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ABSTRACT

This report documents a quick-running, low-resolution
ground combat model developed at the UIS Arny Combined Arms
Combat Development Activity (CACDA). This model determines
firers, targets, engagements, kills, data update, and
specified output for each time step of a tank-antitank
battle. A model overview is presented, and potential
model applications are discussed. Data requirements,
model mathematics, and computer coding are included. The
model sho~uld be a useful tool for ranking weapon mixes to
determine sets of best candidates for more detailed con-
siderations. The model can also be used in an interactive
gaming environment.
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CHAPTER I

INTRODUCTION

1-1. PURPOSE. This paper describes a quick-running, low-resolution ground
combat model operational on the Hewlett-Packard (HP) 9830 computer. The
model simulates battalion-level tank/antitank combat, including the attacker's
advance rate.

1-2. BACKGROUND. COL Reed E. Davis, Jr. originated the model at the US
Army Combined Arms Combat Development Activity (CACDA), Fort Leavenworth,
Kansas, in 1977. Part of the impetus for model development was CACDA's
experience in preparing for the Antiarmor Systems Program Review (ASPR). A
responsive and credible war game, flexible enough to deal with a range of
issues and visible enough to be understood quickly by decisionmakers, would
have been most useful to the ASPR effort. COL Davis published a version of
the model (reference 1) operational on HP 67/69 hand-held calculators.
Subsequently, the model was installed at CACDA on the HP 9830 computer to
support the Maneuver and Fire Support (MANFIST) study. In this application,
the model was used in a process to screen numerous alternatives prior to
a large scale war gaming effort. Simulations of artillery, the Copperhead
system with ground locating laser designators (GLLD), FASCAM mines, attack
helicopters, and air defense were added to the model for the MANFIST appli-
cation.

1-3. APPLICABILITY. The Ground Combat Model (GCM) is a quick-running, gross
representation of ground combat. When all input is preplanned, a 20-minute
mid-intensitybattle can be run, in 1-minute time increments, in 75 minutes.
The model should be useful for ranking weapon/force mixes to determine a
set of best candidates for more detailed simulation or war gaming. It can
also be applied in an interactive gaming environment to satisfy experimental
design requirements for real time casualty assessment.

1-4. MODEL COMPARISONS. Output from this analytical model compares
favorably with that from CARMONETTE, a large-scale simulation model, when

analogous scenario input is used.

a. CARMONETTE was used recently at CACDA to support the Division
Restructuring Evaluation (DRE). Representative runs from that study were
selected; and similar values for such elements as weapon numbers, artillery
firings, and terrain factors were used in a Ground Combat Model run.
Measures of effectiveness from the two models are shown on figures 1-1
through 1-4. Figures 1-1 and 1-2 show that loss rates for both Red and
Blue were lower in the Ground Combat Model than in CARMONETTE. The data
used in GCM resulted in a less intense battle being modeled. However, the
loss rates in the two models behaved in the same way, as indicated by the
similar shapes of the loss exchange ratio curves in figure 1-3 and the
curves for the surviving maneuver force ratio difference in figure 1-4.
The latter two figures also show that the difference between the two models
for Red loss rates was slightly more than for Blue loss rates.
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b. This comparison indicates that the Ground Combat Model has potential
as a tool in the decision process. The use of such analytical models, based
on large scale simulation models, to assist in policy decisions is well known
(reference 4) and is much less expensive in terms of time, money, and man-
power than using the large scale simulation models.

1-5. U(RGANIZATION OF PAPER. The main body of this paper presents an over-
view of the Ground Combat Model in terms of it. capabilities, input require-
ments, output reports, and gaming procedures. This generalized description
provides prospective users with sufficient information to make preliminary
judgments as to the model's potential applicability to specific problems.
Appendixes to the paper contain detailed technical descriptions of input
data requirements (appendix A), model routines (appendix B), and output
formats (appendix C).

I
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CHAPTER 21

GROUND COMBAT MODEL OVERVIEWI

2-1. MODEL CHARACTERISTICS.

a. The Ground Combat Model can be characterized as a low-resolution,
quick-running, time-step model. It is scenario dependent and can easily be
used in conjunction with map exercises. The model described by this paper
considers Red as the attackei- and Blue as the defender; however, a Blue
attacker, Red defender version is also operational.

b. The weapon types currently represented in the model are Red and Bl ue
tanks, Red and Blue attack helicopters, Red and Blue air defense, BFRDM, BMP,
TOW, Dragon, Copperhead, FASCAM, and artillery. Killer-victim relationships
represented are shown in table 2-1.

c. For each time-step increment, the model considers factors such as
the following:

. Number of firers

. Availability of firers

. Num~ber of targets

. Probability of kill given a hitI Single shot hit probabilities

. Engagement rates
.Probability of line of sightI

. Performance degradation due to suppression

. Target detection rates4

. Allocation of fires policy for tanks versus softer targets

. Basic loads.

Some of these factors are direct inputs, and others are computed as functions
of time or range. Input data for some weapon types must be obtained from pre-
processor operations.

2-1



Table 2-1. Killer-victim relationships in Ground Combat Model

Victim

Killer Direct Attack Air
Fi re Helico ter Defense Copperhiead FASCAM 3Artillery

iDirect Fire X 2X

Attack
Hel icopter X X

Air Defense X

Copperhead X X

FASCAM X

Artillery X X X

Notes:
1. Includes tanks, TOW, Dragon, BRDM, BMP
2. Ground locating laser designators (GLLD) are given the same

vulnerabilities and priorities as targets as the Dragon.
3. Attrited externally (see para 2-2e)
4. Red tanks and BMP only (see para 2-2d)
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ri.

d. Output statistics obtained for each increment include the following:

* Total committed forces (Blue and Red)

• Current forces (Blue and Red)

* Cumulative losses (Blue and Red)

Surviving maneuver force ratio difference

* Loss exchange ratio

* Fractional exchange ratio

U Attacker advance rate

* Distance advanced.

2-2. MODEL CONSIDERATIONS.

a. Some of the principal aspects of the model's treatment of ground
combat are as follows:

(1) Artillery begins to detect at the first time increment but with
degraded performance. This simulates the buildup of information by the
forward observers from the start of the battle until the maximum detection
rate possible at a specified time. Detection start time for other weapons
is controlled through input.

(2) Tanks, TOW, Dragon, the Copperhead's ground locating laser
designator (GLLD), BRDM, and BMP are suppressible using the Litton suppression
equation (reference 2). Other weapon types, such as air defense and artillery,
may be suppressed externally through numbers committed or available.

(3) The attacker's advance rate may be made constant or a function of
loss rate ratios. Currently, the attacker's advance is stopped when the per-
cent of attacker losses exceeds tvuice the defender's percent of loss; however,
the battle continues, and the attacker may start to close again after he
increases the defender's loss percent (perhaps by calling in heavy artillery)
or adds reinforcements.

(4) In the FASCAM routine, BRDMs stay in overwatch. Tanks and BMPs
either bull or plow through the minefields.

(5) Artillery and FASCAM are attrited externally by gamer decisions
(e.g., on close air support and counterbattery). The other weapon types also
may be reduced externally by gamer decision. Output battle statistics, how-
ever, are caoputed using the weapons that are attrited internal to the model.

b. Important considerations with respect to the GCM data base include
the following:

6 - 2-3



(1) Weapon system 'Interactions are represented only in the data base
by such considerations as operational engagement rate calculations and in the
allocation of fires data. Thus, the input data must be carefully checked for
consistency among weapon types.

(2) The moadel depends heavily on empirical data for detection,
engagement, and movement rates. Such data are available for only a limited
range of scenarios, terrains, and other environmental conditions. The
opotential impact of changes in scenario, terrain, and environment must be
considered for virtually every data element.

(3) The terrain model (appendix B, paragraph 5) contains goad fitsI
to only one terrain statistic, probability of line of sight. Segment length
distributions are represented, for example in defining missile abort rates,
in the operational engagement rates. Thus, correlated line of sight is not
explicitly represented.
2-3. MODEL INPUT.

a. Certain values must be input at the start of each run, including the
following:

.Time step increment

.Terrain factors

. Initial range of opposing units

*Formation depths

*Initial number of weapons by type

*Initial and maximum at tack speed

.Artillory preparation

*Target priorities (e.g., Red's preference for engaging TOWs over
Dragon or Copperhead GLLDs, Blue's preference for BRDMs over BMPs)

.Detection start time for each weapon

.Time at which target saturation occurs with respect to detection.

Since the HP 9830 is an interruptible machine, these values may be changed
after the battle starts.

b. Other factors may be input either before or during the battle. These

factors, which currently are input during each time period, include theI
following:

Number of reinforcing weapons 3nd time of reinforcement

2-4



*Percent of attack helicopters employed

*Percent of air defense available

*Number of GL.LD-controlled projectiles per GLLD

Number of FASCAM minefields and Red response (bull or plow)
*Suppression option

*Artillery firings during each time period.

c. Data requirements of the Ground Combat Model are described in detail
in appendix A.

2-4. MODEL FLOW. The computer routines and the general flow of the GroundI
Combat Model are shown on figure 2-1 and summnarized below. Detailed descrip-
tions of each routine and definitions of the variables are contained in

appendix B.

a. After an initialization of forces and battle situation, the model
calculates attrition resulting from weapon engagements, updates forces and
status, and commuits reinforcements.

(1) Block 1, Initialization. A routine called Control initializes
the battle and controls the sequencing of weapon attrition calculations.
The initialization is accomplished in part by querying the model operator
for a number of initial' questions, such as force structures and initial battle
range.j

(2) Block 2, Artillery. At the start of each time period, the model
operator may choose to employ artillery, selecting the type artillery, the
number of rounds, and the target type. The model does output a desired number
of rounds,, which is calculated from an input fraction of kills of the total
number of targets found by the model detection routine. For the first time
period, the model operator puts in the artillery preparation barrage, if any,
then the artillery for the first period. Artillery employ~ment is optional
for each time period.

