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this thesis might become the initial user's manual for '
future applications of the model. A typical simulated
battle is presented with detailed explanation of the output
to enable the reader to better appreciate the potential
applications of the model. The current status of the

model referenced in the thesis is prior to the version 1
which will bte used for production runs.
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ABSTRACT

This thesis presents a stochastic simulation model
of ground combat. The tactics represented in this model
are explained in detail, and a brief explanation of the
SIMSCRIPT programming language used in the model is
pwesented. The model is explained in detail, and the
coi..puter routines which make up the model are included.
The input requirements for execution of the model are
explained in detail so that this thesis might become the
initial user's manual for future applications of the model.
A typical simulated battle is presented with de®tailed ex-

{j planation of the output to enable the reader to better
appreciate the potential applications of the model. The
current status of the model referenced in this thesis is

prior to the version which will be used for production

runs.
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I. INTRODUCTION

During the past several decades, the nature of battle
has changed, noi abruptly, but nonetheless significantly.
The fact that the modern hattlefieid will be dominated
by highly lethal weapons is well known. Technologically
advanced supporting systems (combat support, combat service
support, communications, etc.) are being developed and sent
to the fiwld. The high cost of these systems, either
weapons or supporting systems, make it.imperative that once
the procurement process is complete, the best possible
systems are introduced into the inventory. Such systems
must meet the most stringent requirements for effectiveness,
trainability, and maintainability.” Ii.- recent years one of
the most useful tools in evaluating proposed and existing
systems has been the combined arms simulation model. With
these facts in mind, the Simulation of Tactical Alternative
Responses (STAR) combined arms model discussed in this
document has been developed.

One of the primary goals of STAR is to achieve an
acceptable level of resolution while assuring %that the
model inputs, interactions, and outputs are understood by
the military decision maker. It is the intent of this
theais to outline the structure of STAR in sufficient getail
to allow analysts and decision makers to fully understand
the execution logic of the model, and thus understand the

results of the model and how these results were derived.
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The structure of STAR is truly hierarchical in that it
is not confined to any specific unit size configuration.
The SIMSCRIPT programming language has been chosen as the
primary language for STAR. The reasons for selection of
SIMSCRIPT and a brief discussion of those SIMSCRIPT
programming features which are utilized in the model are
discussed in Chapter II.

The BLUE and RED tactics modeled in the current version
of STAR are discussed in chapter III. This chapter describes
the assumptions made in regard to the tactics employed by
individual weapon systems and unit organizations. The
chapter also states, in general terms, how these tactics
have been modeled.

Chapter IV is an in-depth discussion of the SIMSCRIPT
events and routines which make up the model. Included in
chapter IV is a discussion of each individual routine, an
explanation of the variables used in the routine, a listing
of the computer code for the routine and a line by line
explanation of what the code does. Also included in chapter
iV is a discussion of the PREAMBLE and MAIN programs of the
model which prepare the model for execution.

Chapter V is a detailed discussion of the input
requirements of the model. Included are specifications of
the SIMSCRIPT inputs required and the job control language
required to run the model. Proper formatting of the input
and an explanation of the meaning of each block of input

igs algo included.
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Chapter VI is a simulated battle run using the current
version of the STAR model. The progress of the battle is
traced over time to show the reader the format of the
model output and allow the reader to see what type of
output could be expected from the model.

The current version of STAR utilizes a parametric
terrain model developed by Needels [Ref. 8] while a
student at the Naval Postgraduate School, and since en-
hanced bty Needels and Professor James K. Hartman of the
Naval Postgraduate School. The parametric terrain model
provides a truly continuous terrain as opposed to the
digitized terrain used in some existing models.

The model addressed in this thesis is, in a sense, an

interim product. Work is continuing at the Naval Post-

graduate School on a dynamic artillery module to be included

in the model by mid-December 1978. Dynamic play of 3LUE and
RED air defense and close air support, as well as a detailed
communications module, wiil be available by mid-April 1979.
Enhancement of the existing model will continue through mid-
1979 with the ultimate goal of providing a BLUE Brigade
versus RED Division simulaztion which employs 211 those
modules mentioned above plus the dynamic play of resuvply at
the unit and individual wvehicle level. These enhancements
are described in chapter VII.

Appendix A is a flowchart which represents the event
flow of a single tark as the tank cycles through the
simulation. Appendix B is a glossary of terms used in the

thesis.
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Throughout the thesis, repeated refzrences are made to

. o~ gpr—_as

‘ the "current version of STAR". The purpose of this thesis is
to describe the logic flow of the model within the context

of the current model status prior to incerporation of many

- -

detailed features required for production runs. Therefore,
the reader must not consider this thesis as a documentation
of the production version of the model. Such a document will
be produced as a Naval Postgraduate School Technical Report
in early 19749.

In order to exercise the logic of the model, many !
assumptions were made concerning tactics employed by both the
attacking and cdefending forces. These assumptions were made
based on the experience of the authors, both combat and non- S

{ combat, and were in general validated by an appropriate agency

of the United States Army Training and Doctrine Command.

Tactical decision making, combat intelligence, command and
control, and tactical communications networks are not speci-
fically modeled, but are addressed in the discussicn of tacti- t

cal assumptions. It should be obvious that this model is not

N

a full representation of actual combat. Modeling simplifica-

<

tions have been made in several areas. However, none of these
simplifications should be considered critical to the validity

of the model.
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II. THE USE OF SIMSCRIPT IN STAR

General

The SIMSCRIPT language, level I1I.5, was selected for
STAR because the language is designed for discrete event
simulation applications. Because of the many imbedded
features in SIMSCRIPT, the programmer is given opportunities
in the construction of event flow which are not available
in FORTRAN or other computation languages. SIMSCRIPT is
also similar to English in regard to the construction of
commands and the implementation of logical tests. This
feature, coupled with an essentially free form of syntax,
allows the code to be written in'a very readable format.
This will become apparent when the coding for the events
and routines in STAR is introduced.

Also important to the programmer is the similarity of
SIMSCRIPT *o FORTRAN with regard to computational synuax.
A programmer with a moderate amount of experiencé in
FORTRAN should have very few difficulties understanding and
writing computational routines in SIMSURIPT.

Finally, since a wide variety of computational rcutines
exist in FORTRAN (terrain models, line of sight routines,
smoke models, lethality packages, etc.), it is important

that any 3imulation provide some reasonable interface with

these existing modulas. SIMSCRIPT provides this capability

. o g -
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by allowing FORTRAN rcutines to be called as subroutines
by SIMSCRIPT events and routines.

This last feature made SIMSCRIPT an even more appealing
language, since existing TORTRAN routines can be used with
only minor modifications. The difficult line of sight
calculations, for example, are accomplished in FORTRAN
because the terrain model used by STAR was originally
written in FORTRAN. Other routines which were more closely
tied to the structure of SIMSCRIPT were written in that
language. The routine that updates the list of detected
targets for each TANK, for example, is written in SIMSCRIPT
to take advantage of the dynamic dimensioning capability of
the ..anguage and the pointer value link listing technigues
available. Tor large target arrays, these SIMSCRIPT
language features are extremely efficient in ‘reducing core
storage requirements and execution time.

Main Structural Componentg of SIMSCRIPT

The primary imbedded simulation facilitias available to
STAR are structural components known a3 entities, attributes,
sets, and events. These components are used in conjunction
with an internal timing mechanism which is referred to as
the system timer throughout this thesis. These facilities
greatly simplify the prccees of writing a simulation program
and debugging code. The process is further simplified by a

compiler which provides error messages and tracsback routines

similar to the WATFOR and WATFIV compilers in FORTRAN.

o g -
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The Structure of STAR
The structure of STAR begins with the concept of an

-y

entity. An entity is simply a representation or model of '
an item to be simulated. In other simulations, entities

might represent people waiting in line for tickets, custcmers

in a bank, or automobiles waiting to be serviced at a gaé

station. In STAR the basic entities are weapon systenms

representing tanks, anti-tank guided missiles, artillery

pieces, and are referred to generally as TANKs. Throughout

———

this thesis the following terms are synonomous with the
notion of an entity: TANK, POINTER, FOE, element, weapon
system, firer, target, and observer. Those terms wnich are
capitalized are explicitly used as variables in the progran.
An entity may be brought into existence by using a simple
phrase which includes the variable name of the‘entity.
For example, the phrase CREATE A TANK reserves a place in
core storage for the entity which the programmer has chosen
to call TANK. Associated with the word TANK is a pointer :
value which defines the location in core storage where this
particuiar TANK and information pertinent to it are stored.
It is desirable to associate certain characteristics
with entities after they have been created. ‘These charac-

teristics are referred to as attributes and are affixed to

an entity by the programmer or, as will be seen in the ] |

3
3

discussion of sets, may be placed on the entity by SIMSCRIPT

bookkeeping procedures (referred to as the system). As an

‘t example of user affixed attributes, the programmer may wish
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to assign a current X coordinate to a TANK. This is

\ accemplished by the phrase: LET X.CURRENT(TANK) = 3150. ‘
Attributes may be changed during program execution to
reflect changes in characteristics. The system changes
system defined attributes as required.

In addition to associating characteristics with
particular entities, it is often useful to group entities
with similar characteristics. STAR uses sets to keep track
of all TANKS on the battlefield for organizational and fire
control purposes which enhances the programmer's ability to L
model unit tactics at any organizational level. An entity
may belong to any number of sets and may also own sets. J
The following phrases iliustrate set membership: FILE TANK '
IN TANKS, FILE TANK IN COMP.UNIT(S). In this example the
TANK is first made a member of a set called TANKS. The
system automatically assigns to the TANK a membership
attribute, M.TANKS, whose value is the integer 1. The
second FILE command makes the TANK a member of company '
number 5. Again, a membership attribute (M.COMP.UNIT) is
assigned a value of 1. Ownership of sets is accomplished by
a phrase of the form: EVERY COMPANY.COMMANDER OWNS A !
COMP,.UNIT. In addition, each entity filed in a set has i
attributes which indicate who the first and last members of )
the set are and how many members belong to the set. BLUE

% force elements are filed in platoon sets (PLT.UNIT), company

sets (COMP.UNIT), and a set of operational tanks (BLUE.ALIVE).

(700 eI TS

t Although entities may be filed by ranking attributes, STAR i
. ‘ !
} uses a simple first-in first-out procedure. RED force elements B i
H 3 |
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are assigned similarly except that their set of operational
TANKs is called RED.ALIVE. All TANKs (XMls, IFVs, ITVs,
DIVAD guns, DRAGONs, T72s, BMPs, and ZSUs) are assigned to
a set called TANKS which is used for final output purposes.
Each entity in STAR is modeled to reflect a flow of
activities over time. 1In particular, each entity initiates,
or undergoes, search, detection, tafget selection, firing,

impact, or location update. These six events are

T SN

P

scheduled dynamically based on the current tactical situation

or by way of an appropriate probability distribution which
models the period of time between events. When an event is
scheduled for an entity, the SIMSCRIP? ‘tiner makes a record
of the time that the event is scheduled to occur (in terms
of overall simulated time) and the entity for which the event
has been scheduled. Other characteristics of the event may
be recorded in a manner similar to the assignment of attri-
butes. At the appropriate simulated time, the event is
executed unless cancelled by some logic provided by the
programmer. For example, the scheduling of a fire event by
one TANK on another could be accomplished by the phrase:
SCHEDULE A FIRE(A,ID) IN X SECONDS. The variable A repre-
sents the pointer value of the firing TANK, while ID
represents the pointer value of the target TANK. This

event would be filed by the system in an event set which
contained, among other things, the time that the event is

to take plane, the entities involved in the event and the
event location with respect to other scheduled events. When
X seconds had elapsed from the current simulated time, the

17
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event would be executed and the consequences of the logic
written in the event routine would occur. Event routines
may in turn generate other events. The FIRE event in STAR,
for example; causes the scheduling of an IMPACT event.
IMPACT may then cause the scheduling of DETECT and
TARGET.SELECT events.

The information provided here should prepére the reader

for the detailed discussion of the event and routine coding

which is given in chapter IV.
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ITI. TACTICS MODELED IN STAR '

The purpose of this chapter is to describe the tactical
conventions modeled in STAR. Due to the vnquantifiable
nature of some of the tactics described herein, especially
in the area of RED tactics, the tactics modeled in STAR
represent, in some cases, a "best guess"” as to how %o
represent the tactics of a particular system or unit organ-
ization. The actual computer code which models these

tactical considerations in the simulation is outlined in

detail in chapter IV.
In order to understand the tactics represented in the ‘
( model, it is first necessary to understand how the weapon !
systems in the simﬁlation are organized and to have some |
knowledge of the attributes of each of the weapons systems.
As mentioned in chapter II, each weapon system simulated-is
a member of the set TANKS, which is a list of every element
in the simulation. Each BLUE weapon system that is currently
active in the simulation is a member of the set BLUE.ALIVE,
likewise each active RED system is a member of a company set
and a platoon set which represent the unit to which he
belongs. Every weapon system in the simulation has attri-

butes which indicate to that element which weapon system

leader, and section leader. Additional attributes indicate

to the weapon system what type of ammunition he has available

]
Z
1
§
in the simulation represents his company commander, platoon §
19 i
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and the number of rounds remaining. The weapon types and
ammunition types available to each weapon system, and the
numeric code used to represent these weapons and ammunition
types are presented in table I. With this general under-
standing of the set and attribute structure of the model we
proceed with the tactical discussion.
Sgarch and Detection
Search for targets takes place iteratively throughout

the simulation at intervals specified by a time increment
variable, DELTA.T, provided by the user. The essence of the
search procedure is that every DELTA.T seconds of the simu-
lation every weapon system will check every opposing wezpon
svstem that is still "alive” in the simulation. If the

( observer has line of sight to the target, the time it would
take for the observer to detect the target is determined and
at that future time the detected target is placed in a iist
of currently detected targets unique tc¢ that particular
observer. No detections of greater than DELTA.T seconds
are scheduled. This prevents detections from overlapping
i;to the next search event. Detection can take place . i
external to this normal detection process in one of two ways. ’
First, a target that is fired on is allowed to detect the §
firer without going through the normal detection process. 3

Second, those weapon systems in ciose proximity tc a

normally detected target are considered detected as well

—

and are placed in the observer's target list.
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Target Selection

The use of danger state tables in target selecticn and
the computer code which simulates the selection of targets
are explained in detail in later chapters. A brief ex-
planation of the target selection process is given in this
section. The distance from firer to target is currently
divided into three range bands for each firingweapon
system. These bands are: 1less than 1000 meters from the
system, 1000-2000 meters from the system, and greater than
2000 meters from the system. The observer searches his list
of detected targets and selects the highest priority target
within the closest range band. Within range bands, targets
of equal priority are selected based on ciosest range, which
is the normal target selection process for a weapon system.
This ncrmal selection process may be overriddén by special
tactical considerations described in subsequent paragraphs.
Current development of a more comprehensive térget selection

model is described in chapter VII.

A. BLUE WEAPON SYSTEMS
Te in Utiljzat

It is assumed that the BLUE weapon systems in defense
will take maximum advantage of the available terrain.
BLUE systems will assume a turret defilade position while
acquiring targets, move to a firing defilade possition during
firing. and, after firing a specified number of rounds, move
to é full defilade pesition which proiicis the system from
direct fire while loading ammnition, redistributing

ST T SR SR




-~

ammunition, acccmplishing emergency repairs or moving to an

alternate firing position. The number of rounds fired which

trigger a movement to a full defilade is dependent on the

type weapon system. The length of time spent in full

defilade is dependent on the task being accomplished and

the vuser specified times for the task.

Individual Firing of XMl or DIVAD gun in Ground Support Role
The XMl is allowed to fire two or three rounds from

its firing defilade position. The determination of whether

two or three rounds are fired is dependent on the sensing

of the roundas and is best illustrated by table II. HIT

refers to a sensed catastrophic kill and MISS refers to any

other resuls. '
The same logic as illustrated in table II applies to the

DIVAD gun with 35 (or 40)mm gun. Note that each firing of

the DIVAD gun represents a burst of id rounds.
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Individual Firing of IFV,ITV, or DRAGON

The ITV, IFV, and LRAGON weapon systers go through the

same sequence of turret defilade, firing defilade and full )

|
I
| defilade as the XMl and DIVAD. 1In the case of weapon systems
which have no turret, the term turret defilade refers to the
weapon gystem in 2 position of minimum 2xposure to direct
fire while still allowing visual target acquisition. 1In
the case of the ITV, IFV and DRAGON, the weapon system is
allowed to fire two rounds regardless of sensing of round
effect and is then moved to a full defilade position.
Selection of Targets While in Firing Defilade

The STAR model differentiates between a ballistic round
] and a wire guided ronind in terms of the firing system's
{ selection of subsequent targets while in firing defilade.

The logic employed is such that a system firing a wire

guided round will always go through the process of selecting

a new target (which may result in the same target being re-
engaged), while a system firing a ballistic projectile will
continue to engage the same target (without going through
the targe* selection process) until the target is sensed as
8 catastrophic kill (at which time a new target selection
takes place). In all cases, a movement to full defilade
causes tne weapon system’s list of detected targets to be
gset to zero. The subsequent return to turret defilade and

then to firing defilade causes the normal detection and

CERGYREANEE I

selection process to take place.
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Impact of ATGM {Anti-Tank Guided Missile) Rounds
The STAR model takes into acccunt the eventuality of an

ATGM round being fired and, before impact of the round, the

firing system being destroyed. For both BLUE and RED
missile firing systems which are killed with rounds in
flight, the round is allowed to impact, but is always
considered unguided at impact and assessed as a complete
miss of the target.
Tank Platoon Fire Control

BLUE tank piatoon tire control is modeled under the
assumption that platoon positions are well planned and pre-
pared, sectors of fire assigned to individual tanks and

strict fire control and fire discipline observed. Platoon

( fire control is modeled such that no two tanks in the same

. platcon are allowed to engage the same target, with one
possible exception. If a tank searches its entire target
list and finds that all of his detected targets are being
engaged by members of his platoon, he will engage the
highest priority target in his list regardlesé of whether or
not that target is currently engaged by another platoon

- .ééﬂv . -
N

member.

Mech e F Control &
BLUE mechanized infantry platoon fire control is

modeled in a fashion similar to fire control for the tank

platoon. No two IFVs within the same platoon are allowed

to engage the same target simultaneously. The on board

4{ load of TCW rounds is assumed to be such that these rounds i;

prony T remrer

will be strictly controlled; thus, if all targets in a
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selecting IFV's target list are engaged, that IFV will not
fire until such time as he detects a target not engaged by
aniother platoon member. The DRAGCN teams in a mechanized
infantry platoon are assumed to be employed independently
and without advantage of communications with the platoon
headquarters. Thus, DRAGON teams are allowed to detect,
select, and fire on targets independent of the actions of
other platoon members.
Selection Fire Control for ITVg
The ITV sections attached to the company team are
assumed to operate under the same strict controls in regard
+o TOW ammunition as the IFVs in the mechanized infantry
platoon. To model this, the ITVs in the company team are
{ all filed in the same platoon set and fire control is
modeled identically to that for the IFVs in the mechanized
infantry platoon.

BLUE Company Fire Control

Fire control at the BLUE company team le?el is not as
strictly modeled as are the fire control measures in the
platoons. Company team fire control and distribution is ' g
accomplished by the careful selection of direction of
movement (DIR.OF.MVMT) and primary direction of search
(PRI.DIR) attributes for company team elements. These
attributes, when properly designated, allow for coverlapping
and mutually supporting fields of fire for compony team
elements. No other allowance is made for elements to co-

% ordinate fires with weapor. systems other than those in their

N N .
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B. RED WEAPON SYSTEMS
Terrain Utilization

Red weapon systems in the offense are assumed to move
at a2 maximum speed allowed by the terrain and the enemy
situation, while maintaining formation integrity as much as
possible. Thus, the utilization of terrain by RED forces
is primarily through the selection of the best attack routes
to their assigned objectives. RED forces are assumed to
fire on the move in the attack and are thus not afforded
the option of seeking defilade while firing. The only ex-
ception is the case of the BMP while firing its ATGM. When
firing a wire guided missile, BMPs stop to fire.and gseek the
best cover and conceaiment along their movemen. roqte,
while maintaining formation integrity to the extent
possible.
RED Tank Platoon Fire Control

The RED tanks in the simulation are assumed to mass ‘
fires cn targets designated by the platoon leader. The RED %
tanks fire on the move and fire on the target designated by
their platoon leader if the platoon leader is "alive", the
platoon member has line of sight with the platoon leader and
the platoon member has the proper type of ammunition avail-
able to engage the target. The failure to meet any of these
criteria causes a RED tank to go through the selection and
firing process independent of the leader’'s targef. Upon
impact of a round, the RED tank goes through the target

selection process regardless of the sensing of the round.
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Thus, RED tanks are not given the opportunity to sense the
impact of a round and improve upon the hit probability of
subsequent rounds fired at the same target. 2SUs in the
ground support role use the same logic as RED tanks firing
individually.
BMP Fire Control

Coctrinally, the overriding consideration of RED forces
in the offense is the momentum of the attack. The primary
role of the BMP is to serve as an infantry carrier. As a
result, the BMP does not fire in the attack as long as the
tanks of the unit to which it is attached provide protection
for it. To model this tactic, the STAR model causes the BMP
to select a target and check to see if any other weapon
system in its company (to include other BMPs) is engaging
that target; if so, the EMP does not fire at that particular
target and selects another target from its list of currently
detected targets. If every target in a BMP's list of
detected targets is being engaged by other company members,
the BMP continues to move without firing. The EMP stops to
fire its ATGM but fires it 73mm gun on the move.
RED Company Fire Contrel

Fire control and distribution at the company level
for RED forces is accomplished in the same manner as BLUE

company level fire control.
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Iv. DETAILED EXPLANATION OF STAR

In this chapter each event and routine in STAR is
explained in detail. With the exception of the PREAMBLE,
the format used will include a description of the event or
routine, including its purpose; a listing and definition
of variables which are local to the event or routine; and
a listing of the actual coding used in the current version
of STAR, followed by a brief explanation of the code.

é The PREAMBLE is somewhat different in structure and
the primary area of interest is in the definition of the
variables, arrays, eqtities, attributes, and sets which

( are global to all STAR events and routines.

A. PREAMBLE
General

The -PREAMBLE is used to define global variables and
‘arrays; dec;are entities, attributes, ahd sets; define events
and FORTRAN routines; and prepare for subsequent statigtical

output. The PREAMBLE is similar to an extensive COMMON

} statement in the FORTRAN language in that everything de-
clared in the PREAMBLE is essentially global, that is,
defined for use throughout the program. This may be con-
; trrsted with variable and array definition in routines and
events which insures that the variables. and arrays

{E g0 defined are local to the particular event or routine.
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The PREAMBLE is also used to pack variables and arrays.

Since extensive use of variable and array packing is used
in STAR, this feature is discussed prior to the definition
of the variables and arrays themselves. Two types of pack-
ing are utilized in STAR: field packing and bit packing.

Field packing is used to pack integer arrays such that
each byte (8 bits) of an IBM 360-67 word (4 bytes or 32 bits)
is used to represent an array location. Packing in this
manner can reduce array core requirements to one quarter of
their full word requirements. However, packing does limit
the value that can be represented in an array location to
2##8 - ] or 255. Thnis maximum value is more than sufficient
for the packed integer arrays used by STAR. The packed arrays
can be identified in the PREAMELE by a statement of the form:
THE SYSTEM OWNS A TABLE(*/4). This is followed-by a state-
mént of the form: DEFINE TABLE AS A 2-DIMENSIONAL INTEGER
ARRAY.

