULB TEMPERATURE
RELATIVE HUMIDITY

AIR MOVEMENT RATE
NOISE LEVEL

WORK AREA ILLUMINATION
NUMBER ON DUTY
VIBRATION

AMBIENT VAPOR PRESSURE
NOISE PREDICTABILITY

o T,
iy
&

TASK RELATED VARTABLES

WO OONO UV W N

10
11

* See Legend

* % % %

KILOCALORIES/MINUTE
NUMBER OF BRANCHES OUT
STIMULUS MODE 1 ’
STIMULUS MODE 2

RESPONSE MODE

OBSERVER TARGET POSITION
CONTROL DISTANCE

CONTROL WIDTH

NUMBER OF DISPLAYS
NUMBER OF ALTERNATIVES
NUMBER SHORT TERM MEMORY ITEMS
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Table II-2 (continued)

Legend

Stimulus Mode 1

A two-digit number -
10's digit - 0 ~ no visual
1 - visual
1's digit 0 - no auditory
1 - auditory

Stimulus Mode 2

A three-digit number as above
100's digit - 0 - no olfactory

1 ~ clfactory
10's digit 0 - no kineschetic
1 - kinesthetic
1's digit 0 - no tactile
1 - tactile
Response Mode
A two-digit number
10's digit - 0 - no vocal
1 - vocal
1's digit 0 - no tactile
i - tactile

Observer Target Position
1 - ground to ground
2 - air to ground
3 - ground to air
4 - air to air
5 - at a display
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ENTER TRACK
NUMBER, AN KEYBOARD
FIRE UNIY, OR SITE ENTRY APPLARS
ADDRESS ON INARD ROW 3
A/N KEYDOARD COLUMNS $7-64
aveu 3

FORMAT:
~ Aikzﬂll. A’ A A NNN OR NNNN (TRACKY

~ AjAZNNN OR Agh, Ny (FUN AjA, OR NN (SITES)
NNN LATOL -1 TRACK OR ATDL=) OR MBOL FL
\ :::; ATOL-1 $ITD
\ -

tto FASK SELECTIONS) \ A=A THRU N, P ORQ
POSI Aye A THRUN

Mo oweommur
N Ay A A NNN (NATO TRACK)

(ITEM 2)

AN
A=A E,C N JTHRUM
‘ 1] ’ ¢ Tio
GEOREF "-0THAUY
COORDINATES NNNN (TADIL-8 TRACK)
OF SYMBOL ON NN (TADIL-8 SITE)
A/N KEYBOARD Ne O THRU?
AgN,N, U DESIGNATOR USED TO ASSIGH
DOG ROW HUMBER)
A, «ATHRUZ
N-OTHRUY

PRESS
TASK FUNCTIONS

[Pos ENTRY)

utem 3

A% KEYBOARD
ENTRY APPEARS
IN ARD ROW 8
COLUMNS 37-64

it

z\ I TASK SELECTIONS wemem
N e 4
ERERERS e

DESICRATED SYADOL
P AR DATA FOR

TASK FUNCTIONS HOOKED ITEM IS
DISPLAYED
e e EA -
S ———— *
1} oW | - | foo S | ETE] | =08 Haali)
| L4 notES:
POSN HOOK AND WUAS
] e _2“-— | _L—1 - " A:L"mls :xctr"rt ':t"sovo.‘ VAL
eal - 2. GCEORLF HOOK VALID ONLY IN TRACKING
OR TRACKINC/TACTICAL ALOOE,
E]@I e ﬁ_“_‘_ 3. NOICATES EQUIPMENRT
jowruar|loorusy - - MA|

s 1ot

Y (e
00 vty w.
aaden

Figure 4-14. Console looking Procedures ~ Number, GEOREF, and Position Hook

Figure II-1. AN/TSQ-T3 Console Hooking Procedures.
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Sample data for this task elemeni e shown delow:

% Nominal Mean Tine: k.5 seconds

' Skills Required: ¥ine Manipulation 5%
Short-Tern Memory- 15%
Bymbolie ‘
Detection 10%

£

During a MOPADS sirulsti n, vhen an operator is to perform this
task element, MOPADS will call the mwderator functions for the

_ three skills showvn sbcse. The moderator funrtions have access to
the information in the operator state vector, the environmental
state vector, and the task data. With this information, the moder-

stor functions will each compute a change to the mesn of 4.5 seconds.

let D., D,, and D, de the computed changes from the moderator
functions f%r fgne -nn:lgulation, short-tern nemt_:ry-mbolic. and
detection, respectively. See Laughery & Ditzian (1982) & Laughery
(1981) for these skill moderator functicms. The combined mean is
determined from

umew“ = A5+ (.'{51:1 + 15D, + .mn3)

The obvious interpretation is that spproximately 75% of the time
performing the task elesent is irnfine manipulation, etc., and minimal
interaction betveen skills occurs. In the absence of data, these
are relatively mild assumptions to achieve computable moderators

for a wide variety of activities.

The modersted mean msy then be used in the simuvlstion to deter-
aine the time required for the operstor to perform the task element.
MCPADS allovws several options in this regard: ’

1. Deterministic, unmodersted - alvays use the nominal
mesn time

2.  Deterministic, mod-rated - li\m Vooderatea 7T the
T |tazk element time

3. Stochastic, unmoderated - -ke & random arss from
| the specified distribu-

ition function whose
mean is the nominal
mean. Do not use the
moderator functions.

h, Stochastic, moderated - make & random drew
fros the specified
distribution function

whose mean is ‘Lodented

?
-
A2
N
bl
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.
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MOPAIS supports the following distribution functions:
Constant | ~ ,
Normal - )
Uniform '
Erlang -1 {Exponential)
Lognormal
Beta
GCanma

The Gamma distribution is the default dittribution. but the user can
select any of the above. .

2-3. Software Implementation.

As stated earlier, the human factors moderator function
sodule has been developed in a way that allowz it to be separated
from the rest of the MOPADE software and used independently. This
has been accamplished through the following design considerationms:

1. Pvery moderator function subprogram has sa
identical calling seguence.

2.  Moderator functions request dsts from the
operator state vectors, environmental state
vectors, and the task dat: through standard

subprogram calls.
The implication of the above are that non-MOPADS software environ-

ments can use the moderator functions by calling them in their stan-
dard vay and by providing utility programs that the moderator functinns

will call to access operator, environmental, and task data. HOFADS docu-

ments Laughery & Ditzien (1982) & Laughery (1981) contain the technical

details.
30 TASX MCIIG METHODOLOGY

3-1. Task Sequencing Considerations.

In order to adequately model the actions of an air
defense operator, the simulation must "perforn" operator tasks in a
wvay that responds to the air defense scenario. In other words, the
simulated opcrators must perform tasks that tend toward accomplizhing
the mission of the air defense system. Developing a methodology that
will exhibit this behavior is more difficult thun simulating the
operator tasks, because the simulation must represent the knowledge,
experience, and motivations of the operators.

I1-32
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Furthermore, the simulation msthodolosy neeids to bdeaccessidle
to the user. In other words, input paramet>rs for “he task
sequencing algorithm should be intuitively xzaningful and reescnably
easy to determine. With these ideas in xind, the objectives in
developing s task sequencing prozedure were as follows:

The procedure should be:
1. consistent with the literature,

2. intuitively maaningful co that a MOPAIS analyst
can specify operator oriented parameters
rather than abstract paraxeters that are
obtained from scme 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-:king approaches were considered.
The multi-attribute utility function procedure was discarded
because it aid not satisfy objectives (2) and (3) above. A goal
seexing approach, on the other hand, can be implemented in & way
that satisfies (2) and (3) above and is consistent with the Newell &
Simon (1972) view of humans 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 assuaption but a relatively mild one).

In particular, goa.l'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 he compared. This is in
contrast to a multi-attribute utility approach in wanich 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 sceking behavior of the operators is charac-
terized by the following:

h 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
exarple, the operator may desire to maximize the
distance from a critical asset t¢ any hostile air-
craft. The goal state is the minimum distance to
any hostile track.

II-13




2. The operators can rank tae importance of their

. goal states. In other vords, they can assign
priorities to their goals based upon their
current states. For sxample, an AN/TSQ-T3
operator can determine wvhether an uncleared
alert message or a hostile aircraft within 30
miles of s critical asset should bde attended
to next.

3. The opers.ors are capable of estimating the
changes taiat 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 ocace.

These concepts are implemented in the following wvays. PFor
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 goal
priority function, GP, is specified for the goal that assigns a
non-negative value to each value of GS. Figure II-3 shows an
hypothetical example. The goal 1s satisfied wvhen the gool state,
GS, is between m and M. This is signified dy GP = O vhen
m <GP < M. If the goal state is less than m or greater than N,
then the priority of the goal (i.e., its degree of dissatisfactiom)
increases linearly. :

The meaning of the particular goal priority function in
Figure 1I-3 is that the operator is satisfied and indifferent to any
valus of the goal state between m and M. Dcwnside deviations (4.e.,
valurs of GS less than m) are more important than upside deviations
(i.e., values of GS grester than M) since the slope for downside
deviations is greater than the xlope for upside deviations.

Each goal that an operator has may have a different priority
function. See Figure II-k for examples. The values of the goal
priorities for each goal are compared in an ordinal fashion &uring
task sequencing to determine the most dissatisfied goal or goals.
This scheme allows the parameters for a goal priority functiom to
be specified or changed wi*hout affecting the priority functious
for other goals. Of coursz, complete independence is not obtained
because the modeler must alvays be avare of the priority functions
of the rest of thz goals.

Determination of the goals and the goal priority functions
must be accomplished with 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 vhose states

11-1%



are affected by each task. Goal priority furctions msy be deter~
uined by giving pairwise comparisons to subject matter experts

(e.g., given statet for two goals, vhich 3oal would have tnc highesi
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. & goal priority
of 10 has been uted t-~ imply an extreme emergenecy, #0 zoal priority
values generally fall in the range zero %o 0.

The operators seek to achieve one of the folluwing two
objectives vhen selecting the next task. '

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

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

6S - Goal State

6P - Goal Priority

6P =0 Implies that
the goal is
satisfied.

Pigure 11-3. Example Goal Priority Function.

I1-15




6P \
0 \
n '
6S
6P
0
i
m= M 6s
6P
0
" 6s
).
|
6P !
. ’ i
0 |
n 6S

Pigure 11-4. FExsmple Goal Priority Function Forms.
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In the first case, the operator computes the average goal
priority of the NG most dissntisfied goals. NG is a parameter of
the operator which may be set by the MOPADS user. Xote that if
NG is one, the operator "puts out the biggest fire first." As NG
ircreases, 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 ertire simulation. If
relevant data were available, it would be possible to dynamicxlly vary
NG in response to operator work load or other conditions during the
simulation. : ,

The second objective function is similar to the first, dbut,
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 themost rapid improvement.

Finally, a last-in-first-out task stack is maintained for
each operator. Some options available to the operator may involve
perforring saveral operator tasks before re-evaluating goals again.

. For such a case, the tasks which will de performed in sequence are

loaded in the rperator's task stack. When one task is completed,
the operator will immediately perform the next task om his stack.
Goal evaluatica is performed only when the stack is smpty or a high
priority alert message has been received. In the case of a hign
priority message, &8 complete goal evaluation occurs.

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

G
VNG = 3 (wi cpi)
N

where v, = i

Thus, the maximum weight is given to the most dissatisfied goal
(1.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

II-17
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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.

Otherwise,

a) evaluate each goal state, v
b) evaluate each goal priority function
¢) compute the weighted average goal priority

d) For each alternative task selection -

1) compute the expected goal states,
§f the task is performed
§4) compute the expected goal priorities
111) compute the expected average goal
priority

e) select the task that best improves the
operator's objective function

f) load the task stack {f necessary, and
g) exit -

Figure II-5. Goal Evaluation Procedurc.
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most dissatice’ed goals (with NG = 2) are (GP., GP2) = (10,5). The
simple average goal priority, X, is 7.5 while AVNG = 8.32,
(w, = A7, v, = .33). Suppose there are two options vhose expected

iults are shcwn below (the v, are not recomputed). .
GPl GP2 X AVR(G
Option 1 10 1 5.5 7.0
Option 2 S 5 5.5 5.67

The simple average of the goal priorities is indifferent to the two
options since they toth result in a reduction of four in the sum
of the goal priorities. Option 1, however, makes no improvement 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 goul. 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 simultaneocusly.

Finally, note that the goal seeking procedure explained above
iz & simplified special case of utility theory. The utility func-
tion is simply & composition of the univariate goal priority fune-
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 IFAWK.

The goals identified for the operators of the AN/TSQ-T3
and the IHAWK 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 eassigned to protect and to follow stendard pro-
cedures to accomplish their missions. The statements of the goals
for the AN/TSQ-T3 and IHAWK operators are shown in Tables II-3 and II-k,
respectively.

3-k. Softvare 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 II-6).
The common programs include those parts of the task sequencing
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procedure that are independent of the system module and operator
type. This includes statistics collection, dranching, and

certain utility programs. Ench system module (desigrated M1, SN2,
etc. in Figure II-€) has its own entry point subprogram vhich
will, in turn, call a program to process the goals for each opera-
tor type in the system. The task segquencing programs labeled SM1,
M2, etc. and their descenderts are documented as part of the
system module documentatiocri. In this wvay, nev system modules can
be added by "plugging in"™ the task sequencing programs without
disturbing existing system modules. '

COMMON PROGRAMS
SM1 SM2 SM3
— - |
OPERATOR 1 OPERATOR 2 OPERATOR 3

FPigure I1-6. Schematic Structure of MOPADS Task Sequencing
Software.
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111.  MOPADS AIR DEFENSE MODELS

1-0 DEVELOPHENT METEODOLOGY FOR AIR DEFENSE SYSTEM MODULES

MCPADS 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
will be performed on MOPADS and since it is likely that many indivi-
duals will 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, 1982a,b).

The procedure for developing system modules is sumarized in
Figure III-1. Steps 1, 2, and 3 are data collection functions in
wvhich the MOPADS analyst and those vho aid him/her collect informa-
tion and systematically characterize operator ani eguipment model-
ing requirements. 1In steps L, 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
is to ensure that infeasible or unrealistic sequencing does not

occur., ’

At step 11, the MOPADS modeler enters data for the new system
module into the MOPADS data hsse, The MOPADS user interface has
facilities to support this activity. At step 12, the MOPADS 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 1k,

Step 15 iz the finai 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
meintained., This is crucial bvecause 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 dooument describing a system model will be organized in
the same vay. Figure II1I-2 is a typical table of contents. Stan-
dard forms have been provided to aid in modeling which will de
included in Section III of the documents. Exemples of these forms
are shown in Sections 2-0 and 3-0 bdbelow,

Strict adherence to these documentation standards will result
in a maintsinable analysis tool with a long useful life,

.
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I.
I1.
I11.

Iv.

VI.

VII.

SYSTEM CESCRIPTON

_OVERVIEW OF THE SAINT MODEL

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

USER WRITTEN SUBPROGRAMS

1-0 Index

2-0 Subprogram Descriptions
3-0 Subprogram Listings

+ LISTING OF SAINT NETWORK DATA INPUT

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

QUTPUT REPORTS
1-0 Output Options
2-0 Sample Output

Figure III-2. Table of Contents for MOPADS System Module
Documentation.
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2-0 THE AR/TSQ-T3 SYSTEM MODULE

2-1. mggg;z; Operator Tasks.

Table III-1 contains the operator tasks that are repre-
sented in the AN/TSQ-T3 system module. An important part of
developing MOPADS operatcr models is to determine which operator
tasks are required to dbe represented. Many tasks are irrelevaat to
the air battle scenarioc. These include, for exemple, tasks relsted
to the set-up, take-down, and transportation of the equipmert.
Furthermore, there may be duplication of task informaiion amoug the
task descriptions in official system documentation. Also, occa-
sionaly it may be necessary to add a task to account for standard
or common 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, TM9-1k30-5§52-10-3),
Change 6, 1981) contains flow charts for the operator tasks. An
exanple for hooking is shown in Figure III-3. These or similar
representations must be obtained from the pertinent Army documenta-
tion and a prelimipary task list determined. This activity is step 3
of Figure III-l. B8ince MOPADS involves models of combat operations,
the uperstor tasks describing set-up and routine maintenance of equip-
ment can usually be excluded at this point from further consideration.

For systems that have more than one operator, it may de
necessary to develop task lists for each operator. An example of
this case will be seen in Section 3-0 for the IHAWK system module,
‘For the AN/TSQ-T3, all tasks can be performed fram 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 ninimm 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 MSAINT 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 heve a Tactical
Director (TD) who has suthority to order engagements and a Tactical
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Table IIT-1. AN/TSQ-T2 Operstar Teskc Represented in MOPADS,

BESCRIPTION

1d1» Tine (Scan %he Displays)
Cancel i;condary Assiganeat -
Sead Terninate Connands

Clear NWold Fire, Effective, Status
Perfora Hooking Prﬁccduro |

Enter 1D and IFF Data

1aterrogate » Target or Sector
Send Connund Nessage

Assign Ueapons/Battalions

Receiva Connands

Clear Alerts

Receive Miscellanesous Messages

Director Assistant (TDA) who does not have such authority. The

TDA will perform tracking and identification tasks, and the TD

will order and monitor engagements., It is possible, hovever, to
configurate the system with-two operators that each have engagement
suthority (two "ID'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.
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2-2. Augr_s_g:n Measge;.

Step 2 in Figure 1II-1 is to "“ldentify C° Data.”
Essentially, this step involves determining how operestors of this
equipment communicate with superior, .subordinate, and lateral
units. The communications occur through lice and Jduta link messages.