(3) Block 3, Ground to Ground. The ground to ground attrition
routines are entered each time period for each weapon (Blue and Red tanks,
TOW, Dragon, BRDM, and BrYlP). The routines consider acquisition, engagement,
and allocation of fires in calculating attrition.

(4) Block 4, Helicopter and Air Defense. For each time period, the
model operator has the option of employing attack helicopters and air defense.

He must input the fraction of attack helicopters to be employed and the opera-I
tional availability of the air defense.

(5) Block 5, FASCAM and Copperhead. The model operator may elect to
employ FASCAM each time period by providing the number of standard (300m x 300m,
90-mine) FASCAM minefields to be employed and the Red r-esponse (bulling or

2-5
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plowing through). Copperhead may be employed 'by providing the number of
rounds per GLLD per minute.

(6) Block 6, Update. After the attrition routines are completed,
the forces and time are updated, and the range and advance rate are computed.I
The various measures of effectiveness (MOE) and force status are printed. If
the attacker's advance has been stopped, this message is printed automatically.

(7) Block 7, Reinforcements. At this point the model operator may
enter reinforcements for either side.

b. The next time period starts with the artillery routine. The battleI
continues by time increments until the attacker overruns the defender or the
operator stops the battle because of such considerations as percentage losseson either' side or time length of the battle.

2-5. MODEL OUTPUT.

a. The measures of effectiveness (MOE) available from the Ground CombatI
Model include the following:

Attacker's advance rate (km/mmn)

Distance advanced (advance rate x length of time period). If
period length is 1 minute, then distance advanced and advance rate are
nuneri cal ly equal.

Battle range (kmn)

Present forces (Blue and Red)

Total committed forces (Blue and Red)

Percent losses (Blue and Red)

.Percent surviving (Blue and Red)

.Cumulative losses (Blue and Red)

.Surviving maneuver force ratio difference (SMFRD)

SMFD -Present Blue forces Present Red forces
Committed Blue forces Committed Red forces

2-7



I

* Loss exchange ratio (LER) l,

LER - ratio of Red losses to Blue losses

* Fractional exchange ratio (FER)

FER = LER
Committed Red forces/Committed Blue forces

b. By using the model's graphing program, these MOE may be plotted versus
time individually or with MOEs from the same battle or different battles.
Sample plots are shown at figures 2-2 and 2-3. Figure 2-2 shows a plot of
the MOE, percent Blue survivors, from two different battle runs. Figure
2-3 is a plot of the two MOEs, percent Blue survivors and percent Red
survivors, from the same battle run.

c. Output programs are described in detail in appendix C.

2-6. GCM GAME PROTOCOL.

a. Since the Ground Combat Model is designed to make rapid comparisons
among alternative forces, certain aspects of the associated gaming must be
resolved prior to model initiation. These are basically the areas of
scenario definition and gaming rules and include the following specific items:

(1) Terrain

(2) Weather conditions

(3) Force objectives

(4) initial and subsequent defender battle po3itions

(5) Attacker routes of advance through area and those to be used in

initial attack

(6) Battle termination criteria

(7) Fire support allocation, rates of fire, and suppression effects

(8) Unit movement rates

(9) End of game criteria.

b. The game team can consist of as few as four personnel, but a more
practical size is six.

(1) The team must include a Red force commander and a Blue force
commander, each of which is concerned with the tactics and employment of his
forces. These officers should have some expertise in maneuver tactics for

2-8
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Figure 2-2. Pei-cent Blue survivors, two battle runs
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Figure 2-3. Percent Blue sriosand percent Red suvvroebtl run I

2-10



their respective forces, and previous experience in war gaming is useful. In
addition, another officer would be beneficial as an assistant to the conmmander
whose forces are being varied during the study (normally the Blue force). This
assistant could provide an additional area of expertise (e.g., artillery,
aviation) of interest to a particular study, and he could serve as the commander's
staff in surfacing tactical alternatives for tha commander to consider.

(2) The game also requires a controller to ensure that the desired
tactics are being followed, that the objectives of the study are being
achieved, and that neither colmmander uses the perfect knowledge of the open
game or learning experiences from the games to improper advantage.

(3) Finally, the. game team needs one or two people to serve as
statisticians/computer operators. Their primary responsibility is to
prepare data for the model, run the computer, and translate output into
effects on the units employ*-d. They also serve as quality control by doublechecking the unit locations and strengths used by the Red and Blue commanders
in their manual force files.

c. In preparation for the gaming, several supply items must be developed
or obtained. Maps, overlays, unit stickers, and grease pencils for the map
maneuvers are needed. The HP 9830 and software tape for the model must be
made available. Forms must be developed for recording input data for the
battles and for maintaining unit status information during the course of the
game. A filing system for storing and retrieving these forms is also
essential for use not only in the gaming but also in the postgamne analysis.

d. Once gaming is initiated a specific sequence of activities is followed
until a game termination point is reached. This sequence is as follows:

(1) The attacker defines his axes of advance, unit formation, and
rates of movement. He specifies his artillery support, preparation fires,
and reserve commitment condition.

(2) The controller approves the attacker's plan and establishes
times of engagements.

(3) The def~ender defines battles in terms of opening ranges,

elements of Blue units that will engage, and defender withdrawal condition.I
(4) The controller approves the battles.

(5) The model is run, and the controller reviews the run for
correctness. Records are made and files updIated accordingly.

(6) The defender defines his new defensive positions, unit attach-ments, and unit movements.

(7) The controller approves the new defense plan and establishes
completion time for unit movements. The process is repeated from step (1).

- 2-11
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APPENDIX A

GROUND COMBAT MODEL DATA REQUIREMENTS

A-i. PURPOSE. This appendix describes the data requirenments of the Ground
Combat Model. Terrain and scenario oriented data are discussed first,,
followed by weapon characteristics data. The data forms shown in this
appendix are blank; however, the code listings in appendix B contain typical
data.

A-2. TERRAIN AND SCENARIO ORIENTED DATA.

a. Terrain and scenario oriented data stalues are likely to change from
battle to battle and from time increment to time increment as the battle
situation changes. Figure A-i shows the data elements required to initialize
the battle. Figure A-2 shows the data elements that may be either predetermined
or input after the moidel has run for some periods and the output has been
investigated. In these figures, the letter "h" and a line number after an
entry denotes that a value is currently hard-wired into the model and the
line where the entry appears in the code. The other items are entered from
the keyboard at the appropriate display.

b. The following comments refer to the data requirements shown on figure

Vý"(1) The start/stop battle time may be entered first in the context

of the clock time of the battle and then in terms of number of minutes from
O to end.

(2) The time step should be small (I minute per period is generallyused) since attritions are updated only at the end of the time period.

(3) Initial and maximum attack speeds, in units of km/min, are
dependent on the terrain and vehicles being simulated.

(4) The line-of-sight terrain parameter currently in the model is
derived from the TETAM field experiments (reference 3). The FASCAM parameter
is derived from the FASCAM Cost and Operational Effectiveness Analysis (COEA)

(5) The target preferences and formation depths can be determined
from doctrine or gamer decisions.

(6) When artillery preparation data are input, the control routine
cycles through the artillery routine once before the first time period to
simulate an artillery barrage before the battle starts.

(7) A total of 20 weapon types (both Blue and Red) may be designated
as described in appendix B.

A-i
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(8) The "first time detect" value is the time when the model will
allow a weapon type to start detecting and, hence, possibly firing. This
time is determined by the gamer based on such considerations as terrain,
weather, and approximate weapon range.

(9) The "max time detect" is the time at which the weapon type is
expected to be operationally fully employed. This time is determined based
on considerations such as terrain, advance rates, and formation depths.

(10) Number and time of reinforcements may be preetermined or

input after the battle has progressed through a number of periods.

C. On figure A-2, the artillery entries are the maximum rounds per
minute for the size unit being played (e.g., battery, regiment). Planned
employment of Copperhead and FASCAM must be considered when this number isdeterm i ned.

A-3. WEAPON ORIENTED DATA. Data. that reflect weapon characteristics are
shown at figures A-3 through A-6. These data are operationally oriented
and in some cases may be the results of other simulations.

a. Artillery Weapon Data. In figure A-3, the lethal radius of artillery
round versus target and the radius of coverage for weapon effects are fairly
standard. Currently, artillery against helicopters is not modeled; thus,
zeroes are place holders in data arrays. In this model the standard weapon
dispersion and standard aim and location errors are combined into total
range and deflection errors. These errors can be used directly in A(i) and
B(i). The detection rates, maximum and degraded initially, are operational
numbers obtainable from field data or judgmentally. The target radii I(j)
depend on unit type and array being gamed.

b. Target Acquisition Data. The target acquisition rates (figure A-4)
for direct fire, helicopters, and GLLD are operational data and are obtainable
from field tests such as TETAM (reference 3) or Chinese Eye III (reference 5),
These values, with suppression, control the rate of battle.

c. Engagement Data. The data to be entered in figure A-5 are operation-
ally dependent, especially the rates. These rates are the sustainable
maximum rates of targets per minute. Due to the mathematical reasons
discussed in appendix B, the values B(i) for initial battle ranges must be
neither equal to nor one-half of the opposing tank open fire range. Also,
as discusse-, in appendix B, the values of D(i,j) need not be pure probability
of kill given hit but may also account for-the fact that different target
types have different hit probabilities against them while only one single
shot hit probability is being computed.

d. Attack Helicopter, Air Defense, Copperhead, and FASCAM. The data for
these weapons are determined from the results of other models. For the attack
helicopter and air defense, modified results from the Individual Engagement
Model/Sortie Effectiveness Model (IEM/SEM) are being used. IEM/SEM has been
used to support several studies at CACDA. Since the Ground Combat Model
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Bl ue 8 Bl ue 9 BI• AI0 Red 8 Red 9 Red 10
Data element 1 2 3 4 5 6

Lethal radius of
weapon vs target: 1

I 2
C(i,j) meters 3

(3540-3590) 4

5

6

Radius of coverage
D(i,j) meters
(3540-3590)

Standard weapon
dispersion

S(i) meters(4180)

Standard aim and
"location error
B(i) meters
(4180)