Bit packing is used to pack attributes of temporary
entities. If desired, each bit of an IBM 360-67 word may
be used to represent a variable. Again, the maximum value

represented by a packed variable is 2**B - 1, where B is

the number of bits used. For example, an entity might have
the following packed attributes: A (NAME(1-5), AGE(6-12),
ANNUAL. INCOME(13-31), SEX(32-32)). In this example, NAME
may represent a maximum valug of 2%%5 - 1 or 31, AGE a value
of 127, ANNUAL.INCOME a value of 524287, and SEX a value of
1.
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Unless otherwise stated in the discussion that follows,

all data values are initialized in the MAIN routine. Follow-
ing this discussion a listing of the PREAMBLE coding is
provided and a brief explanation is given for PREAMBLE lines
which are not straighrtforward.

REAL Variables

X.STOP - The X coordinate on the battlefield used to stop
RED forces from advancing.

Y.STOP - Similar to X.STOP except that it represents a
Y coordinate on the battlefield.

R.PCT.ATT - A percent attrition for RED forces which is
used to stop the simulation. If the RED forces reach or ex-
ceed this value, the simulation will halt.

B.PCT.ATT - The BLUE force percent attrition which used
in a manner similar to R.PCT.ATT above.

DEF.TIME - The amount of time a TANK remains in full
defilade following a firing sequence.

CONSTANT - The cosine of the TANK's search sector angle.

'AREA - The TANK's search sector angle in -degrees.

B.AREA - BLUE element analog of AREA.

R.AREA - RED element analcg of AREA. ,

MMM - The time in seconds that it takes a TANK to detect
a weapon gsystem which is in the TANK's search sector and has
fired on the TANK.

NNN - The time in seconds that it takes a TANK to detect

a weapon system which is not in the TANK's search sactor and
has fired at the TANK.

32

i

p— ram LI 5y R S 3 eI ey e
prma bl YN - RS BYS g N . e T ; SALA S .
C T &‘5;3&‘:— v, ST S - v\f o L <
ety A

A

1LY (R S e YRR 3 ’ E ST 4

v e rg— —-\W'

7
T

o g e




P~~~

P

DELTA.T - The time interval in seconds between

successive detection scheduling events (event STEP.TIME). ’

PCT.VIS - The percentage of a target visible to the !
observer.

CRITICAL.VALUE - A number between 0 and 1 which is
cdmpared to the percentage of the target visible to the
observer (PCT.VIS). Line of sight does not exist if PCT.VIS
is less than CRITICAL.VALUE

W.K.C. - A range, in meters, which when added to the
maximum effective range of a weapon, limits the maximum
detection range to the sum of these two values.

INTEGER Varjables
" LIN - A variable used to count the number of calls to
the line of sight routine.

RC.COUNT - The number of BLUE TANKs created; used as a
reference value by RED TANKs.

BC.COUNT - The number of RED TANKs created' used as a
reference value by BLUE TANKs.

TTT - A variable used to count the total number of rounds
fired.

LINE.OF.SIGHT.EXISTS - A variable is assigned the value }
of 1 if PCT.VIS is greater than CRITICAL.VALUE, and 0 '
otherwise.

R.NUM.ALIVE - The starting number of RED weapon systems. 3 !

B.NUM.ALIVE - The starting number of BLUE weapon systems.
BLUE - A variable representing the color of friendly

forces.




RED - A variable representing the color of opposing

forces.
REAL Arrays

P.V - A single element array which, when returned as an
argumenit from FORTRAN routine LOS, contains the value of
PCT.VIS.

ZH - A single elerent array which, when returned as an
argument from FORTRAN routine ELEV, contains the value of a
TANK's Z coordinate (elevation).

INTEGER Arrayg

BBBPOINT - An array containing the pointer values of zll
BLUE TANKs.

RRRPOINT -~ An array containing the pointer values of all
RED TANKs.

TEMP.TGT - A holding array u-~ed to store pointer values
from a TANK's list of detected targets.

LIST - An array containing the pointer values of a
TANK's detected targets. Each TANK has a list which is

accessed by referencing the pointer value of the LIST.

TARGET - A 2-dimensional array, each row of which contains

the pointer value to a TANK's LIST and the pointer value of
the TANK.

DS1 ~ The danger state array containing BLUE engagement
priorities and preferred ammunition selections within
rangebands.

DS2 - The danger state array containing RED engagement

priorities and.preferred ammunition selections within

rangebands.

ke
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ALPHA Arrays

QQ - An array used %o store alphanumeric abbreviations

for weapon types. This array is accessed when the results
of an engagement are printed.
System Owned Sets
TANKS - The set to which all weapon systems belong.
BLUE.ALIVE - The set to which all BLUE TANKs belong
initially. BLUE TANKs are removed from this set as they
are killed.
RED.ALIVE - The set to which all RED TANKs belong
initially. RED TANKs are removed from this set as they
are killed.
Permanent Entities ggg Setg
COMPANY.COMMANDER - A permanent entity which is used
solely as the owner of a company set, COMP.UNIT. This set
contains all TANKs which are agsigned to the same company.
PLATOON.LEADER - A permanent enticy which is used solely
as the owner of a plazoon set. PLT.UNIT. This set contains
all TANKs which are assigned to the same platoon.
m Entities Attrid

The basic element in STAR is the temporary eniity called

TANK. Each TANK-has a number of characteristics called

attributes which are defined below. Those actributes, which

must be input by the user, are discussed in the Input
Requirements chapter of +this thesis.

NAME - An integer variable whcse valuz may not exceed
1023.
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COLOR - An iateger variable whose value is 1 if the
color is BLUE, and 0 if the color is RED.

WPN.TYPE - An integer variable representing a

particular type of weapon system (e.g., XM1, BMP, IFV, etc.).

The value of WPN.TYPE may not exceed 31. Irn the current
version of STAR only 9 types of weapons are played and are
numbered sequentially from 1 to 9. For a list of weapon
types, see input requirements chapter or table I.

VEH.TYPE - An integer variable representing a
particular lethality configuration of a weapon system.
Although not curren:;ly used in STAR, its value may not
exceed 31.

ALIVE.DEAD - in integer variable with a vgiue of 0 if
the TANK is alive, and a value of 1 if the TANK is dead.

HIT.STATE - An alpha variable which contains an

abbreviation of the TANX's status (e.g., DEAD, HIDE, etc.).

POINTER - An integer variable which contains the pointer

valve assigned to the TANK upon its creatien.

X.CURRENT -~ £ real variable represénting the TANK's
current X coordirate on the battlefield.

{.CURRENT - /. real variable representing the TANK's

current Y coordiiate on the battlefield.
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Z2.CURRENT -~ A real variable representing the TANK's

current Z coordinate {elevation) in meters on the battle-
field.

SPD - A real variable representing the TANK's current
speed in meters per second.

T.SPD - A real variable representing the simulated
battle time at which a TANK's speed was last set.

DIR.OF.MVMT - A real variable representing the direction
of movement of the TANK. This value is entered in mils and
converted to radians in the prégram.

PRI.DIR - A real variable representing the primary
direction of search for a TANK. This value is- entered in
mils and converted to radians in the program.

DEFNUM - An integer variable representing the current
defilade condition of the TANK. This attribute is acsigned
the following values: 1 - full defilade, 2 - turret defilade,
3 - firing defilade, 4 - secking concealment while stopping
to fire, 5 ~ defilade condition determined by the terrain
model.

AP.TOWN - An integer variable representing the number of
rounds of ammunition type 1 which are currently on board the

TANK. For XMls and T728, this represents armor piercing
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ammunition. For IFVs, ITVs, and BMPs, this represents

anti~tank guided missiles.

HE.DRAG - An integer variable representing the number
of rounds of ammunition type 2 which are currently or board
the TANK. For XMls and T72s, this represents high explosive
anti-tank ammunition. For DRAGONs this represents a short
range anti-tank missile.

AW1.CR.MSL3 - An integer variable rerpresenting the
numbezr of rounds of ammunition type 3 which are currently
on board the TANK. For XMls this represents .50 caliber
ammunition counted in 10 recund bursts. For T72s this
represents 12.7mm machinegun ammunition counted in 10 round
bursts. For BMPs this represents 73mm high explosive
ammunition. For IFVs this represents 25mm Bushmaster
ammunition counted in 10 round bursts. For DIVADs and ZSUs
this represenis their basic air defense ammunition countad
in 10 round bursts.

AW2.0R.AIM - An integer variable repressnting the number
of rounds of ammunition type 4 which are currently on board
the TANK. The current version of STAR does not use this

attribute, but it is provided for the user.
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HITSHOT - An integer variable representing the number of

hits (catastrophic kills) scored by a TANK during its
current firing sequence. '

MISSSHOT - An integer variable representing the number
of misses (anything other than a catastrophic kill) scored
by a TANK during its current firing sequence.

PROJO ~ An integer variable representing the type of
ammunition currently selected by the TANK.

OP.RNG - An integer variable representing the maximum
range at which a TANK will attempt to engage another TANK.

MZL.VEL - An integer variable representing the velocity
of the currently selected ammunition type (PR0OJO).

M1, M2, M3, M4 - Integer variables representing the
velocities associated with each of the 4 ammunition types.

ND.HIT - An integer variable representing the number of
hits sustained by a TANK which have caused no damage.

M.HIT - An integer variable representing the number of
hits sustained by a TANK which have caused mobility damage.

F.HIT - An integer variable representing the number of
hits sustained by a TANK which have caused rirepower damage.

MF.HIT - An integer variable representing the number of

hits sustained by a TANK which caused simultaneous mobility

and firepower damage. 39
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K.HIT - An integer variable representing the number of
hits sustained by a TANK which were sufficient to cause a
catastrophic kill (K-kill).

NUM.HIT - An integer variable representing the total
number of hiuz, including no damage hits, sustained by 2
TANK.

FIRED.AT - An integer variable representing the total
number of rounds fired at a TANK.

‘EC, PLT, CO, BN, RGT, BDE, DIV - Integer variables
representing the identification number of the section,
platoon, company, battalion, regiment, brigade, and division
to which the TANK is assigned.

FIP - An integer variable which is assigned the value
1l if a TANK has a firing in progress, and a 0 otherwise.

SCHED - An integer variable which is-éssigned the value
1 if a TANK has a Tire event scheduled, and a 0 othexrwise.

SECOND.SHOT - An integer variable which is assigned the
value 1 if the TANK is firing a second round on the same
target.

PH - A real variable representing the prcbability of

hit as determined by routine COMPUTE.
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FOE - An integer variable representing the pointer value

of the TANK's current target. '
CHECK.TIME - A real variable representing the time at
which a TANK's next fire event is to occur.
RANGE - A real variable representing the range ir. meters
to a TANK's current target.
STEPS - An integer variable representing the number of
STEP.TIME events scheduled for the TANK.
c.1, C.2,«#& 3, C.4 - Integer variables representing
the amount of ammunition loaded in each of five user defined
compartments on a TANK. These attributes are not used in
the curfent version of STAR, but are provided for use with
vulnerability packages which arz functions of ammunition
storage location.
PLOW.COND - An integer variable representing the
availability of a mineplow on a TANK. The following codes i
are used:t: O = no plow available, 1 - plow available but %
{
not in use, 2 - plow being used. 3
DUMMY - An integer variable which may take on values 0
or 1. This variable is not currently used in STAR.
MKILL - An integer variable assigned the value 1 if a

mobility kill is sustained by a TANK.
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FKILL - An integer variable assigned the value 1 if ¢
firepower kill is sustained by a TANK.
!
MFKILL - An integer variable assigned the value 1 if a

mobility and firepower kill is sustained by a TANX.

KKILL - An integer variable which is assigned a value 1
if the TANK has been castrophically killed.
COCDR, PLTLLCR, SECLDR - Integer variables representing

the names of a TANK's company commander, platoon leader, and

section ledRer respectively.
X.L, Y.L - Real variables which form a vector
( representing the left sector limit line of a'TANK's search
sector.
X.R, Y.R - Real variables which form a vector g

representing the right sector limit line of a TANK's search

sector.

1]
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M.D - A real variable representing the accumulated
percentage of mobility damage sustained by a TANK.

F.D ~ A real variable representing the accumulated

.
. Log wienraw w80
BRI bt o Wi bt 3

percentage .f firepower damage sustained by a TANK.

HTO - A real variable representing the height of the

observer, in meters, above macro terrain.
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HTTGT - A real variable representing the height of the
target, in meters, above macro terrain.
Eventsg

LOC.UPD - This event is usecd to periodically update the
X, Y, and Z coordinates of TANKs on the battlefield. The
pointer value of the TANK being updated is required as an

argument.

STEP.TIME - This event is used to schedule detection
events. The pointer val1®®®of a BLUE TANK is required as an
argument. ' "
™ DETECT - This event processes the detections scheduled
by ever.. STEP.T™ME. The pointer values of the observer and
the detected TANK are required as arguments.

TARGET.SELECT - This event uses danger state arrays, a : -
TANK's list of detected targets, and tactical fire control
modules to select targets and schedule FIRE events. The e
pointer value of the selecting TANK is required as an | L
argument.

FIRE - This event simulates a TANK firing on its target.

The pointer value of the firer and the target are required

as arguments.




sy

T RS

IMPACT - This event simulates the consequence of a FIRE

event. The pointer values of the firer and the tzrget are
required as arguments.

FINAL.DEATH - This event changes the status of a TANK
from alive to dead after an appropriate period of time.
The pointer value of the TANK to be killed is required as
an argument.

HIDE - This event changes the defilade condition
(DEFNUM) of a TANK at #f® appropriate time. The pointer
value of the TANK and the type of defilade change are
required arguments.

ATTRITION.CHECK - This event periodicaliy checks the
total losses by RED and BLUE forces and scngdules a halt
to the simulation if required.

STQP.SIMULATION - This event prints final output and
trings execution of STAR to a halt.

FORT Routin

SETUP - This routine reads initial wvalues for terrain
features which represent the battlefield.

ELEV - This routine calculates the Z coordinate
(elevation) for a TANK at a given location on the battle-

field. ELEV requires three arguments: the X coordinate
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of the TANK, the Y coordinate of the TANK, and the single
element array ZH, whose value upon return from ELEV is the
Z coordinate of the TANK.

LGS - This routine calculates the percentage of the
target visible to the observer. LOS requires 9 arguments:
the X, ¥, and Z coordinates of the observer and target, the
heights of the observer and target, and the single element
array P.V, whose value upon return from LOS will be the
percentage of the target visid¥e to the observer.

Codin Brief Explanatio

The coding for the PREAMBLE is shown below, followed by

a brief explanation:
1 PREAMBLE

2 DEFINE X.STOP,Y.STOP,PCT.ATT,B.PCT.ATT,DEF.TIME,

CONSTANT, AREA,

3 HALT.TIME,MMM,DELTA. T,NNN,B. AREA,R. AREA,CRITICAL.
VALUE,

L PCT.VIS,AND W.K.C AS REAL VARJABLES

5 DEFINE LIN.RC.COUNT.BC.COUNT.TTT,LiNE.OF.SIGHT.

EXISTS,R.NUM, ALIVE,

6 B.NUM.ALIVE,BLUE,AND RED AS INTEGER VARIABLES
ks
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
2k
25
26

27

DEFINE QQ AS A 1-DIMENSIONAL ALPHA ARRAY

DEFINE P.V AS A REAL,1-DIMENSIONAL ARRAY

DEFINE ZH AS A REAL, 1-DIMENSIONAL ARRAY

DEFINE BBBPOINT AS AN INTEGER 1-DIMENSIONAL ARRAY

DEFINE RRRPOINT AS AN INTEGER 1-DIMENSIONAL ARRAY
DEFINE TEMP.TGT AS AN INTEGER, 1-DIMENSIONAL ARRAY
DEFINE TARGET AS AN INTEGER, 2-DIMENSIONAL ARRAY
DEFINE LIST AS AN INTEGER, 1-DIMEWSIONAL ARRAY
DEFINE BLUE#O MEAN 1
DEFINE RED TO MEAN 0

THE SYSTEM OWNS A TANKS

THE SYSTEM OWNS A BLUE.ALIVE AND A RED.ALIVE

THE SYSTEM HAS A DS1(*/4)

DEFINE DS1 AS A 2-DIMENSIONAL INTEGER ARRAY

THE SYSTEM HAS A DS2(*/4)

DEFINE DS2 AS A 2-DIMENSIONAL INTEGER ARRAY

GENERATE LIST ROUTINES

PERMANENT ENTITIES

EVERY COMPANY.COMMANDER OWNS A COMP.UNIT

EVERY PLATOON.LEADER OWNS A PLT.UNIT

TEMPORARY ENTITIES

.
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28 EVERY TANK HAS A (NAME(1-10),COLOR(11-11),WPN.TYPE

(12-16),VEH.TYPE(17-21), .1
29 ALIVE.DEAD(22-32)),A HIT.STATE A POINTER, A X.CURRENT, '

A Y.CURRENT,

30 A Z.CURRENT, A SPD, A T.SPD, A DIR.OF.MVMT, A PRI.

DIR, A (DEFNUM(1-8),

31 AP.TOW(9-14),HE.DRAG(15-20),AW1.0R.MSL3(21-26),AW2.
OR.ADM(27-32)), 1

32 A (HITSHOT(1-2),MISSSHOT(3-4),PF JO(5-7),0P.RNG{8-19),
MZL.VEL(20-31)),

33 A (M1(1-16),M2(17-32),A (M3(1-16),M4(17-32)),A

( (ND.HIT(1-4),N.HIT(5-8), |

3% F.HIT(9-12),MF.HIT(13-16),K.HIT(17-20),NUM.HIT(21-26), |

| FIRED.AT(27-32)), | y:
35 & (SEC(1-11),PLT(12-22),00(23-32)), A (BN(1-7), |

RGT{8-15),RDE(16-18),DIV(19-21), | % g
L 36 FIP(22-22),SCHED(23-23),SECOND.SHOT(24-25)),A PH, A 3 :
FOE, A CHECK.TIME, A RANGE, :
37 A (STEPS(1-2), C.1(3-8),C.2(9-15),C.3(16-21),C.4 |

i (22-27) ,PLOW.COND(28-32)),

% 38 A (DUMMY(1-1),MKILL(2-11),FKILL(12-21),MFKILL(22-31), ;
: ¢ KKILL(32-32)), i
E i
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39 A COCDR, A PLTLDR, A SECLOR, A X.L, A Y.L, A X.R,
A Y.R, AM.D, A F.D, A HTO, :
40 A HTTG, AND MAY BELONG TO A TANKS, A PLT.UNIT, A
COMP.UNIT, A RED.ALIVE,
41 AND A BLUE.ALIVE
42 DEFINE C.1,C.2,C.3,C.4,DEFNGM, NAME,COLOR,WPN. TYPE,
ALIVE.DEAD,FIP,SCHEE, STEPS,
43 SECOND. SHOT, SEC, PLT, CO , BN, RGT,, BDE, DIV, POINTER,
FOE,COCDR, PLTLDR , SECLDR,
44 ND.HIT,M.HIT,®.HIT,MF.HIT,K.HIT,NUM.HIT,FIRED. .
AT, AP. TOW,HE. L ¢AG. |
45 AWL.OR.MSL3,AW2.OR.ADM,M1,M2,M3,M4,VEH, TYPE,
MISSSHOT,HITSHOT, PROJO.
46 OP.RNG, MKILL , FKILL ,MFKTLL ,KKILL , PLOW. COND, .
MZL.VEL, AND DUMMY AS {
47 INTEGER VARIABLES j
48 DEFINE HIT.STATE AS AN ALPHA VARTABLE
49 EVENT NOTICES INCLUDE STOP.SIMULATICN AND ATTRITION.
CHECK
' 50 EVERY HIDE HAS A COVER AND A CODE
51 EVERY FINAL.DEATH HAS A PURPOSE

52 EVERY LOC.UPDATE HAS A VEHICLE

48
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53 EVERY STEP.TIME HAS A ENTIRE.TANK ‘?

54 EVERY DETECT HAS A WHOLE.TANK AND A DET.FOE. ']
ENTIRE. TANK |

55 EVERY TARGET.SELECT HAS A FiRING.TANK 1

56 EVERY FIRE HAS A SHOOTING.TANK AND A CORE.POINTER;
OR.TGT.ID

57 EVERY IMPACT HAS A TANK.THAT.SHOT AND A BLOCK.
POINTER.OR.TGT.ID

58 DEFINE LOS AS A FORTRAN ROUTINE GIVEN 9 ARGUMENTS {

59 DEFINE ELEV AS A FORTRAN ROUTINE GIVEN 3 ARGUMENTS o

60 DEFINE SETUP AS A FORTRAN ROUTINE GIVEN O ARGUMENTS
‘61 TALLY LIN AS THE NUMBER OF PCT., VIS

62 END

Lines 15-16 allow the usc of the words BLUE and RED
throughout the program when réferring to a TANK's color. i3

Lines 17-18 define sets owned by the systep. as opposed
to those owned by entities.

Lines 19 and 21 declare DS1 and DS2 as packed integer
arrays.

Line 23 informs the system that the list routine option.
is desired. This option allows the user to p;int all array3s ? i

and contents of sets using simplified commands.

s
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Line 25 establishes set ownership of the company sets
by permanent entities called COMPANY.COMMANDERs. '

Lines 40-41 allow the temﬁorary entities, TANKs, +to
belong to a variety of sets.

Line 61 establishes a SIMSCRIPT statistical routine
which counts the number of times that the line of sight

routine is called.

B. MAIN PROGRAM
Descrjption
The MAIN program of the STAR model prepares the model
( for execution. The arrays that were defined in the PREAMBLE
are dimensioned to the appropriate size by the use of the
RESERVE statement. The MAIN program calls the:?ORTRAN
routine SETUP which prepares the appropriate dat~ for the
FORTRAN routines LOS and ELEV. The MAIN program sets the
initial values of the variables globally defined in the '
p PREAMBLE by use of the LET or READ statement.
A major function of the MAIN program is to create the

entities, sets, and attributes defined in the PREAMBLE. Two

P

separate DO LOOPs exist in the STAR MAIN program for creation

13 of entities. The first creates every BLUE weapon sSystem
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to be simulated, reads or sets the initial values of the ﬂ
| weapon system attributes and files the entity created in the ’:
appropriate sets. The second DO LOOP performs the same '
{ function for RED weapon syszems in the simulation. |
The final zunction of the MAIN program is to schedule |
those events which must be executed immediately upcn start 4
of the simulation.
Local Variablesg ]

The following are local variatles of the MAIN program: 1

I - An integer variable used as a counter in the DO
LOOPs which c?eate the entities of the simulation, and as
a counter in the loop which sets the initial values in the
random number streams used in the simulation.

J - An.integer variable used as a counter in the loop = 1

which sets the initial values in the random number streams
used in the simulation.

PNUM - An integer variable read by the MAIN program
which indicates the number of platoon sets (PLT.UNIT) to be
created.