MOPADS models of air defense :ystm?(ccnponents) mimic this
structure by commnicating wvith messages l?nt through the MOPADS
data base. It is necessary for the MOPADS modeler to explicity
identify all communications between the uI defense system beling
modeled and all other systems already modeled. For the current
implementation, this means that the communication betveen the group
and battalion AN/TSQ-T3 and the IHAWK battery must be identified.
Once again, iudic:lous elimination of messages that are not needed
in the MOP ontext will greatly reduce later work.
{

The messages used in the current impl ementation are
shown in Telle II1I-2. For each such message, the sender, receiver,
nessage characteristics, and message contents must be specified.

A form has been developed to facilitate specificaticn and documen~
tation of this data. An example is shown in Figure III-h,

2-3. M(ﬁgﬂ; Operator Goals.

Once all of the messages and tasks for the operator
have been determined, initial develomment of the task sequencing
procedures for, the operators can begin. The goals for the
AN/TSQ-T3 operators have been shown already in Table II-3.

The particular parameters used for each goal priority
function are specified in Goodin & Polito (1983v).
|
2-k. AN/TSQ-T3 Operator Task Models.

A SAINT task node model analogous to Figure II-2 has
been developed for each of the operator tasks shown in Table III-1.
Tris procedure involves defining the "entities” that will flow
trrough the networks. In this case,the entities are operators.
E.ch entity has a list of characteristics called attributes that
identify it. Each of the operators is defined on a form as in
Figure I1I-5. The attributes of the operators have been defined.
These attributes are used in branching decisions to determine
wyich Task Node will be performed next and in FORTRAN progranms
v, itten by the MOPADS modeler to represant the operators' actions.
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Example AN/TSQ-T3 Operator Task Flow Chart.
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Table III-2. Nessages for the AN/TSQ-T3 and IHAWK.

Connand Nessages

Mold Fire

Cease Fire ,

Cease Engagenent

Engage

Cover } On track already assigned
Engage Ripple .
Engage New Track Assiganent
Cover lev Track Assignnent
Engage Ripple Assignnent

10 “Investigate/Assign Assignnent
11 Cancei Alert :

12 Teack Assignaent Status

13 Change Targets

t4 Rethod of Fire

13 Order No Kill

14 Order Dreak Lock

BBV WN-

Reguest for Information Messages

' Request Cancel of TCC Alert

Roportinﬁ Status Messages

FU Out of Action

FU Expended Mot Missiles
FU Effective/Not Effective
FU Engaging Pop-up Target
New ASD Target '
JHIPIR Lock Status

Raid Size Report

Tenporary No Kill

GNOUMDIWN-

Acknowled genent Messages

Uil1l Comply

Have Conplied } Battalion 8-73 to Group
Can’t Comply 7

Will Comply } ' o
Can’t Comply IHAUK tc Battalion 8-73
Acknouledge ASO Target

Accept A30 Target

N WYL BN

- -
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HOPADS MESSAGE DESCRIPTION

WESSAGE 1D ELCAENT

fage 1 of 1

Wi G N o

NPV

Receiver CRN
Operator Type
Functional Type
Hessage Subtype
Nessage Priority

fws
'ow‘E
w

MESSAGE DATA LINK ELEMENT

-E

OBV LLW ~
[ J

Connunication Network
1=-Voice 2-ATDL

Acknouwledjenent Required
1 - Yes 2«00

Unused '

ATDL Code (Unused)

Tine Nessage Sent

Nessage Nuaber

Sender CRM

Sender Operator Type

Sender Systen Module Type

Task Node Number Sent Fron

v ‘NE

sty

s Hust De set at the tine the nessage is sent

VARIABLE MESSAGE FORMAT

Elenent Rescription
1l # Vords = 2
2 Which Fire Section = 0 Either
= 1A
: = 2B
3 Track Column Number

target but do not

Cover new target command.

MESSAGE SUBTYPE DESCRIPTION

fire.

Obtain a HIPIR lock on & new

Nane: Jack Walker
Date: 8/3/83

Systen Module:

Q-T3

Projects MOPADS

Fron To Fron To
GRP(15) Bii(20) GRP(15) HAWK( 33
BN(15) HAWK( 33)

Figure III-4. Example Message Sent From the AN/TSQf73.
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When operator characteristics are specified, the task net-
works like Figure 1I-2 are expanded to describe each Task Node.
Figures III-6, 7, 8, and 9 are examples. On these forms are
specified the skill and skill weight requirements (see Table II-1),
the task related variable data (see Table II-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 given, 8o a cross-
reference is possible between SAINT task nodes and operator tasks.
_ Given a task node number, it is possible to find the operator task
that contains it by locking at the forms in Figures III-6 tuv 9. Con-
versely, all of the task nodes that make up an operator task model
can be found in the forms shown in Figure II-2.

. Specii.cation and verification of all of the data in
Figures III-5 throuvgh 1II-9 completes steps T to 10 in Figure
III-1. This leaves step 11 which involves entering data inter-
actively intz> the MOPADS data base to support the system module.
SAINT task models have been developed for each operator task, and
nominal task performance times and skill requirements have been
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 IXI-3. A separate task list has been
prepared for each IRAWK operator, because, in contrast to the
AN/TSQ~T73,the various operators perform substantially different
functions. By far, the most complex activities are performed by the
Tactical Contrcl Officer (TCO). All comrunications 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
relstively simple. Their activities are primarily rule-hased.
The process of devzloping the IHAWK task lists was analogous
to that for the AN/TSQ-T3. It was scmewhat more difficult to
develop the lists and network models, however, because the Army
- documentation (U. S. Army Technical Manual, TM9-1430-1526-12-1,
June 30, 1979) does not contain task flow charts analogous to
Figure III-3. The activities are described in text that peeded to
be examined and put into network form.
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Table III-3. IHAWK Operator Tasks Réprésented in MOPADS.

lgscriptiol

ASO TASKS

AS0 Siandby, Uait for Action
Deltect Kew Target at CUTDC
Establish Target Priority
Preenpt Lover Priority Target
TCC Alert '
Nark Target as Accepted by TCC

FCO & FCO 3 TASKS

FCO Standby, Uait for Action
Track Target

Obtain Lock on Target Nanuallv
Put Fire Section out of Action
Estinate Raid Size

Select Launcher

Fire Hissiles

Evaluate Target Intercept

Process Change Targoets '

Put Fire Section back in Operation

TCA TASKS

TCA Standdy, Uait for Actiowm
Accept CUTBC Target From ASO

1FF Challenge
Hark on Reflection Plotter (Friead, Nostile, Usknown)

-

TCO TASKS

TCO Standby, Yait for Action
Betect IPAR ADP Target

Nanually Assign Targets

IHIPIR Tracking

TJCO-IHIPIR Does mot Acquire Lock
MHigher Priority Target to be Assigned to Firing Bection
Process » Hostile Target B
Assigned Target Deternined Friendly

Process Friend
Evaluate Uhether More Hissiles Are To Be Fired

Bive ASD Permission to Cancel Alert

o
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Table III-3. (continued)

TCO MESSAGE TASKS

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

Accept Change Targets Conmand i
Receive "HOLD FIRE" Conmand !
Receive "CEASE FIRE" Conmand y
Receive "CEASE ENGAGE® Command -
Issue "PRIOKITY, PRIORITY" CALL TO 0-73
Receive "ROGER ENGAGE® Conmand

Send Cannot Couply MNessage to 0-73

3-2. Id4AWK Messeges.

The messages used in the current implementation were
shown in Table III-2. This table includes IHAWK messages.: MOPADS
uses the message concept to represent voice communication within a
component as well as data link end voice between units, This mech-
anism is, then, used in & uniform way to represent all direct commu-
nication between individuals in the MOPADS models. Figure III.10 i3

an example of a voice message specifying the method of fire which is
sent betwveen 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 sttacking & particular track.

4

In all other wvays, specification of the messages for the
THAWK is anslogous to the process discussed in Section III, 2-2.

3-3. IHAWK Operator Goals.
The THAWK operators’ goals were chown in Table 1I-3.
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NOPADS MESSAGE BESCRIPTION

NESSAGE 10 ELEMENT

[P NN R

Rescriptics
Raceiver CRN
Sperator Type
Functional Type

Nessage Subtype
Hessage Priority .

MESSAGE DATA LINK. ELEMENT

-’E

O VWMNESWUMD N
L

Connunication MNetuwork
1~Voice 2-ATRL

Acknouledgenent Requared
1= Yes 200

Unused '

ATDL Code (Unused)

Tine Nessage Sent

Hessage Number

Sender CRN

$ender Operator Type

Sender Systen Module Type

Task Node Number Sent From

bretiinn o~ <E

s fust be set at the tine the nessage is sent

VARIABLE MESSABE FORMAT

wNHE

Rescription

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

= 2 Ripple Fire

Method of Fire

missiles,

then evaluate before shooting ancther.

BESSAGE SUBTYPE DESCRIPTION

Command. Shoot-Look-Shoot means shoot one

Ripple means shoot two

Nanes - Jack Walker
Dates 38/L/83

Systen Nodule: THAWK
Projects MOPADS

Fron

To Fron

To

TCO(27)

FCO

Figure III-10. Example IHAVK Messsge.
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3-b. ' IHAWK Operator Task Models.

Task models for the IJHAWK have been developed in the
same way as those for the AN/TSQ-73. Figure III-11 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 model develop-
ment information for the AN/TSQ-T3 and THAWK system modules have
been delivered to the Army in four volumes (Goodin & Polito (1983a,b;
Goodin & Walker, 1983a,b). .

4-0 AIR SCENARIOS

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

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

1. The coordinate system reference point.

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

3. The assigmments of critical assets to the fire wmits
vho are to protect them.

k. The characteristics of each radsr or cbserver that
! acquires information about aircraft. {
5

. The characteristics and flight paths of all aircraft. P

}A— . The Coordinate System,

' MOPADS assumes a flat earth and uses rectangular co-
ordinetes. The coordinates, (x, ¥y, z), of all points in the sys-
tem are given with respect to a user specified reference point.
This point may be specified us a longitude and latitude if a
specific terrain system 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 ¢ are feet. The +x axis is east, the

+y axis is north, and +z is up.
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h.2. Locations of Air Defense Units, Critical Assets, and
Asset-Fire Unit Assignments.

Figure III-.12 ghovs an example layout of the reference
point and of protected assets. With this dasic configuration, a
variety of air defense configurations and air dbattles can be gimu-
lated. One possible configuration is shown in Figure III-13. This
figure shovs a group AN/TSQ-T3 with twvo battalicrs. The battalions
each have two JHAWK fire units. The critical assets are assigned
to fire units as follows: IHAWK 1 protects site 1, JHAWK 2 protects
site 2, and THAWKS 3 and % both protect site 3. The circles around
the units represent their area of radar coverags.

Many 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 defense components.

L4-3. Characteristics of Vievers.

Each air defense unit may "own" one or more "vievers."
Vievers are usually radars (and in the cirrent implementation, they
are alvays radars), but in the case of FEDEYE or VULCAN, for
example, the viever might be a human ohserver.

Each viewer has the following characteristics.

1. maximum range

2. minimum and may'mm altitude
3. probability of detection

k. barriers to view '

5. a sector of ‘aterest

The characteristics above serve to restrict a viever's abil-
ity to detect aircraft. The miximm range and altitude restric-
tions are self explanatory. "he probability of detection is the .
probability that the viewer v*1ll detect an aircraft that is other-
vise in its field of 7view. ':OPADS assumes that once an aircraft
is detected it remains detr :ted 80 long as it is in the viever's

field of view.

The MOPADS usr: aay specify barriers-to-view that dblock out
part of a viewer's ability to detect aircra’t. The barriers approxi-
mate terrain and other limitations that preclude a radar or cbserver
from seeing everything within range, Figure I1I-1L shows how barriers
mey be specified. Two types of barriers may de specified: line

barriers and wvedges.
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Figure III-12.Example Critical Asset Configuratiom.
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AITR DEFENSE CONFIGURATION

1 GROUP(G) Z Q-73's(Q) 4 THANKSCH)

A - CriTicAL AsSET

Figure III-13. Example Air Defense Configuration
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Figure III-14. Viewers and Barriers-to-View.
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In the plan view of Figure III-1L, two line barriers are
shown to the east ead southeast of the viewer. Everything
farther away {rom the viewer than the line barrier is hidden frm
view if it is in the shadow of the barrier. The side view in . .
Figure III-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 & complete Zetaill of the viewer in the plan

view).

Line barriers mey be positioned anywhere in tue 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 multiple line barriers, it is possible
to create complex viewing areas that epproximate ectual radar
viewing patterns.

Wedge barriers are simply pie shaped sections in which
nothing is visible. An example is shown in Figure III-1L in the
plan view to the west of the viewer. The user specifies the start
und 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 a reasonable approximation for modeling purposes.

The IHAWK permits the opérators tc specify a "sector of

interest™ which is a pie shaped segment of its viewing area. The .

IHAWK computer will automatically process tracks in this sector. »? -
The sector of interest has no effect on the radar's sbility to it
acquire aircraft. It serves only to delineate a high interest area ey

to the computer. MOPADS has a facility to specify a sector of in- AN,

terest for each viewer. In the current implementation, the sector T

of interest is used only by IHAWK. - ;

4-L4. Characteristics and Flight Paths of Aircraft. b el

ey

Aircraft flight paths are represented as sequential f}}}?

piece-wise linear segments. The start and end coordinates for each ﬁ{.i%

segment are specified along with the speed of the aircraft ‘on the B

segment. The x, y, and z velocities are computed by MOPADS and RN

fotl¥

assumed constant along the segment. The MOPADS modeler may specify
as many segments for an aircraft as desired, and as many aireraft
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 speciri?d for each &drcraft:

a. Category . - A track may be "hostile,"
"friendiy,” or “other.” An
"other" track is a track that
ciannot be classified as friendly.

b. Identi{ying The user 3ay specify a unique
Fumber aumber for each track,
c. Multiplicity The number of aircraft in the
flight. .

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

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

that the air defense system is
attempting to protect.

f£. Probability of (for hostile tracks omly) - If
Destruction = the end of the segment is a tar-
get, the hostile track will
attack it, This item is the
probability that the site is

destroyed.
g. Jamming On The user may specify that a hos-
A Segrent tile track is employing EM on a

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

TARGET TYPE CODES

CODE ND. NANKE COUNTRY N1ssION

] FaC usa

2 F100 USA

3 133 UsSA

| OTHEk JET

L] 3] ] UsA

é UeA usa

7 OTHER PROP

8 01A usa

y 0H23 USA

10 OTHER HWELICOPTER

1 TANK

12 JEEP

13 TROO?

14 (144

13 TRUCK

1 1ERD

12 NALF TRACK

18 Fi4 usa

14/ F13 UsA

28 Fis usa

Py Fis uzA

22 RIG2Y USSR

23 nig23 USSR
24 N182S ¥SSR

23 SOLDIER(FOOT) ANY

2% nig-27 s

27 su-17 usst

28 QIANS Ji-3 PRC Ground Attack
29 R-2338 FRANCE #ilitary surveillance
30 BRIRAGE 3E FRANCE Fighter

3 RIRAGE F3 FRANCE Fighter

32 AIRAGE 2000 FRANCE Faghter

3 AIRAGE 4000 FLANCE Fighter

M RIRAGE 4 Feante Bonber

33 RIRASE 3 FRaNCE Sresusd Support
3 RIRAGE 3¢ FRANCE Fighter

b 74 [ YY) SREAT BRITAIN Rilitary Transpert
18 478 SREAT BRITAIN Dosber

37 ngras SREAT BRITAIN nilitary Trumsport
90 ns.700 GREAT BRITAIN Rilitary Trassport
4 P.1090 GREAT BRITAIN Sround Attack
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Table IIi-4. (continued)

42
43
44
43
44
47

11202
#IRAGE 3C
KfirC2
6.222
F1043

MB. 326K
S.K.1019€
F-1
C.202A
SF-SA
HA-220
35X0
JA3?

J=1

Light (e.g.blinking)

ISRAEL
ISRAEL
ISRAEL
ITALY
ITALY
ITALY
ITALY
JAPAN
SPAIN
SPAIN
SPAIN
SUEDEN
SUEDEN
YUGOSLAVIA

Bigit (digit on a display)

ni6-17
Kig-1?
su-?
SU-9Pi
sy-11
sU-13
sU-19
8U-20
YAK-28P
YAK-36
Tu-28r
IL-28
#-4
Tu-16
TU-2v
Tu-22
Tu-24
IL-38
TU-124
#16-13
L-29
-39
-3
J=6
-7
-8
H-3
-4
-4
=11
NIRAGE I11

usse
USSR
usse
UssR
USSR
USSR
USSR
USER
ySSR
USSR
usse
ussR
usse
¥ssR
usse
USSR
usse
usse
usse

Military Transport
Fighter

Figliter

Military Transport
Interceptor
Strike
Bilitary STOL
Fighter

Military Transport
Fighter

bround Attack
6round Attack
Fighter

Strike

4
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The organization of scenario information in the data base is
shown in Figure III-15. A directory is created called
CRITICAL-ASSET-CONFIGURATION vhich 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
MOPADS modeler can create a menu of air scenarios that attack it
(see Pigure 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, 80 the user also has a menu of such con-
figurations to choose from. When a simulation is designed, the
MOPADS user will select the CRITICAL-ASSET-CONFIGURATIOR aud the
air scenario vithin the asset configuration that he desires to

simulate.
4-5. The Control System Module.

Every MOPADS simulation will automatically contain a
system module that does not represent an air defense unit. This
‘system module, called the Control System Module, is & SAINT model
that drives the air scenario. This small SAINT model initiates
the tracks at the proper time and simulates their flight paths to
their terminstion points. It also performs statistics collection
and information mansgement on all track data.