Maximum detection
rateCO j) tgts/min

(3740-3790)

Initial detection
factor

Ski ý15;ýJgRtr e_
Individual/group Blue R-d

target radius
I(J) meters 1 4 11 14
(4220) 2 5 12 15

3 6 13 16

Figure A-3. Artillery weapon data
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Weapon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Maximum detection
rate
C(ii) tgts/min
(1280-1290)

Initial detection
rate
B(i) tgts/min
(1500)

Figure A-4. Target acquisition data (direct fire, attack
helicopter, Copperhead)

Blue Red

Individual tank
enga gement rate
A(II) tgts/min
(1650, 1660, 1820,
1830)

Effective open fire

range
B(I1) km
(1700, 1710, 1840,
1850)

Opposing tank open
fire range
19 km(2540, 2560) (Relate

to 1700, 1710, 1840,
1850)

Figure A-5a. Engagement data, tanks (continued next page)
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II

4 5 14 15 16 GLLD

Fitting parameters
for ith ATGM A(i) NA
(1650-1740) B(i) NA

Suppression para-
meters for ith system

(2140) B(i)

Figure A-5b. Engagement data, ATGM

1 4 5 11 14 15 16

Initial battle range
B(i) (3140)
Relate to 1700, 1710,
1840, 1850, 2540, 2560

Fitting parameter for
single shot hit
probabilities A(i)
(2260-2280) B(i)

Basic load
T(i) (120)

Probability of kill
given hit 4

Pi. (K/H) = D(ij)

(3200-3320) 5

6

Figure A-5c. Engagement data, miscellaneous

A-7 j

..4..



Single shot kill probabilities (SSKP) BLUE RED

Attack helicopter
"A(i) (5200, 5210)

Air defense
A(i) (5470, 5480)

Copperhead
S7 (5660)

"Kills per target per FASCAMF. ml nef iel d
Bull (5860)
Plow (5880)

Figure A-6. Attack helicopter, air defense, Copperhead, and
,:FASCA weapon data
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computes line of sight and number of targets acquired for the attack heli-
copters, the IEM/SEM version having probability of line of sight and
acquisition equal to one should be used. Copperhead effectiveness was
determined from studies run at Fort Sill, OK. The FASCAM COEA completed at
CACDA provided data on the relationship between kills and number of standard
300m x 300m, 90-mine, minefields.
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APPENDIX B

DETAILED DESCRIPTION OF GROUND COMBAT MODEL ROUTINES

B-i. PURPOSE. This appendix details the methodology and interrelations of
the computer routines that make up the Ground Combat Model.

B-2. WEAPON LISTS AND DATA FORMAT. The numbers of weapons of each type are
stored in the array N(i,j). That array, the cumulative killer-victim array
K(i,j), suppressible target losses per period array 0(i), weapon load arrays
RMi and TMi, and the output array X(i,j), as shown in figure B-i, are the
only arrays with the same definition throughout the model. The X(l,j) array
is further explained in appendix C. Figure B-i also codes the weapon order
so that the computer can keep track of weapon types and data. For example,
N(4,2) is the number of Blue TOWs surviving at that battle time, whereas
N(1,3) is the total number of Red tanks commnitted to the battle by that
battle time. (The program may be stopped at any time, the N(i,j) and K(1,j)
arrays printed, and then the program restarted.) Arrays of two dimensions

for weapon characteristics use codes 1 through 10 in the first coordinate for
weapon type, 1 for Blue and 2 for Red in the second coordinate. Vector arrays
use codes 1 through 10 for Blue weapons and 11 on foi- Red weapons. Figure
Arrays and variables had to be reused for conservation of memory and restric-
tions on the number of variables allowed In the HP 9830.'

B-.MODIFICATIONS. This paragraph discusses some possible modifications to

tecode included in this appendix. Extensive modifications will be difficult
deto the memory restrictions of the HP 9830. This code uses all but about

known and constant or other particular information given, modifications4
probably can be made to reduce memory requirements or running time. This
was done in the MANFIST study.

a. The present code is limited to 30 iterations, and the output is
stored in a conmmon block X(31,7) as noted in line 5, paragraph B-4b below.
Additional iterations will require either more space or a careful restart
with proper setting of array N, battle range Ri, battle time TO, current
attack rate V5, and killer-victim array K.

I' donb. Modeling the application of artillery against helicopters could be
doewith care. Other aspects of artillery employment, such as against

multiple targets, are mentioned in paragraph B-12; and further modeling
could be done.

c. Modeling of air-to-air attack helicopter engagements and employment
of selected air defense artillery in a direct fire mode could probably be
accomplished with care. Further modifications to the air defense routine
are mentioned in paragraph B-17.

B-1
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N(10,4) (i,j)
i = 1- 10

N(i,1) Number Blue committed by type
N i,2) Number Blue surviving
N(i,3) Number Red committed by type
N(i,4) Number Red surviving

Weapons order
Code Blue Red

I Tank Tank
2 Helicopter Helicopter
3 Air defense Air defense
4 TOW BRDM
5 Dragon BMP/Sagger
6 Copperhead BMP/73mm
7 FASCAM blank
8 Artillery type 1 Artillery type 1
9 Artillery type 2 Artillery type 2

10 Artillery type 3 Artillery type 3

K(20,6) (i,j)

i - 1-10 Number ith Blue weapon kills of jth Red weapon
i - 11-20 Number (i-1O)th Red weapon kills of ith Blue weapon
j - 1-6

i - 1-3 for Blue, 4-6 for Red, 7 for Blue tank, 8 for Red tank

Soft target losses in previous time period increment for suppression
computations.

R(16) and T(16) Selected weapon loads

X(31,7) (i,j)

j = 1 Time j = 5 Attack rate
j = 2 Blue strength j = 6 Blue committed
j = 3 Red strength j = 7 Red committed
j = 4 Range

Figure B-i. Major arrays in Ground Combat Model
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Variable Name Definition

10 Code for weapon type being processed, 1-10

Ii Code for weapon type being processed, 1-20

JO Current side, I = Blue, 2 = Red

SO 1 - suppression

TO Current battle time

Ti Time step

VO Initial attack speed

RI Current battle range

R2 Current range step

B1 Total committed Blue strength

Di Total committed Red strength

B4 Current Blue strength

D4 Current Red strength

B5 Cumulative Blue losses

D5 Cumulative Red losses

P3 Blue preference for BRDM over BMP

P4 Red preference for TOW over Dragon/GLLD

Figure B-2. Major variables in Ground Combat Model
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d. The model has been changed to allow simulation of Blue attacking and
Red defending. In addition to a major revamping of data, minor changes in
the engagement rate subroutine branching and rate of advance computation were
made.

e. The domain values for range RI may be shifted linearly by R2/2, half
the range step from the previous period, in the tank engagement rate routines.
This would speed up the tank battle at the longer ranges by reflecting some-
what the distribution of vehicles about the average range R1 and the dynamics
of the model.

B-4. CONTROL.
a. Pur• s•e. This routine initializes each computer run and controls the

order in whic7-the weapon routines are accessed.

b. Control Subroutine Listing.

20 COM Y'It1,7320 01M NS[1101 ),fsc '$I =sr. 1-'IIcst ,V,<{.., S(?0,6 1,T~r,1_•

30 DIM GS( ,', 31A!C6 I9j!i, $S' ' (1 ,c ',o,'<s?ý ~,:~
40 FIX~ED 2
50 MAT Vor!V-
50 MAT OW!? w

70 MAT KWE,.
30 F'OR 19stL 13 IA.
90 READ TCT_.1
100 RC19)x'rt:31
Ito0 NEXT :i€

tZ0 DATA
130 PRINT "II'T L. F,,.-'• -C.0)-

1.O PRINT "INIT RE FORCE(-1-t01-
I.*0 INPUT 4(1.,31, NEZ,3 , NC3,31,4L, 3 0 fN 5,31,MIC6#31 NC7 1 1, [ NC9,311.0 3 1.
,70 FOR 19=1 TO 10

SO N(Iq9,21NCI9,•1,
t9o N(19,41=NCI•,31

290 NEXT 19
210 O rINT "INIT jTL RNG"
?20 INPUT RI

230 PRINT ":tilT ATK RATE-
240 I:NPUT YO

?50 PRINT "TIME STEP"
260 INPUT Ti
270 TQ:O0
280 MtL=0

290 GOSUB 4ilJg
300 GOSU, ,960

B-4
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310 Y[1,11=9

330 X[ 1,3] (21- '2" •I 02
330 XC ,41 = .•" I03i
350 5 1 1,5 l: O O3g

360 Xt1,61=P1*4)0
370 X 1 1 7 ] (C!- 7'? 1 .3 J
380 PIFT "I -ZU 0,-N)'T

390 N'U'•" •0
409 P R I K T "*P!,= .a,9 M \V J'IOTOW V OP"

41I0 INcUT 0 ,o0

'20 Z0=0
430 Z7 O0

44U Z0:Z0=I
i#50 PRIN'T

460 iF ZI=1 T4EN -&9P

.7 0 P R-INT "A4, T. Y P •...
480 GCTC '%1

490 PRI NT "T 'r r
500 GOSU" -

520 INPUT 2 ,J.
539 IF 1 :0=1 '0 Z1!. T i:.
549 1 F -ý:9 T'E 7',)

550 GOSU9 "'O
560 IF Z71= THEN 5 10
570 0P•I T "0¢?F 4,-"q 9- tiT'

550 1N;INT 71
590 IF ZI<.5 THEN 519
600 P•I; T . OJE-I-"
610 GCSUJ3 %130
620 GOSU: 5 6
630 GC T 510

650 I0=1
650 FOP Jo0i To 2
670 COSU- "7n9

690 FOr,* 19=4 TO 5

700 FOF. .Jol Tj 2
710 GOSUB 3070
720 NE)T JO
730 NEXT 1T
Tw.O i0:zf

750 JO ?
760 GOSU'J3 3070
770 I3:2

7 0 J0=1
790 GOSUý ::1?02

• B-5
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.5 00 19 3

~20 GSU8 ?CC
53 0 10 =

550 Gosuý :.j?f

37.j0 J01
550 G.JSU3 i"0'3

'390 JO~l
900 10=7

920 I0=rý

930 GC0S U E' 13 0

950 Gcsuý 496

970 TQ=ro4-ri

960 X1 ZO+l ui)T '1

1L5 0 'SU 1-7 I
1020 IFX 1 TfFN Ol

1071 ;RINr 4T UJ
1080 GOTO t1~g
1090 IF V5J>0.90i TH5f.J .11P
1100 =iINT "SLOWETY
1110 015' 1-ESý

li60 N C
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iP c. Data Variables.