CNUM - An integer variable read by the MAIN program
which indicates the number of company sets (COMP.UNIT) ¢to

be created.
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The coding for the MAIN program is shown oelow, followed
by a brief explanation:
1 MAIN '
2 DRFINE I,J,PNUM,AND CNUM AS INTEGER VARIABLES
3 RESERVE DS1(*,*) AS 15 BY 24
4 RESERVE P.V(%*) AS 1
5° RESERVE ZH(*) AS 1
6 RESERVE DS2(*,*) as 9 BY 40
7 RESERVE TARGET(*,*)! AS 25C BY 2
8 RESERVE TEMP.TGT(#*) AS 150
9 RESERVE QQ(*) AS 9
10 LET QQ(1)= "X
11 LET QQ(2)= "XMi"
12 LET QQ(3)= "IFV"
12 LET QQ(4)= "ITV"
14 LET QQ(5)="DVAD"
15 LET QQ(6)="DRAG"
16 LET QQ(7)="T72"
17 LET QQ(8)="BMP"
18 LET QQ(9)="zsuy"
19 CALL SETUP

20 READ R.NUM.ALIVE, B.NUM.ALIVE, DELTA.T

52

—

[ 5N
13

- et N L P % i : q

: 4”-;‘&%&4% Moty o




21

22

27
28
29
30
31
32
33
34
35
36

37

39

Lo

L1

42

READ PNUM, CNUM

LET N.PLATOON.LEADER = PNUM

LET N.COMPANY.COMMANDER = CNUM
CREATE EVERY PLATOON.LEADER
CREATE EVERY COMPANY.COMMANDER
READ X.STOP, Y.STOP, R.PCT.ATT, B.PCT.ATT
READ DS1

READ DS2

RESERVE BBBPOINT(*) AS R.NUM.ALIVE
RESERVE RRRPOINT(*) AS B.NUM.ALIVE
LET LINES.V=70

LET DEF.TIME = 20.0

LET CRITICAL.VALUE = .2

LET B.AREA=90.

LET R.AREA=90.0

LET AREA = B.AREA

LET CONSTANT = COS.F((AREA/360.0)* 2.0 * PI.C)
LET W.K.C = 250

LET NNN=2.

LET LIN=0

LET MMM=6.

LET RC.COUNT = O
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L3 LET BC.COUNT
L4 LET TTT = 1 ' 1

L FOR I = 1 TO B.NUM.ALIVE, DO '

L6 LET RC.COUNT = RC.COUNT + 1

L7 CREATE A TANK

L8 READ NAME(TANK), COLOR(TANK), WPN.TYPE(TANK), VEH. i

TYPE(TANK), AP.TOW(TANK},
49 HE.DRAG(TANK), AW1.0R.MSL3(TANK), AW2.OR.ADM(TANK), 1
SEC (TANK), PLT(TANK), 4
{

50 CG(TANK), BN(TANK), RGT(TANK), BDE(TANK), DIV(TANK),
X.CURRENT(TANK) ,
51 Y.CURRENT(TANK), SPD(TANK), DIR.OF.MVMT(TANK), FRI.

DIR(TANK), MI(TANK),

52 M2(TANK),M53(TANK),M4(TANK),COCDR(TANX) ,PLTLDR(TANK),
SECLDR( TANK)

53 , OP.RNG({TANK)

54 LET DEFNUM(TANK) = 2
55 BESERVE LIST(*) AS 1
56 LET LIST(1) =0
57 LET HTO(TANK) = 2.0

58 LET HTTGT(TANK) = 3.0

P g
3 4 59 LET POINTER(TANK) = TANK
: 5
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60

61 LET TARGET(I,1)

62
63
64
C/6400.0
65
66
67
68
69
70
71
72
73
74
75
76

77
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LET RRRPOINT(I)

TANK

1]

LIST(%*)
LET LIST(*) = 0

LET TARGET(I,2) = TANK

LET DIR.OF.MVMT(TANK) = DIR.OF.MVMT(TANK) * 2 * PI,

LET PRI.DIR(TANK)=PRI.DIR(TANK)*2*¥PI.C/6400.0
LET COCDR(TANK) = RRRPOINT(COCDR(TANK))

LET PLTLDR(TANK) = RRRPOINT(PLTLDR(TANK))

LET SECLDR(TANK) = RRRPOINT(SECLDR(TANK))
FILE TANK IN TANKS
FILE TANK IN BLUE.ALIVE
FILE TANK IN PLT.UNIT(PLT(TANK))
FILE TANK IN COMP.UNIT(CO(TANK))
LOOP
FOR I = B.NUM.ALIVE+1 TO B.NUM.ALIVE+R.NUM.ALIVE, DO
LET BC.COUNT = BC.CTUNT + 1
CREATE A TANK

READ NAME(TANK), COLOR({TANK), WFN.TYPE(TANK), VEH.

TYPE(TANK), AP.TOW(TANK),

78 HE.DRAG(TANK), AWl.OR.MSI3(TANK), AW2.OR.ADM(TANK),

t SEC(TANK), PLT(TANK),

55
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79 CO(TANK), BN(TANK), RGT(TANK), BDE(TANK), DIV(TANK),

X .CURRENT( TANK), '

8¢ Y.CURRENT(TANK), SPD(TANK), DIR.OF.MVMT(TANK), PRI.

DIR(TANK), M1(TANK),
81 M2(TANK),M3(TANK),M4(TANK),COCDR(TANK) , PLTLDR( TANK) ,
SECLDR( TANK)
82 , OP.RNG(ANK)
83 LET DEFNUM(TANK) = 5
84 RESERVE LIST(*) AS 1
85 LET LIST(1) = 0 ,
86 LET HTO{TANK) = 3.0
87 LET HTTGT(TANK) = 3.0

88 LET POINTER(TANK) = TANK

89 LET BBBPOINT(I-B.NUM.ALIVE) = TANK '
90 LET TARGET(I,1) = LIST(*) ’éi
91 LET LIST(*) = 0 %p
92 LET TARGET(I,z) = TANK %

93 LET SPD(TANK) = 5.0

94 LET DIR.UF.MVMT({TANK) = DIR.OF.MVMT(TANK) * 2 #* PI,

R s b

C/64%00.0
( 95 LET PRI.DIR(TANK)=PRI.DIR(TANK)*2*PI.C/6400.0 L
96 LET COCDR(TANK)=BBBPOINT(COCDR(TANK)-B.NUM.ALIVE) ?ga
2 |
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97 LET PLTLDR(TANK)=BBBPUINT(PLTLDR(TANK)-B.NUM.ALIVE)

Py

98 FILE TANK IN TANKS »
99 FILE TANK IN RED.ALIVE

100 FILE TANK IN PLT.UNIT(PLT(TANK))
101 FILE TANK IN COMP.UNIT(CO(TANK))

102 LCOP

103 FOR EACH TANK IN BLUE.ALIVE, DO

104 CALL ELEV GIVEN X.CURRENT(TANK), Y.CURRENT(TANK), i
ZH(*) 'i
105 IF ZH(1) LE 250.0 LET ZH(1) = 250.0 ALWAYS LET ]
‘ Z.CURRENT(TANK) = ZH(1) ‘
\ 106 LOOP '
107 FORI =1 T09, FOR J = 1 T0 10, LET XX=UNIFORM.
F(0.,1.,I) . k:
108 FOR EACH TANK IN TANKS LET PRI.DIR(TANK) = PRI.DIR |
(TANK) + DIR.OF.MVMT(TANK) b

109 FOR EACH TANK IN TANKS CALL SET.SECTOR(TANK)

110 FOR EACH TANK IN RED.ALIVE SCHEDULE A LOC.UPDATE

i (TANK) NOW
g 111 FOR EACH TANK IN BLUE.ALIVE LET STEPS(TANK) = 1
§ 112 PRINT 1 LINE THUS
% ¢ RND FIR TYPE AM TGT TYPE TIME.V STAT RANGE X-FIR Y-FIR X-TGT
E Y-TCT P |
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113 FOR EACH TANK IN BLUE.ALIVE SCHEDULE A STEP.TIME(TANK)

4

NOW )

114 SCHEDULE AN ATTRITION.CHECK IN 10.0 * DELTA.T UNITS

115 START SIMULATION
1
116 STOP 1
]
117 END

Lines 1-2 define the MAIN program and local variables.

Lines 3-8 dimension the numeric arrays defined in the
PREAMBLE. j

Lines 9-18 dimension the alphanumeric array dQ and place ]
the appropriate alphanuuweric characters in the array
locations.

Line 19 calls the FORTRAN routine SETUP.

Line 20 reads the initial number of RED and BLUE systems : 4
in the simulation and the time increment for the simulation-

Line 21 reads the number of platoon and company sets

A ot 4k dorrp o

fq be created.
Lines 22-25 create the platoon leader and company commander
entities and simultaneously create subscripted company and i ;

platoon sets.
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Line 26 reads the X and Y coordinates used fur stopping

criteria, and reads the percent attrition for BLUE and RED
systems to be used as a stopping criteria.
Lines 27-28 read in values of the danger state arrays.
Lines 29-30 dimension the arrays BBBPOINT and RRRPOINT.
Lines " -44 set initial values for PREAMBLE defined
global variables.

Lines 45-53 create each entity representing the BLUE

weapon systems and read in initial attribute values.
Lines 54-63 set initial attribute values of the entities

created, initialize the target list for each qntity created

(LIST) and place the appropriate pointer values in the array
TARGET.

Lines 64-65 convert the value of PRI.DIR and DIR.OF.MVMT

attributes from mils to radians
Lines 66-68 convert 'he attributes COCDR, PLTLDR, and
SECLDR (which were read in as vehicle numbers) to the proper
pointer value of the entityk company commander, platoon
i leader and section leader.
Lines 69-73 place the entity created in the appropriate

sets and loop back to line 45,

T T W W ¥ g,
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Lines 74-82 create each entity representing RED weapon
systems, and read in the initial attribute values.

Lines 83-93 set initial values of the attributes of the
entities created, initialize the target list for eagh
entity (LIST) and place the appropriate pointer values in
the array TARGET.

Lines 94-95 convert the PRI.DIR and DIR.OF.MVMT attributes
to radians.

Lines 96-97 convert the COCDR, and PLTLDR attributes to
the proper pointer value of the entity's platoon leader or
company commander.

Lines 98-102 file the entity in the proper séts andé
loop back to line 74.

Lines 103-106 set initial elevat;on for the BLUE elements
by calling the FORTRAN routine ELEV.

Line 107 sets the starting values in each of the random
number streams used in the simulation.

Line 108 sets the PRI.DIR attribute of each entity to
the form used in routine SET.SECTOR.

Line 109 calls routine SET.SECTOR for every entity, which

gsets the limits of the entity's search sector.
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Line 110 schedules event LOC.UPDATE to occur for every

RED weapon system immediately upon start of the simulation.
Line 111 sets the STEPS attribute for each BLUE entity.
Line 112 prints the column headings for printed output.
Line 113 schedules event STEP.TIME to occur for every

BLUE weapon system immediately upon start of the simulation.
Line 114 schedules event ATTRITION.CHECK to occur at a

time ten times DELTA.T into the simulation.

Line 115 starts the simulation.
Lines 116-117 are the required MAIN program control

statements.
C. EVENT LOC.UPDATE
Descrintio

Event LOC.UPDATE is called every DELTA.T units by the

system timer and is used to update the X, Y, and Z coordinates

of each RED TANK that is currently alive. This event in-
sures that all positions have bee. updated prior to the
execution of event STEP.TIME.

Local Varjable

Trhe following is a local variable of this routine:

3
3
§
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TANK - An integer variable containing the pointer value

of the weapon system for which a location update is required.
Coding and Brief Explanation

The coding for event LOC.UPDATE is shown below, 1
followed by a brief explanation: 1

1 UPON LOC.UPDATE(TANK) .

2 DEFINE TANK AS AN INTEGER VARIABLE -

3 IF ALi . .ZAD(TANK) EQ 1 RETURN ELSE

4L CALL LC . 'ANK) i
5 SCHEDULE A LOC.UPDATE(TANK) IN DELTA.T UNITS ' '

6 RETURN END

Lines 1-2 define the event and local variable.

Line 3 tests the ALIVE,DEAD attribute of the TANK to "4
prevent dead TANKs from having their locations updated.

Line 4 calls routine LOC which calculates new X, Y, and

Z coordinates for the TANK.

AR Ak WIS s e
s f
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Lines 5-6 reschedule another LOC.UPDATE for this TANK

26 o

in DELTA.T units (currentiy 30 seconds). Control is then

returned to the system timer.

WA M U i
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D. EVENT STEP.TIME
Description

Event STEP.TIME is used by STAR to generate detections
of battlefield elements by one another. STEP.TIME is
scheduled to occur every DELTA.T units (currently 30 seconds)
and affects all TANKs which are alive at the beginning of
the time pericd. Prior to STEP.TIME, each TANK's X, Y, and
Z coordinates are updated by event LOC.UPDATE.

Each BLUE TANK that enters event STEP.TIME has the
opportunity to schedule a detection on a RED TANK. Like-
wise, each RED TANK has the opportunity to schedule a de-
tection on the BLUE TANK that generated the STEP.TIME
event. Detection times are generated by routine CARDIO
which is discussed in a subsequent section.

Range, secvor, and time {ilte.s are used by event
STEP.TIME to prevent unnecessary line of sight cails.
Although the current line of sight algorithm (FORTRAN
routine LOS) is very efficient, it still requires many
calculati&ns. Consequently, the filters mentioned above
and described in the coding section below are important in

reducing execution time.
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Local Variables

The following are local variables of this event:

A - An integer variable containing the pointer value of
the BLUE TANK which generated the current STEP.TIME event.
Note that the global variable TANK represents RED TANXs in
this event.

ANSWER - An integer variable which is assigned a value
of 1 if a target is in the observor's search sector, and 0
otherwise.

LOSE - An integer variable which is assigned a value of
1 if line of sight exists between two clements, and 0
otherwise.

R - A real variable representing the range2 in meters
between two TANKs.

RN.B - A real variable assig- -1 a random value from a -
Uniform (0,1) probability distribution. This value is
passed as an argument to routine CARDIO.

RN.R - A real variable with the same characteristics as
RN.R.

BDET.TIME - A real variable, which when returned from
routine CARDIO, represents the time required to deteci a

RED TANK by a BLUE TANK.
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RDET.TIME -~ Similar to BDET.TIME except that it is used
for RED TANKs detecting BLUE TANKs. ¢ ]
Coding and Brief Explanation

The coding for event STEP.TIME is shown below, followed

by a brief explanation:

1

AS 1

12 LET TARGET(NAME(A),1) = LIST(1)=0 LET LIST(*) = 0

GO TO NORMAL

13
14

X o
a v oia

ve

15

fl

a"}

!
¢
1 .

UPCN STEP.TIME(A)

DEFINE ANSWER AS AN INTEGER “ARIABLE

DEFINE RN.B, RN.R, AND R AS REAL VARIABLES i
DEFINE LOSE AND A AS INTEGER VARIABLES |
DEFINE RDET.TIME AND BDET.TIME AS REAL VARIABLES ¥
LET STEPS(A)=STEPS(A)-1

LET BDET.TIME=99 LET RDET TIME = 99

IF ALIVE.CEAD(A) EQ 1 RETURN ELSE

IF TIME.V GE 2.0 * DELTA.T }:
LET LIST(*) = TARGET{NAME(A),1)

IF DEFNUM(A) EQ 1 RELEASE LIST(*) RESERVE LIST(*) E 4

ELSE
IF LIST(1) = O

CALL CHG.SEC.SEARCH(A)
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16 ALWAYS
17 LET LIST{*)=0 ' ]
18 REGARDLESS |
19 'NORMAL' 1
20 FOR EACH TANK IN RED.ALIVE, DO
21 IF F.BLUE.ALIVE EQ A AND TIME.V GE 2.0 * DELTA.T |
22 LET LIST(*) = TARGET(NAME(TANK),1)
23 IF LIST(1) = 0 1
24 CALL CHG.SEC.SEARCH (TANK) ]
25 ALWAYS .:
( 26 LET LIST(*)=0

27 ALWAYS
28 LET RN.B= UNIFORM.F(0.,1.,7)
29 LET RN.R= UNIFORM.F(0.,1.,7) }:
30 IF (Y.CURRENT(TANK) + X.CURRENT(TANK)/2.0) LE 8000.0 :
31 LET ALIVE.DEAD(TANK) = 1 REMOVE TANK FROM RED.ALIVE é s

GO TO LOOP ELSF ;
32 CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT(TANK), 4

Y.CURRENT(TANK)) YIELDING R

':a 33 IF OP.RNG(A) + W.K.C. GT R CALL SECTOR.CHECK(A,TANK)
: % ¢ YIELDING ANSWER
i!
66
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3 I7 ANSWER EQ 1 CALL CARDIO(A,TANK,R,1.0,RN.BE)
YIELDING BDET.TIMC .

35 ELSE ALWAYS

36  ALWAYS

37 IF OP.RNG(TANK) + W.K.C. GT R CALL SECTOR.CHECK(TANK,
A) YIELDING ANSWER

38 IF ANSWER EQ 1 CALL CARDIO(TANK,A,R,1.0,RN.R)
YIELDING RDET.TIME

39 ELSE ALWAYS

40 ALWAYS

41 IF BDET.TIME LT DELTA.T OR RDET.TIME LT DELTA.T

42 CALL LOS GIVEN X.CURRENT(A),Y.CURRENT(A),Z.CURRENT
(A),HTO(A),X.CURRENT(TANK) .

43 Y.CURRENT(TANK),Z.CURRENT{ANK) ,HTTGT(TANK),P.V(*)

44 LET PCT.VIS=P.V(1)

45 TIF PCT.VIS GT CRITICAL.VALUE LET LOSE=l JUMP AHEAD -
ELSE LET LOSE=0 HERE

46 'SCHEDULE' IF LOSE EQ 1 AND BDET.TIME LT DELTA.T

47 CA.. CARDIO(A,TANK,R,PCT.VIS,RN.B) YIELDING BDET.TIME

48 TIF BDET.TIME GT DELTA.T JUMP AHEAD ELSE

FLARR R Iet S VIR T A PRI

4G SCHEDULE A DETECT(A,TANK) IN BDET.TIME UNITS

!: 50 HERE
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51 REGARDLESS
' 52 IF LOSE EQ 1 AND RDET TIME LT DELTA.T ]
53 CALL CARDIO(TANK,A,R,PCT.VIS,RN.R) YIELDING RDET.TIME
# 54 IF RDET.TIME GT DELTA.T JUMP AHEAD ELSE

55 SCHEDULE A DETECT(TANK,A) IN RDET.TIME UNITS

PO

56 HERE

57 REGARDLESS

58 ALWAYS ‘'LOOP' LOOP
59 IF STEPS(A) GE 2 RETURN ]
60 ELSE SGHEDULE A STEP.TIME(A) IN DELTA.T UNITS LET

STEPS(A)=STEPS(A)+1 RETURN END

Lines 1-5 define the event and local variables.

Line 6 decrements the steps attribute for the BLUE TANK
that generated the current STEP.TIME. ?
Line 7 assigns default values to BDET.TIME and RDET.TIME.

Line 8 insures that the BLUE TANK is still alive prior §

_—~

to proceeding.

Lines 9-19 perform s2veral tests after simulated time

— e et ——a

l has reached 60 seconds. If a BLUE TANK is in full defilade,
his detected list is purged. This simulates the loss of

; (r information which accompanies being in a position from which

line of sight does not exist. If the BLUE TANK is not.in
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full defilade, but his detected list is empty, his sector of
search is changed in attempt to acquire new targets in a ’

different search area. BLUE TANKs then attempt to schedule

DETECT events in the usual manner.

Line 20 effects sequential access to the RED TANKs which
are still alive.

Lines 21-27 chzange the search sector for those RED TANKs
whose detecved lists are empty. Note that this is accom-
plished only when the first BLUE TANK accesses the set of
RED TANKs.

pines 28-29 draw random numbers for use by routine CARDIO.

Lines 30-31 ﬁrevent RED TANKs from moving off the map.

By setting the ALIVE.DEAD attribute to 1 when a RED TANK
reaches the stopping point, the simulation is prevented from ' ?
executing indefinitely since the RED attrition percentagé
will eventually reach 100 percent.

Ling 32 caiculates the current range between two TANKs.
i Lines 33-36 insure for BLUE TANKs that a potential
detected target is within range and within sector. If this
is the case, routine CARIIO is called with 100 percent

vigibility assumed. This generates a best case detection

%

+ime.
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Lines 37-40 perform the above tests for RED TANKs
detecting BLUE TANKs.

Lines 41-45 call FORTRAN routine LOS if either potential
detect time calculated above was less than DELTA.T seconds.
Line of sight exists if the percentage of the target visible
to the observer is greater than'a user defined value
(currently .2).

Line 46 insures that line of sight exisfs between the
BLUE observer and the RED target, and that the potential
detection time is less than DELTA.T seconds prior to
calling routine CARDIO again.

Line 47 calls routine CARDIO and returns with a défecfion
time for BLUE detecting RED.

Lines 48-50 schedule a detection in thé amouht of time
returned by routine CARDIO if this time iéz}ess than DELTA.T
seconds. |

Lines 51.-57 are similar to lines 46-350 except that>they
apply to RED TANKs observing BLUE TANKs. |

Lines 59-60 schedule another STEP.TIME event in DELTA.T
seconds if the BLUE TANK has fewer than 2 STEP.TIME events

scheduled. Control is then returned to the system timer;

70
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E. EVENT DETECT

Desgcription '

Event DETECT is scheduled by eveﬂts STEP.TIME and IMPACT.
Normal detections using routine CARDIC are scheduled by
event STEP.TIME, while detections as a result of being
fired upon are scheduled by event IMPACT. Depending on the
defilade conditions of the observer and target, line of
sig@t conditions between these two elements and proximity of
other elements to the detezted threat, detected elements nay
be added to the observer's detected list, target selections
may be scheduled or near vicinity detections may be effected.
Local Variable

The following are local variables of this routine:

A - An integer variable containing the pointer value of 4
the observer.

B ~ An integer variable containing the pointer value of e

the target.

L S

Coding angd Brief Explanation
The coding for event DETECT is shown below, followed by

a brief explanation.

3

§ 1 UPON DETECT(A,B)

i 2 DEFINE A,B AS INTEGER VARIABLES
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3 DEFINE J AS AN INTEGER VARIABLE

4 IF ALIVE.DEAD(A) EQ 1
5 RETURN
6 ELSE
2 IF DEFNUM(B) EQ 1 CALL LIST.UPDATE(0,4,B,0)
RETURN ELSE
8 CALL LOC(A) CALL LOC{B)
9 CALL 1L0S C.  X.CURRENT(A),Y.CURRENT(A),Z.CURRENT
(A),HTO(A),X.CURRENT\5),
10 Y.CURRENT(B),Z.CURRENT(B),HTTGT(B),P.V.(*)
11 LET PCT.VIS=P.V(1)
12 IF PCT.VIS GT CRITICAL.VALUE LET LINE.OF.SIGHT.
EXISTS=1 JUMP AHEAD ELSE
13 LET LINE.OF.SIGHT.EXISTS=0 HERE
14 IF DEFNUM(A) EQ 1 CALL LIST.UPDATE(LINE.OF.SIGHT.
EXISTS,A,B,0) RETURN ELSE
15 IF LINE.OF.SIGHT.EXISTS EQ 1 CALL FROXIMITY.DETECT
(A,B) ALWAYS
16 RETURN

17 END
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Lines 1-2 define the routine and local variables.

Lines 3-5 insure that the observer is still aliwve before
proceeding.

Line 6 tests the defilade condition of the target. If
the target is in full defilade, (that is, he cannct be seen),
then the observer is considered to have lost detection on
this target and the target, if currently in the detected
list, is removed from the list. The first O argument in the
call to routine LIST.UPDATE accomplishes this, while the
second 0 argument in this call prevents a target selection
from being scheduled.

Line 7 updates the X, Y, and Z coordinates of the
observer anc target.