The control system module also ends the simumlstion nt ihe
time specified by the user. The module consiste of six SAINT task
nodes and appropriate FORTRAN support prograas.,
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SCENARIOS
CRITICAL~ASSET-LONFIGURATION
]
H
!
1
H - COORDINATE-AND-RSSET-DATA
H
$
H
H
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}
]
H
H
! air scemarie
H i
. ]
1 H
H ! AIRCRAFT-TRACKS-NOSTILE

AIRCRAFT=-TRACKS-FRIENILY

AIRCRAFT~-TRACKS~OTHER

Figure II11-15. Data Base Organizatfon of Air Scenario Information.
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IV,  MOPADS PROGRAM IMPLEMENTAT ION

1-0 MSAINT

The SAINT simulation language needed to be modified to sccom-
modate the MOPADS 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
{ssuez relsated to this requirement vere resoclved by mode=ling the
intercoomunication among components xs messages which are sent
through the MOPADS data base. At the computer programming level.
hovever, several issues still needed to he addressed.

Since the MOPADS modeler cannot know in advance how many .
copies of, say, the IHAWK system module may be required by a MOPADS
user, & softvare scheme is needed to replicate the system mndules

" an arbitrary mmber of ties. SAINT task nodes are numbered (e.g.,

1, 2, 3...), 50 that merely @uplicating the task networks would
result in duplicate node numbers which are unacceptable to the
SAINT processor. The most stralghtforward approach to this pro-
blem is to develop a preprocessor that would renumber the nodes as
the network duplicates are created. On the surface, this appears
t0 be an acceptable solution, but it has several drawbacks:

.. Large smounts of computer memory are used for network
storage. Replicating essentially identical information will require
large computing resources to run MOPADS molels. i

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

c. Camplex cross-indexing schemes would have to be
developed for the FORTRAN insert programs that are an integral part
of each system module 80 that it would be possidble to know which
copy vas being processed at any given time,

4. 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
programaing activity, camplex indexing designs Zfor the data base,

and complex programming in the FORTRAN inserts. Also, _it would

have heavily taxed the computing resources.




Vet

An alternative scheme is to modify SAINT to “share™ a single
netvork representaticn smong msultiple realizations of "copies" of
the network (Polito & Walker (1982)). This saves substantial com-
puting resources and allovs the same node numbers to be used for
each copy. This approech hax been implemcnted and, in fact, the
nods numbers for each. system module may be selected independently
of the node numbers of all other system modules. The programming
to perforn this task vas, of course, complex, but this task will
;3 performed .nly one time, and it greatly simplified the design
and programming of virtually all other software modules. In parti.
cular, the development of u.ir defenu system nodule: is ude auch
simplier because: .

a. . node numbers may be selected freely without knowledge
of node numrers 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 daia base information is
not required.

This scheme represents the multiple copies of system modules in an
elegant manner that simplifies model development &nd substantially
reduces requ.rements for computing resources.

2-0 MOPADS DATA BASE

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

8. data vhich describes the Air Scenario to be simulated,

b. data which describes the tactical scenario vhich ip-
c¢ludes location and characteristics of air defense
units, the command and control systen, and the co-
ordinate reference system,

tors of air defense systems and the enviromment in

- |
c. data which describes the characteristics of the opera-
which they function, f
!

d. data vhich describes the anic relntionships of
operator tasks, and

e. data vhich represents statistics collected during
simulations.

All of this information must be maintained in an easily accessed
and edited form, and it must be addressed inaway that permits
multiple data sets to co-exist without confusion.
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The most effective way to accomplish this is with a unified
data management system or a data base. The Data Base Coatrol
System (DBCS) module of the MOPADS softwere performs this function.

The DECS is a non-traditionel data base manager. However, the
organizatior of the MOPADS data base file most nearly resembles a
hierarchica) data base., It is non-traditional in the serse that
rapid access of datum elements 1s needed during MOPADS simulationrs.
The DBCS utilizes a data address that is passed into and out ~2 the
DBCS which permits rapid access of required data. The addr.:s pre-
cludes most hierarchical searches in the data base file *: locate
data; thus, it eliminates many disk accesses. Further:ure, 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 e r«asonably fast tool
for storage and retrieval of data. '

The DBCS is a collection of subprograms which any application
program msy 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 rapld access to duta 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 iwmposses 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 uscd by the DBCS to implement fest 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

h, Read/Write Data Lists

S. Set/Change the Duta Base Protection Mcde

6. Search Directories for Particular Data Lists or
Directories. '

1. 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 IBCS Options
10. Print Contents of Data Lists and Directories.
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In order to reduce the number of disk accesses, the DBCS
computes an access frequency for each record, and then keeps the
nost 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
scmie time or has Just been read) has a SAF value wvhich is spproxi-
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 (DBAP) have been
written to implement the particular data base used by MOPADS. As
mentioned earlier, DBCS is generic and has nc 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 DBAP provides many high level
data base access functions for the other MOPADS software modules. A
schematic of the software structure is shown in Figure IV-l. 1In
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. _ .

USER
RSAINT INTERFACE

OPERATOR
SOFTWARE

L=

Figure IV-1. DBCS and MOPADS.
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Examples of N.B programs are:

1.
2.
3.
k.
5.

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

Copy vortions of one MOPADS dats base to another.
Store/retrieve elements of an operator's state vector.
Generate MOPADS error messages related to the data dase.

Locate all sir defanse components in a specified
simulation data set.

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

3-0 THE MOPADS USER IRTERFACE

3-1,

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.

MOPADS
!

MSAINT

USER INTERFACE

Subprocesses:

= Create Stmulation Data Set

- Spt Up Steulation Pun Data
Playback Statistics

« Create/Edit Afr Scemario

« Create/fdit Raference System Module

O & W N e
[ ]

Figure IvQ-Q. Structure cf the MOPADS User Interface.
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Three of the subprocesses are for use primarily by the MOPADS

user. These are the first three:

Create Simulation Data Set,

Bet Up Simulation Run Data, and Examine Statistics. The remaining
tvo subprocesses, Create/Edit Ailr Scunario and Create/Edit Reference
System Module, are primsrily for the use of the MOPADS modeler. The

functions of the subprocesses are:

l. Create Simulation -
Data Set

2. B8et Up Simulation -
Run Data ‘

3. Examine Statistics

4. Create/Eait -
Air Scenario

5. Create/Edit Reference .
System Module

This subprocess allows the MOPADS
user to specify a command and con~
trol configuration with indivi-
dually edited copies of reference
air defense system modules,

This subprocess allows the MOPADS
user to specify data for a MOPADS
similation. The user specifies a
simulation data set (previously
constructed with subprocess one
above), selects the air scenario
vhich will be used, and assigna
critical assets to air defense
units t¢ be defended.

This subprocess allows the user
to review and selectively print
outputs from a MOPADS simulation.

This subprocess provides facili-
ties for the MOPADS modeler to
create nev air scenarios for the
HOPADS user to simulate.

This subprocess provides facili-
ties for the MOPADS modeler to
create nev system modules for the
use of MOPADS users. This process
allowvs the menu of availadble air
defense system modules to be
expanded.

Each subprocess is an interactive, command-driven processor.

3-2. Create Simulstion Data Set.

Using this subprocess
defense configuration that may be

, the MOPADS user can create an air
simulated, Figure IV-3 shows a

schematic of the data base operations performed in this subprocess.
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CREATE/EDIT SIMULATION DATA SET

REFERENCE SYSTEM MODULE
73 '
6 0-73

THAWK ~ f=

SIMULATION DATA SET .

| t L
Py
& 0-73 | L

.t
e

Q-73 - ¢-73

e N

| !: 1

COMMANDS : l
ADD CHANGE DELETE INSERT; QUIT REMOVE
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Figure IV-3. Data Base Functions of the "Create Zimulation Data
Set" Subprocess.




The menu of reference system modules is created by MOPAIS
modelers using the Create/Edit Reference System Module process.
The result is a set of complete system specifications for an
AN/TSQ-T3, IHAWK, etc. The reference system 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 coples of the reference system module to be
Placed in the commsnd and control structure devised by the user.
Thus more than one IHAWK or AN/TSQ-T3 may be represented in the
command and control structure. Each of these copies is called a
working air defense system mocdule. The working system medules can
be individually edited to reflect differences in human factors para-

meters or system options.

The commands unique to this subprocess are shown below:
ADD - Create a new simulatiorn 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 speciried working system mcdule and all
of its subordinate units

QUIT -« Leave this suﬁprocess 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 canbe simulated.

3-3. Set Up Simulation Run Data.

With this subprocess, the user completes the informa-
tion aeeded to perform a simulation. Figure IV-k shows the data
bagic operations. An entry called a Tactical Scenario is created
that belongs to a particular Simulation Dat.o Set. The user
selects a particular critical asset configurvtion and air scenaric
for that asset configuration. Furthermoire, he 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 .8 necessary only
to specify the simulation data set and the tactical scenario
identifiers to MOPADS in order to perform a simulstion.
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The comxands unique to this sudprocess are:
ADD = Create & Tactical Scenario entry
DELETE - Delete a Tactical Scerario entry

DIT - Set/revise parameters specified in the
Tactical Scenario entry

use « 8Select a Simulation Dsta Set

Qrr - Lesve this subprocess

More than one Tactical Scenario entry may exist in cne Simu~
lstion Data Set. Aiso, the statistics produced by a simulation
are stored in the Tactical Scenario entry, so the output of &
simulation is alvays stored vith the data specificaiion that pro-
duced {t.

3-L. Examine Statistics.

This subprocess is used by MOPADS users to previev and
print the results of MOPADS simulations. MSAINT writes row statis-
tical data to the data base after each simiation run. It is
physically atored in entries of the Tactical Scenarios. This sub-
process has commands that permit the user to selectively print sta-
tistics. For exsmple, it is possihle to print task node statistics
for a particular IHAWK or for all THAWKs. Similarly, the user can
print all operator statistics for one Q-T3 or operator statistics
for one type (e.g., TD) for all Q-73's.

The commands unique to this subprocess are:

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

PRINT ~ Print statistics.

SHOW . = Print “he Current Simrulation Data Set Number,
Tactical Scenario Number, and Run Number.

USE -~ Change the Current Simulation Data Set,
Tactical Scenario, and/or Run Number.

Iv-10




3-5. Create/Fdit Air Scenariy.

This subprocess ir used by the MOPADS modeler to create
nev alir scenarios for the MOPAL3 user. Figwe 1II-15 is a schematic
of the organization of the drtu base infcrmation for Air Scerario ‘
data. A Critical Asset Configuration eniry contains the basic data
such ss the coordinate reference point and the locations of all
eritical assets. Then one or more air iscenarios can be createdvith
reference to this coordinate and asse¢’ systea, Each air scenario
my contain tracks ciassified as hosti’>, friendly, and other.

Commands unique to this subprocess are:
ADD-AIR - Creates a nev air scenario entry vwith tracks

ADD-ASSETS~ Creates a new critical asset configuration entry

~ DELETE - Deletes a single air gcenario or an entire
Critical Asset Configuration entry
GET - Copies an air scenaric or an entire Critical

Asset Configuration frem a reference data base
to the vorking data base.

RENAME - Renames an air scenario or Critical Asset
Configuration

SAVE « Coples an air scenario or an entire Critical
Asset Configuration from the working data base
to a refe:ience 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 GET 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 ‘ised by the MOPADS modeler to enter
data for new models of air defense systems into the data base.
Figure IV-5 showt .he organizat:on of the reference system module
information ir the data base. Vhen 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
parameters for the module. This effectively increases the menu of
system modules available to the MOPADS user for performing
simulations.




CREATE/EDIT REFERENCE AIR DEFENSE SYSTEM MODULE

REFERENCE-ADSR

6 N/TSQ-73

M/TSQ-73

IHAK
ETC.

COMMARDS :
ADD CHANGE DELETE GET OQUIT RENAME SAVE USE

o

Figure IV-5. Data Base Organizetion for the "Create/Edit
Reference System Module" Subprocess.
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The commands unique to this subprotess are:

ADD - 'Crutc & nev reference air defense systsa module
CHANGE - Edit the parumeters of a'refemce system module
DELETE = Delete a reference syitem module

GET = Copy & reference system module from a reference
data base to the vorking data base

RENAME = Rename a reference system module

SAVE = Copy s reference system module from the vorking
data base to a reference data base

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

QUIT « Leave the sudprocess »
Use of this subprocess is described in Polite (1983p).

3-T7. Basiz Data Base Commsnds.

In addition to the commands discussed for each subpro-
cess, there are several basic commands that can be eatered from any
subprocess. Those commands provide low level editing or data base
handling services for the user. The basic data base commands are
discussed belov.

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

CLOSE

CURRENT -~ The CURRENT command will display the label, ID
or both of the current directory and/or data list
on either datu 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
numsers and new values,

DIRECTORY - DIRECTORY shows the contents (all owned direc-
tories and,’'or data lists) of the current direc-
tory on either dsta base. It shows the labels,
ID's, and directory positions of the contents.
This information is useful for the SELECT
command. '

Iv-13
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XAONE «~ EXANINE vill display sele~ted contents of the
current data list to the terminal or to the
MOPADS non-interactive output file. If the latter
is selected, the data list ladbel and other infor-

mation will also be printed.

HELP - HMLP will print the prompts and options for the
prompts for the specified command.

MNENU - MENU has no prompts. It will print all commands
available in the current subprocess.

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

* |

PLINK - PLIFK will change the current direct to the
owner of the directary vhich was current vhen:
PLINK was issued.

SELECT - SELECT changes the current directory or data list
to one that is owred by the directory that is
current when SELE.T is issued. The desired direc-
tory or data list 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 nbtained with the DIRECTCRY command.

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.

3-8. Conversing With the MOPADS User Interface. Il
(‘ |

The User Interface is primarily a command 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
jrocessor (FFSP descrited in Goodin % Polito (19833.))permits menu-like
presentations of commands.

The regular mode for entering commands is shown below.

command ,prompt 1=responsel/prompt2=response2/...

Iv-1k !
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The commands and prompts are keywvords recognized by MOPADS. The
responses ars particular values for the prompts. For example,
consider this:

OPIN ,FILE=MOPADS . IBF/STATUS=QLD

OPEN is the cosmand. FILE and STATUS are prompts recognized by
MOPADS and MOPADS.DBF and OLD are values for the prompts.

Certain prompts for a coxmand may have default values that
will be used if the prompt is not entered. In the example above,
ancther prompt, DB, specifies vhich data base is to be associated
with the file. Its default is WORKING, so by not entering it on the
coomand line, WORKING is automatically selected. If the default
value is not desired, ther the prompt must de explicitly entered on
the command line.

If the user fails to enter i'esponses to all required prompts,
MCPADS will interactively prompt for them., For example,

OPEN,STATUS=0LD
FILE([NO DEFAULT] = MOPADS.DBF

While processing the OFEN command, MOPADS found that the required
prompt, FILE, was not entered. It printed "FILE[NO DEFAULT]=". to

prompt the user for a respcnse, If the last non-blank character on

a cormand line is a dash (-), MOPADS will interactively prompt for
all unentered prompts, even those with defaults. For example,

OPER,STATUS=0LD -
DB [WORKIRG] = REFERENCE
FILE[RO DEFAULT] = MOPADS.DBF

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

OPEN, DB=DEF/STATUS=0LD/FILE=MOPADS . DBF

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

Jv-15




Also, & command can be cancelled at any time Uy typin‘ "camc”
&8 & respouse or a prompt. Por exuplc.

OPEN ,CANC
OPEX,FILE=CANC

Note that D¥F and CANC are essentially reserved words. The user A
interface treats commas, tlanks, and equal signs as interchange- R TR
‘able separators. Also, multiple separators are treated as & single :
separator. This means that the coemas in the previous examples

could be replaced by any combination of one or more blanks and

comas. The same in true of the equal signs, but their use is

recamended 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, end slashes) if it is enclosed in quote marks (™).
For example, on some computers file names contain embedded blanks,

eog.’
OPEX FILE="MOPADS DBF"

Without the quote mavrks above, MOPADS will consider MOPADS IRF 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
advantege 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 15 to
enter only the command name:

OPEN
D5 [WORKING]=DEF
FILE[NO DEFAULT]}=MOPADS.DBF

STATUS [OLD]=DEF
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The User Interface will prompt for all responses. This mcthod can
be selected if the uzer does not remember the promapts.

For commands vhich the user issues frequently, a coacise mode
can be selected by preceding the command with "C-"., In this case,
the prompt= part of the syntax mey be omitted. For exmmple,

, C-OPEX DEF/MGPADS ,DBF

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

The following rules will fosmalize the previous discussion cf
howv syntax is processed by FFSP,

1. The command-name-cnly 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 CANC.

L, The usef 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 1list.

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 sign should be
used to separate prcmpts from their responses; however,
it is not required. '

6. Commund and prompt names may be abbreviated to any non-
sembiguous 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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10.

the system to prompt the user for all the unentered
responses. Other dashes will then be considered as
part of a response.

Any miltiple combination of coemas and blanks is treated
as a single separator. For example,

MAME » BILL WOLF and NAME = BILL , WOLF

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

If the user enters an incorrect response or misues the
syntax, FFSP will explain the error and prompt inter-
actively for &ll remaining responses.

Concise mode is signified by preceding the command name
wvith "C-" (without the quotes).

The user interface 1s designed to be easy to use and to
support novice, intermediate, and expert users. The HELP and MERU
commands and the command-name-only form provide extensive help for
novice users. Conversely, the concise mode allows frequently used
cammands to be entered wvithout excessive typing. Furthermore, the
ability to use abbreviations for commands and prompts permits
experienced users to reduce typing effort in even the regular mode.
Examples of User Interfacre commands and terminal sessions are given
in Pelito (1983a,b). '

L-0 UTILITIES AND SUPPORTING SOFTWARE

h"l .

MOPADS 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 files, and encoding/
decoding character strings in a machine independent scheme. These
low level services are used by virtually all other MOPADS software

modules.

h-z .

FFSP_and FFIN2.

Two software modules are used to provide interactive

terminal functions for the user interface. FFIN2(Polito, 1983¢c) 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.