TO Battle time (initially zero and then incremented by time step)

ZO Iteration counter

Zi Artillery preparation counter

10 Weapon type, 1-10

JO 1 = Blue, 2 - Red

T(i) Weapon basic loads, 1-20

d. Defined and Computed Variables.

N(i,j) Number of weapons by type, by Red or Blue, and by committed or
remaining (see appendix A).

X(i,j) Battle results saved for future graphing of measures of

effectiveness (see appendix C).

RI Battle range (initial)

VO Initial attack speed

SO 1 = suppression played

TI Time step per iteration

19 1 a Commit reserves

R(i) Current weapon load, 1-20

e. Modelinq. The function of this routine is bookkeeping and control.
Figure 2-i shows the order in which the weapon routines are accessed. Figure
B-3 shows the subroutine call relationships of control as well as the other
model subroutines.

B-5. TARGET ACQUISITION.

a. Purpose. The purpose of this subroutine is to compute the number of
targets detected by the direct fire weapons such as tanks and TOWs as well as
by the attack helicopters and the GLLDs of the Copperhead. The routineconsiders the battle time and the scenario-determined involvement of the

weapon in the battle to compute the detection rate of each weapon type. Theonly weapons detectable are opposing live ones of types 1 through 6.
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b. Target Acquisition Subroutine Listing.

1170 Zck ACO
1189 iESTO;F P12?0
1190 ýOz Ir.:L TO 16
1200 ;CAr :CZc]
1210 NEXT T-
12290 Oa TA n, C, ,0 1 ,4,0,1 1,0,11 , 9o n., ~ ,=

1 230 Tr40
12?0 IF TO<AC 1I1 THEN :.LL+0
1250 0OP 19=1 TO I E
1260 Rý 40• C 119, ,, 11 C '9, !I

1t270 N5XT 19
1.2 60 O ATA q. 4, 2 10 2, ZS ?, 1 t , 0. 25 t2 v0. ,',17 4,,E l ? ,• ? , ' >

1.290 Op TA 0.",. 0.?5,1 2j 11-2, ?1;, 2 ,10-.1 0, . 1,7

1300 17:FN7( )7

1310 L:L -(T0-A 11 ]+r C,1 1, 4 /C Ii, 3 ]
1320 IF L7 = C[ 1,11 T7-CE:J 130
1330 L7:CrPL,71 i

t 3 50 19 =6- 1 J1

1360 N7=Nt1,J9] J
1370 FOR 19=3 TO 6
13 30 N17=N1•'"?+N T "a 1, J• 3

.390 NEY' :9

1410 IF I'1? D " ,3 T . IF ,)

i430 T ,r7" i-1 -I 1 7 C,[ O, •J

1144 ;. F T .U

1460 PESTC-E 1•?570
1470 FC: -icx T. 16t.4 I 8 0 PEAD r °[ 3

1490 INIT IE Y

1 510 C r1 9
7 J1

1520 J9=0
15.331 J9:J9+1
1 540 i:C= r, 31

1550 C 11, 31=LOG(, 1i, Z 1 -4• EllEX V 11Ct11, 31) h)/' 1 3
.1.560 IF f,, c(7q-c l •3 O -4;: t,'E l •

1570 IF J9>?0 Twc:'J 1$9)
1580 GCTO 1530•r' ~15(30 DF NT '"NO C ':'

16 O 01 .1F C -I I X I> 0 T HEiH 16 9'
t: 16!0 C[i!, !=

16 ? C 1 I/, 1]=E (C 111 3•'- 1 i r

1630 'ETU,'' 0

"B-9
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c. Data Variables.

A(i) Time of first detection

C(i,1) Maximum detection rate

C(i,2) Battle time when maximum detection rate obtained

B(i) Detection rate initially; i.e., at A(i)

d. Defined and Computed Variables.

LU Detection rate for weapon Ii at battle time TO

P7 Probability of detection by weapon I1 during time interval
from TO to TO+T1

N7 Number of potential targets alive on the opposing side attime TO

J9 2 - Opposing side Blue, 4 = Opposing side Red
19 Probability of instantaneous line of sight

T4 Targets acquired by weapon system Ii

C(i Parameters in determining detection rate

e. Modeling.

(1) The probability of instantaneous line of sight (LOS) at range R
is computed by a three-parameter terrain fit (a,b,c in the code at lines 1400-
1420): 19 PLOS CR) = a(b + c R1)e" c R1

(2) The probability of detection at TO within T1 minutes is given by:

P7 = Pd (Ti) = 1 - e - L7.TI

where L7, the detection rate in targets per minute, is determined by a log
curve fit to initial and maximum detection rates. The parameters C(i,3) and
C(i,4) are determined by iteratively solving the equations:

C(i,4) = eC(i,3)B(i)

C(i,3) = log(C(i,2)-A(i)+C(i,4))C(i,1)

B-10
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in the function Z. Then L7 is determined by:
) 0 if TO < A(i)

L7* - log (TO-A(i)+C(i,4)) If TO > A(i)
C(i,3)

0, L7 = min (L7*, C(i,1))

(3) The total number of targets acquired by a direct fire weapon
system (including attack helicopters and Copperheads) is determined from the
line-of-sight probability, time probability of detection, and the number of
potential targets:

T4 N7 • ( 1-(1 ...9 P7 )N(IO,2"JO))

T4, the number of targets acquired, is the variable required by the calling
routines.

f. Notes.

(1) It is assumed that only attack helicopters (and possibly air
defense in further modifications) have line-of-sight parameters different
from those of the direct fire weapons.

(2) The v.alues C(i,2)-A(i)+C(i,4) and TO-A(i)+C(i,4) must be greater
than one. This will be the case if C(i,2) > A(i)+1; i.e., at least one minute
elapses between detection initiation and time at which maximum detection rate
is obtained. In the convergence of the C(i,3) if a change of less than .001
does not occur within 20 iterations, then a "no convergence" message is
printed. Mathematically, with the restriction on C(i,2)-A(i)+C(i,4), con-
vergence must occur eventually.

(3) The probability of instantaneous LOS is a statistic measured as
a function of range between two random locations in a given terrain. Thus,
the effects of LOS duration must be taken into account in determining
operational engagement rates, paragraph B-6.

B-6. ENGAGEMENT RATE SUBROUTINES.

a. Purpose. These three subroutines compute the direct fire weapon
operationa- engagement rates in targets per minute as functions of range.
The ATGM rates decrease linearly as a function of range. The attacking tank
rates decrease exponentially as a function of range dependent on effective
open fire range and the formation depth, whereas the defendir.g tank rates
decrease linearly.

B-11
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b. Engagement Rates Subroutines Listing.

1640 F f-E ,G
1650 A[ . 3
1e660 A[ =I=%.2
1670 A(1"]=0.25

1680 A CI5I= 0.1.

17 iF C5]=n. j=
1720 • : 20=3. 2
1730 et 15]-=00.
1740 F~:61=O. 5
1750 Ei4=A( l). ý Ii Z- I -;,I

1788 IF E'i i T-47' 1760

170E4:E4-EP'S41940 GCiEq U .•

1800 • T '.

1810 REto ENG '.T

1960 A i ]=0.5.

1870 4111=0.25

1840 9 CI=?.1 8
1850 3C11=2.6

160~! J9=0,.5

1870 F 4=O0

1880 IF -1i•)$C T-EN 1920
1890 E:A[IZ]
2040 IF Pi<(3':Ii-Jg) THý'N 1920
1910 E'=AX: ( * It c +& /J9
1920 GCJSUJ 2090

t940 R F TU s.
19 50 --Et, ENG 9F
1960 A C1]I 0..5

1970 AEt1.1=0.25
1 -8 0 - t11=2 . 8
1990 .3[11 :1 2 . 6

•0 0 aJ9= 0°
2 0 1q F 4:=0
20ZO !_F 1ýj ,0 C7 11 T-E,! -(120a50
2030 E4 =A I I I
?040 I F RI<(. 111]-Jq• TH4E. 4 2 0 f0
2059 E L=A[- ( 7 1 ( -[3 $ 1 -1 . /J 9
? 0 60 G3CSLJ ?090
2070 5 E:="-;: +*S4

2080 cETUJx.
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c. ATGM.

(1) Data variables.

A( i) Positive fitting parametersBOi

(2) Defined and computed variables.

E4 Engagement rate in targets per minute

(3) Modeling. The unsuppressed engagement rate for ATGMs is simply I
E4 A(i)-B(i).R1. If suppression is being played, the suppression variable
S4 is utilized by multiplying E4 by I-S4 (see paragraph B-7). E4, the
number of targets per minute engaged per firing weapon, is the variable
required by the calling routine.

"d. Attacking Tanks.

(1) Data variables.

A(i) Individual tank maximum operational engagement rate

B(i) Effective open fire range for the attacking tank
)• J9 Formation depth for attacking tanks ,

(2) Defined and computed variables.

E4 Engagement rate in targets per minute

(3) Modeling. The engagement rate for targets per minute byS~attacking tanks is:

[ B(i)_-R1

E4 jIog (A(i) + 1 • if B(i)-J9 < RII':i e Jg -I < 80i)

A(i) if RI < B(i)-J9

E4 is the variable required by the calling routine.

k,•, e. DefendingL tanks.

(1) Data variables.

AMi) Individual tank maximum operational engagement rate
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)I
B(i) Effective open fire range for the. defending tank I

J9 Formation depth for defending tanks

(2) Defined and computed variables.