Lines 8-12 determine if line of sight exists between
the observer and target.

Line 13 tests ths defilade condition of the observer.

If the observer is in full defilade, the detection may still

occur if line of ;ight exists and the target is still alive.

Lines 14-15 allow for the possibility of near vicinity

detections if line of sight exists and the observer is not

in defilade. Control is then returned to the system timer.
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F. EVENT TARGET.SELECT
{ Description )
Event TARGET.SELECT is used by all weapon systems to
select targets on the basis of highest priority within
range bands. For some weapons systems, the priority criteria
may be altered as a result of actions by other unit members.
These actions are represented in several tactical target
selection modules. The current version of STAR uses tactical ' i
target selection modules for the following weapon systems:
XxMi, IFV, ITV, T72, and BMP. These modules are presented
in detail in later sections. In general, all weapon

systems using these modules attempt to select the highest

priority target that is not being engaged by another unit
member. IFVs, ITVs, and BMPs will not fire if all targets ‘ A
in their detected list are being engaged by other unit
memhers. In contrast, XMls will always engage a target from
their detected list assuming that the ranée and line of

sight filters are satisfied. An XMl's engagement will

be the highest priority threat not being engaged by another
unit member or, if all threats are being engaged, the target

selected will be the highest priority threat in the detected
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list. T72s always attempt to acquire the FOE of their

platoon leader. Failing this, a T72 will select its
highest priority threat.

If, after a target is selected, line of sight does not
exist, the target is in full defilade or the target has
already been kilied, the threat will be removed from the
firer's detected list and a re-selection will be attempted.

If all potential targets are outside the maximum
engagement range of the firer, controi is returned to the
system timer.

If a selection is accomplished, event FIRE is scheduled
in the maximum of the time it takes to lay (aim) the Qeapon
and load (prepare to fire) the weapon.

Two points should te clarified with respecf to the
variable ANSWER. An ANSWER of 0 from routine T72.TACTICS
indicates that the T72 has selected his platoon leader's
FOE. An answer of 1 indicates the converse. Within the
loop that sequentially accesses detected threats (lines
27-47), an ANSWER of O means that the currently accessed
threat is still a candidate for selection. An ANSWER of 1

causes this threat to be bypassed. In wost cases the latter
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result occurs when a threat is being engaged by another
unit member. v ]
Event TARGET.SELECT is relatively complicated and a

% cursory look at the tactical target selection modules

prior to reading this event is recommended.
Local Variables
‘'The following are local variables of this event:
A - An integer variable containing the pointer value of
the selecting TANK. ]
ID - An integer variable containing the pointer value
of the selected TANK. ' o
I - An integer counter.

ANSWER - An integer variable whose value is the result

-

of a call to a tactical target selection module. See the 4

Description section of this event for details...

P - An integer variable which reflects the priority of s
the currently accessed threat in the detected list.

OLDP ~ An integer variable which reflects the priority ot
the current candidate for selection.

RND - An integer variable which contains a coded
ammunition type. This ammunition is the type desired for

use against the current candidate for selectior.
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ENGAGED - An integer variable which takes on the value
0 or 1. Used exclusively for XMl target selection, if
ENGAGED is changed to O as a result of a call to routire
XM1,RACTICS, only subsequent targets which are not being
engaged will be candidates for selection. If ENGAGED -
remains i, the Ml will select the'highest priority threat
from his list, regardless of its engagement status.

WHOCALLED - An integer variable which is assigned the
value 1 in event TARGET.SELECT. As an argument to routine
LIST.UPDATE, a value of 1 for WHOCALLED prevents another
TARGET.SELECT from occurring as a result of.@he detected
list being upéated.

R - A real variable representing the range in meters
between the selecting TANK and the currently accessed
*hreat.

OLD.RANGE - A real variable representing the range in
meters between the selecting TANK and the most recent
candidate for selection.

Codj Brief Ex +io
The coding for event TARGET.SELECT is shown below,

followed by a brief explanation:
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1 UPON TARGET.SELECT(A) _i
2 DEFINE R, AND OLD.RANGE AS REAL VARIABLES ‘1

3 DEFINE ANSWER, OLDP, P, RND, AIﬁ, A, ID, I, ENGAGED,
AND WHOCALLED AS INTEGER

4 VARIABLES

5 1IF DEFNUM(A) = 1 RETURN ELSE

6 IF ALIVE.DEAD(A) EQ 1 RETURN

7 ELSE . i
8 1IF FIP(A) EQ 1 RETURN . %
9 ELSE ,

10 IF SCHED(A)=1

11 RETURN
' 12 ELSE
13 IF WPN.TYPE(A) EQ v CALL T72.TACTICS(A) YIELDING }j
ANSWER ;1
14 IF ANSWER EQ O RETURN ELSE '%

15 ALWAYS

16 'SELECT'

. 17 CALL LOC(A)
18 'TRY.AGAIN'
19 LET LIST(*)=TARGET{NAME(A),1)

20 IF LIST(1) EQ O

N S SRR GRS
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LIST LIST(*) = 0

22 RETURN

23 ELSE

24 LET ENGAGED = ). LET WHOCALLED = 1 LET OLDP = 99
LET OLD.RANGE = 99999

25 FOR I=1 TO DIM.F(LIST(*)), DO

26 CALL LOC(LIST(I))

27 CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT

{POINTER(LIST(I))),

28 Y.CURRENT(POINTER(LIST(*)))) YIELDING R

29 IET RANGE(A) = R

30 GO TO XM1, XM1, IFV, ITV, DIVAD, DRAGON, T7z, BMP,

| 72SU PER WPN.TYPE(A)

{ 31 'IFV' CALL IFV.TACTICS(A,LIST(I)) YIELDING ANSWER

GO TO NEXT i

32 'ITV' CALL ITV.TACTICS(A,LIST(I)) YIELDING ANSWEK

GO TO NEXT
33 'DIVAD' LET ANSWER = 0 GO TO NEXT
34 'DRAGON' LET ANSWER = O GO TO NEXT

35 'T72' LET ANSWER = 0 GO TO NEXT

36 'BMP' CALL BMP.TACTICS(A,LIST(I)) YIELDING ANSWER

{3 GO TO NEXT

sl
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37 '2SU' LET ANSWER = 0 GO TO NEXT

28 'NEXT' IF ANSWER EQ 1 GO TO LOOP ELSE GO TO NORMAL.
SELECT

39 'XM1' CALL XM1.TACTICS(A,LIST(I)) YIELDING ANSWER

40 'NORMAL.SELECT' CALL PRIORITY.AND.ROUND.SELECT(A,
LIST(I)) YIELDING P, RND

41 IF P EQ 99 GO TO LOOP ELSE

42 TIF ANSWER LT ENGAGED GO TO REPLACE ELSE

43 IF (( P LT OLDP) OR (P EQ OLDP AND R LE OLD.RANGE))
AND (ANSWER EQ ENGAGED)

L4 *REPLACE’ LET OLDP=F LET OLD.RANGE=R LET PROJO(A)=
RND LET ID=LIST(I)

LS LET ENGAGED

ANSWER REGARDLESS 'LOOP' LOOP

46 LET LIST(*)

0

47 IF OLD.RANGE LE OP.RNG(A)

L8 JUMP AHEAD

49 ELSE

50 RETURN

51 HERE

52 CALL LOS GIVEN X.CURRENT(A),Y.CURRENT(A),Z.CURRENT

(A) ,HTO(A),

80
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X.CURRENT(ID),Y.CURRENT(ID),2.CURRENT(ID),

HTTGT(ID),P.V(*)

sS4

55

LET PCT.VIS=P.V(1)

IF PCT.VIS GT CRITICAL.VALUE LET LINE.OF.SIGHT.

EXISTS=1

56
57
58
59
60
61
62
63
6L
55
66
67
UNIFORM.
68
69
70

71

JUMP AHEAD ELSE

LET LINE.OF.SIGHT.EXISTS=0 HERE

IF LINE.OF.SIGHT.EXISTS EQ O

OR ALIVE.DEAD(ID) EQ 1

OR DEFNUM(ID) EQ 1

CALL LIST.UPDATE(0,A,ID,WHOCALLED)
GO TO TRY.AGAIN

ELSE

LET RANGE(A) = OLD.RANGE

LET FOE(A)=ID

LET SCHED(A)=1

SCHEDULE A FIRE(A,ID) IN MAX.F(UNIFORM.F(10.,20.,3),

F(8.,16.,4))
UNITS
LET CHECK.TIME(A) = TIME.A(FIRE)
RETURN
END
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Lines 1-4 define the event and local variablss.

Lines 5-11 return control to the system timer if the
selecsting TANK is in full defilade, is dead, has a firing
in progress, or has a fire scheduled.

Lines 12-1% aspply only to weapons cf type T72. The
T72 attempts to acquire his p atoon leader's FOE and

chedule a FIRE event on this target. If this occurs,
control is returned to the system timer. Otherwise, the
T72 selects his highest priority threat in a manner similar
to other weapen systems.

Lines 17-23 update the X, Y, and Z coordinates of the
selecting TANK =nd access the TANK's list of detected
threats. If the list contains no potenlial targets, control
returns t> the system timer. tr.erwise, execution continues.

Line 24 sets default values for local variables.

Line 25 sequentially accesses elements in the TANK's

list of Jdevected threats. 2

TR,

Lines 26-29 update the X, Y, and Z coordinates of the

currently accessed threat. The range between th>» TANK and

H

this thireat is calculated and the TANK's RANGE attribute

ig ¢&t o this value.

A TTLEP WD -« T WA AR RO gt PR Y =




RN

" 7 -
) e 'w s & _5(' f L - -~ > A 4
[N B ey AN Ik AT ARG T ¥ B > 1
2t 455 BlsiAn 8 o g o s Lo e . BN ))l”:t' .- - -2 . A . :a""..'{i ' re i ~
. . . . . “ .
N ‘

@

A anm

Line 30 transfers control to the appropriate label based
on the weapon type of the TANK.

Lines 31-37 call a tactical target selection module, if
required, and transfer control to the label 'NEXT'.

Line 38 tests the ANSWER returned above and transfers
control to label 'LOOP' if ANSWER = 1, or to label 'NORMAL.
SELECT' if ANSWER = 0.

Line 39 calls the tactical routine for XMls.

Line 40 returns a priority and desired ammunition type
to be used against the current threat.

Line 41 transfers control to label 'LOOP' if the priority
returned is equal to 99. This indicates that the target
cannot be engaged.

Line 42 allow YMls to give higher priority to targets
which are not being engaged. Any target not being engaged
can replace a target whicn 1s tezing engaged.

Line 43 tests the values of P, R, and ANSWER against the
values of OLDP, OLD.RANGE, and ENGAGED. To replane a threat
as the current cardidate for selection, the targst must
ap1ave a higher priority or, if it has the same priority, nmust
J¢ cleser in runge. Noreover, it must have the same engage-

ment status as the current threat. This last conditisn
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is always satisfied for weapons other than XMls. If the
test fails, control transfers to label 'LOOP'.

Lines W4-45 set local variables to values associated
with the new threat. If the threat list has not been
exhausted, the cycle begins again with line 27.

Line 46 releases the list of detected threats.

Lines 47-51 insure that the range to the selected
threat is within the opening range of the TANK. If not,
control returns to the system timer. Otherwise, execution
continues.

Lines 52-57 calculate the percent;ge of the target
visible to the selecting TANK. Line of sight is set to 1
if the percentage returned exceeds a user defined value.

Lines 58-62 remove the currently select'd threat from
the list and allow another selection (label lTRY AGAIN')

if the selected threat is dead, is in full defilade or

S Ve

cannot be seen.
. Lines 63-66 set the TANK's RANGE attribute to the current
range to the target, set the FOE attribute to the pointer
vaiue of *ne target, and set the scheduled to fire attritute,

SCHED, to 1.
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Lines 67-70 schedule a FIRE event on the selected
target, set the TANK's CHECY TIME attribute to the time
for which the FIRE event is scheduled to occur, and

return control to the system timer.

G. EVENT FIRE
Description

Event FIRE may be scheduled by o~vent TARGET.SELECT,
routine T72.TACTICS, and routine WE.MISS. Event FIRE is
scheduled in the maximum of two times: the t ‘e it takes
to aim the weapon (lay time), and the time it takes to
prepare the weapon for firing (lead time). For second
round shots at the same target after a miss, only load
time is considered. The weapon is assumed .to be laid on
the target.
Local Variables

The following are local variables of this routine:

A - An integer variabhle containing the pointer value of
the firing TANK.

ID - An integer variable containing the pcinter value

of the target TANK.
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STOPCOUNT - An integer variable with a value of 1 when
' used in event FIKE. This value is used as an argument in
routine STOP.TO.FIRE to indicate that the weapon system
must stop prior to firing.
Coding and Brief Explanation
The coding for event FIRE is shown below, followed by
a brief explanation:
1 UPON FIRE(A,ID)
2 DEFINE STOPCOUNT AS AN INTEGER VARIABIE
' 3 DEFINE A AS AN INTEGER VARIABLE
( L DEFINE ID AS AN INTEGER VARIABLE
5 DEFINE R AS A REAL VARIABLE
6 LET SCHED(A)=0
\ 7 LET STOPCOUNT=1
: § IF DEFNUM(A) EQ 1 LET FOE(A) = O RETURN ELSE
g 9 IF DEFNUM(ID) EQ 1 GO Tn RE.SELECT ELSE

10 CALL LOC(A) CALL LOC(ID)

11 IF FOE(A) NE ID RETURN
12 ELSE

13 IF CHECK.TIME(A) NE TIME.V RETURN ZLSE
14 1IF FIP(A) EQ 1 RE.URN EISE

15 IF ALIVE.DEAD(A) EQ 1 RETURN
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. 19

20

21

22

23

p

25

ELSE
IF ALIVE.DEAD(ID) EQ 1
'RE.SELECT"
LET FOE(A) = 0
LET SECOND.SHOT(4) = Q
LET FIP(A) = 0
SCHEDULE A TARGET.SELECT(A) NOW
RETURN
ELSE

CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT

(POINTER(ID)),

26
27
28
29
30
31
32
33

Y.CURRENT(POINTER(ID))) YIELDING R
IF R GT OP.RNG(A)
LET FIP{A)=0
LET FOE{A)=0
SCHEDULE A TARGET.SELECT(A) NOW
RETURN

ELSE

CALL LOS GIVEN X.CURRENT(A),Y.CURRENT(A),Z.CURRENT

(A), HTO(A), X.CURRENT(ID),

34

Y.CURRENT(ID), 2.CURRENT(ID), HTTGT(ID), P.V(*)
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35 LET PCT.VIS=P.V(1l)

36 IF PCT.VIS LT CRITICAL.VALUE :
37 GO TO RE.SELECT

38 ELSE

39 IF COLOR(A) EQ BLUE LET DEFNUM(A) = 3 ALWAYS

4o LET FIP(A) =1

41 LET RANGE(A) = R

42 IF WPN.TYPE(A) EQ 8 OR WPN.TYPE(A) EQ 3 OR WPN.
TYPE(A) EQ 4 '

43 CALL STOP.T0.FIRE(A,STOPCOUNT)

LL  ALWAYS

45 CALL SET.MUZZLE.VEL(A)

46 SCHEDULE AN IMPACT(A,ID) IN R/MZL.VEL(A) UNITS

47 RETURN

d s

Lines 1-6 define the routine and local variables.
Line 7 resets the scheduled to fire attribute to 0.
Line 8 assigns STOPCOUNT a value of 1.

Line 9 tests to insure that the firer is not in full

defilade before proceeding,
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Line 10 tests to insure that the target is not in full

B det'ilade before proceeding. If the target is in full '
| defilade, flow is transferred to a point where another
tank selection can be made (see label 'RE.SELECT').

Line 11 updates the X, ¥, and % coordinates of the firer
and target.

Lines 12-12 insure that the current FOE is the one for
which this FIRE event was scheduled.

Line 14 insures that this is the correct FIRE event by
matching elapsed simulated time with the time that this '
te~k's last fire was scheduled to occur.

Line 15 prevents this FIKE if the firer already has a
firing in progrecss.

Lines 16-17 prevent this FIRE if the firer is dead.

Lines 18-25 prevent this FIRE if the target is already

N

dead. If this is the case, the firer's FOE, SECOND.SHOT,

e

and firing in progress attributes are reset to 0. An

immediate target selection is scheduled, and control is

ENE

returned to the system timer.

Lines 26-27 calculate the current distance in meters

T e —————— b——— o a3

between the target and firer.
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Lines 28-31 insure that the target is within the maximum
opening range of the firer. If this is not the case, the
FIP and FOE attributes are reset to 0, and control is
returned to the system timer.

Lines 32-35 calculate the percentage of the target
that is visible to the firer.

Lines 36-37 return control to the system timer if the
target's percentage visible is less than the user defined
value.

Iiines 38-39 place BLUE firers in firing defilade.

Lines 40-41 set th2 firing in progress attribute to 1
and tl.e range attribute t¢ the current range between firer
and target.

Lines 42-43 halt missile firing weapon systems prior
to firing.

Lines 44-47 calculate the muzzle velocity for the type
of ammunition being fired and schedule an IMPACT event in
an amount of time equal to the time of flight of the round.

Control is then returned to the system timer.
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H. EVENT IMPACT
Description

Event IMPACT is scheduled by event FIRF. Once a round
is Tired, avent IMPACT is always allcwed to occur. If the
firer scores a catastropnis kill (X-%ill), the "srgst's

HIT.STATE atiribute is chunged to "DEAD", the ALIVY.DEAD

attribute is set to 1, the target is removed from the firer's

detected list, and the appropriate hit counters are incre-
mented for the target. Missile firing weapons are
restarted from their firing positions and routine WE.HIT
determines the next action for the firer.
Anything other than a catastrophic kill causes the MISS
section of event IMPACT to be activated. A detection of
the firer is scheduled in an amount of time dépendent on
the firer's location with respect to the target. Missile
firing weapons are moved from their firing positions,
routine WE.MISS determines the next action for the firer and
the appropriate hit counters are incremented for the target.
Results of the IMPACT event are then printed and ccntrol

is returned to the system timer.
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Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value of
the firer.

ID -~ An integer variable containing the pointer wvalue
of the target.

WHOCALLED - An integer variable set equal to 10 in

event IMPACT which allows a target selection to occur when

the detected list is updated by the removal of a dead target.

STOPCOUNT - An integer variable set equal to 2 in event
IMPACT which restarts missile firing weapon systems when
roﬁtine STOP.TO.FIRE is called.

DT - A real variable used to set the time of detection
of the firer by the target. DT assumes one of two values
input by the user. These values are dependent on whether
or not the firer is in the target's search cector.

X - A real wvariable which assumes a random value from
a uniform (0,1) probability distribution.

DAMAGE.NUM - An integer variable which is assigned the
value 5 if the Tirer scores a catastrophic kill and the

value 6 otherwise.

92

FOE T, By T R T v I T B

1




-

|
'
i
i

coding and Brief Explanation

The coding for event IMPACT is shown below, followed

by a brief explanation:

10

11

12

UPON IMPACT(A,ID)
DEFINE STOPCOUNT AS AN INTEGER VARIABLE
DEFINE A AND ID AS INTEGER VARIABLES
DEFINE DAMAGE.NUM AND ANSWER AS INTEGER VARIABLES
LUEFINE WHOCALLED AS AN INTEGER VARIABLE
DEFINE DT AS A REAL VARIABLE
DEFINE X AS A REAL VARIABLE
LET FIP(A)=0
CALL DECREMENT.AMMO(A,PROJO(A™)
LET WHOCALLED=10
LET STOPCOUNT=2

IF DEFNUM(ID) EQ 1 LET HIT.STATE(ID) = "HIDE" GO TO

MISS ELSE

13
14

CALL LOC{A) CALL L0OC(ID)

IF (WPN.TYPE(A) EQ 6 OR (WPM.TYPE(A) EQ 3 AND PROJO

(A) EQ 1) OR

15

(WPN.TYPE(A) EQ 8 AND PROJO(A) EQ 1) OR WPN.

TYPE(A) EQ 4)
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16 AND ALIVE.DEAD(A) EQ 1 GO TO MISS2 ELSE 3
17 CALL LOS GIVEN X.CURRENT(A),Y.CURRENT(A),Z.CURRENT '
(A), HTO(A), X.CURRENT(ID),

18 Y.CURRENT(ID), Z.CURRENT(ID), HTTGT(ID), P.V(*) ‘

16 LET BCT.VIS=P.V(1)

20 IF PCT.VIS LT CRITICAL.VALUE

21 GO TO MISS ELSE

22 CALL COMPUTE(A,1D,PCT.VIS)

23 LET FOE(A)=( 1
. 24 IF COLOR(A) EQ RZD AND X GE 1-PH(A)/2 OR COLOR{A) :

EQ BLUE AND X GE 1-PH(A)

25 LET FIE(A)=0
. 26 LET ALIVE.DEAD(POINTER(TD))=1

= 27 1ET HIT.STATE(ID)="DEAD" 4
28 LET DAMAGE.NUM=3

2

i 29 CALT. TALLY.HIT.STATE(ID,DAMAGE.NUM)

PRCINEYY T S

30 CALL LIST.UPDATE(O,A,ID,WHOCALLED)

31 1IF WPN.TYPE(A) EQ 8 OR WPN.TYPE(A) EQ 3 OR WPN.

TYPE(A) EQ &4
32 CALL STOP.TO.FIRE(A,STOPCOUNT)
33 ALWAYS

34 CALL WE.HIT(A)

oL




GO TC OUT

ELSE
'MISS'

"'WE DID NOT KILL THE TANK''
LET DT=MMM
CALL SECTOR.CHECK(ID,A) YIELDING ANSWEFR
IF ANSWER EQ 1 LET DT=NNN ALWAYS
SCHEDULE A DETECT(ID,A) IN DT UNITS
Il WPN.TYPE(A) EQ 8 OR & ' .TYPE(A) EQ 3 OR WPN.
EQ &4
CALL STOP.TO.FIRE(A,STOPCOUNT)
ALWAYS
CALL WE.MISS(A)
'MISS2'
LET DAMAGE.NUM=6

B4 49 CALL TALLY.HIT.STATE(ID,DAMAGE.NUM)

s
3
+
-
]
]
3 i
<3
E

50 ‘ouT’
51 CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT(ID),
Y.CURRENT(ID)) YIELDING R

52 PRI;" 1 LINE WITH TTT,NAME(A),QQ(WPN.TYPE(A)),PRCJO

(A),NAME(ID),QQ(WPN.TYPE(ID))
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53 ,TIME.V,HIT.STATE(ID), R,X.CURRENT{(A),Y.CURRENT(A), ,1
X.CURRENT(ID),Y.CURRENT(ID) THUS v ]

sb

#ab B RHRRR B RN REHER HRE ENRE HNNE BN KR DRSS RNER

55 LET TTT = TT7 = 1
56 'NEXT'

57 IF HIT.STATE(ID) EQ "DEAD" JUMP AHEAD ELSE

5§ LET HIT.STATE(ID) + * "

59 HERE

60 IF N.READ.ALIVE LE INT.F(BC.COUNT#(1-R.PCT.ATT))

61 OR N.BLUE.ALIVE LE INT.F(RC.COUNT*(1-B.PCT.ATT)) -
62 SCHEDULE A STOP.SIMULATION IN 15.0 UNITS

63 ALWAYS

64 RETURN END

Lines 1-7 define the event and local variables.
Line 8 resets the firing in progress attribute to 0.