Iv-18



FPSP (Pree Format Syntax Process) uses FFIN2 to interpret the
synvaz of the user interface described in Section -7 above. The
FFSP i{s general in nature in that is {5 entirely data ariven. ‘s
allovs the set of commands nov recognized by MOPADS to bé expanded
easily if the need requires. Indeed, FFSP can be used tp interpret
commands in s setting entirely removed from MOPADS.

All form, content, and syntax error checking is formed at
the lovest level in FFIN2 or FFSP. This relieves the user inter-
face softvare vhich implements the cczmmands from the choL‘e of per-
forming these checks for each separate command type. The user.
interface programs can avoid duplication end concentrate on detec-
tion errors in meaning rather than form.
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V. GUIDE TO MOPADS DOCUMENTATION

1-0 MOPADS VOLUME 1

This report comprises MOPADS Volume 1.1, It is the final
report for the project and provides an introduction to the
concepts used in MOPADS. Subsequent MOPADS volumes contain user
and refernece material for the MOFADS modeler.

l-l. Volume 1 Contents,.

Volmﬁe ' Title and Descrivtion
1.1 MOPADS Finsl 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 softwvare implementation
is given.

2-0 MOPADS VOLUME 2

~

There are no documents in MOPADS Volume 2.
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3-0 MOPADS VOLUME 3

MOPADS Volume 3 contains reports that provide user docirenta-
tion. They are rariatory reading fur individuals who will derign,
perform, and analyz. 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-T3
System Module

This document describes the AN/
TSQ-T3 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 reguirements, and 3) a
discussion of the implementation.

3.2 ' User Guide for the IHAWK System
Module

This document is analogous to
Volume 3.1 except for the IHAWK
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.

L-0 MOPADS VOLUME L

MOPADS Volume 4 is a collection of documents for the MOPADS
modeler wvho 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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hel, Volume 4 Contents.

Volume

k.1

L.2

4.3

L.y

hos

" Title a-d Degeription

MOPADS Architecture Manual

This do.ument contains a descrip-
tion of the modeling framework
and the software structure of
MOPADS. 14 is prerequisite
reading for the MOPADS modeler.

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 recommended that all follow-on
developments also use this -
standard.

Documentation Requirements and
Development Cuidelines for MOPADS
Air Defense System Modules

This document describes the docu-

mentstion procedures that have been

used to develop the AN/TSQ-T3 and
THAWK system modules. 1t is
recommended that the procedures in

tiuls report be used for all follow=-

on develorments also.

Development Methodology for MOPADS
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
develomments.

MSAINT User's Guide: Changes and
Additions to the SAINT User's
Manual
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5-0  MOPADS VOLUME 5

This document describes changes
mad: to the SAINT simulation
langniage to support MOPADS. It

‘i3 writter as a supplement and

addendum to existing SAINT docu-
mentacion. Therefore, the reader
must be familiar with the SAINT

language.

Creating Reference Air Defense
System Modules

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,

Creating MOPADS Air Scenarios

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

MOPADS Volume 5 is a 2ollection of reference documents that
describe the methodology and software modules of MOPADS. They are
intended as reference reports of primary interest to the MOPADS
modeler, although MOPADS users may find some of them interesting.

5-1. Volume S5 Contents.

Volume

Stl.

5.2

Title and Description

A Summary of the Literature on
Quantitative Human Perfomance
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,

A Data Base for Quantitative
Human Performance Modeling
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5.4

5.5

5-6

5.7

This document describes. a compu-

terized system for organizing the
information described in Volume
5.1 and the use of the computer
program to identify relevant
literature to develop the MOPADS
skills taxonomy.

Selected Operator Functions and
Tasks for the AN/TSQ-T3 Missile
Minder :

This working document contains raw
task flow chart data extracted from

~ AN/TSQ-T3 system documentation.

Selected Operator Functinons and
Tasks for the Improved HAWK
Migsile Battery

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

The Underlying Person Model Behind
HOMO (Human Operstor Model)

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

HOMO Establishment of Performance
Criteria for Non-Decision Making
Tasks

This document describes the
moderator function approach
developed for MOPADS, and the way
in vhich task timass are moderated
by oreaking tasks down into com-
ponent skills.

MOPADS Task Sequencing Structure

This dccument describes the metho-
dology used for operator task
sequencing. Operators are repre=-
sented in MOPADS as goal seekers.
This report describes the proce-
dures used to model the goal
seeking behavior.
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5.8

5.9

5.10

S.11

5.12

5-13

5:15

MOPATS Norumeastation Style Manual

This report describes the documen-
sation strie used for writing and
ty»iag MOPADS repcres.

MOPADS Ut%iily Programs

Thais ceport. documents the MOPADS
softwvere Qodirle UVIL whicl. con-
tains gencral progreu. ctilities.

Human Factors !loderator Functions

This sepo~u deccuments the MOPADS
goftvare module which implements
the human factors moderator
functions.

MOPADS Free-Format Syntax Pro-
cessor (I°ADS/FFSP)

This report documents the MOPADS
softvere module whiach interprets
the MOPADS user interface command

syntax. '
MOPADS User Interface {MOPADS/UIX)

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

The MOPADS Data Bas= Control
System (MOFADS/LBS)

This report documents the MOPADS
softvare moduie that manipulates
the MOPADS data base file.

MOPADS Free-Format Input
Program (MOPADS/FFIN2)

This report documents the MOPADS
softwar: module that perfoims low
levzl format free input for FFSP
{see Volume 5.11) and the user
interface.

Documentation Manual for the
AN/TSQ-T3 System Module
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5.16

5.17

5.18

5.19

This report contains detailed docu~
mentation of the AN/TSQ-T3 system
module. Complete SAINT subnetworks
for each operator task are shown
with cross references between
SAINT task node numbers, operator
task numbers, and references to
Army documentation. Also, all
SAIKT user FORTRAN inser%s are
documented.

Documentation Manual for the THAWK
System Module

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

The MOPADS Data Base

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

file.

The MOPADS Data Base Aprlication
Programs (MOPADS/DBAP)

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

Documentation Marual for the MOPADS
Control Module (MOPADS/CNTRL) 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
vhich manages aircraft tracks and
drives the software that updstes
track position and ATDL information.
In addition, ceriain programs common
to all system modules are documented.
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APPENDIX A
'MOPADS FINAL REPORT:
USER GUIDE FOR THE AN/TSQ-73 SYSTEM MODULE
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MOPADS Terminology

ATR DEFENSE SYSTEM A component of Air Defeuse which includes
equirment and operators and for which
technical and tactical training srerequir-:d.
Examples are THAWK and the AN/TSP-T3.

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

the MOPATS software. These 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 element times, task
sequencing requirements, and human factors
influences,

AIR SCENARIO A spatial and temporal record of aerial
ectivities and characteristies of an air
defense battle, The Air Scenario includas
aireraft tracks, safe corridors, ECM, and
other aircruit and airspace data, See
also Tactical Sccnario.

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

DATA BASE CONTROL That part of the MOPADS software which

SYSTEM performs all direct commumication with the
MOPADS Data Basc. 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 Army documentation and other data needed to
orepare Air Defense System Modules.
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ENVIRONMENTAL
STATE VARIABLE

An element of an Envircmmental State
Vector.

H e (ISR LERY sy

ENVIRONMENTAL
STATE VECTOR

An array of values representing conditions
or characteristiecs that may affect more
than one operator. Elements of Enviromen-
tal State Vectors may change dynamically
during a MOPADS simulation to represent
changes in the envirooment conditions.

'MODERATOR FUNCTION

A mathematical/logicel relationship which
alters the nominal time to perform an opera-
tor activity (usually a Tesk Element). The
nominal time is changed to represent the
oparator's capability to perform the
activity based on the Cperator's State
Vector.

MOPADS DATA BASE

A computerized data base designed specifi-
cally to support the MOPADS software. The
MOPADS Data Base contuins Simulation Data
Set(s). It commmicates interactively with
MOPADS Users dwring pre- and post-run data
specification and dynamically with the SAINT
softwere during simulation.

MOPADS MODELER

An enalyst who will develop Air Defense
System Modules and modify/~”evelop the
MOPADS software system,

MOPADS USER

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

MSAINT
(MOPADS/SAINT)

The varient of SAINT us=d i, the MOPADS
system. The standerd version of SAINT has
been modified for MOPADS to permit share-
able subnetworks and more sovhisticated
interrupts. The terms SAINT and MSAINT are
used interchangesbly when no confusion will
result. See also, SAINT.
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OPERATOR STATE
VARIABLE

One element of an \ ator State Vrctor.

OPERATOR STATE
VECTOR

An arrey of values represeanting the cordi-
tion and choracteristics of an operater of
an Air Defense System. Many values of the
Operator State Vector will change dynamically
during the course of 'a MOPADS simulatiom t>
represent changes inioperator condition.

OPERATOR TASK

An operator a.ctivity ‘identiﬁef‘ during
wearons system front-end analyses.
L

SAINT

The wnderlying ccmpwler sirmlistion language
used to model Air Defense Systems in Air
Dafense System Modules. SAINT is an acremym
for Systems Anelysis|of Intezrated Netwvorks
of Tasks., It is a well documented language
designed specifically to represent human
factors aspects of manlmhine systems,

See also MSAIRT.

SIMULATION DATA SET

The Tactical Scenario plus al) required
similation initialization aud osther experi-
mental data needed to perform a MOPADS
simlation. ;

SIMULATION STATE
|
l,

ot

At any instant in time of a MOPADS simula-
tion the Simulation State is the set of
values of all variables in the MOPADS soﬁ.—
wvare and the MOPA;.S 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 (number, type and location of

weapcns and the command and cantrol system).
| .

{
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TACTICAL SCENARIO
COMPONENT

An element of a Tactical Scenerio, e.g.,
if a Tactical Scenario contains seversl
Q-73's, each one is a Tactical Scenario

Cauzponent,

TASK

See Operator Task.

TASK ELEMENTS

*

Individual operator actions which, when
grovped aprropristely, make up operator
tusks, Tark elements are usually repre-
sented by siugle SAINT TASK nodes in Air
Defense System Modules,

TASK NODE

A modeling symbol used in the SAINT sinmulae-
tion language. A TASK node represzants an
activity; depending upon the modeling cir-
cumstances, a TASK node may rervresent an
individual activity such as a Tasx Elerent,
or it may represent en aggregated activity
such as an entire Operator Task.

TASK SEQUENCING

A mathematical/logical relationship which

MODERATOR selects the next Operator Task which an

FUNCTION cperator will perform. The selecticn is
based upon overctor goal seeking character-
istics.

Additional Terminclogy and Abbreviations

BN Battalion

Q-73 AN/TSQ-T3 ~

10 Tastical Director

TDA Tacticel Director Assistant

D1, TD2 The operator of a Battalion AN/TSQ-T3

A-8




TS *#_¥ ry Ly o L 2. W T € -

aF

L 52 S S )

Sy

LIRS

™y -
.

), INTRODUCTION |

1-3 FPURPOSE

This document is 4 user manual Tor the AN/TSQ-T3 system module.
It contains deteils of the implementation of the MOPADS model of the
AN/TSQ~T73 systen. This information is found nowhere else in the
MOFADS documentation. Actually, two system modules exist for the
AN/TSQ-T3: one for Battalion operators and one for Group operators.
Both are described in this report.

The contents of the operator state vectors, envirormental state
vectors, and task data sre given in this report. Section II contains
a brief description of the AN/TSQ-73 system. Section III presents
the contents of the operator state vectors. The environmental state
vector is described in Section IV. The operator tmsks and task
sequencing assumptions are given in Section V. Finally, Section VI
describes assumptions used in developing the module, :

2-0 INTENDED 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. This information is discussed in detail in
MOPADS volumes four and five.

3-0 OTHER READING

The reader is presumed to be familiar with the MOPADS system,
This implies that he/she should have read the final revort, 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-T3 system module is
found in Geodin & Walker 1983.
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11. 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 airfields, and ammunition supply centers from enemy
air attacks. The Q-T3 performs this mission by controlling various
fire units so that the missior is carried out effectively and as
efficiently as possible. The Q-73 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 havc several IHAWK fire
units under its control. The Group Q-T73's serve as checks on the
actions of the Battalion Q-73's so that two Battalion do not engage
the same aircraft.

Durirg an air scenario the Battalion Q-T73 will work with its
fire units in detecting and identifying aircraft. The Battalino
may assign the aircraft to different fire sections depending on
vhich 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-T3.

.The MOPADS Q-T3 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.

A-11
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OPERATUR. DATA

111,

1-1. Buman Factors Parameters,

1-0 TACTICAL DIRECTOR (TD)

o

Thig data is
Discussions of these

variables are contained in Polito & Lwoghery 1983, Laughery 1983,

Table III-1 shows the defuzult ‘ralues for the human factors
& Polito (1983b).

parameters of the Battalion Tactical Director (TD).
part of the operator state wvector for the TD.

©~a [« row; rAS

TD Human Factors Pé:ameter&

The last elements of this list, X-SCREEN~CENTER, Y-SCREEN-
CENTER, and SCREEN~RANGE, are set when the system module is copied

into a8 command and control configuration.

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

There are eight goals defined for the AN/TSQ-T3 operators.

Figure III-1 explains the goals and the goal states.

Not all oper-

The TD has goals 1, 2, 3, 6, T, and 8.

ators have all goals.

Goals one and two reflect the operator's desires to protect

For the TD, the critical

assets that he is trying to protect are those assigned to his fire

himself and defend the critical assets.
units.

Each Track is evaluated to calculate its time to arrive at the
AN/TSQ-73 Jocation and at each of the protected sites. The minimum

of these times is the track's threat.

Thus, the most threatening

Gosl three motivates
the TD to attack enemy aircraft even 1f they do not pose an imme-

track ras the smallest value for its threat.
diate high threat.

I
l
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Goals four and five cause the TDA to initlate and identify
tracks. Goal six will motivate the TD to prevent more tusu one of
his fire units from simultaneously engaging the same track. Goal
seven causes the operators to respond to communications srom within
their own unit and. from other units. Goal eight will canse engage-
ments against friendly aircraft to be terminated. The situation can
arise if a friendly track appears to be a high threat before it can
t2 identified.

Goal priority functions must be specified fur the goals which
specify how the goal priority changes with differirg valucs ol the
goal states. As discussed in Polito & Lavghery 1082 and Polito
(1983c), this is done by specifying two poiuts on the goal priority
function above and below the range of satisfaction. This data for
the TD is shown in Figure III-2. :

Table III-2 shows how this data appears in ¢he operator state
vector. Each goal is represented by 15 values. The first of
vhich is the goal number. If this number is negacive
then the operator does not have that goal. The :ate shown in
Figure IIT-2 is given in the elements LITTLE-M, BIG-M, and elements
GOAL~STATE-LOW~1 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-l. The objertive function is speci-
fied as l'one" which means that the TCO selects the tesk which offers
the greatest improvement in his goal state. If objJective 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-CONSIDERED is six).

Table III-2. TD Goal Priority Function Parameters.

1,000000 GOAL .
30.00000 LITTLE-N
0.1000000E+11 BIG-M
0,9290031E-30 LITILE-A
15,93882 LITTLE-B
0.0000000E+00 BIG-A
0.0000000E+00 BIG-B ,
1.500000 GUAL-STATE-LOW-1
10500000 PRICRITY-LOW=-1
16,00000 GOAL-STATE-LOW-2
2,000000 PRIORITY-LOW=-2
0,0000000E+00 GOAL-STATE-HIGH-1
0,0000000E400 PRIORITY-HIGH-1
0.0000000E+00 GOAL-STATE-HIGH~2
0,0000000E+00 FRIORITY~HIGH-2
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Table III-2 (continued)
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Table ITI-% (continued)
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TDA Goal Priority Function Parameters.

Table III-5.
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Table III-5 (continued)
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The TDA has objective function one as dces tﬁe TCO, ond he.

considers all three goals in task segquencing.

2-3. Display Data.

See

The TDA has the same display data as does the TD.

Table III-3.

3-0 GROUP AN/TSQ-T3 OPERATORS (TD1 and TD2)

3-l. Human Factors Parameters.

The

Table III-6 contains the human factors parameters for the

Group AN/TSQ-T3 (these operators are labeled TD1 and TD2.
comments in Section 1-1 apply equally to the data for TD1 and TD2.

These uperators are identical and each have authority analogous to

the Battalion TD.
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Table ITI-6.
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Table III-6 (continued)
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function for their fire units.
for TD1 and TD2 is shown in Table
‘disply data as does the

seven, and eight from Figure
ID1 and TD2 use objactive function one and

sages because of goal seven
to goals six and eight just as

They also perform a coordina-

sk sequencing.
TD1 and TD2 Goal Priority Function Parameters.

The TD1 and TD2 have the same

TD1 and TD2 have goals six,
See Table III-3.

3-2. Goals, Goal Priority Functions, and Objective Parameters.
These operators respond to mes

3-3. Display Data.

the Battalions perform a coordination
The goal priority function data

Just as do the Battalion operators..
III-T and Figure TII-L.

tion function for the Battaliors: due
consider all goals in ta

III1-1.

TDA.

~ Table I1II-T.
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Table III-7 (continued)
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The x,

g option is three
Yy, and z positions are sat when ihe moduie is copied into a parti-

The Battalion and Group AN/TSG-T3 system

t seamplin

NVIROIMENTAL DATA
rture,

=4

1V,
Teble IV-l contains the AN/TSQ-T3 environmental state vector.

‘'he various parameters in this vector are explained in Polito (1983a).

Table IV-1. The Enviroumental® State Vector.

The user should note that the defaul

(deterministic, moderated).
modules have identical defauli envivonmental state vectors.
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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 icdentified. Complete
descriptions and MSAINT models of the tasks are contained in
Goodin & Walker (1983). :

/ Task. Title or Description Operator

Number

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

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

3 ’ Send Terminate Cormands - The TD TD
of the Group or Battalion Q-T3

sends a CEASE ENGAGED or HOLD

FIRE command to a lower echelon

of command.