E4 Engagement rate in targets per minute

(3) Modeling. The engagement rate for targets per minute by
defending tanks is:

0 if R1 > B(i)

E4 A(i) • (B(i)-R1) if B(i)-J9 < R1 <_ B(i)

J9

A(i) if RI < B(i)-J9

f. Notes.

(1) In a small unit battle, E4 may well be constrained by the
number of available rounds or missiles; i.e., stowed load, rather than by
weapon system/crew capabilities. The input data should reflect these
considerations.

(2) The engagement rate by attacking tanks given by the formula
in paragraph d(3) above is suited more for a probing formation with lead
elements out front. A formula more appropriate for the vehicles bunched at
the front of the attack -or ranges Ri of B(i)-J9 < Ri < B(i) may be:

E4 - A(i) • log (1 + B(i)-R1)/log (1 + J9)

(3) As the battle closes, the defender'- tanks are deployed in
some depth, and the attacker's tanks are part of a selected attack formation.
The formation depth, or deployed depth, term in the engagement rate calculations
accounts for the nonsimultaneous entry of surviving tanks into the battle.
Suppression is used to reduce the effective number of firers by reducing the
engagement rate.

B-7. SUPPRESSION.

a. Purpose. This subroutine represents the Litton suppression formula
(reference 2and is accessed by option on each iteration. The percent of
suppression depends each time step on an input "hero factor" and the
fractional losses to the system during the previous time step. (No suppression
is possible during the first time step.)
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b. Suppression Subroutine Listing.

2090 PEP SU'J
2190 3 4=9
?110 IF SO=S THEN ?22'G

?140 nfl T.A .,0, 0. r)
2150 A• !1.=CI 6 + J0 1 C I *,'J 0
2160 IF I'I=1 TrH: 2161
"2170 A fIt =i0 [ -+3#nJ /.I IJt ,2*J•J1
?180 IF ACI1] e.01 THE1'_ '220.

2200 S, =Ey`(S-)
2210 S ./(S4C +
2220 R ETU9,

*c. Data Variables.
B(i) The beta of the Litton model, also called the "hero factor."

d. Defined and Computed Variables.

A(1) Fractional losses to system Ii during previous time step
(computed from losses 0(0) in previous time step)

S4 Suppresscl fraction for weapon I1.

e. Modeling. The Litton documentation (reference 2) contains an
equation that gives the fraction of suppression as a function of losses and
a human factor. A value of 1 for B(i) is used to represent the "average"
soldier, with higher values for more easily suppressed individuals and
lower values for individuals more difficult to suppress. The equation is:

S4* = ie -5
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S4"

S4 - e
S4

e + I

S4, the suppressed fraction, is the variable required by the calling routines.

B-8. SINGLE SHOT HIT PROBABILITY.

a. Purpose. In this subroutine the single shot hit probability (SSHP)
by direct fire weapons is computed by two different formulas, which depend
on whether the weapon is a tank or not. This single shot hit probability
is a function of battle ranges.

b. SSHP Subroutine Listing.

2230 R.E O-S"-•
2240 RFST0-:ýF 1 1.?E

2260 D.•TA -0. . 08.9,9 ,-0.7 Q. 0 1, 0.1 ,-0..
2290 w- E i+A I 1 9. C ;3 (5g',.:

2300 IF i0=1 TW4EN 230,
2310 W t4= A 1!+ II IL*C3 R(H,1
2320 jF 14->O THEN 2340

: 2340 IF L<! THEN 2360
235n H 4=I

2360 R E TI)JR,

c. Data Variables.

BMii Fitting parameters

d. Defined and Computed Variables.

H4 Single shot hit probability
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e. Modeling.

(1) Tanks. H4 by tanks is given by:

H4 - I+ A(i) • Ri + B(i) RI2

(2) Other direct fire weapons. H4 in this case is given by:

H4 = A(i) + B(1) . log (Ri)

H4, the SSHP, is the variable required by the calling routine.

f. Notes. The single shot hit probability computed here is independent
of target.-7The effects of target size, activity, posture, etc. must be
considered here in combination with the ground attrition routine and the
input variable D(i,j), paragraph B-iO.

B-9. ENGAGEMENT ROUTINE.

a. Purpose. This subroutine determines the total number of hits by all
weapons o a given type and total number of rounds fired by each weapon of a
given type each time the subroutine is entered.

b. Engagement Subroutine Listing.

2370 R E' Nr,
2380 GOSUA 1±70
2 3 ;0 H 5 =HE~
2.00 1F T4 =0 THWN 2520
24.10) GOSU'3 ?230
2420 1F ý44=0 THN•N2
7i'-430 IF i 0=4 "JR• 10=5 0 "` (1.0=6 All[) J9=o -) T •E4;-' ?L.A?4 11=11 THEFN 21 17 = ~ ~~ ~~'

!.49 COSg 9 Gou 19 0
2460 GCTJ ?500

2470 GOSU9 1i,19
?'460 GOT9 ?O00
2490 GOSIJ'9 1&4.0

1N2500 *6=E4 5 iTI

2520 E TU•,I
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c. Data Variables. The routine calls up to three other subroutines to
determine its require- data.

d. Defined and Computed Variables.

H5 Total number of hits against all targets acquired and engaged
by all weapons of a given type each time period

H6 Total number of rounds fired by typical weapon of a given type
each time period.

e. Mol .in.

(1) The total number of rounds fired H6 by a typical weapon in time
period TO to TO + TI is determined from the number of targets acquired T4,
and the engagement rate E4, by:

H6 = E4 •T1

(2) The total number hits H5 in time period TO to TO + Ti is
determined from the number of rounds fired per weapon of a given type H6,
"T4, the engagement rate E4, the SSHP H4, and the number of firers N(IO,2.JO)
by:

H5- H6 . H4 • N(IO, 2 • JO).

Both H5 and H6 are variables required by the calling routine.

B-l0. DIRECT FIRE ALLOCATION OF FIRES.

a. p . This subroutine determines how the direct fire weapons
allocate the fires over the types of targets. Two principal factors that
influence the allocation of fires are the firer's preference for targets by
type and the instantaneous rate of cued detections for particular type
targets. Initially, it will be assumed that the firer will satisfy his
preferences within the constraint imposed by the number of cued detections;
i.e., the method emphasizes the tank targets within the opposing tank open
fire range and the softer targets beyond the opposing tank open fire range.

b. Allocation Subroutine Listing.

2530 P•r ALL0
25*0 -f=9?.
2550 IF JO=1 THT-ý! 2,.7,
2r A0 TO-
?1570 OESTO-F" 7610
2580 F3 C 7 7 TO 16i

.30 NEXT i7
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XftIS -?.GE I-S BEAST QUALITY CI~

261 ~FROM CopyFUFURN[ I TO DD0

?640 I86A-9JO
?650 1 T .3 0

2660 IF i , +t ,, I Y gy., -.n

2700 Gt3#11=J9^3

2720 GC2*1=T!1:2~I
2 73 0 G(3,2'=J9ý2

2740 GCT31=4*1~9
2750 G C2 , 3 3-T9

2760 GC3,3'=J9
2780 Gti,J0l~l-A(J0 /?
2790 C(?,Jml1=2/3-A[J0 1/3
?800 L~ll=,lCkCi ,JOI-5
2810 Lr21'=ArJO7
2820 L302J -

2e330 "AT 0~=G*L

2860 A=
2870 IF A"<! THEi 2ý90

2390 IF: J6:~i THEN 3Q0r

219 00 17=03
?910 IF JO:1 THEN' 2930

Z930 lF 'WJC-, 1 > 0 THEN' :1136
2940 17= 0
2950 GtJT' ?')ýg
?960 I F T I6 C 6 ,I 8 ),0 T 98 0

2970 17=i
2980 IF J6=5 Oiý J5=r T-ie.N 3011
2990 A4=(!-,Li 17
3000 GOTO 1060
3 010 IF NýU541-6,I28 THE4 30349
3020 AL=0
3070 GOTO ýfl.~'

3050 A 1~(-7.
-3060 F rIJ N



c. Data Variables.

19 Opposing tank open fire range (top half)

B(i) Initial battle range of firing weapon 1-20.

d. Defined and Computed Variables.

J9 B(i) above

18 2 if JO = 2, 4 if JO = 1

A4 Fraction of fires by firing weapon type to target type under
consideration

AWi) Ratio of soft possible targets to total possible targets

G(i,j) Coefficients of system of equations to determine allocation

L(i) Right hand side of system of equations

C(i,j) Tactical preferences on cued versus random detections
17 Preferences among two soft target types (lower half)

19 Ratio of possible targets among two soft target types (lower half).

e. Modeling. This routine first determines the allocation of fire by
the firing weapon type against opposing hard targets. It is accomplished by
fitting a cubic curve to four distinct points giving the allocation A4* as a
function of range. The four points are:

A4* = 1 at battle range RI = 0
A4* = 1-A(JO) at 19, the opposing tank open fire range

A4* = C(1,JO) at 19/2

A4* z C(2,.JO) at B(i), the initial battle range of the firing weapon.

The equation is:

A4* = M(1) • RI3 +M(2) - R12 + M(3) • RI + 1.

The simplified system of equations solved to determine the coefficients M(i)
is:

G(i,j) M(i) = L(i).

B-20
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If the target is not a tank, as determined from the value of J6 passed from
the calling ground attrition routine, then A4 is (1-A41-) times the preference
factor of TOW over Dragon and GLLDs (or vice versa) or BRDMs over BMPs (or
vice versa) times the ratio of Dragons or GLLDs to total if needed. A4 is
the variable required by the calling routine.

f. Notes.

(1) Care must be taken that no B(i) equals either an opposing tank's
open fire range or one-half of an opposing tank's open fire range. If so,
the matrix G is singular and the M's are impossible to solve.

(2) Note that C(2,JO) <. l-A(JO) . C(1,JO) S I should be true.