Line 9 reduces the firer's ammunition count by 1 unit

T e e

4 of the type fired. g

WALy e WA s #

Lines 10-11 assign values to WHOCALLED and STOPCOUNT.

-~

Line 12 checks the defilade status of the target. If P

the target is in full defilade, control is transferrsd to

{? the MISS section of the event.
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Line 13 updates the X, ¥, and 2 coordinates of the firer

and target.

Lines 14-15 check the ALIVE.DEAD status of missile
firers. If the firer is dead prior to the impact of his
missile, the missile is considered ineffective and control
transfers to the MISS2 section of the event.

Lines 17-19 calculate the percentage of the target
visible to the firer.

Lines 20-21 transfer control to the MISS section of the
event if the percentage of the target visible to the firer
is less than the user defined value.

Line 22 calculates the probabiliity of hit using routine
COMPUTE. Note that a hit is synonomous with a kill in the
current version of STAR.

Line 23 draws a random numb;r from a Uniform(0,1)
probability distribution.

Line 24 tests. the random number X against the
probability of hit computed in line 22. If X is greater
than l-probability of hit, the target is considered killed
and the next block of code is exacuted; otherwise, cont:ol

transfers to the MISS section of the event.
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Lines 25-28 reset the firer's FOE attribute to 0, change
the ALIVE.DEAD attribute to "DEAD", and assign the value 5
(indicating a catastrophic kill) to the variable DAMAGE.NUM.

Line 29 updates the target's hit counters.

Line 20 removes the target from the firer's detected
list.

Lines 31-32 restart firers who had stopped to fire.

Lines 33-35 determine the next action for the firer end
transfer control to the output section of the event.

Lines 36-38 define and label the MISS section of the
event.

Line 39 sets the detection time of the firer by the
target to a default value of MMM units (currently 5 seconds).

Line 40 determines if the firer is in the target's sector.

Lines 41-42 reset DT to a value of NNN units (currently
2 seconds) if the firer is in the target's sector. A
detection of the firer by the target is scheduled to occur
in DT units.

Lines 43-44 restart firers who had stopped to fire.

Lines 45-49 datermine the next action for the firer and

update the target's hii tounters.
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Lines 50-54 calculate the current range to the target
and print information pertinent to the engagement.
Line 55 increments by one the total rounds fired
counter.
Lines 56-59 reset the HIT.STATE attribute to four
blank spaces if previously set to anything other than "DEAD".
Lines 60-64 stop the simulation if either RED or BLUE
forces have reached 100 percent attrition. Control is then

returned to the system timer.

I. EVENT HIDE
Description

Event HIDE is used to change the defilade number of a
weapon system. Although defilade numbers may be changed
anywhere in the program, the use of an event allows the user
to change from one condition to another in a specified or
random amount of time. Currently, event HIDE is used by
events FIRE and IMPACT to bring the elemant to firing
defilade upon engagement of a target, to allow the element
to achieve full cover after a firing sequence (dependent on
weapon type) and to allow the element to return to turret

defilade after an appropriate passage of time under full

cover.
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Currently, only a DEFNUM equal to 1 (fully covered) has
an effect on the execution of STAR. In event STEP.TIME, a
DEFNUM of 1 causes a loss of knowledge of previously
detected targets. In event DETECT two cases exist. If the
observer is in full defiléde, the detection is zallowed to
occur, but no target selection event is scheduleu. Tiis
models the "corporate memory"” of the TANK crew when the
TANK returns to turret defilade. If the target is in full
defilade, the target is removed from the observer's list
of detected targets. Event TARGET.SELECT is canceliad if
the selecting TANK is in full defilade. If a potential

target is in full defilade, that target canrot be zelected.

Lvent FIRE is cancelled if the firer is in full defilade. 1If

the target is in full defilade prior to the impact of the
round, the round will be assessed as a miss in event IMPACT.
Lo Varia
The following are local variables of this routine:
A - An integer variable containing the pointer value of
the TANK for which a change in defilade is required.
WHOCALLED - An integer variable which assumes values 1

through S5 depending on the type of defilade change required.
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WHOCALLED keys the computed go to statement to access the
correct label in the code. v ]
Coding and Brief Explanation

The coding for event HIDE is shown below, followed by a
brief explanation:

1 UPON HIDE(A,WHOCALLED)

2 DEFINE A AND WHOCALLED AS INTEGER VARIABLES

GO TO FULL, TURRET, FIRING, STOP, OTHER PER WHOCALLED

W

4L 'FULL' LET DEFNUM(A) = 1 SCHEDULE A HIDE(A,2) IN
DEF.TIME UNITS RETURN

5 'TURRET' LET DEFNUM(A)

2 RETURN

6 'FIRING' LET DEFNUM(A) 3 RETURN
7 'STOP' LET DEFNUM(A) = 4 RETURN

8 'OTHER' LET DEFNUM{A) = 5 RETURN END

Lines 1-2 define the event and local variables.

Line 3 uses a computed go tc statement to access the P
correct defilade number change instructions in the code. o

N Line 4 places the TANK in full defilade and schedules a

HIDE with a WHOCALLED value of z in 20 seconds. When this P

scheduled HIDE occurs, the WHOCALLED value of 2 will access

the next line of code and change the defilade number to 2,

turret defilade.




Line 5 changes the defilade number to 2, turret defilade.

Line 6 changes the defilade number to 3, firing defilade.

Line 7 changes the defilade number to 4. This type of
defilade _-ndicates that the TANK is attempting to acquire
concealment.

Line 8 changes the defilade number to 5, a fully exposed

position. In all cases above, control is returned to the

system timer.

J. EVENT ATTRIT;ON.CHECK
Description

Event ATTRITION.CHECK is used to test the number of BLUE
and RED TANKs remaining at specified times during the
simulated battle. If either number of survivors falls
below the user defined attrition percentage, event STOP.
SIMULATION is scheduled in 15 seconds following execution
of event ATTRITION.CHECK. This time delay is intended to
allow any rounds in the air (especially missiles) to impact
prior %o halting *he simulation.

The user may initially scheduie this event in rcutine
MAIN at a point in the battla whera he feels that casualties

will begin to approach his input attrition thresholds.

Alternatively, this event could be scheduled as soon as

R s anada R I,
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simulation begins.

i ATTRITION.CHECK schedules itself every DELTA.T seconds.
Local Variables

There are no local variables in this event.

-

Coding and Brjef Explanation
The coding for event ATTRITION.CHECK is shown below,

followed by a brief explanation:

UPON ATTRITION.CHECK

IF N.RED.ALIVE LE INT.F{BC.COUNT*(1-R.PCT.ATT))
OR N.BLUE.ALIVE LE INT.F(RC.COUNT#*(1-B.PCT.ATT))
SCHEDULE A STOP.SIMULATION IN 15.0 UNITS

ALWAYS

SCHEDULE AN ATTRITION.CHECK IN DELTA.T UNITS

RETURN END

Line 1 defines the event.

Line 2 compares the number of TANKS remaining in the

f RED.ALIVE set to the integer number of TANKs corresponding
to the user's RED attrition percentage input.

: Line 3 performs the same test for BLUE TANKs.

Line 4 schedules a halt to the simulation in 15 seconds

if either line 2 or line 3 is true.

Aftexr the {irst occurance of the event,
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Lines 5-7 reschadule this event in DELTA.T seconds and

return control to L.z system timer.

K. LVEI'T FINAL.DEATH ‘
Desg:ription
Event FINAL.DEATH changes the ALIVE.DEAD attribute of a :

" NK *o 1 :ixty seconds after the TANK sustains a mobility

¢ g ficenonr: <411, 4his event is scheduled by routine 1
COMPUTE. 4
Locg, Variable i

The fillowing is a local variable of this routine:
{ A - An integer variable containing the pointer value of
the¢ TANK for which an ALIVE.DEAD attribute change is required.
Coding and Brief Explanation R
The coding for event FINAL.DEATH is shown below. This

% event is self explanatory.

~ 1 UPON FINAL.DEATH(A) DEFINE A AS AN INTEGER VARIABLE

LET ALIVE.DEAD(A)=1 RETURN END

L. EVENT STOP.SIMULATION i

Degeription

Event STOP.SIMULATION is used to return control of the

program to routine MAIN and bring execution of the program

{&eﬁﬁ? . "". ai
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to a halt. This event is scheduled by either event STEP.TIME
or event IMPACT. If event STEP.TIME causes execution of

this event, then a RED TANK has crossed an X and Y coordinate
threshold defined in the event STEP.TIME. If ever.t IMPACT
causes execution of this event, then either the BLUE or RED
forces have reached an attrition point threshold defired in
routine MAIN. In addition to printing the elapsed s .mulated
time in seconds, the number of line of sight calls are
printed and the current attrition values of each weapon
system are printed.

The coding for event STOP.SIMULATION is shown below. There
are no local variables in this event and the code is self
explanatcry.

1 UPON STOP.SIMULATION

2 PRINT 1 LINE WITH TIME.V AND LIN THUS
SIMULATICN STOPPED AT #%%#¥% #%%# LOS CALLS = H##%ERNEHEENE%EER

3 SKIP 3 OUTPUT LINES

4 TFOR EACH TANK IN TANKS CALL LOC(TANK)

5 LIST ATTRIBUTES OF EACH TANK IN ‘fANKS

6 STOP

7 END
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M. ROUTINE SET.SECTOR
Description

Routine SET.SECTOR is used to provide unit vector
endpoints in the direction of the left and right search
sector limits of a particular weapon system. A simple
rotation matrix is applied to the primary direction of
search. This matrix multiplication produces the-required
endpoints. Routine SET.SECTOR is used when weapons systems
are created and any time that the primary direction of
search changes. Currently, the MAIN routine and routine
CHG.SEC.SEARCH use routine SET.SECTOR for these purposes.
See event STEP.TIME for conditions that activéte routine
CHG.SEC.SEARCH.
Local Varigbles

The following are local variables of this routine:

TANK - An integer variable containing the pointer
value of the weapon systerm for which the left and right
sector limits are being developed.

X - The X coordinate of a unit vector in the direction
of the current primary direction of search.

Y - The Y coordinate of a unit vector in the direction

of the current primary divection of search.
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A - A real variable which has the value of the cosine of g
one-half the current seazrch sector angle.
B - A real variable which has the¢ value of the sine of
one-half the current search sector angle. 1
WIDTH - One-half the curfent search sector angle in J
radians.
Coding and Brief Explanation
The coding for routine SET.SECTOR is shown below,
followed by a brief explanation. y
1 ROUTINE SET.SECTOR(TANK) !
2 DEFINE TANK AS AN INTEGER VARIABLE
3 DEFINE X,Y,WIDTH,A,B AS REAL VARIABLES
4 LET X = COS.F(PRI.DIR(TANK}) LET Y = SIN.F(PRI.DIR
(TANK)) b

5 LET WIDTH =(AREA/2.0) * PI.C * 2.0 / 360.0

6 LET A = COS.F(WIDTH) LET B = SIN.F(WIDTH) v

‘ .
7 LET X.R(TANK) = A*X + B*Y “ 1
8 LET Y.R(TANK) = -B * X + A%Y j

9 LET X.L(TANK) A*X + (-B) * Y

10 LET Y.L(TANK) B*{ + A *Y

11 RETURN END
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Lines 1-3 definz the routine and local variables. ,1

Line 4 calculates the endpoints of a unit vector in the v ]
direction of the primary direction of search.

Line 5 calculates the value of one-half the current
search sector angle.

Line 6 calculates the sine and cosine required for the
rotation matrix.

Lines 7-11 calculates the X and Y endpoints of unit i
vectors in the direction of the left and right search *
sector limits, respectively. Control is then returned to
the rouutine MAIN or routine CHG.SZC.SEARCH. The rotation
matrix, ‘R, represented by these lines of code is shown
below. Note that any positive or negative aﬂgle may be

substituted for WIDTH.

COS {WIDTH) SIN(WIDTH) ; -

-SIN(WIDTH) COS (WIDTH)

N. ROUTINE LOC

Description

KA NS LA VT A oW 1wt wionglhusn o

Routine LOC is a simplified movement routine used in
the basic version of STAR. It is called by numerous

routines and events throughout STAR, and is used to update
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the X, Y, and Z coordinates of a particular TANK. In the -
current version of STAR, BLUE TANKs dc not move. An ' ]
assumption of instantaneous acceleration to constant speed
is made, as is the assumption of instantaneous deceleration to
a spead of zern. The Z coordinate, elevation, is obtained
from FORTRAN routine ELZV which rezides on disk. An
elevation floor of 250 meters is used to save line of sight
computation time in FORTRAN rcutine LCS. The movement
routine for production versions of STAR will be a FORTRAN J
routine.
Locai Varjables

The following is a local wvariable of this rcutine:

TANK - An integer variable ccntaining the peointer wvalue

of the element for which a location update iy required.

Codinz and Brief Explanation )

The coding for routine LOC is shown below, followed by a '

. _""

brief explanation:
1 ROUTINE LOC(TANK)
2 DEFINE TANK AS AN INTEGER VARIABLE
| 3 TIF ALIVE.DEAD(TANK) EQ 1 OR COLOR(TANK) EQ BLUE RETURN

ELSE




4 LET X.CURRENT(TANK)=X.CURRENT(TANK)+(TIME.V-T.SPD
(TANK) ) *(SPD('TANK)

[ *C0S.F(DIR.OF.MVWMT(TANK)))

6 LET Y.CURKENT(TANK)=Y.CURRENT(TANK)+(TIME.V-T.SFD
(TANK) ) *®*(SPD( TANK)

? *SIN.F(DIR.OF.MVMT(TANK)))

& LET T.séD(TANK)=TIME.v

9 CALL ELEV GIVEN X.CURRENT(TANK),Y.CURRENT{TANK),
ZH(#)

10 IF ZH(1) LE 250.0 LET ZH(1) = 250.0 ALWAYS LET
2.CURRENT(TANK) = ZH(1)

11 RETURN

12 END

Lines 1-2 define the routine and local -variable.

Line 3 insures that the tank is alive and is not BLUE
before proceeding.

Lines 4-5 calculate the new X coordinate by adding to
the current X coordinate the total distance traveled since

the sreed was last set.

Lines 6-7 calculate the current Y coordinate in a similar

manner.
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Lines 10-1l calcuiate the current elevatior. using
FORTRAN routine ELEV. A minimum elevation of 250 meters is

set and control is returned to the calling routireor event.

0. ROUTINE DIST
Description
Routine DIST is used by many events and routines in
STAR when the range in meters between two selected TANKs
is reguired.
¢al Yariable

The following are local variables of this routine:

L1 ‘The current X coordinate of the first TANK.

Yl - The current Y coordinate of the first TANK.
X2 - The current X coordinate of the second TANK.
Y2 -

The current Y coordirate of the second TANK.
DISTANCE - The return argument of routine DIST which
represents the range in metars between the two selected
TANKs.
Coding angd Brjef Explanation
The coding fer routine DIST is shown below. This

routine is se2if explanatory.
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1 ROUTINE FOR DIST GIVEN X1,Y1,X2,Y2 YIELDING DISTANCE .

2 LET DISTANCE=SQRT.F((X1-X2)#%#2 + (Y1-Y2)#*2) o
3 RETURN |
L END

P. ROUTINE SECTOR.CHECK }
Degcription
Routine SECTOR.CHECK uses the definition of the dov i
product of two vectors to determine if a target is within
an observer's search sector. In the current version of 1
STAR, a search sector is defined in routing MAIN to be 90 )
degrees, the cosine of which is 0. Recall that the cosine of

an angle can be defined as:
COSINE @ = (A-B)/ {ABI ‘

where 8 is tne angle between two vectors, A and B, A-B is

i the dot pronduct of the two vectors, and lAB! is the magnitude

of a vector constructed between the end points of the given

SRt i Vi kT B b
.
A et
— s

vectors. 1If the angle between the observer's left sector
limit and the'target has a cosine of less than 0, or if the
angle between the observer's right sector limit and target I

has a cosine of less than 0, then the target is not within

‘@
{;
i
é

the observer's sector. Since routine CARDIO considers only

those targets within sector, routine SECTOR.CHECK is used as




a filter piior to calling routine CARDIO in event STEP.TIME.

Routine SECTOR.CHECK is currently used by events STEP.TIME
and IMPACT.
Loc Varjable

The following are local variables of this routine:

A - An integer variable containing the pointer value of
the observer TANK.

B - An integer variable containing the pointef value
of the target TANK.

ANSWER - An integer variable which assumes the value 1 if
the target ic within the observer's sector, and the value 0
if the target is not in sector.

X.T - The X coordinate of the endpoint of the vector
from the observer to the target.

Y.T - The Y coordinate of the endpoint of a vector from
the observer to the target.

C.LEFT - The cosine of the angle between the target and
the obgerver's left sector limit.

C.RIGHT - The cosine of the angle between the target

and the observer's right secter limit.

R - The magnitude, IABi, described above.
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Coding and Brief Explanation * 3

The coding for routine SECTOR.CHECK is shown below,
followed by a brief explanation:

1 ROUTINE SECTOR.CHECK(A,B) YIELDING ANSWER 1

2 DEFINE A,B, AND ANSWER Aé INTEGER VARIABLES

3 DEFINE X.T, Y.T, C.LEFT, C.RIGHT, AND R AS REAL
VARIABLES

L LET ANSWER = 1

é § LET X.T = X.CURRENT(B) - X.CURRENT(A) LET Y.T = {

'.CURRENT(B) - Y.CURRENT(A) '

6 LET R= SQRT.F(((ABS.F(X.L(A)+X.T))#**2,0)+({ABS.F
(Y.L(A)+Y.T))*#2,0))

7 LET C.LEFT= (X.L(A)*X.T+Y.L(A)*Y.T)/R

8 LET C.RIGHT= (X.R(A)*X.T+Y.R(A)*Y.T)/R (g‘

9 1IF C.LEFT LT CONSTANT OR C.RIGHT LT CONSTANT LET

AR e e W

ANSWER=0 ALWAYS RETURN END 4

Lines 1-3 define the routine and local variables.

Line 4 sets the default value of ANSWER to 1. t

Line 5 calculates the endpoints of a vector to the target |

with respect to the observer. }

Line 6 calculates the magnitude, |AB|, described above.

WY
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Lines 7-8 calculate C.LEFT and C.RIGHT respectively.

Line 9 tests C.LEFT and C.RIGHT against CONSTANT, the v ]
cosine of 90 degrees in the current version. If either
cosine is less than zero, the target is considered to Ve
out of sector, ANSWER is set to 0, and control is returned

to the calling event.

Q. ROUTINE CHG.SEC.SEARCH
Degcription
Routine CHG.SEC.SEARCH is called by event STEP.TIME 1
whenever a particular vehicle has no currently detected
i targets in its target list. CHG.SEC.SEARCH changes a
vehicle's p;imary direction of search to allow a vehicle to

search areas other than the original area-assigned to the

vehicle.

The primary direction of searcn is in relation to the
vehicle's direction of movement. The attribute PRI.DIR is
the vehicle's primary direction of search. The attribute
DIR.OR.MVMT is the vehicle's direction of movement. The
routine CHG.SEC.SEARCH changes the PRI.DIR attribute of a

specified vehicle from zero to W/4, M/l to - /4, or - W/4




vehicle when the routine is called. )
Local Variables

The following are local variables of this rouitine:

A - An integer variable containing the pointer value of
the vehicle for which a change of sector is to be
accomplished.

XYZ - An integer variable used to direct a computed go
to statement to the proper label.

The coding for CHG.SEC.SEARCH is shown below, followed

by a brief explanation:

1

2

TO SET

TO SET

to zero depending on the current PRI.DIR attribute of tne

P

SV

P

ROUTINE CHG.SEC.SEAKCH(A)

DEFINE A AND XYZ AS INTEGER VARTIABLES

LZT XY2 = SIGN.F(PRI.DIR(A)-DIR.OF.MVMT(A))

R s
—N

e

LET XYZ=XYZ+2
GO T0 C1,C2,C3 PER XYZ

'Cl' LET PRI.DIR(A) = 0. + DIR.OF.MVMT(A) GO TO SET

'C2' LET PRI.DIR(A) = PI.C/4 + DIR.OF.MVMT(A) GO

'C3' LET PRI.DIR(A)

-PI.C/4. + DIR.OF.MVMT(A) GO

R A B S R s s vt sl gttt o
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9 'SET'  CALL SET.SECTOR(A)

10 RETURN END

Lines 1-2 define the routine and local variables.

Line 3 uses the SIGN.F system function to set the initial
value of XYZ. If the argument is zero XYZ=0, if the argument
is positive XYZ=1, if the argument is negative XYZ=-1.

Line 4 adds 2 to XYZ for use in the computed go tu
statement

Line 5 directs the routine to label 'Cl' if XY¥Z=1, to
label 'C2' if XY¥Z=2, and to label 'C3' if XY¥Z2=3.

Lines 6-8 set the new primary direction of search on the
appropriate vehicle.

Line 9 calls routine SET.SECTOR which resets the sector
limits of the appropriate vehicle based m the new primary
direction of search.

Line 10 returns ccntrol to the calling routine or event.

R. ROUTINE CARDIO
Description

Routine CARDIO is called by event STEP.TIME whenever it
is necessary to determine how long it will take (in seconds)

for an observer to detect a given target. This routine uses
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the assumption that detection is a random phenomenom. The
basic detection equation used in the routine is:
P(d)=1-exp(-LAMBDA * 1)

where: P(d) is the probability of detection

LAMBDA is the detection rate

t is the time tc detect
The routine draws a random number from a uniform(0,1l)
distribution as the value of P(d), then soives for t and
returns the value of t to STEP.TIME.

Routine CARDIO assigns a unifourm probability of an
observer looking in each 30 degree portion of his search
area. (Area size in degrees is user specified.) Thus,
if the observer's search area is 90 degrees he has a one-
third probability of looking in each 30 degreec portion of
his search area at a épecified time. If the user specifies
360 degrees as the éearch area, routine CARDIO utilizes a
cardioid distribution tc determine probability of looking in
any particular 30 degree portion of the search area.

The value of LAMBDA used in the detection equation is

calculated using the following formula Eief. lﬂ:
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. where: T.C.FACTOR is the ccmplexity of the terrain between
observer and target
RR is the apparent range to the target in kilometers
X.VELOCITY is the crossing velocity of the target 1
If the target is within 300 meters of the observer,
detection is assumed to be essentially immediate and a time
of one second is returned to event STEP.TIME., If the target
is beyond 4000 meters of the cbserver, detection is assumed
to be essentially infinite and a time of 99 is returned to ' {
event STEP.TIME. ' '
( Local Variables
The following are local variables of this routine:
A - An integer variable containing the pointer value ]
of the observer. : ¥
ANGLE - A real variablie containing the angle in radians
between the observer's primary direction of search and the i
target.

AT - A real variable squivalent to 1/2 .

DD - A real variable used as a correction factor to

calculate the apparent range to the target.

DET.TIME - A real variable containing the time to

detect a given target.




LAMBDA - A real varisble containing the value of the
detection rate.

AREA - A real variable containing the observer's search
area in degrees.

B - An integer variable containing the pointer value
of the target vehicle.

BT - A real variable containing the value 3/8 7.

DENOM - A real variable containing the denominator of the
detection rate equation.
P.SUB.X--A real variable containing a value representing
the probability an observer is looking in a 30 degree portion
of his search sector.

PER.FULL.EXPO - Percent of the target that is exposed
(value returned from routine PERCENT).

RR - A real variable representing the angle from the
observer to the target.

TGT.ELEMENT - A real variable representing the angle
from the observer to the target.