4 Clear, Hold Fire, Effective, or D
Status (BN only) - The Battalion

Q-T3 receives information from the

IHAWK fire unit concerning status

(active or inactive), engagement
effectiveness, ete.

5 Perform Hooking Procedure ~ The TD/TDA
opera.er will number hook all sites

end fire units and will position

hook all tracks.

T MmIEIEIOATE - . e o s e
1

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

|7 N XCT W e WY ]
-

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

[ RS M Ay 3
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Task
Kumber

Title or Description

Operater

10

15

20

26

30

Send Command Message (BN only) -
Thz TD glves permission to fire on
a target assigned to a fire unit
by the Q-T3.

Assign Weapons (BN only) - The ™D
assigns a high threat target to
one of the fire wmits,

Receive Command (BN only) - The
operators receive a CEASE ENGAGED
command fram a higher echelon of
command.

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

Receive Miscellaneous Messages - A

zero time task used to receive any
miscellaneous messages.

Task Sequencing
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VI. . OVHER FEATURES

- 1-0  IFF

g? FUNCTION IFFQ (Goodin & Walker 1983) determines the out-

k) come of an IFF challengze. Cwrently ic is assumed that the IFF
is 100% accurate. This can easily ?e changed by re-writing IFFQ.

o FUNCTION IFMODQ (Goodin & Walker 1983) determines what
IFF mode is selected by the TDA. Cﬁrrently, mode 2 is always

" selected. More complex selection processes can be represented

e by re-writing IFMODQ.

2-0 |HOOKING

i

e The current model assumes thal tracks are always position
hocked and that sites (e.g., fire upits) are number hooked. This

"o . assumption is manifested by setting information attributes at the

r B nodes prior to performing the hooking task. More complex selec-

tions can be representzd by re-writing these programs (e.g., T15W).

3-0 ASSIGNING TRACKS TO FIRE UNITS (TASK 15)
' The current model assumes that the TD selects tracks to assign

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

.
N £

Pl

40 PRACK INITIATION AND IDENTIFICATION

.
r

2’2

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

B
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VII,  STATISTICS

Figure VIII-l shows the statistics mainteined by the

 AN/TSQ-T3 system module. These statisticu are ir addition to

the task fraction statistics collected by MOPALS for all system
modules,
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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 component of Air Defense which includes
equirnent and operators and for which
techni~al and tactical training arerequired.
Examples are JHAWK 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 pre-
pared with the SAINT simulation langusage.
Air Defense System Modules innlude the
SAINT model and all data needed to com-
pletely define task element times, 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 SAIWT simulation lang-

uage to mean the process by which TASK nodes
are sequenced. At the compietion of the

- simulated activity at a TASK mode, the

Branching from that node determines which
TASK nodes will be similated next,

DATA BASE CONTROL
SYSTEM

That part of the MOPADS software which
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 Systenm,

DATA SOURCE
SPECIALIST

A specialist in obtaining and interpreting
Army documentation and other data needed to
prepare Air Defense System Modules.
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ENVIRONMENTAL
STATE VARIABLE

An element of an Envircomental State
Vector.

ENVIRONMENTAL
STATE VECTOR

An srray of values representing conditions
or characteristics that may affect more
than one oparator. Elements of Environmen-
tal State Vactors may chanze dynamically
during s MOPADS simulation to represent
changes in the environment conditioms.

MODERATOR FUNCTION

A mathematical/logical relationship which
alters the naminal 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 3imulation Data
Set(s). It commnicates interactively with
MOPADS Users dwring pre- and post-run data
specification and dynamieally with the SAINT
softwvare during simulation. '

MOPADS MODELER

An analyst who will develop Air Dafense
System Modules and modify/develop the
MOPADS software system.

MOPADS USER

An analyst who will design and condvet simue
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 shere-
able subnetworks and more sophisticated
interrupts. The terms SAINT and MSAINT ere
used interchangeably when no confusion will
result., See also, SAINT.
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OPERATOR STATE
VARIABLE

(ne elem=nt of an Operateor State Vector.

OPERATOR STATE
VECTOR

An erray of valuss representing the condi-
tion and characteristics of an operator of
an Alr Defense System. Many values of the
Operator State Vector will change dynamically
during the course of a MOPADS simnlation to

represent changes in operator condition.

OPERATOR TASK

An orsrator ectivity idsptified during
wearon3 system front-end analyses. i

L

SAINT

The wnderlying computer simulation 1 e
used to model Air Defekse Systems in

Dafense System Modules. ESAINT is an acrooym
for Systems Analysis of Integrated Netvorks
of Tasks, It is a well documented language
de=signed cpecifically to represent human
fartors aspects of man/machine systems.

See also MSAIRT. . '

SIMULATION DATA SET

The Tactical Scepario plus 2}l required
simxmlation initialization and other experi-
mental data needed to perform a MOPADS

-similation.

’

SIMULATION STATE

At mxy instant in time of a MOPADS simula-
tion th= Simulation State is the set of
velues of all variables in the MOPADS soft-
vare and the MOPADS Data Basme, | -

SYSTEM MODULES

See Air Defense System Modules.

TACTICAL SCENARIO

The Air Seenario plus specification of
eritical assets =and the air defense con-’
figuration (pmumber, type and location of
weapons and the cummand and control system).
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TACTICAL SCENARIO®

COMPONENT

An element of a Tactical Scenario, e.s..
if a Tactical Scenario cootains severai
Q<T3's, each one is a Tactical Scenario
Compenent.

TASK

See Operator Tasgk.

TASK ELEMENTS

Individnal cperator sctions which, vhen
grouped appropriately, make up operstor
tasks, Tazk elements are usually repre-
sented by single SAINT TASK nodes in Ailr
Defense System Modules.

TASK NODE

A nodeling 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
MODERATOR -
FUNCTION

(o

A mathematical/logical relationship which
selects the next Operstor Task vhich an
operator will perform. The selection is
based upon oparator goal seeking character-
isties.

MOPADS Abbreviations

CSMP

Common oystem Module Programs

AA-6
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I.  SYSTEM DESCRIPTION

1-0 THE CONTROL SYSTEM MODULE

The control system module is a SAINT network model similar in
structure to Air Defense Systzm Modules. It is included automatically
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 simulation. It also schedules the end of the
simulation.

2-0 THE COMMON SYSTEM MODULE PROGRAMS

The Common System Module Progrsms (CSMP) software module is a
collection of utility programs used by all of the MOPADS system
modules. 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 Progrsm (DBAP), Polito
(1983a). These programs are described in Section VIII of this
document. ’ .
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I1,  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
a5 piece-wige linear segments. Each segment represents a portion of
the flight path along which the aircraft pacameters (speed, direction,
etc.) remain constant. The transition points between segments are

called checkpoints.

A1l of the aircraft tracks are stored in the MOPADS data base
prior to the simulation, Polito (1983b). There may be mary tracks,
and it is impractical to provide array storage to hold all segments
of all tracks in main memory simultaneously. The control system
module performs two functions to mmnage 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 track it finds, it
schedules its initiation checkpoint.

2. ° When a track reaches a checkpoint, it reads the
data for the next szgment from the data base and

gchedules the next checkpoint.

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 edequate since aircraft parameters are constant

between checkpoints,

In addition to aircraft data management, the control system
module also schedules the end of the simulation. The end time
specified by the user is used in a small subnetwork to cause a
SAINT sink node completion at the appropriate time.
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111, MODEL DESCKIPTION FORMS

1-0 ENTITIES

The control system mcdule creste3 an entity that periodically
examines the data base for aircraft that will initiste in the next
period. It also creates an entity for each track that it finds.
These track entities complete a task each time the alrcraft reaches

a checkpoint. Finally, one entity is created to end the simulation
at the appropriate time, '

2-0 RESOURCES

No SAINT resources are 1sed.
3-0 VARIABLES

The control system mod_ule has no internal COMMON variable.
Lo MONTITORS

The control syst'mn module has no Monitor.
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5-0 TASK DESCRIPTIONS
There are six task nodes in the Control System Module.
13 !"
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6-0 STATISTICS

User time persistént statistics and count statistics are
collected in the control system module.
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T-0

USER FUNCTIONS

Three execution time user functions are ured in the control

system module. No initialization (input) user fnctions are used.

8-0

MCDERATOR 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 formel parameters.

2-0 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 medule, USERFC.

For user function one, USERFC calls SUBROUTINE CHKTRC which
schedules the next checkpoint for a track. For user function |two,
USERFC calls SUBROUTINE INTTRC which checks for new tracks tojenter
from the 3ata base. . |

No initialization of the control system module is needed, and
no processing with SUBROUTINE UTASK is performed. Therefore,
SUBROUTINE INITC and UTCNLC are present but have no executable code.

Somz of these programs are called by SUBROUTINE STATE between
checkpoints to determine if a track is visible to any of the eir
defense system's viewers (radars). More discussion of this topic is

given in Section 5-0 below.

30 FILES

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

[
"y

Internal documentation for the subporgrams that make up the

Control System Module is shown on the following pages.

L-0 SUBPROGRAMS

AA-31
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3
i . —
Al
X n SUBROUTINE CHKTRC (UF)
oy 2 C--MODULEs NOPADS CONTROL SYSTEN HOMULE
C--REFERENCE: NOPADS VOLUME 5.19
c .
CssPURPOSEs THIS SUBROUTINE IS CALLED BY FUNCTION USERF TO DETERMINE
c » THE TIME THAT WILL ELAPSE BEFORE THL NEXT CHECKPOINT FOR
c AN AIRCRAFT IN THE AIR SCENARIO.
c
C#sOUTPUT PARAMETERS: UF=TIME TO FLY TO NEXT CHECKPOINT
¢
g SUBROUTINE CKSVYC(NTCOL,X,IYN)
\ . C--NODULE: MOPADS CONTROL svsrsn HODULE
& C--REFERENCE: MOPADS VOLUNE S
[y C--PURPOSE:
- . C CKSVC WILL CHECK TO SEE IF THE SAME VIEWER WHICH PREVIOUSLY
¥ c COULD SSE A TRACK CAN STILL SEE IV
zj C--INPUT PARAHETERS:
’ c NTCOL-TRACK COLUNN IN NTRACK
byt C X(3)-CURRENT POSITION OF THE TRACK
e C--0UTPUT PARANETERS:
I c IYN-YES/NO
S c 1-YES, THE SANE VIEUER CAN STILL SEE THE TRACK
! c 2-NO, IT CAR‘T
- c IF THE TRACK VAS PREVIOUSLY HOT IN ANY VIEWER’S VIEN,
e -3 c 1N UILL ALWAYS BE 2.
‘;"v: G D W G D W W S L G W G D W S B S S G e A ---.--‘—
N
Mj SUBROUTINE CKVUC(NCOL,X,IYN,ALT,5ECTOR,PROB)
i C--MCDULE: MOPADS CONTROL SYSTEM MODULE
e C--REFERENCE: MOPADS VOLUME 5.19
I C--PURPOSE:
= c GIVEN A VIEUER AND A POINT, CKVUC UTLL DETERMINE 1F THE
[+ c VIEWER CAN SEE THE POINT,
g C--INPUT PARANETERS:
M C NCOL-COLUNN IN THE NSITE/XSITE ARRAY OF THE VIEUER
- c X(3)-X,Y,Z POSITION OF THE POINT THE VIEWER 15 TO SEE
3 C--OUTPUT PARAMETERS:
0 c IYN-YES/ND
ol C 1-YES, THE VIEUER CAN SEE THE POINT
X C 2-NO, IT CAN‘T SEf THE POINT
W > ALT(2)-MIN AND MAX ALTITUDE THE VIEWER CAN SEE
e C SECTOR(2)-CON"ASS AZIMUTH OF THE SECTOR OF INTEREST OF THE
o
"u
n
' i AA-32
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VIEWER. IYN IS5 NOT RELATED
TO SECTOR IN ANY WAY. SECTOR IS PROVIDED AS

c

c

c INFORMATION ONLY.

c PROB-PROBABILITY THAT THE VIEWER WILL ACQUIRE A NEW TARGET.

B L L L L T I L L T T e e P T R e L T L L T L L g

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 CUTFUT FOR
C CONTROL SYSTEM MODULE ERRORS.

£

C**INPUT PARAMETERS: KODE=ERROR CODE VALUE (8000-8999)

- - - . e . N D M e M L M W P S D G G G (M A D A e N e A ES S e M i A G S e e D A G S G D M Sete e A G S S G

SUBROUTINE EOSPC(ICOL,NTRKCL,NTR,ASCEN,NASC)
C~--MODULE: MOPADS CONTROL SYSTEM MODULE
C~-~REFERENCE: HOPADS VOLUME 5.19
C~-PURPOSE:
EOSPC WILL PERFORW END-OF-SEGMENT PROCESSING FOR TRACKS.
EOSPC CHECKS TO SEE IF THE END OF SEGMENT IS A TARGET
AND IF THE TRACK IS HOSTILE. IF SO, IT WILL CHECK THE
PROBABILITY OF DESTRUCTION T® SEE IF THE TARGET IS
DESTROYED. IF SO, IT WILL SET THE STATUS AS INACTIVE.
~=INPUT PARAMETERS:
ICOL-COLUMN IN NTRACK OF THE TRACK
NTRKCL(NTR)-CONTENTS OF COLUMN ICOL OF NTRACK
ASCEN(NASC)-CONTENTS OF CURRENT ROU OF THE DATA BASE FOR

THE SEGMENT JUST COMPLETED.
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SUBROUTINE FDVUC(NTCOL,NVCOL)

C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19

C--PURPOSE:

c FDVWUC WILL FIND A VIEWER THAT CAN SEE A SPECIFIED TRACK IF SUCH
c A& VIEUER EXISTS.

C--INPUT PARAMETERS:

¢ NTCOL-TRACK COLUMN NUMBER 1IN NTRACK

C--0UTPUT PARAMETERS:

C NVCOL-VIEWER COLUMN NUMBER IN NSITE THAT CAN SEE THE TRACK.
C ZERD IF NONE. IF THE TRACK UAS PREVIOUSLY SEEN BY 4

C PARTICULAR VIEUER ON INPUT THEN NVCOL WILL BE THE SAME
c VIEWER(ASSUMING THAT IT CAN STILL SEE THE TRACK)

c FDVUC DOES NOT CHANGE ROW 10 OF NTRACK TO INDICATE

c THE VIEWER WHICH SEES THE TRACK.
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SUBROUTINE INITC(NRUN)

C--MODULE: MOPADS CONTROL SYSTEM NODULE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:

c
c

INITC IS THE INITIALIZATION PROGRAM FOR THE CONTROL SYSTEH
MODULE.

C--INPUT PARAMETERS:

OO0

NRUN-RUN NUMBER
"~ O-INITC IS BEING CALLED AT THE START OF THE SIHULATION
PRIOR TO ANY RUNS
N~-NRUN IS5 BEING CALLED PRIOR TO THE BEGINNING OF
RUN N

Tt WD A e - TR D D . M G T A G D S O I A P S P W S e S e e S e G D M W G -

SUBROUTINE INTTRC (UF;

C--HODULE: HMOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19

C

Cs+PURPOSE:  THIS SUBROUTINE IS CALLED BY THE USERF FUNCTION TO

c

[oe B o 2 or B or BN oo B 90 BN o0 O 0 |

SCHEDULE TRACKS INTO THE AIR SCENARIO.

INTTRC EXAMINES THE TRACK DATA IN THE DATA BASE
AND ENTERS TRACKS THAT WILL INITIATE IN THE
NEXT DELT TIME UNITS.

**%QUTPUT PARAMETERS: UF=THE RESULTING VALUE OF THE USER FUNCTION

VARTABLE
0~4 TRACK HAS BEEN FOUND THAT UILL
INITIATE BETWEEN TNOW AND TNOW+DELT
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¢ DELT-ALL TRACK IN THE NEXT BELT TIME INT
C INTERVAL HAVE BEEN PROCESSED.

C SCHEDULE THE NEXT CALL TO INTTRC

c DELT TIME UNITS IN THE FUTURE.

c
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SUBROUTINE UTCNLC(NT,NPLACE)
C--MODULE: MOPADS 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 MODE WUMBER

c NPLACE-TASK NODE OCCURANCE TIME(SEE UTASK)

- - e A S P N P T R SR G o S G D S S s W SeT T G A G W A W A G S B M A T D SeP S G G G G A O S B S N et e S

FUNCTION USERFC (IP)
C--MODULE: MOPADS CONTROL SYSTEM MODULE
C--REFERENCE: MOPADS VOLUME 5.19

C

C**PURPOSE: THIS SUBROUTINE 1S USED TO CALCULATE THE VALUE OF USERFC
c DEPENDING 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 J IS THE TOTAL TIME TO BE SIMULATED

c .

Cs*QUTPUT PARAMETERS: USERFC=THE VALUE OF THE PARTICULAR USER FUNCTION
C CALLED

c

D o e > T A - - - -t o - >y S A e G Y S B M N e T R D T e D A . R o — . S -

FUNCTION USERNC(ICODE)
C--MODULK: MOFADS 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 ICGDE~USER FUNCTION CODE

C--OUTPUT PARAMETERS:

C USERNC-VALUE OF THE USER FUNCTION
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5-0 USER INSTRUCTIONS

As discussed earlier, scme of the programs in the User
Written Programs are called primerily 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 &
track can still see 1t.. Use of this
program. is more efficient than doing
a coamplete examination of viewers.

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

FDVWC - Finds & viewer which can see a parti-

cular track.