(3) Currently the preference of C(I,JO) at one-half the opposing
tank's open fire range is the average of one and the ratio of hard to total
targets. The preference of C(2,JO) at the initial battle range is two-thirds
the ratio of hard to total targets. These values, which were chosen after
consideration of desired preferences and detection/acquisition equipment
discriminability, can be changed easily. I
B-11. GROUND ATTRITION.

a. Purpose. This subroutine computes the cumulative killer-victim table
entries for the direct fire firing weapons; i.e., tank, TOW, Dragon, BRDM, I
and BMP. To accomplish this, the subroutine calls several other routines to
obtain hits and allocation of fires (see figure B-3). The remaining load per
weapon Is also checked.

b. Ground Attrition Subroutine Listing.

3070 E'o AT"
3080 IF N[10v,*J01 <- J THE-'J 3•"')F3090 1$=1OT1O1 (JO-i) ,=

3100 kEST:F_ 314+0
3110 FO_ T=I' TO 16
3120 r,'El Pn .I-,
3130 NEXT T7

3140 D TA .,0, 0O .- ),1,4.2. , 1 ,0,9 ,,0%, "I
3150 IF a:Tj ]<:,' TW=N3"3

3160 GOSU! 2370
3170 IF HS0= THEN 3430
3180 R ESTOC.F 3 00
3190 ;PA9 .r[ , ],n c ,,,] oc1 :51), 1 13 ? 90 '_, TA C. 9, 0. 0. G. % ,.

3 , ? 10.PA r4 i ,-[, 4 F). (,, t 5 ,n ,

3220 0 k TA 9.7.0.6 5 .
3 2 3 0 0 -_h E 4 [5 , 1 -) • •] q 5 , 5 "1 5 ,C- ]1 k) • P

3250 z O.A .

3260 OATA `45,0.310 .1,
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35 Di. TA 0. 1.10. 7t,0. J

3300 IATA 0. ,0.7,0.7 1J"1310 -1 EA 0 .n 7,0.7,0.i,1 0 1 6 1 D11E

3320 OT 9.=,4 n .3,0. i.
133" :F "r" 1>0 T HEN 33 E0
3340 , IjNT N'r 04L"OUT
335 GCT5 ) ý.n30
3360 F ;D - J I• T j,

3370 IF J6=?2 > JJ=6 Tr'iCJ 310
3380 GCSJe 2530
33,90 IP 4"O.O0001 0 T 4 A 4 C n C J 6 TrJ 3 10

3410 NFYT Jc

14~30 R~ET1JPý,

c. Data Variables.

D(i,j) Adjusted probability of kill given hit.

d. Defined and Computed Variables.

II Firing weapon number, 1-20

K(i,j) Accumulated number of kills by weapon i, i 1-20, against
weapon J, j = 1-6

R(i) Remaining load per weapon, 1-20.

e. Modeling.

(1) The remaining load per weapon R(i) is accumulated by subtracting
the number of firings per period H6.

(2) The total number of kills per weapon and per target J6 is foundfrom the total number of targets acquired T4, the fraction of firings to the
target type A4, the total number of hits H5, and the probability of kill
given a hit on each target type by the firer, by:

K*(I1,J6) - T4 * A4 T4[ -(- iJ6 H A4 1

The variable K(i,j) is required in the updating of forces routine.

f. Notes. Since the probabilities of hit were computed without regard
to particular target activity, size, posture, etc., the probability of kill
given hit should reflect these considerations between target types with
respect to relative size.
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B-12. ARTILLERY.

a. Purpose. This subroutine handles the attrition due to artillery. j
Artillery can be employed in preparation before the battle and at the start
of any iteration. The model also suggests a necessary allocation of fires
to achieve desired damage (if possible).

b. Artillery Subroutine Li~sting.

3440 W.:EV-A:TY
3450 IF NCI'?,JGI <= 0 THEN "1.20
3460 0 1INT ",R rING '
3470 11NCUT 07

34.30 kESTO-E 35401
3490 FOz Iq=1 TO 6
3500 POP J'=! TO 6
3510 ;.E- AD CriJg1,Z0(IJ'e]
3520 NEXT JI
3530 NEXT IS

3540 DATA ,,,,25
3550 DAT4 1,25,2,40,1, 5, 0,1),?,

3570 O\AT4 7,25,9.25,4',17.S,?0,t,?0,3,25,A ,?5

3600 I7=:0-7
3610 I ,= I7+34 (J0-i)
3620 OR !, I,= TO 6
3630 IF I1=2 THEN 3a70

3650 IF JCI',)<i THEN 3o7o
3660 J[!4!=0.99
3670 WEYT I-
3680 ZEIýT,]:F 3740
3690 FOR I=1 To 3

3700 FO• JY=i TO I
3710 REA I CAI ,Jg),G[IJJ*lOJg]
3720 NEYT J9
3730 NEYT :
37',0 D0TA Q.3,,3.5,2
3750 PATA 0.2,0. 05, 4
3760 DATA 9.3,0.5,2
3770 DATA 1.2, 0.15, 4
3780 DATA 0 . 0.5,2
3790 OAT4 %2,0.150.
3309 L 7=C r T7, JOa *(Gr C T, J 0 {1+ I- G 17,J .2 *,r;/ pir 7.-7 j I

3610 IF L7<C(I7,J01 T-4-C' 3&19
3820 L7=0C17,J01
3830 7=
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.18 0 ; ': 4

3690 Ne 4N1,

39Q0A~, ,

1930 ;u JCE / J
3950 IF .Ir

I90 F Ar~gj 4000

3990 4C'9 7-lrjrqf 0;C91

400 NEXTu~ N19

44020 ORINT4030 t's xr
4040 PRINr'

4070 po 9,.~ ýJ4

4010 IF 19.2~ 0_0

li ~49 N'91'CI941.C

I,.,
4140

415 feST ZCJ7 1 Igr:

pop . 41s
416S PAGE IS BF6 ULT PC1LA3L

'91I

I.~omrgf17 MC-24
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c. Data Variables.

C(i,j) Lethal radius of jth artillery (1-6) versus ith target (1-6)
(first use)

D(ij) Radius of coverage of ith artillery (1-6) versus ith target(1-6) (first use)"

C(i,j) Maximum detection rate, targets per minute, of (i,j) artillery
i - 1, 2, 3, j - 1, 2 (second use)

G(i,J) Initial detection degradation factor of (ij) artillery
i a 1, 2, 3, j 1 1, 2

D(ij) Battle time when C(i,j) is realized (second use)

A~ý Weapon dispersion, aim/location errors4

S(ij). Individual target unit radius, i - 1-6, j 1 1, 2

d. Defined and Computed Variables.

D7 Required damage fraction

18 Artillery number, 1-6j

17 Artillery number, 1-3

J(i) a F Probability of kill of artillery (IO,JO) versus target i

L7 Detection rate in targets per minute at TO

P7 Probability of detecting targets in time interval from TO to
TO + Ti

7 4 if JO = 1, 2 if JO = 2

A(i) Number of targets detected of type i from TO to TO + T1

J9 - H(i) Number of rounds required for D7 fractional damage to target
type i (if possible) (first use)

JC' 8, 9, 10 for Blue artillery; 18, 19, 20 for Red artillery
(second use)

J7 Target type number in "F" function.

B-25

L n I"M



I;

e. Modeling.

(1) The probability of target kill by each round is computed first.
The probability of hit is found by assuming a normal distribution on weapon,
aim/location errors. In the probability of kill given a hit computations,
it is assumed that the target is located uniformly throughout the area of
coverage. Thus:

-. * S(J7, 3-JO) 2 /(A(18) 2 + B(18) 2 )
F*= -e

F F* C(J7, 18) /
D(J7, 18)

(2) Secondly, the number of targets detected is computed. The rate
of detection is a linear regression between the initial degraded rate at
TO = 0 and the mdximum rate at TO = C(i,j). The probability of detecting
targets between TO and TO + Ti is computed as in paragraph B-5.

C(17, JO) .(G(17, JO) + (1-G,(17, Jo3)- TO. ) if TO<
D(17, JO))

U L7 JO)

C(17, JO) if TO > D(17, JO)

P7 1-e L7 Ti

A(i) - P7 • N(i, J7)

(3) By back solving, the number of rounds required to do damage of
D7, if possible, to each target is:

EB = H(i) = I + Log (I-D7)
Log 1-(iJ())

B- 27)
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(4) With the above computations, the number of kills of each target

i by each artillery type J9 is simply:

Hri

I K* (J9,i) AM AI) (~ I-(i . .) ~) )

f. Notes.

(1) This model assumes that the target units are sufficiently spread
out and that each artillery round works independently and essentially only on
one target unit.

(2) The code can easily be modified to print the number of targets
found, by type, or the number of targets present, by type, instead of the
number of rounds required to achieve the input damage fraction. These
alternatives may be desired if modeling a less discriml1iant allocation of
fire capability.

(3) Another modification could be to replace A(i), the number of
targets found, by a percentage of the number of targets present. This could
be especially appropriate for the artillery preparation.

B-13. RESERVES COMMITMENT.

a. Purpose. This subroutine allows the addition of forces due to
reserves, second echelons, etc., or the deletion of forces due to externally
determined attrition such as close air support.

b. Reserves Commitment Subroutine Listing.