X.VELOCITY - A real variable containing the crossing

velocity of the target vehicle.

MT - A real variable containing the value 6/7 .

P gt
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PCT.VIS - A real variable valued between 0 and 1 which

represents the percentage of the target which is visible

to the observer.

R - A real variable containing the range to the target

in meters passed into routins CARDIG from event STEP.TTIME.

T.C.FACTOR - A reazl variable representing the complexity

of the terrain between the observer and target. Value is

obtained by routine CARDIO by calling routin:2 TER.COMPLEXITY.

X - A real variable containing the value of a uniform

random variablez between 0 and 1 passed into routine CARDIO

from event STEP.TIME.

2L - A real variable containing the constant .000001

used to prevent division by zero in the routine.

The coding for CARDIO is show below, followed by a

brief explanation:

1

2

A u.,g:’

RCUTINE CARDIO(A,B,R,PCT.VIS,X) YIELDING DET.TIML
DEFINE R.PCT.VIS,AND X AS REAL VARIABLES
DEFINE AREA AS A REAL VARIABLE
DEFINE A AND B AS INTEGER VARIABLES
IF COLOR(A) EQ RED
LET AREA=FK.AREA

ALWAYS
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10
11
12
13
14

15

[ 16

19

20
(A)). (X,

21

22

24

25

27
¥

28

IF COLOR(A) EQ BLUE

LET AREA=B.AREA

ALWAYS

IF R LE 300.0 LET DET.TIME=1.0
RETURN
ELSE
IF R GT 4000.0 LET DET.TIME=99.0
RETURN
ELSE
LET ZL=.000001
LET DD = ECT.VIS
IF DD LE 0. LET DD=ZL ALWAYS LET RR=(R/DD)/1000.
LET TGT.ELEMENT=ARCTAN.F ((Y.CURRENT(B)-Y.CURRENT
CURRENT(B) -
X.CURRENT(A)))

IF AREA EQ 360.

GO TO FULL.CARDIOID
ELSE
LET P.SUB.K = 30./AREA
GO TO CONTINUE
'FULL.CARDIOID'

LET ANGLE=ABS.F(TGT.ELEMENT-PRI.DIR(4))

BRI 4. Sontt om0




29 LET MT=6./PI.C )

30 LET BT=3./(8.*PI.C)
31 LET AT=1./(2.%*PI.C)

32 LET P.SUB.K=(BT/MT)+AT*(SIN.F(ANGLE+(1/MT))-SIN.F *

(ANGLE))
33 IF P.SUB.X LT 0.
34 LET P.SUB.K=0 |
35 ALWAYS

36 'CONTINUE' 1

37 LET X.VELOCIT:=ABS.F(SPD(B)*SIN.F(TGT.ELEMENT-IIR. 4
, OF . MVMT(B)))
38 CALL TER.COMPLEXITY(X.CURRENT(A),Y.CURRENT(A),
X.CURRENT(B),Y.CURRENT(B))
39 YIELDING T.C.FACTOR

40 LET DENOM=1.453+T.C.FACTOR*(.5978+2.188% (RR**2)- !

. 5038%*X . VELOCITY)
41 IF _NOM LE ZL f

42 LET DENOM=ZL

]
é 43  ALWAYS
. 44 LET LAMEDA= .003+1.088/CENOM
g 45 IF LAMBDA LE 0.0 LET DET.TIME=0.0 RETURN ELSE

L6 TIF SPD(A) GT O.




L7
48
49
50
51
52
53
sk
55
56

LET LAMBDA=LAMBDA/2

ALWAYS

CALL PERCENT(A,B) YIELDING PER.FULL.EXPO
LET LAMBDA=LAMBDA*PER.FULL.EXPO*P.SUB.K
IF LAMBDA LE 0.

LET LAMBDA=2L

ALWAYS

LET DET.TIME=LOG.E.F(1.-X)/{-LAMBDA)
RETURN

END

Lines 1-4 define the routine ard local variables.

Lines 5-10 assign appropriate search:area to the

observer based on user input from the MAIN program.

Lines 11-16 check range to the target versus upper and

lower threshold values, and returns appropriate DET.TIME

if threshold values are exceeded.

Line 17 sets value of ZL to prevent division by zero.

BTSN TEWILT RN SO rmsiorssnr n

label.

Line 18-19 calculate épparent range to the target.
Line 20 calculates angle between observer and target.
Lines 21-23 check to see if user has specified use of

cardiod distribution and if so transfer to 'FULL.CARDIOD'
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Lines 24-25 set value of P.SUB.K.

Lines 27-35 calculate value of P.SUB.K using the v ]
cardiod distribution. ’
Line 37 calculates crossing velocity of the target.
Lines 38-39 call routine TER.COMPLEXITY which returns
with the value of T.C.FACTOR.

Lines 40-43 calculates the value of the denominator

o

of the deteciion rate equation.
Lines 44-45 calculate the initial value of the detection 1
rate. If the detection rate is less than or equal to O,
a time of 0.0 is returned, indicating immediate detection,
to event STEP.TIME.
Lines 46-48 check to see if the observer is moving; if so,
the detéction rate is halved.
Line &9 calls routine PERCENT which returns with the
value of PER.FULL.EXPO.
Lines 50-53 calculate final value of detection rate

using P.SUB.K,PER.FULL.EXPO, and initial LAMBDA.

Line S4 calculates detection time.

Line 55 returns control to the calling event.
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S. ROUTINE PERCENT

Routine PERCENT is a dummy routine called by routine
CARDIO yielding the real wvariable PER.FULL.EXPO.

PER.FULL.EXPO is a real variable which indicates the 1
percentage of the movement trace of the target where the
target is fully exposed (not concealed or covered), and
is an integral part of the detection rate calculation in
routine CARDID.

Routine PERCENT in its present form always returns a : {
value of 1.0 for PER.FULL.EXPO. Upon availability of ) !
micro-terrain data, this routine will return a real value
between 0.0 and 1.0 to routine CARDIO by accessing the
micro-terrain data.

ocgl Variable _ ' k4

The following are local variables of this routine:

PER.FULL.EXPO - A real variable indicating the percentage

e I O] YT TR OISR DT g "
.
- e
RPPES P —

! of the target’'s movement trace that the target is fully

exposed.

X - An integer variable containing the pointer value of

the observer.

Y - An integer variable containing the pointer value of

the target.
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The coding for PERCENT is shown below, followed by a
brief explanation:

1 ROUTINE FOR PERCENT GIVEN X AND Y YIELDING PER.FULL.EXPO
2 LET PER.FULL.EXPO=1

3 RETURN

L END

Line 1 défines the routine and variables passed from
routine CARDIO.

Line 2 defines the value of PER.FULL.EXPO to be 1.0.

Lines 3-4 return control to the calling routine or

event.

T. ROUTINE TER.COMPLEXITY
Description

Routine TER.COMPLEXITY is a dummy routine called by
routine CARDIO yielding the real variable T.C.FACTOR.

T.C.FACTOR is a real variable which indicates the
complexity of the terrain between the observer and the
target, and is an integral part of the detection rate
calculations in routine CARDIO.

Routine TER.COMPLEXITY in its present form always

returns a value of 1.0 for T.C.FACTOR. Upon availability
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of micro-terrain data this routine will return a value
between 1.0 and 7.0 to routine CARDIO by accessing the '
micro-terrain data.
Local Variables

The following are local variables of this routine:

PO

T.C.FACTOR - A real variable indicating the complexity

of terrain between obgerver and target.

Al

X - A real variable passed into TER.COMPLEXITY from

i ———r——a— . —— T

routine CARDIO containing the current X coordinate of the
observer.

Y - A real variable passed into TER.COMPLEXITY from
routine CARDIO containing the current Y coordinate of the

observer.

a

2 -~ 2 real variable passed into T®ER.COMPLEXITY from

—_ -
AN

routine CARDIO containing the current X coordinate of the

target.

W - A real variable passed into TER.COMPLEXITY from

S A G RS Rttt = ™
.
- g
g

routine CARDIO containing the current Y coordinate of the

target.

.
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The coding for TER.COMPLEXITY is shown below; followed

by a brief explanation:
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1 ROUTINE FOR TER.COMPLEXITY GIVEN X,Y,Z,W YIELDING
T.C.FACTOR

2 LET T.C.FACTOR=1.

3 RETURN

L END

Line 1 defines the routine and variables passed into it
from routine CARLIO.
Line 2 defines the value of T.C.FACTOX to be 1.0.

Lines 3-4 return control to the calling routine.

U. ROUTINE LIST.UPDATE
Degcription

Routine LIST.UPDATE is the means by which the list of
detected targets for each weapon system in the simulation
is kept current. The calling arguments are used to control
the actions within the routine.

Routine LIST.UPDATE serves three distinct functions:
addition of a target to a specified weapon system's farget
list, removal of a target from a specified weapol: systen's
list and scheduling of event TARGET.SELECT.

Removal of a target from a 1list occurs when one of two

conditions exist: either line of sight to the target no
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longer exists or the target i3 considered "dead". If the

target in question was not previously placed in the weapon
system's target list, no action is taken in regard to
updzcing the weapon system target list.

Addition of a target to a list occurs when the target
is detected and line of sight exists to the target.

Either removal or addition of a target to a list may
result in the scheduling of event TARGET.SELECT based on
the value of the argument WHOCALLED passed inte routine
LIST.UPDATE by the calling event or routine a;WHOCAZLED
value less than or equal to 1 will cause the routine to
perform its function without event TARGET.SELECT being
scheduled. A WHOCALLED argument of 2 or greater will cause
event TARGET.SELECT to be scheduled prior to return to the
caliing event or routine.

Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value
of the weapon system whose list is to be updated.

B - An integer variable containing the pointer value of
the target weapon system to be added or removed from the

list.
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COUNT - An integer variable set to equal the location

of a particular target in a target list.

I - An integer variable used as a DO LOOP counter.

SIZE - An integer variable which indicates the
dimension of a target list.

FLAG - An integer variable set to 1 if line of sight
does not exist to a particular target or if the target in
question is "dead", 0 otherwise.

LOSE - An integer variable set to 1 if line of sight
exists to a target and to.0 if line of sight does not exist.
The value of LOSE is passed to routine LIST.UPDATE by
the calling event or routine.

WHOCALLED - An integer variable indicating the require-
ment for routine LIST.JPDATE to schedule event TARGET.SELECT.

The coding‘for TAST.UPDATE is shown below, followed by
a brief explanation:

1 ROUTINE LIST.UPDATE(LOSE,A,B,WHOCALLED)

2 DEFINE I AS AN INTEGER VARIABLE

3 DEFINE A,B,LOSE,SIZE,COUNT,FLAG,AND WHOCALLED AS
INTEGER VARIABLES

4L LET LIST(*) = TARGET (NAME(A),1) ' ' ACCESS

SR
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13
14
15
16
17
18
19

20

23
24

LIST(I)

25
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IF LOSE EQ 0 OR ALIVE.DEAD(B) EQ 1
LET FLAG=1
REGARDLESS
LET SIZE = DIM.F(LIST(*))
FOR I = 1 TO SIZE, DO
IF B EQ LIST(I)
LET COUNT = I
GG TO OUT.OF.LOOP
ELSF
LOOP
IF FLAG EQ 1
LET LIST(*) = 0
RETURN
ELSE
IF LIST(1) EQ O
LET LIST(1) = B
LET SIZE =1
GO TO ALWAYS
ELSE

FOR I = 1 T0 SIZE LET TEMP.TGT(*) =

LET TEMP.TGT(SIZE+ 1) = B
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26 RELEASE LIST(*) .
27 RESERVE LIST(*) AS SIZE + 1 ’
}
28 LET TARGET(NAME(A),1) = LIST(*)
29 FOR I =1 TC SIZE + 1 LET LIST(I) = TEMP.TGT(1) ‘
30 'ALWAYS' i
31 LET LIST(*) = 0
32 IF WHOCALLED LE 1 RETURN
4
33 ELSE
34 SCHEDULE A TARGET.SELECT(A) IN MIN.F(UNIFORM.F :
(00 ’SQRTCF(SI?‘E) ’2) ? [ J
. 35 SQRT.F(5.9)) UNITS
36 RETURN
|
37 'OUT.OF.LOOP' ;
/ 4
38 IF FLAG EQ 1 P
39 IF SIZE EQ 1 LET LIST(1) = 0 3
%
= -g,l
40 LET LIST(*) = 0 g
% i
41 RETURN 30
2
42 ELSE § z
5 i
43 FOR I = 1 TC SIZE LET TEMP.TGT(I) = LIST(I) g B
¢ 44 RELEASE LIST(*) I
5 45 RESERVE LIST(*) AS SIZE - 1 = §4
7 W 4 i
46 LET TARGET (NAME(A),1) = LIST(*) 2
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FOR I =1 T0 SIZE = 1, DO

L8 IF I LT COUNT

49 LET LIST(I) TEMP. TGT(I)

50 GO TO NEXT

51 ELSE

52 LET LIST(I) = TEMP,TGT(I+l)
53 'NEXT'

5l Loo?

55 REGARDLESS
56 LET LIST(*) = 0
57 IF WHOCALLED LE 1 OR FLAG EQ 1 RETURN ELSE

58 SCHEDULE A TARGET.SELECT(A) IN MIN.F(UNIFORM.F

(0.,SQRT.F(SIZE),2).

59 SQRT.F(5.0)) UNITS
60 RETURN

61 END

Lines 1-3 define the routine and local variables.
Lines 4 accesses the appropriate target list.

Lines 5-7 set FLAG to 1 if line of sight does not exist

or if the target in question is"dead".
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Lines 8-18 secarch the accessed target list. If the
target in question is in the list, COUNT is set equal to the
target's location in the list and conirol is transferrec %o
the ‘OUT.OF.LOCP' label. 1If the target is not in the list,
and rLAG=1, the list is released and control returned to the
calling-routine or event.

Lines 19-22 check to see whether the accessed list has
any elements in it. If not, and all previous checks have
been passed, the target in question is placed in the list
and control transfers to the 'ALWAYS' label.

Lines 23-29 replace the accessed list with a new list
which contains thé target in question, and releases the
core storage used by the o0ld list for further use in the
prog:am.

Lines 30-36 check the WHOCALLED argument and schedule
event TARGET.SELECT if appropriate, control is returned to

the calling event or routine.

Lines 37-56 remove the appropriate target fromr the accessed

target list and release the list.
Lines 57-59 check the WHOCALLED argument and schedule
event TARGET.SELECT if appropriate.

Lines 6u-61 return control to the calling event or

routine.
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V. ROUTINE PROXIMITY.DETECT
Description

Routine PéOXIMITY.DETECT is called by event DETECT
whenever a normal detection of a TANK occurs. This routine
simulates the phenomenon of close vicinity detection. The
rationale behind this routine is the fact that cetection
of an element on the battlefield causes detection of other
elements within some relatively close, specified range. A

single target selection is scheduled as a result of detect-

ing a cluster of targets.
Local Variadle

The following are locz2l variables of this routine:

A - An intager variable containing the pointer value
of the TANK effecting a near vicinity detection.

B - An integer variable containing the pointer wvalue
of the detected threat. Other el:ments close to this -;i

threat may be detected, if they meet certain close vicinity

e M~ oy A

criteria (currently a square 150 meters on a side centered
at the detected target).
WHOCALLED - An integer variable used to control the

execution of a target selection in routine LIST.WPDATE.

ettty




A value of O prevents a target selection, while a value of
10 allows a target selection.
X.SAMPT.T - A real variable containiﬁg the current X
coordinate of the detected threat, B.
Y.SAMPLE - A real variable containing the current Y
coordinate of the detected threat, B.
Coding and Brief Explanation
The coding for routine PROXIMITY.DETECT is shown below,
followed by a brief explanation.
1 ROUTINE PROXIMITY.DETECT(A.B)
2 DEFINE A AND B AS INTEGER VARIABLES
3 DEFINE X.SAMPLE AND Y.SAMPLE AS REAL VARIABLES
4L DEFINE WHOCALLED AS AN INTEGER VARIABLE
5 1IF ALIVE.DEAD(B) EQ 1 RETURN ELSE
6 LET X.SAMPLE=X.CURRENT(B)
? LET Y.SAMPLE=Y.CURRENT(B)
8 1IF COLOR(A) EQ BLUE
9 TFOR EACH TANK IN PLT.UNIT(PLT(B ))
10 WITH ABS.F(X.CURRENT

TANK)-X .SAMPLE) LE 75.0

11 AND ABS.F(Y.CURRENT(TANK)-Y.SAMPLE) LE 75.0, DO

wh ke T
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12 IF TANK EQ B LET WHOCALLED = 10 ALWAYS - ]

13 CALL LIST.UPDATE(1,A,TANK,WHOCALLED) ']

14 LET WHOCALLED = 0

15 LOOP  JUMP AHEAD

16 ELSE <

17 FOR EACH TANK IN PLT.UNIF(PLT(B ))

18 WITH ABS.F(X.CURRENT
(TANK)-X.SAMPLE) LE 75.0 *

19 AND ABS.F(Y.CURRENT(TANK)-Y.SAMPLE) LE 75.0, DO ‘

20 IF TANK EQ B LET WHOCALLED = 10 ALWAYS o

21 CALL LIST.UPDATE(1,A,TANK,WHOCALLED)

22 LET WHOCALLED = 0

23 LOOP

24 HERE ' A

25 RETURN

26 END

Lines 1-4 define the routine and local variables.
Line 5 insures that the curfently detected threat,
B, is stili alive prior to proceeding.

Lines 6-7 place the X and Y coordirates of the currently

B R R e N LR SEnad ik s obonaben b e
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Line 8 accesses the BLUE section of this routine.

Lines 9-11 search B's platoon for TANKs within a 150
meter square centered on B.

Lines 12-14 test if the TANK meeting the distance
criteria is in fact B. If so, routine LIST.UPDATE is
accessed with a WHOCALLED value of 10. This insures a
potential target selection based on the detection of B.

If the TANK meeting the distance criteria is merely a
member of B's platcon, routine LIST.UPDATE is accessed
with a WHOCALLED value of 0 and no target selection is
scheduled as a result of close. vicinity detections. After
searching the platocn, controllis returned to event DETECT.

Line 16 accesses the RED portion of the routine.

Lines 1?;25 are virtually identical to lines 9-15. but

apply to RED + -apon s° =2ms.

W. ROUTIME T72.TACTICS
Descri orn
Routine T72.TACTICS is the tactical routine used to

gimulate platocn level fire control within the RED tank

force. Routine T72.TACTICS is called by event TARGET.SELECT

and returns to even+ TARCET.SELE.T the integer variable

ANSWER., If the value of ANSWER=]1, the RED tank in question
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will go thru the normal target selection process. An
ANSWER of 0 indicates %o event TARGET.SELECT that the
tank in question has acquired a target designated by his

platoon leader.
Routine T72.TACTICS sequences through several chacks
to determine if it is appropriate for the RED tank in

question to have designated as his highest priority target

his platoon leader's currently selected target. All four

of the following conditions must be met for a platcon j
member to have his platoon leader's target designated as

]
his own. . 1

1. The platoon leader mus<t be "alive". l

2. Line of sight must exist between platoon leader and

member. t

3. The platoon lender must have a target selected.
4, The platoon member must “ave the proper ammunition

type available.

1f any of these four zonditions are not met, ANSWER is set

RSB b st 2SR AL S TR

to 1, a2néd control returned to the calling event.

Local Variables

The following are local variables of this routine:




A - An integer variable containing the pointer value of

the platoon member.

ANSWER - An integer variable assigned a value of 1 if
the vehicle is to go through a normal target select, and
0 if the tank has acquired his platoon leader's target.

LOSE - An integer variable indicating the existence of
line of sight; 1 indicates line of sight exists, 0 indicates
line of sight does not exist.

AIM - An integer variable returned to T72.TACTICS
from routine COMMO.PASS.TARGET containing the pointer value
of the platoon leader's currently selected target.

RESULT - An integer variable rzturned to T?Z.TACTICS
by routine AMMO.CHECK indicating the availability of
appropriate ammunition. If RESULT equals 0, the proper
ammunition is not available; RESULT gquals 1 otherwise.

The coding for T72.TACTICS is shown below, followed by
a brief explanation:

1 ROUTINE T72.TACTICS(A) YIELDING ANSWER

2 DEFINE A, ANSWER, AND RESULT AS INTEGEﬁ VARIABLES

3 DEFINE AIM AS AN INTEGER VARIABLE

4 DEFINE LOSE AS AN INTEGER VARIABLE

~
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5 LET ANSWER = O

f 6 IF PLTLDR(A) NE A AND COCDR(A) NE A '

7 IF ALIVE.DEAD(PLTLDR{A)) EQ 1

8 FOR EACH TANK IN PLT.UNIT(PLT(A ))

9 LET PLTLDR(TANK) = TANK LET ANSWER = 1 RETURN ELSE

10 CALL LOC(A) CALL LOC(PLTLDR(A))

11 CALL LOS GIVEN X.CURRENT(A),Y.CURRENT(A),Z.CURRENT

(PLTLDR(A)) ,HTTGT(PLTLDR(A)),

12 X.CURRENT(PLTLDR(A)),Y.CURRENT(PLTLDR(A)),Z.CURRENT

(PLTLDR(A) ) ,HTTGT(PLTLDR(A)), )

13 P.V(*)

14 LET PCT.VIS=P.V(1)

15 IF PCT.VIS GT CRITICAL.VALUE

16 LET LOSE=1 JUMP AHEAD ELSE LET LOSE=C KERE

17 IF LOSE EQ 0 LET ANSWER= 1 RETURN ELSE GO TO COMMO §

18 'COMMO' CALL COMMO.PASS.TGT(A) YIELDING AIM g

19 IF AIM NE O

20 CALL AMMO.CHECK(A,PROJO(>_.TLDR(A))) YIELDING RESULT
21 IT RESULT EQ O LET ANSWER = 1 RETURN ELSE
22 TLET FOE{A) = AIM LET PROJO(A) = PROJO(PLTLDR(A))

23 LET SCHED(A) =1
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24 SCHEDULE A FIRE(A,AIM) IN MAX.F(UNIFORM.F(10.,20.,3),

UNIFORM.F(8.,16.,4)) UNITS

25 LET CHECK.TIME(A) = TIME.A(FIRE) RETURN

26 ELSE ALWAYS LET ANSWER=1l RETURN END

Lines 1-5 define the routine and local variables and set
the initial value of ANSWER.

Line 6 checks to dete-mine if the tank in question is a
platoon leader or a company commander; if so, control is
transferred to line 26, ANSWER is set to 1, and con.reol iz
returned to the calling event.

Lines 8-9 check to see if the appropriate platoon leader
is "dead". If so, each member of that partic' .ar platoon
is made a "platoon leader". This causes platoon members
whose platoon leader is destroyed to always go through the
normal sequence of selecting a target from their own target
lists.

Lines 10-17 update the location of the platoon leader .
and platoon member and determine if line of sight exists
between the two. If line of sight does not exisyv, ANSWER
is set to 1 and control is returned to event TARGET.SELECT.

Line 18 calls routine COMMQ.PASS.TARGET and has returned

the platoon leader's current FOE attribute (AIM).
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Lines 19-21 determine if the platoon leader has a
current FOE and checks to see if the platoon member has
the appropriate ammunition available. If the proper
ammunition is not available, ANSWER is set to 1, and
control is returned to the calling event.

Lines 22-25 set the proper FOE, PROJO, SCHED, and
CH=CK.TIME attributes on the platoon member and schedule
the event FIRE to occur in the maximum of the lay and load
time of the weapon system.