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

6-0 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 ancmolies 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)
gool NTRID and NTRID2 arrays full INTTRC
8on2 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.
T-0 COMMON VARTABLE DEFINITIONS

The Control System Module has no variables in COMMON areas.
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. V.  LISTING OF SAINT NETWORK DATA INPUT

GEN,CONTROL,S.12,1983,10004
POP,0,0,10,4,20s

DI1S,1,C0,.001s

pIs,2,C0,0.0s

UTI,1,AVGNHOST,0.0s
UTI,2,AVGNFRND, 0.0+
UTI,3,AVGNUNKN,0.04
UTI,4,AVGNTRKS,0.0%

E |

" $TRACK HANDLING TASKS

E ]

TAS,1,5TARTTR,0,9999,D5,2, (101504
DET,1,2s |
* j

TAS,2, INITIATE,1,1,UF,2s |
CAL,2,2,AEV,0.0,3,14,,2,ALV,0.0,3,14,,3,4LY,0.0,3, 1A+
» y ‘

Y

A
| e

—

s
»

‘%

TAS,3,CHKPOINT,1,1,UF,1,s
CF1,3,3,A6v,0.0,3,1A,,4,AEV,0.0,3,18% |
» . :
TAS,4,KILLTRK,1,1,DS,2s
*
(43 #CONTROL NETWOKK FOR ENDING THE SIMULATION AT TINE TFINK-TSTRTK
*
TAS,5,CNTRTIN,0,9999,D5,2,(10)50s
DET,5,6%
E ]
TAS,6,ENDTINE,1,1,UF,3,(10)51#
. .
FIN® i
$ |
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VI.  NON-SAINT DATA REQUIREMENTS

1-0 DATA REQUIREMENTS

The Control System Module requires dates on the tracks which
make up the air seenario. 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 user when
the simulation data set is created. A discussion of this information
can be found in Polito (1983c).
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VII. OUTPUT REPORTS

The Control System Module produces no separate output
reports.
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. VITII.  COMMON SYSTEM 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 ’
ST . suffix for the CSMP is "Y" so all of the programs written for this
s software module end in "Y." The MSATNT 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,
v ' MODRF, PRIOR, STATE, UACCPT, UERR, UINPT, USCOND, USERF, USERIN,
’ USTART, and UTASK are contained in the CSMP. '

2-0 DATA STRUCTURE

-The CCMP has very little internal data structure since it is
comprised mainly of programs each of which performs a separsate
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 CORTROL

The CSMP has no internal structure of its own and, therefore,
(!; - has no flow of control that needs description. The programs are
called primarily as utilities from other modules.

L-0 FILES

The CSMP does not open or close any external files. Indirect
access is made to the Data Base Applicatiou Program {DBAP), Polito
(1983a), and the Data Base Control System (DBCS), Polito (19834d),
thorugh subprogram cslls.

5-0 SUBPROGRAMS
The following pages contain descriptions of all subprograms

that are part of the CSMP. [Fach program description contains an
explanation of its purpose, perameters, and alternate returns.

o | AA-42
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Lty BLOCK DATA BLOCKY

C--KODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS vuLunt 5.19
C--PURPOSEs -
c BLOCKY 1S ussn T0 1 ITIALIZE COMMON FOR THE COMMON SYSTEM MODULE
c PROGRANS. IN PARTICULAR, THE COUNTER STATISTICS FOR EACH
c SYSTEM MODULE MUST BE LOADED IN THIS I'ROGRAN.
1 .
SUBROUTINE cculsv(ulrurlacs)
c
C--MODULE: MOPAJS COMMON USER CODE
\ C--REFERENCE: MOPADS VOLUHF 5.19
¢
" Cs¢PURPOSE: THIS SUBROUTINE, CALLED BY UTASK FOR EACH TASK NODE.
, € AT EACH TASK OCCURRENCE TIME, FIGURES OUT IF THE
S OPERATOR TASK CUMULATIVE TIME STATISTICS NEED YO BE
c MARKED OR RECORDED. IF SO THE nrvnoralnts ACTION
c IS TAKEN. |
c 1
CosINPUT PARANETERS: NT - CURRENT TASK NODE NUMBER
c NPLACE ~ TASK OCCURRENCE TIME
@! SUBROUTINE CHTDY(NPTRK,ICOL,VAL)
) €--NODULE: NOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME S5.19
C--PURPODSE:
' ¢ CHTDY UILL CHANGE ONE ELEMENT OF TRACK DATA FOR A SPECIFIED
c TRACX IN THE TRACK DATA DL“S OF ALL ADSN’S
C--1KPUT PARAMETERS:
c NPTRK-COLUMN IN NTRACK OF THE TRACK IN QUESTION
i c ICOL-ELEMENT OF THE TRACK DATA LIST FOR TRACK NPTRK TO
| c CHANGE
P c VAL-NEU VALUE FOR ELEMENT IfoOL
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. SUBROUTINE CLMEMY(IDOP)

o C--MODULE: MOFADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:

c CLMEMY 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.
i C--INPUT PARAMETERS:
4 IDOP-OPERATOR ID

------- - . - - - - - - - - -

SUBROUTINE COMEY(KODDE)
C--MODULE: WOPADS CONMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:

c COMEY UILL PERFORM SPECIALIZED ERROR OUTPUT FUR
c ERRORS GENERATED BY THE COMMON SYSTEN NODULE
c PROGRAMS. COMEY IS CALLED FROM UERR.

C--INPUT PARAMETERS:

c KhODE-~ERRGR CODE. CODES FOR THE COMMON SYSTEM
¢ MODULE PROGRAMS ARE IN THE RANGE

¢ 7000-7999

- - - - Y- - - . - -y L - T - " W - - - - - - 4 . - -

(‘ SUBROUTINE CSTATY(NCOP,ISTAT,XINC)
e C-~MODULE: MOPADS CO#MON USER CODE

C-~REFERENCE: MOPADS VOLUME 5.19

C--PURPOSE:
CSTATY UILL RECORD OBSERVATIONS OF COUNTER STATISTICS.
COUNTER STATISTICS ARE SIMFLY ACCUNULATIONS OF VALUES
(USUALLY COUNTS) THAT OCCUR DURING A SINMULATION RUN.
THEY ARE REPORTED THROUGH THE MOPADS DATA BASE AT ThE END
OF EACH RUN. NC STATISICAL MEASURES ARE GIVEN (E.G.
STANDAKD DEVIATION) BECAUSE ONLY THE TOTAL UALUE 1S
AVAILAELE FOR THE RUN.
EXAMPLES ARE A) NUMBER OF AIRCRAFT SHOT DOUN DURING A RUN,
AND B) CUMULATIVE IDLE TIME DURING A RUN. 'SEE ALSOD
BLOCKY,INITY,AND STDBY.

OO NOOOOO0O 0
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C-~INPUT PARAMETERS:

Ay I OO0 Sl = A

c NCOP-COPY ROU NUMBER OF THE COMPONENT TO RECORD AN
y c OBSERVATION FOR.
b2 c ISTAT-INDEX OF THE STATISIC TO BE RECORDED.
- c XINC-OBSERVATION TO RECORD. ESSENTIALLY, CSTATY
c ACCUMULATES THE XINC’S AS FOLLOWS:
C COUNT(ISTAT,NCOP)=COUNT(ISTAT,NCOP)+XINC
1 c AND REPORTS COUNT(ISTAT,NCOP) AT THE END OF EACH
4 c RUN.
5
ol SUBROUTINE CVTKY(NCOPI,NCTRK,IVN)
3 C--MODULE: MOPADS COMMON USER CODE
W C--REFERENCE: MOPADS VOLUNE 5.19
s C--PURPOSE:
_ L c CVTKY WILL CHECK TO SEE IF THE VIEWERS OF A SPECIFIED AD
S c UNIT CAN SEE A PARTICULAR TRACK.
- - C--INPUT PARAMETERS:
X c NCOPI-COPY ROW NUMBER OF THE UNIT
K c NCTRK-COLUNN IN NTRACK OF THE TRALK
ke C--BUTPUT PARAMETERS:
- C . IYN-YES/NO :
) c 1-YES, THE TRACK IS IM VIEW OF ONE OF THE UNITS VIEWERS.
2 c _ 2-NG, 1T ISN’T
*':;
N (o SUBROUTINE DELTRY{NPTRK)
b o C-~-MODULE: MOPADS COMMON USER CODE
e C--REFERENCE: MOPADS VOLUNE 5.19
¢ C~-PURPOSE:
~ ¢ DELTRY WILL DELETE A TRACK FROM THE TRACK DATA LIST OF
9 c EVERY WORKING ADSM
v C--INPUT PARAMETERS:
A c NPRTK-COLUMN NUNBER IN NTRACK OF THE TRACK TO DELETE
3L eeeemmeemesceemmeeeceses—meemeee————e———ee ——ebl
I a
4 SUBROUTINE ENDIT{NRUN) !
‘ C--MODULE: KOPADS COMMON USER CODE ||
- C--REFERENCE: NGPADS VOLUME 5.19 :?
- C~-PURPOSE:
C ENDIT IS CALLED AT THE END OF EACH ITERATION TO PERFORN
c ALL END OF RUN PROCESSING.
C--INPUT PARAMETERS:
€ NRUN-RUN NUMBER JUST COMPLETED
= .
TN . AA-45
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FUNCTION FLTY(I'FCOL,NTCOL)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOFADS VOLUME 5.19
C--PURFOSE:

W YRR e d WA S
57

c FLTY WILL COMFUTE THE FLIGHT TINE OF THE IHAUK MWISSILE
e c (MINUTES). FLTY DOES NOT CHLCK TO SEE IF EITHER NFCOL OR
' c NTCOL 1S VALID.
C--INPUT PARAMETERS:

h c NFCOL-NFSTOR COLUMN OF THE F{RE UNIT
v c NTCOL-NVRACK COLUMN OF THE TRACK
o

b esccsccesssscssccescanencessenes 0 0 0 e
2 |
- SUBROUTINE GEVALY(IDOP,NADSM,NCOPI,NGS,I0PR,GS,NNG)
o C--MODULE: MOPADS COMMON USER CODE

L & C--REFERENCE: MOPADS VOLUME 5.19
o C--PURPOSE :
S c GEVALY WILL EVALUATE AN DPERATOR‘S GOAL STATE VECTOR

N c :
v ' C--INPUT PARAMETERS:

o A c I1DOP-OPERATOR IB

- " c NADSH-SYSTEN MODULE TYPE

B c NCOPI-COPY ROW NUMBER

N c NGS-ALTUAL LENGTH OF GS

) C--INPUT/OUTPUT PARAMETERS:

- - C IOPT(2)-DBAA OF THE OPERATOR STATE VECTOR

= 40 L C--OUTPUT PARAMETERS:

- , ' c GS(NGS)-GOAL STATE VECTOR '

Ay C NNG-THE NUMBER OF GOALS THE OPERATORS OF THE SYSTEM HAVE.
. c (I.E. ONLY THE FIRST NNG ELEMENTS OF (S HAVE MEANINGFUL
N C INFORMATION). IF THE OPERATOR DOES NOT HAVE GOAL I,
- c THEN 6S(I)=-1.E10.

e

Moo e memaemmm e m e mm e memm e cmme e ;— e m——————————
X :

» .

3 SUBROUTINE GPRIY(IDOP,NADSM,NCOPI,G3,NNG,10PR,GSP)

? C--MODULE: MOPADS COMMON USER CODE

- C--KEFERENCE: MOPADS VOLUME 5.19

- L C--FURPOSE:

. C GPRIY WILL EVALUATE GOAL PRIORITIES GIVEN THE GOA. STATES
« " o FOR AN OPERATOR.

S C--INPUT PARAMETERS:

T C 1DOP-OPERATOR 1D

. c NADSM-SYSTEM MODULE TYPE

- e C NCOPI-COFY ROW NUMBER

o c GS(NNG)-CURRENT GOAL STATE VECTOR

B :
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C-=INPUI/OUTPUY PARANFTERS:

¢ 1OPR(2)-J8AA DF THe CERATOR STATE VECTOR

C--DUTPUT PARAMETER! 3 '

t ESP(NNG)-GOAL PRIORITY VECTOR. 1° THE OPERATOR DOES NOT
£ HAVE GDAL I, THEN 6S”{l1}=0.

caemseac LY T .

SUBROUTIK™ GSOURY(IDOP,NS!ODE) ,
C--HODULE2 MOPAsS COMAON USER CODE Y
C-~kE¥ERENCEs SOPABS VOLLNE £.19
C-~PURPOSES

. - GSOURY WILL RETURM THE SOURCE NODE WHERE A FARTICULAR

¢ OPERATOR 1S CREATED,

C-=INPUT PARAMETERS:

€ IDOP-OPERATOR 1D

C--OUTPUT PARAMETERS:

¢ NSNODE-SDURCE NODE NUMBER WHERE THE OPERATOR IS CREATED

SYUBROUTINE INITY(NRUN)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE:s NOPADS VOLUME 5.19

I ;

C-=PURPISEs

¢ INITY WILL INITIALIZE THE COMMON SYSTEM AODULE PROGRAMS.
C-~INPUT PARAMETERS:

t NRUN-RUN NUMBER ABGUT TO BEBIN

¢ O-INITY IS BEING CALLED PRICR TO PERFORNING ANY RUN.

€ N-INITY 1S BEING CQLLED PRIOR TO RUN N,

SUBROUTINE INTLC
C--NODULE: MOPADS COMMON USER CODE
C~~REFERENCE: MOPADS VOLUME S5.19

C-~PURPOSE

¢ INTLC IS THE STANDARD SAIMT UER IIPUT PROGRAN FOR DOING
c ANY REQUIRED USFR INITIALIZATION. IT IS NOT USED BY

¢ HOPADS. THIS 15 A DUMHY PROSRAM. SEE SUBROUTINES

¢ USTART AND INITY IN THIS SECTiON.
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SUBROUTINME IRCJ1Y
C-~NODULE: MOPADS COMMOM USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
IROU1Y WILL INITIALIZE ALL DATA LISTS IN UORKING ADSM’S OF
THE SIHULATION BATA SET THAT HAVE UORK°NG AND INITIAL VALUE
ROUS. IM OTHER WORDS, SOME DL’S (E.6. OSV’S) MHAVE THEIR
INITIAL VALUES STORED IM ROU 2. PRIOR TO EACH SIMULATION
RUN, THE VALUFS ARE COPIED TO ROW 1, ROV 1 1S USED DURINS
THE SINULATION AND MAY BE CHARGED.

OO

................................. -

SUBROUTIHE IROR2Y(IADSM)
C--NMODULE: NOPADS CONMOM USER CGDE
C--REFERENCE: WOPADS VOLUNE 5.9

C--PURPOSE ¢

(S - IROW2Y UILL IMITIALIZE ALL 2 ROY DATA LISTS IN A UDRKING
c ADSN, SEE IROULY FOR FURTHER DETAILS.

c IROU2Y ALSD INITIALIZES THE RESOURCE DATA LIST.
C~--INPUT/0UTPUT PARANETERS:

c TIADSH(4)~DRAA OF THE ARSA TO INITIALIZE.

- - Gy YD D P G D T 4D G W A R -

SUBSROUTINE MODRF (NFN,NNODE)
C--NODULEs MOPADS COMNNON USER CODE
C--REFERENCE: MOPADS VOLUNE 3.19

C--PURPOSE:

£ HOBRF IMPLEMENTS THE SAINT NODERATOR FUNCTIONS FOR HOPADE.
€ THE RODRF CODES ARE MOT REMUMBERED FOR EACH SYSTEN MODULE.
¢ IN OTHER UORDS, ONLY ONE STREAM OF mODRF CODES IS USED FOR
c ALL SYSTEM MODULES.

C--INPUT PARAMETERS:

€ NFN-NODRF CODE

¢ CODE 1 IS RESERVED FOR THE HUMAN FACTORS MODERATOR
€ FUNCTION NODULE
(o MNCDE-CURRENT NODE NumBER
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SUBROUTINE NODRFY(MNODE)
L--NODULE: NOPADS CORMON USER COUE
C--REFERENCE: MGPADS VOLULE .19

C--PURPOSEs

¢ MOBRFY INPLEMENTS 1ME MOPALS XOOERATCIS FOR TINE-TO-PERFORM
4 OPERATUR TASX FLEMEUTS BY CALLIWG THE APFROPRIATE HUMAN

¢ FACTORS MODULE PROERANS.

C-=INPUT PARANETERS:

¢ MNGDE-CURRENT Nu‘E

SUDROUTINE NXMSBY(MSID,NCOL,IUB,NCOL)
C~-~MODULE:s MOPADS COMHON USER CODE
C-~REFERENCE: MOPADS VOLUNE 3.19

C--PURPOSE:
] RXNSBY VILL FIND THE HIGHEST PRIORITY MESSAGE WHOSE PRIORITY
¢ 18 LESS THAN IUB. THUS, MXNS8Y CAN BE USED TO FIND THE

¢ SECONB, THIRD, ETC. HOST INPORTANT MESSAGE.
C-=INPUT PARAMETERS:

¢ NSIR(S,NCOL)-1D’S OF MESSAGES
¢ IUB-UPPER BOUND ON BXESSAGE PRIORITY. ANY MESSAGE UITH
¢ PRIORITY .GE. IUB WILL BE IGNORED IN THE SEARCH,

C--0UTPUT PARANETERS:
¢ HCOL-COLUNN NUNBER IN NSID OF THE HIGHEST PRIORITY MESSAGE.

SUBROUTINE NEUTKY(NPTRK)
C--#OBULE: NOPADS COMMON USER CODE
C-~REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE:
¢ [MEUTKY WILL PUT A NEU TRACK EHTRY INTO EVERY UORKING ABSN~S
ftlacx BATA BL. IF THE TRACK IS NOT 1N RADAR COVERAGE,
TRETURN UITH MO ACTION.