4250 F -%S S<1

4270 FO I=. TO 10, /
4280 WfITE (li,435Q)N.9,?3",

4300 P :"7 !(.IT .. c

4310 WRITE ( 4 ) '-C;E- :ýfl PZ..

4320 PGO '-~ TO 10
4330 WfITE (i5,+350)N'..,9,43"
4340 NEXT 19
4350 FORMAT 1J0Pt.2,/

4360 1•NIT
4370 Pj 1N T

4 3 'J0 IP L t]= 4T ~ - 1 E(
4 3 9 9 1 N O U T A [l ] , [ - ••l,,1r ' a '7 1 . r 1 9 4 , t ] '7 1[ ] ' ' •

44,-0 IF A[I ]=0 •141 .4 I.-'10

30 T • T I +1) /C 1 2 1 r 1 ?
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21ilS PAGE IS BLST QUALITY FRA

L4•--0 IF A(!I=0 TNHF LLO0

" ,0 PCR I19= TO 10

4,-d70 NfI9,'1,C 19,3 1 : 91

45030 'ý-INT "NEW 9L. FRGL"

4510 CCR IQ=1 TO 10

4530 NEXT 19
4540 PI IT N i
4 5B 5 0 F ý ! Al " " -? 0 ;;E S ',3 Y I• ".1

4570 .ZF A[I1=0 THEN 4,59
4580 Z, lJ CE 111 CII* rý
459 1P A (w 1 0 TH4EN' 4510
4600 ; t1..'1 (ACIA I TC14 +~414 ± 1 1 / 1~ A C C I
-; 610-I1 AC[I]0= TWEN '.630

4630 1P ACA1=( THFN "C53 I

4650 OP I9=1 TO tO
4660 NC [ 9,• 1 =N4 f, 1 ,9 7 A E 19 1

4670 N[Ir, 1=NPgI9,31+A[ 191
4680 NE'T 19
4690 PRINT "NFIJ -.- . C,'
4700 F07t 1.=1 TO 1O
4 710 WP 1TE ( 15, 4350 N C 1•l.

4720 NEXT :9
4730 PRINT
4740 rosu.= 601-0

t..750 GOStJ-'4 L770
,,:4760 "RETU •,

K c. Data Variables. None.

d. Defined and Computed Variables.

A(M) Number of weapon additions/deletions, 1-10

R(i) Remaining load per weapon, 1-20

re, e l This routine is a bookkeeping exercise. The new forces

are added, and the new weapon load is the weighted average of remaining loads
and basic loads.
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B-14. BATTLE STATUS.

a. Purpose. This routine prints out the following battle information
in order.

(1) Battle status time: TO, and range: Ri

(2) Surviving total Blue force: B4

(3) Surviving total Red force: D4

(4) Percent Blue survivors: 100 B4/BI

(5) Percent Red survivors: 100 D4/DI I
(6) Surviving maneuver force ratio difference (SMFRD):

84 - D4
B1 D1

(7) Loss exchange ratio (LER): D5/B5

(8) Fractional exchange ratio (FER):

D5/B5 I
(9) Cumulative Red losses: D5

(10) Cumulative Blue losses: B5

(11) Attacker's advance rate: V5

(12) Distance advanced: R2

b. Battle Status Subroutine Listing.

4770 PEO STAT
47'0 GcSUý 5950
4.790 PRINT
4.00 CRIIT "STATS-TIM1-T0",; rr,"'"j
4810 °O!IKtT "-kL FRC"*•3,
4 6 ?0 '-;,i T ", :,3
48+ 30 w I . ... -3L SU-'. 9 0 441" t

4840,{ Q -.AT "% ý4 SU,,,, q .9 +

455O Dz.TNT "SFiý I'" 3LIA t- 114/Il
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48•0 IF 3j>U T.iN '.6jn

•i4580 GLT) •"]IJj
S948700 R1 1T L .ET'" 0 5/5

-",..RIT E~ ., ) I (rl.3.r'499' D R . -,TIT 9• 5U 1 1 3" F

4.910 QO. 1JT "K" CUO LOS-S0:-
492 r wN T `3L C'J'm LOSS?'
4,930 P•iINT *'r9'! o ArE"k/5

4940 PRTNT ".:ST AM'12
4950 ,ETU9N

B-15. ATTACKER'S ADVANCE.

a. Purose. This subroutine computes the attack rate and the distance
advanced-. Yhe attack rate depends upon the ratio of the cumulative loss rate
of Red over Blue.

b. Advance Rate Subroutine Listing.

4960 RE-b-49V
4970 48=:!0/60
4980 GOSUI3 5950
4990 V5=V1
50 0 IF TO=O 0;: 1)5=. T,"j 3070

502•0 VS' 5
5030 IF V8 <t 19 TwrN 5070

5040 VS=I
5050 IF O<Vq TwrN 5070
5060 V5=0
5070 P2,V5*T0
5080 IF 14:0 THEN 5111
5090 VSR?=O
5100 H'u.=f
5110 i ETU'JT

c. Data Variables.

V8 Maximum attack rate possible in kilometers per minute.

d. Defined and Computed Variables.

V5, 19 Attack rate

R2 Distance advanced

M1 See FASCAM, Paragraph B-19.

"B-30



e. Modeling.

(1) The rate of advance is computed as:

19 VO (2 B5/1" - 1,
D5/DI

0 if 19 < 0
V5 ="19 if 0 < 19 < V8

V8 if J9" V87

For values of 19 between 0 and V8, the attack rate is a linear function of
percent Blue loss/percent Red loss. When the ratio is one, or the cumulative
loss rates are equal, then the attack rate is the initial rate of advance.
However, if Red is losing forces at a cumulative rate of twice that of Blue,
the ratio = h, then the advance is stopped. The advance may restart upon
Red reinforcements or a faster rate of Blue losses, for example due to Red
artillery being called in.

(2) The distance advanced is sinmly the product of rate VS in kilo-
meters per minute times the time interval T! in minutes.

f. Notes.

(1) The advance rate is sensitive to the stopping criterion mentioned
in subparagraph e(1) above. The initial rate can be forced to continue by
adding the line:

(4995) GO TO (5070).

(2) Other stopping criteria can be programmed; for ox•mple, for a
4 to 1 loss rate ratio before stopping, with a ratio of 1 for continuing
initial attack rate, the line (5010) should be changed to:

(5010) 19 = VO* ((4/3*((B5/B1)/(D5/Dl) - (1/3)).

For Blue attacking with a 1 to 2 ratio stopping criterion, line (5010) should
be changed to:

(5010) 19 = VO* ((-1)*((B5/B1)/(DB/D1) - (-2)).
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B-16. ATTACK HELICOPTERS.

a. .Purpose. This subroutine computes the attrition of Red elements by
Blue att-ackhrelicopters.

b. Attack Helicopter Subroutine Listing.

• ~~5120 ;9

50 IF NCr?,2*JOI <= 9 THEN r--390

t51.50 IUT F7
5160 IF E7=0 THEN 5390
5171 11:2+10*(J9-i)
5180 GOSJ,3 1170
5190 1-- T4=0 THEN 5390

52-30 A[.21=9.75

52?0 1P T4<A[I11 TJFN 7390
52O J7T= 5-*JO
5240 19=N •,-,J7 ] ÷ [5, J7 ] •.,[ 5, J7 ) ÷ (,'q[3•J71

5250 18=19/1q
526r9 1F Jj~j THE•N 5281•
52>70 T5=:(19.-N [6, 2])/.34
5280 7J-T~lZ8;'•1!/3
5290 jF 1'4<0.99 AND) 37N.,. THIEN 5310

5300 37=0
531g I'ý7=T'4"•(J-(1-Af. II/T41-fN[2,2*•J?]"E,.•Tt ))
5320 FOR ..)9=i TO 6
5330 IF J9=1 THEN 577n
5340 IF J13=2 0; (Jq=6 j.mn J3=2) THEAJ rl.•.)

5360 GOTO .m380
5370 K[ItiJ,?)='.:7*K7+K[=.",J91
5380NETJ
5399 j ET UN

" c. Data Variables.

A(i) Expected number of kills per attack helicopter per minute.

d. Defined and Computed Variables.

E7 Fraction of attack helicopter committed per minute

19 Total number of Red air defense and soft targets

18 Ratio of 19 to total targets I
B7 Apportionment of total kills to Red tanks

K7 Number of attack helicopter kills during present time step.
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e. Modeling.

(1) The apportionment of kills to tanks at range RI is computed by I
the equation:

B7 1 - 18 R1/3.

In the usual case of RI < 3 there is a preference of tanks for targets over
the rest of the vehicles.

(2) The total number of kills by attack helicopters from TO to .TO + 171 is:

K7 - T4(1-( I- AM (2,1,10) E 7 * Ti)

(3) Kills for hard targets are accumulated by:

K(IO,J9) = B7 - K7 + K(IO,J9).

The kills for air defense and soft targets are accumulated by:

K(IO,J9) - (I-B7) • K7 . N(J9,4)/19 + K(IO,J9).

N(J9,4)/19 gives the fraction of each type of air defense or soft target to
total targets possible.

f. Notes.

(1) Modifications to allow air-to-air or interdiction raid against
rear type elements would probably be too extensive considering present sýpace
restrictions.

(2) The variable E7 with S7 presently reflects that all committed
attack helicopters are popping up as well as on station at the iteration.
E7 could be reduced if the intent is to have the helicopters on station and
relocating between popups a given percent of the timi.

B-17. AIR DEFENSE.

a. Purpose. This subroutine calculates the attrition of Blue heli-
copters by Ted-air defense. There is only one type of air defense in the
model.
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b. Air Defense Subroutine Listing.
5400 RE!* A"
5419 J7=6-97 Jg
5,29 F qr3,?*J11 <= a J:, .ir2,J71 <= 0] THE"; 55?C

5'X0 PRIN1T " n"*JO* ,tA&./M:\, O-uO'"

5440 !;:jT E 8
5450 1= P?=O .? E:' TmEN4 512n]

5470 AC3]=q . 0
548.0 A[13iO0.C6
5490 Ij=E7*N( 2,J•i
5500 IF A[ 1I>19 TIHEN ý3c?05510 K[ Ii, ?]=19* UI- (1--4t 113/19) N(CI 3,?*JO 1*'-B*T1) ) +K 111,_ 1
552•0 R F*TU:Z'

c. Data Variables.

A(i) Number of helicopter kills per air defense per minute.

d. Defined and Computed Variables.

E8 Fraction of air defense available per minute

19 Total number of AH present

K(13,2) Cumulative kills of helicopters by air defense.

e. Moeling. The number of kills each time period is:

N(3,2 JO)" E8 TI

f. Notes.

(1) The input data can reflect generically an array air defense
with proper preprocessing.

(2) The modifications for air defense to be employed in a direct
fire ground role would be too great for present memory restrictions.

(3) The attack helicopter routine must be accessed for E7 in line
(5340) to be properly defined.