Line 26 returns control to the calling event.

X. ROUTINE COMMO.PASS.TGT
Descripti

Routine COMMO.PASS.TGT is used by routine T72.TACTICS
for RED TANK fire control. i the current version of STAR,
only weapons of type T72 use this routine. The selecting
TANK, if not a platoon leader attempts to acquire as his
FOE the FOE of hji.. platoon leader. Line of sight must
exist between the selecting tank and his platoon leader,
the platoon leader must be alive, the potential target must
be within the opening range of the platoon member and the
platoon member must have a FOE. If any of these four

conditions is not met, control is returned to routine

.
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T72.TACTICS with AIM = 0. This directs T72.TACTICS to

allow a normal target selection for the firer. If all
conditions are met, AIM is set to the pointer value of the
platoon leader's FOE and T72.TACTICS allows an attempted
engagement of this FOE.

Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value
of the TANK attempting to acquire the FOE of his platoon
leader.

BAIM - An integer variable containing the pointer value
cf the platoon leader's FOE.

AIM - An integer variable which assumes the value 0 if
any of the four conditions mentioned in the description
above are not met. AIM assumes the value of BAIM if all
conditions are met.

LOSE - An integer variable which assumes the value 1 if
line of sight exists between A and.his platooq leader. LOSE
‘assumes the value 0 if line ~f sight does.not exist.

R - A real variable which represents the range in meters

from A to the platoon leader's FOE.

145

-

A NIRRT AR i e
P

- - "'
23S LT LS T VLY PR N

. madea

* - ‘vl

D SO U

S e e =

-




1

2

10

11

12
13
14
15
16
17

18

Coding and Brief Explanation ,1
The coding for routine COMMO.PASS.TGT is shown below, v ]

followed by a brief explanation: '

(A) ,HTO(A),X.CURRENT(BAINM),

ROUTINE COMMO.PASS.TGT(A) YIELDING AIM

DEFINE A, AIM, BAIM, AND LOSE AS INTEGER VARIABLES

DEFINE R AS A REAL VARIABLE

LET BAIM=FOE(PLTLDR(A))

IF BAIM EQ O i
LET AIM=0 1
KETURN

ELSE

IF ALIVE.DEAD(BAIM) EQ 1 LET AIM=0 RCTURN ELSE

CALL LOC(BAIM)

CALL LOS GIVEN X.CURRENT(A),Y.CURRENT(A),Z.CURRENT

4
k3
H

Y.CURRENT(BAIM),Z.CURRENT(BAIM),HTTGT(BAIM),P.V(*)

LET PCT.VIS=P.V(1)

IF PCT.VIS GT CRITICAL.VALUE

LET LOSE=1 JUMP AHEAD ELSE LET LOSE=0 HERE
IF LOSE EQ 0
LET AIM=0

RETURN




19 ELSE il

20 CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT(BAIM), ' ]

Y.CURRENT(BAIM))

21
22
23
24
25
26
27

28

Lines 1-3 define the routine and local variables.

Line 4 assigns to BAIM the pointer value of the platoon )
leader's FOE.

Lines 5-8 test the platoon leader's FOE. If the
platoon leader has no FOE, AIM is set to 0 and control is
returned to routine T?Z.TACTICé.

Line 9 insures that BAIM is still alive before proceeding.

If not, AIM isg set to 0 and control returns to routine

T?72.TACTICS.

Line 10 updates the current X, ¥, and Z cooru..aates.

YIELDING R
IF R GT OP.RNG(A) ' 1
LET AIM=0
RETURN
ELSE
LET AIM=BAIM |
RETURN ,

END
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Lines 11-15 check line of sight between the observer, A,
and his potential target, BAIM. If the percent..ge of the
target visible to the observer is greater than a user
defined threshold, line of sight exists.

Lines 16-18 return AIM with a value of 0 to routine
T72.TACTICS if line of sight does not exist.

Lines 19-21 calculate the range in meters between the
observer and the target.

Lines 22-24 return AIM with a value of 0 to routine
T72.TACTICS if the potential target is outside the observer's
maximum effective range.

Lines 25-27 return AIM with a value equal tc BAIM to

routine T72.TACTICS if both the line of sight and range

L ]

tests are satisfied.

Y. ROUTINE BMP.TACTICS
Description

Routine BMP.TACTICS is used by event TARGET.SELECT +to
determine if a BMP's currently accessed threat is being

engaged by another company member. If so, an ANSWER = 1

is returned to event TARGET.SELECT and the threat in question

™
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is nec longer ccnsidered a potential target during the
current TARGET.SELECT. '

Local Variables

The following are local variables of this routine:
A - An integer variable containing the pointer value
of the BMP which is attempting to select a target.
B - An integer variable containing the pointer value
of the currently accessed threat in the BMP's detected list.
ANSWER - An integer variable which is assigned a value
of 1 if A's potential target, B, is being engaged by another
company member.

Coding and Brief Explanation

The coding for routine BMP.TACTICS is shown below,

followed by a brief explanations:
1 ROUTINE BMP.TACTICS(A,B) YIELDING ANSWER

2 DEFINE A, B8, AND ANSWER AS INTEGER VARIABLES

2

LET ANSWER = 0
4 FOR EACH TANK IN COMP.UNIT(CO(4 )), DO
5 IF B EQ FOE(TANK) LET ANSWER = 1 RETURN

6 ELSE LOOP RETURN END

Lines 1-2 define the routine and local variables.

Line 3 sets the default value of ANSWER to O.
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Lines 4-6 search other company members and determine if
anyone 1is engaging A's potential target. The appropriate
value for ANSWER ic set and control returns to event

TARGET.SELECT.

Z. ROUTINE XM1l.TACTICS
Description

Routine XM1l.TACTICS is used by event TARGET.SELECT to
determine if an XMl's currently accessed threat is being
engaged by another platoon member. If this is the case,
an ANSWER = 1 is returned tc TARGET.SELECT and the threat
in question is no longer considered a potential target
during the current target selection event.
Local Vg;iables

The foliowing are local variables of this routine:

A - An integer variable containing the pointer value of
the TANK wh.ch is attempting to select a target.

B - An integer variable containing the pointer value of
the currently accessed threat in the XMl's detected list.

ANSWER - An integer variable which is asgsigned a value
of 1 if A's potential target, B, is being engaged by another

platcon member.
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Coding and Brief Explanation

The coding for routine XM1l.,TACTIUS is shown below,
followed by brief explanation:

1 ROUTINE XMl.TACTICS(A,B) YIELDING ANSWER

2 DEFINE A, B, AND ANSWER AS INTEGER VARIABLES

3 LET ANSWER = 0

L TFOR EACH TANK IN PLT.UNIT(PLT(A )), DO

5 IF B EQ FOE(TANK) LET ANSWER = 1 RETURN

¢ ELSE LOOP RETURN END

Lineg 1-2 define the rcutine and local variables.

Line 2 sets the default value of ANSWER to 0.

Lines 4-6 search otner platoon members and determine
if anyone in the platocn i. engaging A's potential target.
The appropriate value of ANSWER is set and ¢ontrol is

returned to event TARGET.SELEC?.

AA. ROUTINE IFV.TACTICS

Degcription
Routine IFV.TACTICS is used by event TARGET.SELECT to

determine if an IFV's currently zccer<ed threat is being

engaged by another platoon member. If this is the case, an

"“*‘M"‘?"’e,,?ﬁi&\‘,ﬁ-‘f‘i >

1 , RN R IR TR e




ANSWER = 1 is returned to TARGET.SELECT and the threat in

question is no longer considered a potential target during
the current target selection event.
Local Variables

The following n~re local variables of this routine:

A - An integer variable containing the pointer value of
the IFV which is attempting to select a target.

B - An integer variable containing the pcinter value of
the currently accessed threat in the IFV's detected list.

ANSWER - An integer variable which is asSigned a value

of 1 if A's potential target, B, is being engaged by ancther
platoon member.
Coding and Brief Explanation

The coding for routine IFV.TACTICS is shown below,
followed by a bdbrief explanation:

1 ROUTINE/IFV.TACTICS({A,B) YIELDING ANSWER

2 DEFINE A, B, AND ANSWER AS INTEGER VARIABLES

3 LET ANSWER = 0

L FOR EACK TANK IN PLT.UNIT(PLT(4 )), DO

; 5 IF B EQ FOE(TANK) LET ANSWER = 1 RETURN

6 ELSE LOOP RETURN END
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Lines 1-2 define the routine and local variables.

Line 3 sets the default value of ANSWER to O.
Lines 4-6 search other platoon members and determine
if anyone is engaging A's potential target. Control is

then returned to event TARGET.SELECT.

BB. ROUTINE ITV.TACTICS
Description

Routine ITV,.TACTICS is identical to routine IFV.TACTICS.
The coding is shown below. A description, 1list of local
variables, and brief explanation of the coding is given in
routine IFV.TACTICS.

1 ROUTINE ITV.TACTICS(A,B) YIELDING ANSWER

2 DEFINE A, B, AND ANSWER AS INTEGER-VARIABLES

3 LET ANSWER = G

FOR EACH TANK IN PLT.UNIT(PLT(A )), DO

;..

5 IF B £Q FOE(TANK) LET ANSWER = 1 RETURN

6 FLSE LOOP RETURN END

CZ. ROUTINE PRIQRITY.AND.ROUND.SELECT
Degcriptjon
Routine PRIORITY.AND.ROUND.SELECT is used by event

TARGET.SELECT vo assign a priority to the threat currently
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being accessed and to specify the type of ammunition to be

used against this threat. As previously discussed, these ]
priorities and ammunition selections are provided in the
danger state arrays, DS1 and DS2 (see Tables III and IV in
chapter V). Danger state arrays provided as ﬁart of the
basic model are currently limited tc five BLUE weapon types

and three RED weapon typec, with a maximum of four ammunition

The following are local variables of this routine:

types each. Veapon system and ammunition codes are shown i
1
in table I. ;
Locga) Variables 'l
l
|

A - An integer variable containing the pointer value of
the TANKX for which a target priority and an ammunition
selection is required.

B - An integer variable containing the pointer value of

the currently accessed threat in the selecting TANK's. L CEl

YA

ANSWER - The returned argument from routine AMMO.CHECK.
An ANSWER = 1 indicates that the required ammunition is

available. An ANSWER = 0 indicates the converse.

IR TR LT U 5 (ARSI

I - An integer counter which accesses the appropriate row

of the danger state array.
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g - An Integer counter which accesses the appropriate

column of the danger state array.
THRESHOLD - An integer constant used as an upper bound
for P.
P - An integer variable which assumes the priority
value in the currently accessed row and column of the danger
state array.
RND - The preferred ammunition type associated with the
target for which priority has been assessed.
Coding and Brief Explanation
The coding for routine PRIORITY.AND.ROUND.SELECT is
shown below, followed by a brief explanation:
1 ROUTINE PRIORITY.AND.ROUND.SELECT(A.B) YIELDING F,
AND RND
2 DEFINE A,B,P,RND,I,J,ANSWER,AND THRESHOLD AS INTEGER
VARTABLES
3 LET THRESHOLD=99
4L TIF COLOR(A) EQ BLUE
5 LET I=WPN.TYPE(A)
6 IF I EQ 1 LET I=2
7 ALRaYS LET I=I-1

8 GO TO IO, I3,I6,I9,I12 PER I
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9 'I0' LET I=0 GO TO BANDS
10 'I3' LET I=3 GO TO BANDS '
11 'Ié' LET I=6 GO TO‘BANDS
12 ‘I9' LET I=9 GO TO BANDS
13 'I12' LET I=12 GO TO BANDS
14 ‘BANDS' LET I=I+I+MIN.F(TRUNC.F(RANGE(A)/1000),2)
15 GO TO J1,J9,J17 PER WPN.TYPE(B)-6
16 'J1' LET J=1 GO TO START
17 'J9' LET J=9 GO TO START |
18 'J17' LET J=17 GO TO START : :
19 'START'

20 LET P=DS1(I,J)

21 IF P GE THRESHOLD RETURN ELSE

22 LET RND=DS1(I,J+l)

23 CALL AMMO.CHECK(A,RND) YIELDING ANSWER

24 IF ANSWER EQ O LET J=J+2 GO TO START g i
L 25 ELSE RETURN

26 ELSE

27 LET I=WPN.TYPE(A)-6

} 28 GO TO 110,713,116 PER I

29 'II0' LET I=0 GO TO SBANDS

30 'IX3' LET I=3 GO TO SBANDS
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31 'II6' LET I=6 GO TO SBANDS

32 'SBANDS' LET I=I+1+MIN.F(TRUNC.F(RANGE(A)/1000),2}

33 LET J=WPN.TYPE(B)

34 IF J=1 LET J=2

35 ALWAYS LET J=J-1

36 GO TO JJN,JJ9,JJ17,d325,J333 PER J

37 'JJ1' LET J=1 GO TO SSTART

38 'JJ9*' IET J=9 GO TO SSTART .

39 'JJ17' LET J=17 GO TO SSTART

40 'JJ25' LET J=25 GO TO SSTART

41 'JJ33' LET J=33 GO TO SSTART

42 'SSTART'

43 LET P=DS2(I,J)

4y TIF P GE THRESHOLD RETURN ELSE

45 LET RND=DS2(I,J+1)

46 CALL AMMO.CHECK(A,RND) YIELDING ANSWER
47 IF ANSWER ﬁQ 0 LET J=J+2 GO TO SSTART
48 ELSE RETURN

49 END

Lines 1-2 define the routine and local variables.
Line 3 sets the value of THRESHOLD to 99.

Line 4 accesses the BLUE portion of the routine.
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Lines 5-7 calculate the firer's weapon type to insure

that it reflects one of the availzble weapon types in
the danger state array.

Lines 8-13 reset the row index, I, based on the weapon
type of the Tirer, A, and transfer control to label 'BANDS'.
Line 14 adds a minimum of 1 and a maximum of 3 to the
current value of I. This accesses the proper row of the
danger state array in accordance with the weapon type of

the firer and the range band of the target.

Lines 15-19 set an initial value for the column index,

. J, based on the weapor ~ e of the target.

Lines 20-21 calcul: . the target priority within the
given rangeband. If the priority equals or gxceeds the
value of THRESHOLD, the target cannot te engaéed and control
returns to event TARGET.SELECT.

Line 22 returns the type of ammunition required to engage
the target. )

Lines 23-25 verify that the required ammunition is
available. If not the program transfers to line 19. If
the ammunition is available, the priority, P, and ammunition

type, RND, are returned to event TARGET.SELECT.

Line 26 accesses the RED portion of the routine.
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Lir-—- 28-31 set an initial value for the row index, I,

hased on the weapon type of the firer, and transfer control

to label 'SBANDS'.

Line 32 adds a minimum of 1 and a maximum of 3 to the
current value of I. This accesses the proper row of the
danger state array in accordance with the weapon type
of the firer and rangeband of the target.

Lines 33-41 set an initial value for the column index,
J, based on the weapon type of the target.

Lines 42-44 calculate the target priority within the
given rangeband. If the priority equals or exceeds the
value of THRESHOLD, the target cannot be engaged and a
return to event TARGET.SELECT is effected.

Line 45 returns the type of ammunition required to
engage the target.

Lines 46-48 verify that the required ammunition is
available. If not the program transfers to line 32. If
the ammunition is available, the priority, P, and

ammunition type, RND, are returned to event TARGET.SELECT.

DD. ROUTINE AMMO.CHECK

D ipt

Routine AMMO.CHECK is used by three other STAR routines:
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T?72,TACTICS, PRIORITY, AND RQUND.SELECT, AND WE.MISS.: In all

cases a return of ANSWER = 0 from AMMO.CHECK indicates that
the ammunition of the type specified is not available. The
converse is true for ANSWER = 1.

If the required ammunition is available in T72.TACTICS,
the TANK is allowed to select as his FOE the FOE of his
platoon leader. The TANK then schedules a FIRE on this
FOE. If the required ammunition is not available, the TANK
initiates a normal target selection by returning to event
TARGET.SELECT.

Similarly, in routine PRIORITY.AND.ROUND.SELECT, a
lack of the required ammunition will cause a further search
of the danger state array.

Finally, a lack of the required ammunition in routine
WE.MISS initiates a target selection as opposed to firing
again on the same target. The lack of ammunition may cause
another target to assume a higher priority as determined
from the danger state array.

Local Variableg
The following are local variables of this routine:
A - An integer variable containing the pointer value of

TANK for which ammunition is being checked.
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RND - An integer variable containing the numeric type =

! of ammunition being checked. v ]

ANSWER - An integer variable wnhnich takes on the value 1

if ammunition of the type corresponding to RND is available,
and the value 0 if this type of ammunition is not available.
Coding and Brief Explanation

The coding for ROUTINE AMMO.CHECK is shown below,
followed by a brief explanation:

1 ROUTINE AMMO.CHECK(A,RND) YIELDING ANSWER

2 DEFINE A,RND,AND ANSWER AS INTEGER VAKIABLES

3 LET ANSWER=1

L GO TO AP.HE,AW1l,AW2 PER RND

5 'AP' IF AP.TOW(A) EQ O LFT ANSWER=0 ALWAYS RETURN

6 ‘'HE' 1IF HE.DRAG(A) EQ 0 LET ANéWER=O ALWAYS RETURN 4

7 'AWl' TIF AWL.OR.MSL3(A) EQ 0 LET ANSWER=0 ALWAYS
RETURN ; ¥

8 'AW2' 1IF AW2.0R.ADM(A) EQ O LET ANSWER=0 ALWAYS

RETURN

9 END

-
e e ettt et

Lines 1-3 define the routine, local variables, and set

the variable ANSWER to a default value of 1.

ﬁ
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Line 4 directs a transfer to one of four labels by

means of a cumputed go to statement. RND may take on the
values 1, 2, 3, or L4,

Lines 5-8 check the appropriate ammunition count.

EE. ROUTINE STOP.TO.FIRE
Description

Routine STOP.TO.FIRE is used by events FIRE and IMPACT
to halt and restart missile firing weapon systems at
appropriate times. In general, missile firing systems will
stop propr to firing and begin movement after assessing
results of their current round. If other than missile
firing systems are required iy use these tactics, the IF
statement prior to CALL STOP.TO.FIRE in events FIRE and
IMPACT must be changed to test for the added weapon system
types.
Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value of
the TANK for which a stop or start is required.

STOPCOUNT - An integer variable which assumes the value
1 if the routine is cailed from event FIRE, or the value 2

if the routine is called from event IMPACT.
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Coding and Brief Explanation

The coding for routine STOP.TC.FIRE is shown below,
followed by a brief explanation:
1 ROUTINE STOP.TO.FIRE(A,STOPCOUN?)
2 LEFINE A AND STOPCOUNT AS INTEGER VARIABLES
3 IF PROJO(A) EQ 3 RETURN ELSE
» GO TO0 ¥1,X2 PER STOPCOUNT
5 'X1' LET SPD(A)=0.0
6 LET T.SPD(A)=TIME.V
7 RETURN
8 'X2' LET SPD(A)=7.0
9 LET T.SPD(A)=TIME.V

10 LET SECOND.SHOT(A)=0

11 RETURN

12 END

Lines 1-2 define the routine and local variables.

Line 3 insures that ccntrol is returned to the calling
event if anything other than a missile (ammunition types 1 or
2) is being fired.

Line 4 transfers control to label X1 (a stop called from
event FIRE) if STOPCOUNT is 1 or to label X2 (a start called

from event IMPACT) '~ STOPCOUNT is 2.
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Lines 5-7 set the firer's speed to zero, record the time
that the speed was set to zero, and return control to event
FIRE.

Lines 8-11 set the firer's speed to desired unit speed,
record the time that this speed was set, reset the second
shot counter attribute to zerec, and return control to

event IMPACT.

FF. ROUTINE SET.MUZZLE.VEL

Description

Routine SET.MUZZLE.VEL is used by event FIRE to oovtain
the wvelocity of the type of ammunition being firec. The
range to the target divided by this velocity yields the
time of flight of the round. This time is uysed by event
FIRE to schedule event IMPACT. As discussed in the PREAMBLE
section, the M1, M2, M3, and M4 attributes for muzzle
velocities are associated with projectile or ammunition
types 1, 2, 3, or 4.

Local Varjable
The following is a local variable of this routine:

A - An integer variable centaining the pointer variable

of the weapon system for which a muzzle velocity is required.
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Coding and Brief Explanation

The coding for routine SET.MUZZLE.VEL is shown belcw.
As discussed previously, PROJO(A) is an integer variable
which assumes values 1 throuzh 4 depending on the ammunition
type being fired. This keys the computed go to statement to
the appropriate label. The remanaer of the code is self
explanatory.

1 ROUTINE SET.MUZZLE.VEL(A)

2 DEFINE A AS AN INTEGER VARIABLE

3 GO TO AP, HE, AWl, AW2 PER PR0OJO(A)

4L ‘'AP' LET MZL.VEL(A) = Mi(A) RETURN
5 'HE' LET M2L.VEL(A) = M2(A) RETURN
6 ‘'AWl' LET MZL.VEL(A) = M3(A) RETURN
? ‘'AW2' LET MZL.VEL(A) = M4(A) RETURN

8 END

GG. ROUTINE DECREMENT.AMMO
Description
Routine DECREMENT.AMMO is used by event IMPACT to reflect

the expenditure of ammunition. Any of four ammuniticn

categories defined by the user may be decremented.
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Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value of
the TANK for which ammunition is being decremented.

RND - An integer variable containing the numeric type
of ammunition being decremented.
Codin Brief E ation

The coding for routine DECREMENT.AMMO is shown below,
followed by a brief explanation:

1 ROUTINE DECREMENT.AMMO(A,RND)

2 DEFIRE A AND RND AS INTEGER VARIABLES

3 GO TO AP,HE,AW1,AW2 PER RND

L 'AP' LET AP.TOW(A)=AP.TOW(A)-1 RETURN

5 °'HE' LET HE.DRAG(A)=HE.DRAG(A)-1 RETURN

6 ’'AWl' LET AW1l.0R.MSL3(A)=AW1.OR.MSL3(A)-1 RETURN

7 'AW2' LET AW2.0R.ADM{A)=AW2.03.ADM(A)-1 RETURN

8 END

Lines 1-2 define the routine and locsl variables.

Line 3 directs a transfer to une of four labels by

means of a computer go to statement. RND may take on the

values 1, 2, 2, or &4,
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Lines 4-7 decrement the appropriate ammunition type by
subtracting 1 from a TANK's ammunition type attribute.

Control is returned to event IMPACT.

HH. ROUTINE COMPUTE
Description

Routine COMPUTE is used by event IMPACT to assign a
probability of hit for each weapon system and ammunition
type. The values generated by routine COMPUTE are gross
approximations and are used solely to provide values which
will exercise the model. Users should supply their own
hit prebability routines. Recall that in current version
of STAR, 2 hit is synonomous with a catastrophic kill.
Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value cf
the TANK which has fired.

ID - Ar integer variable containing the pointer vaiue of
the target TANK.