SUBROUTINE OEVALY(IROP,NADSH,NCOPI,BS,NNE,JTASK,]IO0PR,B3,Td,0)
C--MOBULEs MOPADS COMNON LSER COBE
C--REFERENCEs MOPADS VOLUNE 3.19
C~-PURPOSE:
¢ OEVALY UILL COMPUTE THE EXPECTED GOAL 3TATE VECTOR FOR A
4 PARTICULAR OPTION FOR A SPECIFID OPERATOR
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C-~INPUT PARAMETERS: ]
1DOP-OPERATOR 1D .
NADSN-SYSTEN WODULE TYPE
[NCOPI-COPY ROU NUMBER
GS(NNB)-CURRENT GOAL STATE VECTOR
JTASK-OPERATOR TASX MUMBER OF THE OPERATOR. osanv WILL
EVALUATE EXPECTED GOAL SYATES GIVEN THAY THE
. OPERATOR PERFORHS TASK JTASK.
-~INPUT/OUTPUT PARAMETERS:
I0PR(2)-BBAA OF THE OPERATOR
-~QUTPUT PARANETERS:
BSJ(NNG)-EXPECTED GOAL STATES RESULTING FROM PERFORNING
. TASK JTASK
TJ-EXPECTED TIME (MWINUTES) TO PERFORM 1ASK JTASK. IF THE
OPERATOR CANNOT PERFORM OR DOES NOT PERFORM TASK JTASK,
THEN TJs-1,

~~ALTERNATE RETURNS:
1-JTASK IS GREATER THAN THE MAXINUR TASK NUNBER THAT THE OPERATOR

PERFORMS. OJEVALY UILL BE CALLED REPEATEDLY UITH GREATER
VALUES OF JTASK UNTIL THIE CONDITION OCCURS.

Lz Ny N x ]

OO0

SUBROUTINE OPREY(IOPP)
C--NODULE: HOPADS COMNON USER CODE
C-<REFERENCE: MOPADS VOLUNE 5.19

c .
Cs#PURPOSE: ERROR CHECKING TO ASSURE THAT NON-OPERATORS ARE
Cor NOT PROCESSED AS OPERATORS

£

CosINPUT PARAMETER:s I10PP - ENTITY ID

€

- - - - - > - - LT TN TR - - - - -

FUMCTION PRICR(ITASK)
C--nODULE: #OPADS CONNON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19

C--PURPOSE:

c PRIOR 1S URITTEN TO SATISFY CALLS BY SAINT. IT 18 NOT
‘ c USED BY MOPADS. THIS FUMCTION 1S A DURMAY,

C--INPUT PARAMETERS:

c ITASK-TASK NODE NUMBER
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SUBROUTINE PSHNTY(IOPT,ID0P,TSXNEU,LEN)

C--MODULE: MOPADS COMMON USER COD”
C--REFERENCE: NOPADS VOLUME 3.19
Ce¢PURPOSEs THIS SUBRCUVINE IS USSP TC REMGUE (°0P, THE CURRENT TASK

FROK THE OPLRATIR TASK 3TACK.IT THEN FLACES X SET OF
TASKS T0 BE PERFORNMED UNTE THE TASK STACK.ThZ TASKS ON
THE TASK STACK WILL BE PEKFORMED ACCORDING TO THE LIFO
SERVING DISCIPLINE.

ssINPUT PARANETERSs  IOPT=OPTION TO CLEAR THE OPERATOR’S MEMORY

(1=CLEAR NENORY,0=30 NOT CLEAR MENGRY)
IDOP=OPERATOR ID
TSKMEU(S,LER)=ARRAY CGNTAINING TASK DATA
LEN=NUMDER OF TnSKS TO ABD TO TASK STACK

FUNCTION PSY(PSCN,TF)

C--MODULEs MOPADS CONMON USER CODE
C--REFERENCE: NOPABS VOLUMZ S.19
C-=PURPOSE S

¢

FSY WILL COMPUTE THE SUCCESS PROBABILITY FOR A TASK OR |
A TASK ELEMENT.

C--1NPUT PARANETERS:

c PSCN-NONINAL PROBABILITY OF SUCCESS

¢ TF-O0PERATOR’S TASK ERROR FACTOR OR TASK ELELMENY ERROR
¢ FACTOR '

C--NETHUR

€ LET BELTA=(1-PSCN)*TF

¢ THEN PSY=NAX(.1,PSCH4DELT)

¢

SUBROUTINE RNGY(NTCOL,IDBOP,RANGE,IYN}

C~~MOBULEs MOPADS COMMON USER CODE
C--REFERENCE: MOPABS VOLUNE S.19
C-~PURPOSE:

4
¢
¢
¢

RNGY WILL JETERMINE IF A SPECIFIED TRACK 1S VISIBLE TO AN
OPERATOR, 1IN OTHER UORDS IT WILL CHECK IF IT IS WITHIN
KIS SCREEN RANGE. RNBY DOES NOT CHECX TO SEE IF THE
TRACK IN ALSO VISIBLE TO A VIEUER.
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C--INPUT PARAMETERS:

c NTCOL-THE COLUMN NUMBER OF THE TRACK IN NTRACK
¢ 1DOP-THE CGPERATORS ID

c RANGE-THE SCREEN RANGE OF THE OPERATOR
C-~0UTPUT PARAMETERS:

c IYN-YES/HO

€ 1~YES, THME OPERATOR CAN SEE THE TRACK

c 2-N0, ME CAN‘T

SUBROUTINE SHELLY(N,DATA,NDEX)
C-~MODULEs MOPADS COMMON USER CODE
C-~REFERENCE: MOPADS VOLUME 5.19
C-~PURPOSEs

c SHELLY WILL SORY DATA LARGEST TO SMALLEST WITH A SHELL SORT.
¢ DATA IS NOT ACTUALLY DISTURBED. NDEX IS MADE INTO A CROSS

¢ REFERENCE TO BATA IN THE CORRECT SORTED ORDER.

C-~INPUT PARAMETERSS

¢ N-LENGTH OF DATA AND NDEX

c ATAIN) -ARRAY TO BE SORTED

C--0UTPUT PARAMETERSS

¢ NBEX!M)-INDEX ARRAY TO DATA. ON OUTPUT THE 1-TH LARGEST

c ELERENT OF aTs NILL BZ DATA(NDEX(I))

- - L R LT T TV T e e Y

SUDROUTINE SMSGY(MROUL,NPEC,NOPR,IDIST,NVAR,NSND)
¢
C--MGDULE: NOPADS CUMMON USER CODE
C-~REFERENCE: MOPADS VOLUME 5.1%

£
CesPURPOSE: TD WANDLE SEMDING OF ALL MESSAGES FROM USER CODE. ALSO

Cos _ STORES IN A LOCAL ARRAY ALL STATIC MESSAGE CHARACTERISTICS.
Coe THIS ARRAY, NNNSG, MUST BE CHANGED IF ANY OF THESE

Cos . MESSAGE CHARACERISTICS ARE CHANGED DY AN ANALYST OR IF

Ces ANY NEU MESSAGES ARE ADDED.

¢

CosINFUT PARAMETERS: KROUL - MESSAGE KCY NUMBER (ROU IN NNMSS)

NREC - RECEIVER COPY ROU NUMBER

NOPR - RECEIVER OPERATQR TUPE (UNUSED 1F COLUMN
4 OF NMNSE IN ROU MROWL IS NOT 0)

IDIST - MESSAGE RISTRIBUTION CODE (FOR CODE
DEFINITIONS SEC SUBRONUTINE SNDNSA)

NVAR - ARRAY OF LENGTH 3 CONTAININE YHE VARIABLE
MESSABE. COLUNNS 11-13 IN NNHSG CONTAIN
THE CODES DEFINING THE VARIABLE MESSAGE,

OO0
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C‘*OUTPUT PARAMETERS: NSMO - THE MESSAGE SEQ NUMBER ASSIGNES TO THE HESS

-
»y

b

BY SUBROUTINE SNLASA

CosLOCAL VARIAILES: NNHSB(50,15) = THIS ARRAY COMTAING STATIC

OO0 OONOOINOIOOITOO0O0O0O000N

INFORKATIJN FOR EACH NFSSAGE TYPZ.
EACH SUNCTIONAL TYPE - SUSTYFE
CONBINATIOK HAS A ROV 1IN THE ARRAY.
THE MESSAGE RIW NUMXER THEN PEFERS
TO A UNIQUE HESSAGE TYPE ANB “IVES
THE ROU COMTAIRIK3 INFU FOR THRT
MESSAGE. COLUMN DEF(NITIONS ARE
SIVEN BELOU.

COLUNN DEFINITIONS FOR THE NNMSG ARRAY

GBS NN -

RECEIVER OPERATOR TYPE (0 IF MUST DE CALCULATED)
FUNCTIONAL TYPE

MESSAGE SUBTYPE

NESSAGE PRIORITY

COMMUNICATION NETWORK (1-VOICE, 2-ATDL)
ACKNOULEDGMENT REQUIRED (1-YES, 2-NO)

ATIL CODE (UNUSED)

UNUSED

UNUSED

N

10 - NO. OF UORDS ll THE VARIABLE MESSAGE (NOT COUNTING IT

11=-1

CODE

3 - VeRYABLE MESSAGE TYPE CODES (FOR NVAR WORDS 1-3)
(THESE COBES ARE USCD TO CHECK THE VALUES OF
NVAR TO ASSURE THAT LEGAL VALUES UERE PASSED IN.
THE CODES ARE BEFINED BELOW UITH LEGAL VALUES
“SHOEN IN PARENTHESES)

S FOR NMNSG COLUMNS 11-13

N Ol -

" -

13 -

UHICH FIRE SECTION (O-EITHER,1-A,2-B,3-BOTH)
TRACK COLUMN POINTER (1 TO NCOLS)

MESSAGE NUNBER ACKNGULEDGING (1 TO LASTH)

FU EFFECTIVE STATUS (1-KILL,2-NO KIJLL)

INIPIR STATUS (1-LOCK,2-NO LOCK)

RAID SIZE (1-ONE,1-FEU,3-NANY)

THIPIQ LOCKING METHOD (1-NANUAL,2-AUTO)

NETHOD OF FIRE (1-SHOOT-LOOK-SKOOT,2-RIPPLE FIRE)

¢t ¢ ¢ 8 8 ) ¢ ¢

TASK NODE NUMBER SENT FROM (0 IF VARIABLE, BECAUSE
THIS INFORMATION IS NOT REALLY NEEDED TO SEND THE
MESSASE)
USAGE STATUS =1 MESSAGE CURRENTLY BEING USED BY AT LE
ONE SYSTEM NODULE
=1 HESSAGE NWOT BEING USED
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SUgRDUTINE STATE
C-~RODULZ: MOPADS COMMON USER CODE
C--REFERFNCE: MOPADS VOLUME 3.19

c ,
CssPURPOSE: THIS I& SUEROUTINE STATE FOR THE MOPADS MSAINT S67(UARE,
¢ i IT 1S UZED TO UPDATE THE PGSITIONS OF THE AIRCTAF( IN YHE

r . AIR SCENARLD.

SUBROUTINE STDBY(NRUN)
C-~NODULE: MOPADS COMMDN USET CJUDE
C-~REFERENCE: MOP'DS VOLUNE .19

C--PURPOSE: .
c STDBY WILL DUNP COUNTER STATISTICS .. ¢HE NOPADS PATA BASE
c AFTER A RUN. STDBY POES KT RE-INITZALIZE THE COUNTER

c STATISTICS ARRAYS AFTER A BUWP. '
r--INPUT PARANETERS:

c MRUN-RUN NUMBER JUST COMPLETED

- 4 - - - - -

SUBROUTINE THRTY(IPOP,NCOPI,KTRK,XLB,70A,KPTRK,IST)
C--HODULE: MOPADS FOMMON USER CODE
C~~REFERENCE: MOPADS vOLUME 5.19
C--PURPOSE:

THRIY UILL LOCATE THE TRACK THAT IS MOST THREATENING TO AM
AIR DEFENSE COMPONEMT. THIS SUBPROGRAN 1% USED TO EVALUATE
THE SELF DEFENSE GOAL. THR1Y UILL ALSP EVALUATE
A SINSLE TRACK BASED ON THE VALLE OF KTRK.
~<INPUT PARAMETERS:
IDOP-THE OPERATOR ID
NCOP1-COPY ROU NUMBER OF THE COMPONENT
KTRK-TRACK COLUMN WUMBER IN NTRACK
0-EVALUATE ALL TRACKS
K-EVALUATE TRACK K ONLY
XLB-LOVER BOUND ON TOA. THE TRACK UITH THE MINIMUM TINME
OF ARRIVAL DUT GREATER THANM XLB UILL BE RETURNED. XLB.6T.0
1S USED TO EXCLUDE THE NOST THREATEMING TRACK UHEN
ESTINATING THE INPACT ON GOALS OF ASSIGNING THE HOST
THREATENING TRACK 19 AN FU,
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C--RUTPUT YARANETERS:

0 TOA-TINE OF ARRIVAL OF THE NOST THREATENING TRACK

€ . KPTRK-NTRACK COLUMN OF YHE MOSY THREATENING TRACK S
€ IST-TRACK STATUS(O~-NO TKACK,1-UNIDENTIFIED,2-IPENTIFiED éS NGSYIL
¢ OR UNKNOUN,3-28DARY ASSIBNED)

B pEG s e

: SUBROUTINE THR2Y(IDOP,NCOPI,KTRK,XLB,TOA,KPVRK,IET)
- C==RODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.19
+ C==PUKPOSEs
THR2Y UILL LOCATE THE TRACK THAT I8 NOST THREATENING TO AN
AIR DEFENSE CONPONENT’S PROTECTED SITES. /HIS SUBPROGRAN IS
USED TO EVALUATE THE B0AL OF PROTECTING CRITICAL ASSETS.
THR2Y UILL ALSO EVALUATE ONLY ONE TRACK BASED CN THE
VALUE OF KTRK.
--INPUT PARANETERS s
1BOP-THE OPERATOR 1)
NCOPI-COPY ROV MUNBER OF THE COUPONENT
KTRK-TRACK COLUNN NUMBER IM NTRACK
0-EVALUATE ALL TRACKS
K~-EVALUATE TRACK K ONLY
XLB-LOUER BOUND ON TOA. THE TRACK UITH THE MINIMUN TIME
OF ARRIVAL BUT GREATER THAH XL#® VILL BE RETURNED. XiLB.8T.0
1§ USED TO EXCLUDE THE MGST THREATENING TRACK WHEN '
ESTINATING THE INPACT ON GOALS OF ASSIBNING THE MOST
THREATERING TRACK TO AN FU,
~=QUTPUT PARAMETERS:
TOA-TINE OF ARRIVAL OF THE MOST THREATENING TRACK
KPTRK-NTRACK COLURN OF THE MOST THRREATENING TRACK
1ST-TRACK STATUS(O0-ND TRACK,1-UNIDENTIFIED,2-IDENTIFIED AS HOSTIL
OR UNKNOUN,3-2NDARY ASSIBNED:

OO0 N

SUBROUTINE TOAY(POS,NTR,ETA) ' .

C--NODULE: MOPADS BATA lASE APPLXCATIO! PROBRAHS
C--REFERENCE: %OPABS VOLUME 5.18
C--PYRPOSEs :
c ~ GIVEN A POINT AN A TRACK, TOAY WILL COMPUTE THE BROUHD
¢ BISTANCE BETUEEN THEN ARD THE TINE TILL THE AIRCRAFT
¢ ARRIVES AT THE POINT IF IT TURNS INMEDIATELY TOWARD IT
c (USING THE AIRCRAFT’S CURRENT SPEED). IF THE AIRCRAFT 1S
- €+ QUTBOUND, AN INFINITE TIHE WILL BE RETURNED. :
C-~INPUT PARAMETERS:

c: P0S(3)-X,Y,Z OF THE POINT CZ-FEEY, X AND Y-N.H1.)

¢ NTR-COLUNMN IN NTRACK OF THE TRACK

ks
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C-~0UTPUT PARAKETERS:
ETA(2)-<1)=TIRE TILL ARRIVAL. IF THE CURRENT HEADING OF THE

TRACK IN OQUTBOUND FROM THE POINT, THEN ETA(1)=

1.E10. ,
(2)=GROUKD DISTANCE(N.NI.) FROM THE POINT TO THE

TRACK.

1IN

- - -—--

SUBROUTINE TOTY(IDOP)
C--MODULE: MOPADS COMMOMN U3ER CODE
C--REFERENCE: MOPADS VOLUME 5.19
C--PURPOSE: ’

€ TOTY WILL CONPUTE THE TIME~ON-TASK FOR AN OPERATOR AND UPDATF
¢ H1S DSV. TOTY IS COMPUTED AS '(TNOU-TSTRTK)/40+(THE INITIAL
¢ VALUE OF TINE ON TASK)
C--INPUT PARAMETERSS
c IDOP-THE OPERATOR‘S ID X
.

SUBROUTINE TSEQY(IDOP,NXTAS,KASE)
C-~NODULEs MOPADS COMMON USER CODE
C-~REFERENCE: MOPADS VOLUME 5.19
C-~PURPOSE: :

c TSEQY UILL SELECT THE NEXT TASK FOR AN OPFERATOR. IT IS
c CALLED TO IMITIATE THE TASK SEQUENCING PROCEDURE.
C--INPUT PARAMETERS:

c IDOP-OPERATOR 1D

C-~QUTPUT PARAMETERS:

NXTAS-NUMBER OF THE NEXT GPERATIR TASK 10 PERFORM. IF NO
TASK WILL REDUCE THE OPERATUR'S DBJECTIVE FUNCTION,
NXTAS=29

KASE-OUTPUT CONDIYION ,

1-NXTAS IS THE NEXT TAGK ON THE STACK.
2-NXTAS IS NOT FROM THE SrACK. THE CALLING PROGRAH
NEEDS TO LOAD THE STAEK WITH APPROPRIATE TASK

NUNBER(S).