PCT.VIS - A& real variable which may take on continous

values between 0 and 1. Note that a PCT.VIS of less than

1 reduces the computed probability of hit.
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The coding for routine COMPUTE is shown below, followed
by a brief explanation:
1 ROUTINE COMPUTE(A,ID,PCT.VIS)
2 DEFINE A AND ID AS INTEGER VARIAZRLES
3 DEFINE PCT.VIS AND R AS REAL VARIABLES
4 CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT(ID),
Y.CURRENT(ID)) YIELDING K
S LET RANGE(A) = R
¢ GO TO XM1,XM1,IFV,ITV,DIVAD,DRAGON,T72,BMP,ZSU PER
WPN. TYPE(A)
7 °'XM1' 'T72' LET PH(A)=1. ANGE{A)/3000. GO TO 2ZSU
8 'IFV' 'ITV' 'DRAGON' LET PH{4) = 1 - .15 * RANGE(A) /
3000.0 GO TO 2ZSU |
9 °'BMP' LET PH(A) = 1 - .25 * RANGE(A) / 3000.0 GO TO
ZSU
10 '2SU' °'DIVAD' IF PROJO(A)=3 LET PH(A)=.3 ALWAYS LET
PH(A)=PCT.VIS*PH(A) RETURN
11 END

Lines 1-3 define the routine and local variables.

Line 4 calculates the current range to the target.
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Line 5 sets the RANGE attribute of the firer to the
current range calculated above.

Line 6 directs a transfer to one of 9 labels by means
of a computed go tc statement.

Lines 7-10 compute the appropriate probability of

hit; control is then returned to event IMPACT.

II. ROUTINE TALLY.HIT.STATE
Description

Routine TALLY.HIT.STATE is used by event IMPACT to

account for each type of kill sustained by a weapon system.

The following categories are available: ND.HIT, M.KILL,
F.KILL, MF.KILL, and K.KILL. These categories are weapon
system attributes and are defined in the discussion of the
PREAMBLE. In addition, this routine accumulates the total
number of hits sustained and the total number of rounds
fired at the weapon system (hits plus misses). Currentlyv,
only the °*K.KILL' ani 'MISS' sections of this routine are
used.

Local Varigbles

The following are local variables of this routine:

TANK - An integer variable containing the pointer value of

the weapon system for which a hit category is being updated.
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DAMAGE.NUM - An integer variable which takes on the
values 1 through 6 depending on the type of hit sustained. '
Coding and Brjef Explanation
The coding for routine TALLY.HIT.STATE is shown below,
follcwed by a brief explanation:
1 ROUTINE TALLY.HIT.STATE(TANK,DAMAGE.NUM)
2 DEFINE TANK AND DAMAGE.NUM AS INTEGER VARIABLES
3 GO TO NO.DAMACE,M.KILL.F.KILL,MF.KILL,K.KILL,MISS :
PER DAMAGE.NUM *
L 'NO.DAMAGE'
5 TET ND.HIT(TANK)=MD.HIT(TANK)+l
6 LET NUM.HIT(TANK)=NUM.HIT(TANK)+1
7 LET FIRED.AT(TANK)=FIRED.AT(TANK)+1
8 'M.KILL' o
9 LET M.HIT{TANK)=M.HIT(TANK)+l
10 LET NUM.HIT(TANK)=NUM.HIT(TANK)+1l Ch
11 LET FIRED.AT(TANK)=FIRED.AT(TANK)+1l

12 RETURN

13 'F.KILL'
| 14 LET F.HIT(TANK)=F.HIT(TANK)+1
15 LET NUM.HIT(TANK)=NUM.HIT(TANK)+1

t 16 LET FIRED.AT(TANK)=FIRED.AT(TANK)+1
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17 RETURN
18 'MF.KILL'
19 LET MF.HIT(TANK)=MF.HIT(TANK)+1 !
b 20 LET NUM.HIT(TANK)=NUM.HIT(TANK)+1

21 LET FIRED.AT(TANK)=FIRED.AT(TANK)+1

PO

22 RETURN
23 'K.KILL®
24 LET K.HIT(TANK)=K.HIT(TANK)+1 1
25 LET NUM.HIT(TANK)=NUM.HIT(TANK)+1 i

1
26 LET FIRED.AT(TANK)=FIRED.AT(TANK)+1 .

yon

27 1P COLOR(TANK) EQ BLUE AND M.BLUE.ALIVE(TANK) EQ 1

( REMOVE TANK FROM BLUE.ALIVE . J
28 REMOVE TANK FROM PLT.UNIT(FLT(TANK))

20 REMOVE TANK FROM COMP.UNIT(CO(TANK)) |

30 RETURN ELSE | |

31 1IF M.RED.ALIVE(TANK) EQ 1 REMOVE TANK FROM RED.ALIVE

32 REMOVE TANK FROM PLT.UNIT(PLT(TANK)) REMOVE TANK FROM 1
COMZ.UNIT(CO(TANK)) | j
33 ALWAYS RETURN |
3 'MISS®

35 LET FIEED.AT(TANK)=FIRED.AT(TANK)+l

t 36 RETURN

AR A




Lines 1-2 define the routine and local variables.

Line 3 uses a computed go to statement to access the
appropriate hit category.

Lines 4-7 increment by one the nuaber of no damage
hits sustained, the total number of hits sustained, and the
total number of rounds fired at the weapon system. Control
is then returned to event IMPACT.

wines 8-12 are similar to those above 2xcept thét the
number of mobility hits sustained is incremented by one.

Lines 13-17 are similar to those above except that.the
number of firepower hits sustained is incremented by one.

Lines 18-22 are similar to those above except that the
number of mobility and firepower hits are incremented by
one.

Lines 23-26 are similar to those above except that the
number of cztastrophic kills is incremented by one. Control
is not returned to event IMPACT until set manipulation is
accomplished by the next 7 lines.

Lines 27-30 insure that the TANK is BLUE and that he has
not already been removed from the set of blue, alive tanks.

If these conditions are met the TANK is removed from sets
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Coding and Brief Explanation

The coding for routine WE.MISS is shown below, followed '

by a brief explanation:

1 ROUTINE WE.MISS(A)

2 DEFINE A AND ANSWER AS INTEGER VARIABLES DEFINE R

AS A REAL VARIABLE

3 LET MISSHOT(A) = MISSSHOT(A) + 1

L Go TO XM1,XM1,IFV,ITV,DIVAD,DRAGON,T72,EMP,2SU PER

WPN.TYPE(A)

5

‘M1 'DIVAD'

6 IF MISSSHOT(A) EQ 2 OR HITSHOT(A) EQ 2

?

8

9
10
11
12
13
14
15
16

17

'MOVE"

LET HITSHOT(A) =

SCHEDULE A HIDE(A,1) NOW 4
RETURN ELSE
CALL AMMO.CHECK({A,PROJO(A)) YIELDING ANSWER 5r

IF ANSWER EQ 0 GO TO ZSU

ELSE GO TO FIRE

IIFVO

‘ITV!

'DRAGON’

IF HITSHOT(A) + MISSSHOT(A) GE 2 §

0 LET MISSSHOT(A) = 0 LET FOE(A) = 0




18 GO TO MOVE ELSE GO TO T72

19 'T72' )
20 ‘'BMP’ ' '

{
21 'Zsu

22 1LET FOE(A) = O SCHEDULE A TARGET.SELECT(A) NOW

23 RETURN

24 'FIRE’

25 CALL DIST(X.CURRENT(A),Y.CURRENT(A),X.CURRENT(FOE)), 1
Y.CURRENT(FOE(A))) 1

26 YIELDING R

27 1L1ET RANGE(A) = R LET SCHED(A) =1

28 SCHEDULE A FIRE(A,FOE(A)) IN UNIFORM.F(4.,10.,8) UNITS

29 LET CHECK.TIME(A) = TIME.A(FIRE)

30 RETURN END

Lines 1-2 define the routine and local variables.

Line 3 increments by one the MISSSHOT attribute of

Y ¥ N
)

the firer. 5
E:

-3

Line 4 directs a transfer to the appropriate label by g
means of a computed go to statement. The weapon type of g

ths firer keys this transfer. E |

Line 5 labels the XMl and DIVAD section of the routine.
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Lines 6-9 test the status of the HITSHOT and MISSSHOT
attributes of the firer. Two misses or two hits (K-kills)
cause the hit and miss counters and FOE attributes of the
firer to be reset to 0. A movement to a full defilade
position is accomplished and control is returned to event
IMPACT.

Lines 10-11 are executed if the hit and miss test above
fails. These lines insure that the required ammunition is
available prior to firing again on the same target.

Lines 12-14 label the IFV, ITV, and DRAGON section of
the routine.

Lines 15-16 count the number of rounds fired from the
same position. Tf this sum is greater than or equal to 2,
then hit and miss counters are reset to O, tﬁe FOE attribute
of the firer is reset to 0, a movement to defilade is
accomplished and control is returned to event IMPACT.

Lines 17-19 label the T72, BMP, and ZSU section of the
routine.

Lines 20-21 reset the FOE attribute of the firer to O,

and schedule an immedizte TARGET.SELECT. This applies to

all weapons of type T72, BMP, and 2SU. It also applies to




Lines 31-33 are similar to lines 27-30 except that they
apply to RED TANKs.
Lines 34-36 increment by one the total number of rounds

fired at the TANK and return control to event IMPACT.

JJ. ROUTINE WE.MISS
Description

Routine WE.MISS is used by event IMPACT when anything
other than a catastrophic kill (K-kill) is registered by
the firgr. Depending on the number of rounds fired and the
weapon type of the firer, routine WE.MISS causes a movement
to defilade, a target selection, or another engagement of
the current target.
Local Variables

The following are local variables of this routine:

A - An integer variable containing the pointer value
of the TANK for which a movement to defilade, target
gelection, or second engagement is raquired.

ANSWER - The returned argument from routine AMMO.CHECK.

An ANSWER=1 indicates that the required ammunition is

available. An ANSWER = 0 indicates the converse.
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weapons of iype XML and DIVAD which do not have the

ammunition type required to re-engage their current FOE.
Control is returned to event IMPACT.

Lines 22-27 calculate the current range to the target,
schedule a FIRE event in the appropriate amount of time,
and set the CHECK.TIME attribute of the firer to the time
for which the fire is scheduled. Control is then returned

to event IMPACT.

KK. ROUTINE WE.HIT
Description

Routine WE.HIT is used by event IMPACT when a

catastrophic kill (K-kili) isinflicted by the firer. Depend-

ing on the number of rounds fired previously and the weapon
type of the firer, routine WE.HIT causes a movement %o
defilade (event HIDE) or another target selection. A
discussion of specific firing tactics for each weapon
system was presented in chapter III.
Local Vgriables

The following is a local variable of this routine:

A - An integer variable containing *“he pointer value of
the TANK for which a movement to defilade or target

selection is required.

ey -
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Coding and Brief Explanation

The coding for routine WE.HIT is shown below, followed

by a brief explanation:

1 ROUTINE WE.HIT(A)

2 DEFINE A AS AN INTEGER VARIABLE
3 LET HITSHOT(A) = HITSHOT(A) + 1

L GO0 TO XMi,XMy,IFV,ITV,DIVAD,DRAGON,T?72,BMP,ZSU

WPN.TYPE(A)

5 '“m ‘DIVAD’

6 IF (HITSHOT(A) EQ 2) OR {MISSSHOT(A) E

7 (HITSHOT(A) E¢ 1 AND MISSSHOT(A) EG 1)

8 'MOVE’

§ LET FCE(A) = 0

10 LET HITSHOT(A) = 0 LET MISSSHOT(A) =

RETURN ZLSE GO TO ZSU
'IFV’
‘ITV

'DRAGON'’

GO TO MOVE ELS¥ GO TC

'T?Z'

SCHEDULE A HIDE(A,l) NOW

IF HITSHOT(A) » MISSSHOT(A) CE 2

T72
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19 oBmv

20 'ZsU’

21 SCHEDULE A TARGET.SELECT(A) NOW RETURN

22 END

Lines 1-2 define the routine and local variable.

Line 3 increments the HITSHOT =ttribute of the firer
by one.

Line 4 directs a ‘ransfer to the appropriate label by
means of a computed go to statement. The weapon type of the
firer keys this transfer.

Line 5 labels the XMl and LIVAD section of the routine.

Lines 6-10 test the status cf the HITSHOT and MISSSHOT
attritutes of the firer. Two misses, two hits (K-kills),
or a miss followed by a hit cause the hit and miss counters
to be reset to 0, effect a movement to defilade and return
control to event IMPACT.

Lines 11-13 label the IFV, ITV and DRAGON cections of
the routine. Tney also serve as a *tr~nefer point if lines
6 and 7 are not true.

Line 14 counts the sum of tlie number of rounds fired
from the current position. If this sum is grearar than

or equa. to 2, the hit and miss counters are reset to C,

|
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program flow is transferred to line 9, a movement %o

defilad2 is effected and control is returned to event
IMPACT.

Lines 16-18 label the T72, BMP, and ZSU section of the
routine. These lines also serve as a transfer point if line
14 is not true.

Line 19 schedules an immediate TARTCET.SELECT for weapons
of type T72, BMP, and Z5U. Moreover, if BLUE weapon systems
have failed their hit and miss counter tests, a TARGET.SELECT

is also scheduled for these weapon systems.
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V. INPUT REQUIREMENTS

A. SIMSCRIPT INPUT
Ggneral

All SIMSCRIPT input to STAR is in free field card
input; that is, each data value must be separated by a blank
space. This is the only formatting requirement for SIMSCRIPT
input. A sample card or cards follows the discussion of
each set of inout values described below.
R.NUM.ALIVE, B.NUM.ALIVE, and DELTA.T

R.NUM.ALIVE and B.NUM.ALIVE are integer values equal to
the number of RED and BLUE TANKs to be created. DELTA.T is
a real variable whose vaiue is the time in reconds between
detection scheduling everts (event STEP.TIME). These values
could appear on a card as:

162 77 15.0

which represent 162 RED TANKs, 77 BLUE TANKs, and a DELTA.T
of 15 seconds.
PMUM_and CNUM

PNUM and CNUM refer to the number of platoon and company
sets to be created. These values could appear on a data
card as:

63 15

which represent €3 platoons and 15 companies.
X.CTCP, Y.STQP, R.PCT.ATT, and B.PCT.ATT

X.STOP and Y.STOP are real voriables which are the
coordinates at which RED TANKs are halted. The battlefiel®

is a 10 kilometer by 10 kilom~ter square and the values for
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these coordinates may range from 0.0 to 10000.0. R.PCT.ATT

and B.PCT.ATT are the attriticn percentages for RED and BLUE
forces, which, if equaled or exceeded, will stop the
simulation. Both are real variables ranging from 0.0 to
1.0. These 4 values might appear on a date card as:
2500.0 2000.0 .90 .80

which represent an X.STOP ccordinate of 2500.0, a Y.STOP
coordinate of 2000.0, a RED attrition point of 90 percent,
and a BLUE attrition point of 80 percent.
DS1 and DS2

Each force has a danger state array: DS1 for BLUE
forces and DS2 for RED forces. The rows of each array are
keyed to the weapon type of the firer and the range band of
the target (less than 100C meters, between 1000 and 2000
metersg, ard grestar than 2002 meters). Consequentlv. sach
firer will have three rows, one for each range band. The
columns are keyed to the number of target types'available.
Each target type has a set of 8 columns assigned to it. A
macro look at DS1 would reveal . osrmat similar to the one

below where each block (*) represents 3 rows and 8 columr-

TARGET
T72 BMP Sy

M »
IFV
ITv
DIVAD
DRAGON
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The total dimension of this array is (- x 3) by (3 x 8) or .i
360 values. .
A micro look at the XM1-T72 block (*) would show: ,

T72
1 1 2 2 99 99 99 99
XM 21 i 22 2 99 99 99 99
41 1 L3 2 99 99 99 99

Consider the first row which represents the less than
1000 meter rangeband. The numbers in the columns are to be {
read in pairs. For example, the first and second numbers in
row 1 form the pair (1,1) and mean that the XMl's first {
priority in this rangeband is a T72, and the preferred
ammunition for use against the T72 is type 1, APDS. The
172 is also second priority within this rangeband using
ammnition type 2, HEAT.

Looking at the second row, the 1000-2000 meter rangeband,
reveals a similar ordering and ammunition selection. The y
T72 is still first and second priority within the rangeband,
a constant value of 20 being added to priorities in the
second row. Any constant could be added to the basic )
priority value in a row, but the resulting priority number

must be larger than the largest priority number in a prior

row associated with that firer. An exception to this rule
are the entries with value 99. These values are used as ‘

stopping values when routine PRIORITY.AND.ROUND.SELECT

accesses a danger state array. When a priority of 99 is
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retrieved from the array, this indicates that the target

type should mt be engaged.

In the third rangeband, the T72 is again first priority
with ammunition type 1, APDS, and then drops to third'prior-
ity with ammunition type 2, HEAT. An examination of the
complete set of danger state array rows and columns
associated with the XMi (Table III) provides an explanation
of this priority situation.

ir. row 3 (the greater than 2000 meter rangeband) the
BMP assumes second priority using ammunition type 2, HEAT.

Nove in row 1 that ammunition type 3 (.30 caliber
machingun for the XM1) is used zgainst the BMP and 2ZSU.

Use of ammunition type 3 is restricted to targets in this
range band only. This reflects the relatively short
effective raﬁge of small caliber ammur.ltion.

The remaining rows and columns of DS1 are constructed
in a similar manner. DS2 is formed the same way except
the RED force firers are used in constructing r>ws and BLUE
force targets are used in constructing columns. DS1 and
DS2 are shown in their entirety in tables IV and V.

Te irput these values, the user may type each row on
one or more cardi. Each vaue is an integer separated from
the next valu:® one or more spaces.

The first 2 rows of DS) as prepared for input iﬁ the
current version of STAR are shown below: In this case each

2 cards represent 1 row of the DSl array.
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CARD 1 1 1 2 299999999 3 2 4 1
CARD 2 S 39999 6 1 7 2 8 39999
CARD 3 21 122 29999999923 224 1
CARD 4 99 99 99 99 25 1 26 2 99 99 99 99
Attributes

A number of attributes of the temporary entities, TANKs,
must be input on data cards. In the discussion that follows,
real variables will be denoted by an R in parentheses follow-
the attribute name. Real attributes may be input with or
without decimal points. Integer attributes will be denoted
by an I-xxxx in parentheses following the attribute name.

The xxxx sequence represents the maximum numerical value

that the attribute may be assigned. These maximum sizes

must be strictly observed since many of the integer attributes
are bit packed (sece the discussion of the PREAMBLE)., Integer
attributes may not be input with decimal points.

NAME(I-1023) - The first TANK has the name 1 with
subsequent TANKs numbered sequentially and the last BLUE
TANK assigned a NAME equal to the value of B.NUM.ALIVE.

RED TANKs begin with a NAME equal to B.NUM.ALIVE + 1, and
end with a NAME equal to the value of R.NUM.ALIVE.

COLOR(I-1) - A value of 1 indicates a BLUE TANK. A
value of 0 denotes a RED TANK.

WPN.TYPE(I-31) - The nine weapon types and their codes

are shown telow:

188
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- XM1(105mm main gun)
- XML (120mm main gun)
- IFV

- ITV

DIVAD

- DRAGON

- T72

- BMP

O O 3 o v Fow o ¢
'

- 28U

VEH.TYPE(I-31) - The 12 weapon types and their codes

are shown below:

YM1(105mm main gun)

- XM1(120mm main gun, 40 round configuration)
- XM1(120mm main gun, 43 round configuration)
XM1(120mm main gun, 49 round configuraticn)

- XM1(120mm main gun, 52 round configuration)
- IFV

~3 (¢ NNV} £ w v
!

- TTV
- DIVAD

v o
]

DRAGON
10 - T72
11 - BMP
12 - ZsVU
AP, TOW(I-63) - Ammunition type 1. This represents the
initial amount on board. Table I provides a guide to the

specific type of ammunitien that this and the next three
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ammunition types represent with respect to a specific weapon

system. If an ammunition type is not carried, a 0 should
be entered.

HE.DRAG(I-63) - Ammunition type 2.

AW1.0R.MSL3(I-63) - Ammunition type 3.

AW2.0R.ADM(I-63) - Ammur.ition type 4.

SEC{I-2047) - The section number assignment. Since this
organizational attribute has no effect on execution of STAR,
any desired numbering scheme may be used.

PLT(I-2047) -~ The platoon number assignment. It is
important for fire control purposes that TANKs be grouped
sequentially in platoons and that TANKs in headquartcrs
elements are assigned to the same platoon. The TANKs in a
battalion headquarters, for ex-mple, are considered a platoon
for fire control purposes and should 211 have the same platoon
number assigned to them.

CO0(I-1022) - The company number assigmment. The comment
above with respect to headquarters elements also applies in
making company number assignments.

BN(I-127) - The battalion number assignment. Any
numbering scheme may be used.

RGT(I-255) - The regiment number assignment. Any
numbering scheme may be used. BLUE forces should have a
0 input.

BDE(I-7) - The brigade number assignment. Any numbering
scheme may be used. RED forces should have a 0 input.

DIV(I-7) - The division number assignment. Any
numbering scheme may be used.
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X.CURRENT(R) - The TANK's initial X coordinate on the
battlefield.

Y.CURRENT(R) - The TANK's initial Y coordinate on the
battlefield.

SPD(R) - The TANK's initial speed in meters per second.

DIR.OF.MVMT(R) - The TANK's initial direction of
movement in mils. An angle measured clockwise from East is
negative. An angle.measurad counterclockwise from East is
positive. Angles ares entered in mils and converted to
radians for use in the program.

PRI.DIR(R) - The primary direction of search measured
in the same manner as DIR.OF.MVMT.

ML, M2, M3, M4(all I-65535) - The muzzle velocities in
meters per second associated with each or the four

ammunition types.carried by the TANK. Tf an ammunition is

not carried by a TANK, the associated velocity should be
input as 0.

COCDR(I-9999999) - The NAME of the TANK's company
commander. If the TANK ig¢ to be the company commander, the
TANK's own NAME SHOULL be entered here and also tovr the
PLTLDR and SECLDR attributes described below.

PLTLDR(I-9999999) - The NAME of a TANK's platoon leader.
If the TANK is to be the platoon lLeader, the TANK's own NAME
should be entered here and also fcr the SECLDR attribute

described below.
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SECLDR{I-9999999) - The NAME of a TANK's section leader.
If the TANK is to be the section leader, the TANK's own

name should be entered here. ;
OP.RNG(I-4095) - The TANK's maximum opening range in
[ meters. .
A complete example of attribute input is shown in table
VI. A brief example showing the relationship of the NAME,
organization and leader attributes is shown below:
NAME SEC PLT CO COCDR PLTLDR SECLDR
1 1 1 1 1l 1 1 i
2 1l 1l 1 1 1l l
3 2 2 1 1 3 3
4 2 2 1 1 3 3 '
5 2 2 1 1 3 3
6 3 2 1 1 3 6 |
7 3 2 1 1 3 6 i
8 4 3 1 1 8 8 l
9 4 3 1 1 8 8 1
10 4 3 1 1 8 8 i
w5 3 1 1 : 1 .
12 5 3 1 1 8 11 .
13 6 3 2 13 13 13 ,
14 6 L 2 13 13 13 g
15 7 5 2 13 13 15 : ;
16 7 5 2 13 15 15
17 7 5 2 13 15 15 |
18 8 5 2 13 15 18




e

19 8 5 2 13 15 18
20 9 6 2 13 20 20
21 9 6 2 13 20 20
22 9 6 2 13 20 20
23 10 6 2 13 20 23
24 10 6 2 13 20 23

B. FORTRAN INPUT

FORTRAN input will not be discussed in this thesis
since it is assumed that most readers are familiar with
entering FORTRAN data. FORTRAN input required by the terrain
model used in the current version of STAR may be obtained

from Professor James K. Hartman, Naval Postgraduate School.
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TABLE Vi (CONTINUED)
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