OOOOOOOe

-------------- - - . - D Sy W L e S s A o e S B P Ot s N O W G i

SUBROUTINE UACCPT
C--MODULE: MCFADS COMMON USER CODE
C--REFERENCEs MOPADS VOLUKE S5.19

C--PURPOSEs
¢ UACCPT IS NOT USED BY MGPADS. THIS PROGRAM IS A
¢ DUNHY TO SATISFY SAINT EXTERNAL REFEREHCES.
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UBROUTINE UERR{KODE)
C~=KODULL: KIPADu COMMON UNER CODE

" {~-REFERENCE: “OPADS VOLUNE 5.19

C~-FURPOES

¢ UERR WIL! PERFCRM ADDITIONAL MOPADS ERROR PROVESSING OM
o A STSTEN RODULE SPETIFIC BASIS.

C-=1nkUT PARANETERS:

L ¥ODS-ERROR CODE GENERATED FROM SYSTEM MODULE SDFTWARS

- s W s e T S D S v e S s o

-

SYBROUTINE UINFT
C--MODULE: MOPADS COMMON USEK COGE
€-~REFERENCE:s 4OPADS VOLUNE 5.19
C--PURPOSE: ‘
¢ UINPT 1S CALLED ONCE PRIOR TD THE 87177 OF A NOPADS
¢ SINULATIGH TO COMPLETE YHITTALTEATLSY o8 MGFARS ARRAYS
c AND THE DATA BASE.
£

. . - - g Y P e S A S D TS D A O N A D s T e e B e S B G A D 40 e B o ) W

SUBRCUTINE USTGHI(IHIN)
C--NODULE: MOPADS COMMON USER CODE
C--REVERENTE: MOPADS VOLUME S5.19
C--PUAPOSES :
C USCOND IS NOY USED BY MOPADS. THIS PROGRAM IS A DUNNY
L TO SATISFY SAINT EXTERNAL RFFYYPnLiES,

. T O R e S S P e e e S e A S S A B U O A U D WD A e B e e e e s e e o

FUNCTTE: USERF(ICODE)
{--#0ODGLEs MOPADIS COMMON USER CODE
C-~REFERENCE: ADPADS VOLUME S5.1%

C-=PURPOSE
c YO0 PVALUATES THE H0PADS E5C .5H USER FUNCTIONS
C--IHPUT Pr7 s 4ETERS:
c ICODE-USER FLIZ 11
 C-=DUTPUT PARAHETERS:
e USERF-VALUE OF T14u% pite FUNCTION
AA-57
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FUNCTION USERINCICODE)
C--MODULE: MOPADS COMMON USER CODE
C--REFERENCE: MOPADS VOLUME 5.1%
C--PURPOSE:
(¥ USERIN EVALUATES THE NOPADS INPUT USER FUNCTIONS
C~~INPUT PARAMETERS:
c ICODE-USER FUNCTION CODE

" C--DUTPUT PARAMETERS:

t USERIN-VALUZ OF THE USER FUNCTION

S Y - - - - > -

SUBROUTINE USTART(NRUN)
€--MODULE: MOPADS CONTROL SYSTEM MODULE
C-~REFERENCE:s MOPADS VOLUME 5.19

C-~PURPOSEs
¢ USTART 1S CALLED AT THE START OF EACH SIMULATION RUN BY

¢ MSAINT TO PERFORM ANMY INITIALIZATION NEEDED.
C--INPUT PARAMETERS:
¢ NRUN-RUN NUMBER ABOUT TO BEGIN.

- - Y D " > > 0 D Y U e S S A W G T D D R D D D Ss B

SUBKOUTINE UTASK(NT,NPLACE)
C--MODULE: MOPAuS COMMON USER CODE
C-~REFERENCE: MOPADS VOLUME 5.1¢

¢

£

CssPURPDSE: TO BE THE MASTER PROCESSOR OF USER CODE FOR ALL

Ces SYSTEM MODULES. CALLS A ROUTINE FOR EACH SYSTEM

Cses MODULE, UHICH CALLS TASX NODE-SPECIFIC ROUTINES
- Cae FOR ALL TASKS REQUIRING UNIQUE PROCESSING.

c .

C#3INPUT PARAMETERS: NT - VTASK NUMBER

Cee NPLACE - TASK OCCURANCE TINE

Cs» s | FIRST PREDECESSOR CUMPLETION

Cos (ONLY IF DIFFERENT FRON THE RELEASE
Ces TIME. THIS NORMALLY UON‘T BE THE CASE)
Cse = 2 RELEASE TINE

Cor = J STARV TIHE (SAME AS RELEASE TINE IF

Cas THE TASK RSQUIRES MO RESOURCES)

Cer = 4 COMPLETION TINE

Css = 5 CLEARING TIME ( A TASK CANNOT BE
Cee BOTH COMPLETED AND CLEARED)

L
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SUBROUTINE UHTIDY (NEGNUN)
c -
C--MORULE: KNPADS COMMON USER CODE

C-~REFERENCE:s NOPADS VOLUME 5.19

CesPURPPSCts  [HIS SUBROUTINE IS USED TO ASSIGN OPERATOR ID NUMBERS 10

¢ CONTOL FNTITIES CREATED DURING THE SINULATICN.

¢ : '

C++QUTPUT PARAMETERS: . NESNUN=NEBATIVZ OPERATOR ID REPRESENTING THE
c CONTROL ENTITY :

¢
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1.

2.

3.

6-0 USFR INSTRUCTIONS

Track Processing.

CHLTY

CVTKY

DEITRY

RNGY

FLTY

Task Sequencing.

GEVALY
GPRIY
MXMSGY

OEVALY

THR1Y,THR2Y
TOAY

TSEQY

Statistics.

COOBSY

CSTATY

The subprograms in the CSMP fall into several g.-o'.mings
based on their functions:

changes elements of the Track
Date data list in the data base

checks if an air deZens~ unit
viewers can see a track

deletes a track from all Track
Data data lists’

inserts a new track into ell
Track Data data lists

deternines if a track is visible
to an operator

computes missile flight time

evaluates an operator's goals
evaluates goal priority functions

tfinds an operator's highest
priority outstanding messages

camputes expected goal states
for various operator tasks

locates high threat tracks
computes & track’s threat

selects next task for an operstor

marks time for MOPADS Operator
Task Fraction Statistics.

records observations of count
statistics
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k.

5

6.

T.

ETIEY - dumps count statiatics to th
N data base ‘ :
Initislization.
BLOCKY - block dsta
GEOURY - rind,sourcé noie for an operator
INITY,IROW1Y,
IROWZY - initialization of arrays

Operator Processing. i

CIMEYY -: clénr an op'erator'a Remory

MODRFY ~|  human factors moderstor function
i access

PSHATY -: manage an operator's num'y stack
; . .

PSY - compute success probadbility for
: a task

BMSGY - iend n.nug.el ' .

TOTY - cwp\.xﬁ operator's time-on~task

MSAIRT User Cdilled Programms,

ENDIT, INTLC,. = see Walker (1983) for details
MCDRF, PRIOR,- .

STATE, UACCFT,

UERR, UINPT, -

USCOND, USERP,

USERIN, USTART,

and UTASK
Milce‘nm@.
| COMEY - error processing
OPREY - error checking
SHELLY -{ perform a shell sort ca an l.rrw
ITIDY - assign an ID to a control entity
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7-0 ERROR PROCESSING

When appropriate, CSMP programs use the DBAP error processing,
_ERRORA, for error processing. At cther times, the strndard MSAIRT
program SERR is used. FError codez T000 tc T999 have been reserved
for use by the SMCP. Defined codes are as follows:

Error Code Error Conditionsg Subprogran(s)
To00 Invalid System Mocdule Type USER# ,USERIN
TO01 Invalid Copy Row Number CSTATY
7002 Invalid Count Statistics Index | CSTATY
T003 Screen range évalunxion requested | RNGY

for an operator for vhom that
information is not defined

TO0L Action requested for an operstor RNGY
in an inactive unit
TO0S NTRID/NTRID2 arrays full NFST3A,NCOPYA,
. NFST2A
7006 KSITE sarray full NFST3A,NCOPYA,
NFST2A
TOOT NFSTOR full ‘ NCOFPYA
7008 A system module type that cannot de INITY ,NCOPYA,
class.fied as a fire unit or a non- NFST3A,THR2Y
fire unit has been encountered
T009 NDBAD array full NCOPYA ,NFST2A
7010 too many operators . NCOPYA
T011 too many operators in one system KCOPYA
: module
T012 local array IDATA must be increased - NFST2A
to MNRW
7013 too many protected vites for IHAWK NFST2A
701k too many display parameters INITY
T015 Invalid System Module type GEVALY ,OEVALY
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7016 Attempt vo ¢valuate operator goals GEVALY ,OEVALY

. TOLT7 Variable NNG is greater than the GPRYY
'-'3:; number of op:rator goals
7018 STASK.IE.0 OEVALY
7015 Invalid moderator function code MODRF
T020 Incorrect distribution type for MODRFY
moderator function '
X 7021 . Invalid skill number ' MODRFY
g':: T201 Invalid message row number | SMSGY |
‘ T202 Illegal receiver copy row number SMSGY
NS 7203 Illegal receiver operator ID SMSGY
E.-: T204 | Illegal variable message value SMSGY
E: T205 Non-operator passed as operator various
:j% 7207 Attempt to send an inactive meszage .  SMSGY
Ei 7208 Skill weights do not sum to 1.0 or 100  MODRFY
h 8-0 = COMMON VARIABLE DEFINITIONS -
‘2 Two labeled COMMON areas are used by the CSMP, /COle/ con~

tains numeric data ard /COM2Y/ contains CHARACTER dsta. In addition,
certain FORTRAN T7 PARAMETER's are used with these COMMON areas.

o

< Variable Definition Value COMMON
::3 MIASKY Maximm number of operator 40 PARAMM.fR
E". tasks for any operator |
- a
o MXSTAY Maximum number of count 50 PARAMETER
:-‘ statistics for any system ] |
o module '
f:::: CLABY Labels of count statistics CLABY - fcom2y/
ol (MXSTAY,L) (I,J) is the label of statistic
o * 25 I for system module type J
% COUNT Storage for count statistics - JjcoMiy/
51- (MXSTAY,  COUNTY(I,J) - count for statistic
- 30) - I, copy J :
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YWY Maximum time betw.en general 0.2% jooay/
: viewver updates of tracks
Cﬁ& NAXMSY Maximm rov dimension of arrsy 3% /ooy
NEMSG in SIZBROWINE SMSGY
% MAXOPY MHaximus operator type 9 Joomry/
9
K MxsTY(L) Number of count statistics - fcomx/
q defined for each system T
module tyre

: TASKY(150, TASKY{I,J) is the cumilative - Jjeonny/
§:‘, MTASKY) time operator I spends doing
2 : terk J
[y
-
' TTFNY(30) End time for each copy to compute - Jooy/
: task fraction ststistics. Usually '
N end of run time, but may be
o earlier if the unit vas destroyed
:: by enemy action :
b - :
o TVWNY Time of the next general viewer /foaay/
!J update of tracks
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¥DPADS Terminology h

AIR DEFENSE SYSTEM A component of Air Defense whicr includes
equipment and operatcrs and jor which
technical and tactica) trainingarssequired,
Examples are IHAWK and tne AR/7SG-T3.

AIR DEFENSE SYSTEM Models of operator actions and equipment

MODULE (ADSM) characteristics for Air Defense Systems in
‘the MOPADS software. These moiels are pre-
pared with the SAINT simulation language.
Air Defense System Modules include the
SAINT modsl and all data needed to com-
Pletely define task element times, task

sequencing requiremsnts, and h factors
influences, .
* |
{
AIR SCENARIO A spatial and temporal record of asrial

ectivities and characteristics of an air
defense dattle, 'The Air Scenario includes
aircralt tracks, safe corridors, ECM, and
other aircraft and airspace dn.ta.. See
also Tactical Scenario.

BRANCHING A term used in the SAINT simulation lang-
vage 'to mean the process by which TASK noles
are sequenced, At the completion of the
simlated activity at a TASK node, the
Branehing from that node determines vhich
TASK nodes will be simulated next,

DATA BASE CONTROL * That rart of the MOPADS softv e which
SYSTEM perfurms all dirsect commmication with the
l MOPADS Data Base. All information transfer
’ to and from the data base is performezd by

‘ invoking the subprograms which make up the
Data Buse Tontrol Systenm.

DATA SOURCE A specialist in cbtaining and interpreting
SPLCIALIST Army documontation and other data needed to
‘ prepare Air Defense System Modules,

B-7




ENVIRONMENTAL
STATE VARIABLE

An element of an Envircmmental State
Vector.

ENVIRONMENTAL
STATE VECTOR

An array of values representing copditions
or characteristics that may affect more
than cne operator. Elements of Envirommen-
tal State Vectors may change dynamically
during a MOPADS simulation to represent
changes in the eaviromment conditious.

"MODERATOR FUNCTION

A mathematical/logical relationship which
alters the nominal time to perfcrm en opera-
tor activity (usually a Task Element). The
nominal time is cbanged to represeat the
operator's capability to perform the
activity based on the Operator's State
Vector.

MOPADS DATA BASE

A computerized dats base designed specifi-
cally to support the MOPADS software, The
MOPADS Data Base contmins Simulation Data
Set(s). It communicetes interactively with
MOPADS Users during pre- and post-run data
specification and dynamically with the SADIT
software during simulation.

MOPADS MCODELER

An analyst wvoo will develop Air Defense
Eystem Modules and modify/develop the
MOPADS software systenm,

MOPADS USER

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

MSAINT
(MOPADS/SAINT)

The variant of SAINT used in the MOPADS
system. The standerd versicn of SAINT has
been modified for MOPADS to permit share-
able subnetworks and more sophisticated
interrupts. The terms SAINT and MSAINT are
used interchangeadly vhen no confusion will
result. See elso, SAINT.
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OPERATOR STATE
VARIAPLE

One element of an Operator State Vector.

OPERATNR STATE

VECTOR

An erray of values representing the condi-
tion and characteristics of aa operator of
an Air Defense System. Many values of the
Operator State Vector will change dynamically
during the course of a MOPADS simuletion to
Tepresent changes in operator condition.

OPERATOR TASK

An operator activity identified during
Vearons system front-snd anslyses.

- SAINT

The underlying computer sirxmlation language
used to mniel Air Defense Systems in Air
Defens: System Modules. SAINT is an mcronym
frr Systems Analysis of Integrated Networks

‘of Tasks, It is a well documented language

designed specificelly to represent human
factors aspects of man/machine systems.
See also MSAINT. '

SIMULATION DATA SET

The Tactical Scenario plus al)l reguired
gimulation injtislization and other experi-
mental data needed to perform a MOPADS
simuletion,

SIMULATION STATE

At any instant in time of a MOPADS simula-
tion the Simulation State is the s=t of
values of all variables in the MOPADS soft-
wvare 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 con-
figuration (nuuber, type and locatiocn of
veapons and the command and control system).

B-9
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TACTICAL SCENARIO An element of a Tacticel Scenario, €.g.,
COMPOMENT if a Tectical Scenario contains several
' Q-73's, each one i3 a Tactical Scenario
Component.
TASK S2e Operator Task.
TASK ELEMENTS Individual operator actions which, when
grouped aprropristely, 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 ased in the SAINT simula-
tion language. A TASK ncde represents an
activity; depending upon the modeling cir-
cumstances, a TASK node may represent an
individual activity such as a Task Elerent,
or it may represent an aggregated activity
such as an entire Operator Task.

TASK SEQUENCING A mathematical/logical relationship which

VMODERATOR selects the next Operator Task which an

FUNCTION operator will perform. The selection is
based upon operator goal seeking character-
isties,

Additional Terminology and Abbreviaticns

AT LY e AR

ASO Azi;::uth Speed Operator

BCC Battery Control Central

FCO Firing Console Operator

PCP Platoon “omrand Post

TCA Tactical Control Assistant

TCO Tactical Control OfZicer
B-10
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1.  INTRODUCTION

1-0 PURPOST

This docvment is & user manual for the IHAWK system modulea.
It conta’ns dxtails of the implementation of the MOPADS model of
the IHAVK system. This information is found novhere else in the
MOPADS documentation. '

In particular, 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 envirommental 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 INTERDED AUDIERCE

MGPATLS users and MOPALS modelexrs should read this report. The
language and level of destail used in the discussion is oriented to
the MOPADNS user, howvever, Programming and implementation details
are not included here. That informeticn is discussed in detail in
MOPADS volumes four and five.

3-0 OTHER READITG

The reader is presumed to be familiar with the MOPADS system.
This implies that he/she should have read the final report,
Polito & Luughery(1983), prior to reading this document. 1In
addition, the rezder should be familiar with the mein MOPADE user
ranual, Polito (2983a). More technical data on the IHAWK system
£odule is found in Goodin & Walker 1983.
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11, SYSTEM DESCRIPTION

The JRAWK missile bvattery is comprised of the the BCC, IFF
equipmert, severul 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 JHAWK has the ebility
to detect, identify, track, and engage aircraft flying at various
altitudes. ‘

The various radars serve different operations'for the THAWK.

. 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 launcher 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
of their "hot" missiles. The lauwichers are capable of firing one
missile at a time.

The BCC is responsible for control of the IHAWK missile
battery's firing operations. Thare are five operators manning the
BCC. The fellowing forms describe these operators, their missions,
and their duties.

The IHAWK svstem module represents the operators of the Improved
Battery Control Central (IBCC) unit. In the following forms, the
MOPADS operator type is shown in the columm labeled OPERATOR NUMBER,
and the MOPALS label for each operater is shown in parentheses in
the column labeled OPERATOR TITLE.
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f the operator state vector for the TCO, Discus-

sions of these variables arc contained in Polito & Laughery

Table III-1 shows the default valv=s for the human
(1983 ), Laughery 2233),and Polito (1983v).

factors parameters of the Tactical Con»si Officer (TCO). This

Tz last elements of this list, X-SCREEN~CENTER, Y-SCFREEN-
CEIJER, and SCREEN-RANGE, are set when the system module is
coried into a command and control configuration. ‘

1-1. Human Fzetors Paramatecs.

ta is part o

da

Tadble III-).TCO Buman Factors Perzmeters.
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