(4) The air defense routine has no explicit dependence on line of
sight or detection of the attack helicopters. Thus, these factors must be
accounted for in E8, availability, or K7, kills per minute. Alternatively,
the code could be modified to compute line of sight and number of targets
(helicopters) detected.
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B-18. CANNON LAUNCHED GUIDED PROJECTILES (CLGP).

a. Purpose. This subroutine computes the Copperhead (i.e., CLGP) kills
on each opposing weapon type. It apportions the total CLGP kills to tanks to
reflect a preference for tanks at ranges less than 3 kilometers.

b. CLGP Subroutine Listing.

5530 P. F w-,;LGP
554+0 IF THtE•jn <= o T'•_N 57PS0
5550 Q;INT "-;NrS CONT.P, OL/•UJ,0-NO,,
55b0 INPUT F7
5570 IF E7=n T.E; 5780
5580 11=6
5590 GOSUJ' 1170
3600 IF T&4:O TW7N 5750

5630 e.7=1-JQ*,•1/3
561-0 IF I.O•' ANt) 37>0, wHEN 5560

5650 e7=0
5660 S7=1.25
5670 GOSU• 201•0
5680 $7=S7* (1-SO)5690 IF T,"gS7 THEN 5780
5.700 K7=T4* (I- (1-$37/TL.) '^P')C,2*J0 !•F7*Tj•))

5710 FO' J9=1 TO 

I

5720 IF Jq=9 THE:,' 5769
5730 IF J9=2 TH7N 577n
574-0 Kr.•iJql= II-ýT)*•KT7*,lt.J9,4l/.T.7m•<•.'• l,j-I
5750 GOTO 5770
5760 K'[I1, ,J = E=7*K7-.K[ 4, j I
5770 NE1T J9

c. Data Variables.

S7 Maximum CLGP performance in kill s per round per GLLD

d. Defined and Computed Variables.

E7 Number of rounds controlled per GLLD per minute

17 Number of AD plus Red soft targets
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18 Ratio of 17 to total targets

87 Apportionment of total kills to Red tanks

K7 Number of CLGP kills during present time step.

e. Modeling.

(1) The apportionment of kills to tanks at range RI is computed by
the following equation:

B7 - 1-(18)(Rl/3)

where 18 is as defined above. In the usual cise of R1 < 3 there is a
preference of tanks for targets over the rest of the vehicles.

(2) The maximum performance of CLGP is degraded if the GLLD is
suppressed by the following:

S7 - 57(1-S4)

where S4 is found in the suppression formula.

(3) The total number of kills by CLGP from TO to TO + Ti is:

K7 *T4 i~(~ siN(10,2J0) -E7 *TI)K7-T4 1_ (I-S

(4) Kills for hard targets are accumulated by:

K(IO,J9) = B7 • K7 + K(IO,J9)

Kfils for soft targets and AD are accumulated by:

K(Io,Jg) a (1-87) . K7 • N(J9,4)/17 + K(IO,J9)

N(Jg,4)/17 gives the fraction of each type of AD or soft target to total

targets possible.

B-19. FASCAM.

a. Purpose. This subroutine calculates the attrition due to FASCAM mine..
field for either the bull-through tactic or enployment of plows.
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b. FASCAM Subroutine Listing.

5790 qEP-PLS
5100 IF 'C7, 2 jO =1 1 T :i 5 9j.'I
5810 --;!'I:,T " • E D , -•• tI O ? ,

58?0 INCU? I , .
5933 IF 1 O T EN 5 9.0

5850 E .,9 =EXC (-" *Pt I)
5860 X7=0*-./jj 3

I5370 TF M'=O THFN 5390
53 '�K'7,O k7:.5/113
539O r 1" , =NC "NC1C,4 1+ K 10, r ]

5ý30 KC IO, I =K8*iN611, /"7+W[.C!O, I

5940 ii E T IJ',

c. Data Variables.

17 Terrain parameter used in probability of entering minefield

K7 Number of kills per target per field (depends on breach tactic).

d. Defined and Computed Variables.

18 Number of standard 300rm x 300m, 90-mine FASCAM minefields

M1 1 = plow tactic, 0 - bull tactic

E8 Probability of entering a minefield

M7 Number of vehicles attempting to breach the field

K8 Total number of kills due to the minefields.

e. Modelng.

(1) The probability of entering the minefield is a function of range:

1- 7 • RI
E8 e

(2) The total number of kills is:

K8 = E8 18 K7 M7
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(3) In computing the attrition to each vehicle type, the model assumes I
that the tanks and BMPs breach the field while the BRDMs stay back in over-
watch. Thus, the apportionment is proportional to the number of each type
breaching the field. If the plow tactic is selected, then the Red advance
will be slowed for one time step.
B-20. PRESENT BATTLE CUMULATIVES.

a. Purpose. This subroutine calculates the number of attritable elements
rema iningand lost.

b. Cumulative Subroutine Listing.

5950] c E !w-,"U .
5960 35='S=q•,=nl•=o

5970 F0; 17=j TO 6

5960 3=3• C T*M7,2]
5990 0 4=04 4-VC_7,4 1
6000 NEvXT I7
6010 65=91-64
6020 O =Di-04
6030 PETURN

c. Data Variables. None.

d. Defined and Computed Variables.

B4 Present number of Blue attritable elements

D4 Present number of Red attritable elements

B5 Number of Blue losses

D5 Number of Red losses.

e. M. This routine adds the present forces of types 1 through 6
(tanks, atack elicopters, air defense, ATGM, and GLLD).

B-21. INITIAL FORCE STRENGTHS.

a. Purpose. The number of attritable forces that have been committed are
calculated in this subroutine.
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b. Initial Force Strength Subroutine Listing.

6 040 P F#A-INI T
6050 01 =61=9

PO60 17I=i TO t

5079 SJ.:N(17,11+31

6090 N~E eT -`7
6100 PFINT "el CRC COMM:1-t3

6120 'ýE T U,-

c. Data Variables. None.

d. Defined and CoMputed Variables.

B1 Total attritable Blue forces committed

D1 Total attrltable Red forces committed.

e. Modeling. The forces committed of types 1 through 6 (tanks, attack
helicoptersair defense, ATGM, and GLLD) are swiwed for each side.

B-22. UPDATE NUMBERS.

a. Purpose. The purpose of this subroutine is to calculate the number
of present attritable targets. Also, the losses of each individual soft
target during the previous time step are accumulated for calculating fractional
losses to the system in the suppression routine.

b. Upate Subroutine Listing.

14 .0 ;FO >ý=i TO

6170 K9zK9+KfJ9+i1,v191
6 10 b L8K3+K(J9,191
5190 N ýX T J 9

6 62,2 I 1F Nrg I3*> 0 T HE? N

6213 a NCI9C~
62 40 'TF Ný ý:9,L'>0 THENI ý,j,
C6250 NCI,;=
6260 NC7YT 19
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6270 P;C- , ,r=i TO .
6.".80 01191--0C1!9

6299 NET : T
6300 F 00 rc= 4 TO 19

65310 J =4 TO 6
63290 o(J-Z3iJg-•]+V[ 9+I0,J.
63310 OtJ9 1=o[Jg+KtI9,J?!
6340 NEXT J9
6350 0[7]1=C 7]+K(Igr I 1I]
6360 Ot•.]=C[ ýI+K[19ilI

6370 NEXT 19
6380 PETIJ-A

c. Data Variables. None.

d. Defined and Computed Variables.

K<9 Cumulative losses for Blue weapon 19 by all Red systems

K8 Cumulative losses for Red weapon 19 by all Blue systems

0i) Losses to the ith system during the previous time step for
tanks and for soft targets 4, 5, and 6.

e. Modeling. The losses to the attritable systems are totaled from the
K (killer-vi m) matrix.
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APPENDIX C

GROUND COMBAT MODEL OUTPUT

C-i. PURPOSE. This appendix describes the Ground Combat Model output, in
particular the graphs of the measures of effectivensss (MOE) avallable. The
model program stores relevant output in a transformed way on a common block while
executing. This common block is then stored on a file after the run is termin-
ated and used as input for a graphing program. These .¶OEs may then be plotted
versus time individually or with MOEs from the same run or from different runs.

C-2. MEASURES OF EFFECTIVENESS (MOE). The following MOE are calculated by
the model.

a. Distance advanced (per time period)

b. Present Blue force

c. Present Red force

d. Battle range (in kilometers)

e. Attacker's advance rate (per minute)

f. Total committed Blue forces

g. Total committed Red forces

h. Percent Blue surviving

i. Percent Red surviving

j. Surviving maneuver force ratio difference (SMFRD)

k. Loss exchange ratio (LER)

1. FrL:tional exchange ratio (FER)

m. Cumulative Blue losses
n. Cumulative Red losses

o. Percent Blue losses

p. Percent Red losses.

C-3. INPUT DATA.

a. The input data (the A array) are obtained from the X array of the model
(see common statements in code). Because of the need to conserve memory by
using integer numbers, a conversion on data in the model was made in order to
prevent the loss of all decimal places.

C-I



b. The data in the A matrix are stored by time period. Converted initial
data are assigned to row 1. Data for the ith time period or iteration are
assigned to row i+1.

c. Following is a list of the data, for each iteration, and their
conversions. The X's and Y's are the actual values, and the A's are the
converted data that are passed.

(1) Time X(I) = A(I,1)/100

(2) Present Blue forces Y(I,2) a A(I,2)/100

(3) Present Red forces Y(I,3) - A(I.3)/100 + 325

(4) Present battle range (in kin) Y(I,4) - A(I,4)/1000

(5) Attacker's advance rate (per min) Y(I,5) a A(I,5)/lO00

(6) Total committed Blue forces Y(I,6) a A(I,6)/1O0

(7) Total committed Red forces Y(I,7) a A(I,7)/100 + 325

C-4. MEASURES OF EFFECTIVENESS (MOE) CALCULATIONS. Calculations for
selected MOEs appear below.

a. Distance Advanced. Y(I,1).- Y(I,5)*(X(2)-X(1))

Distance advanced - advance rate (km/min) X length of
time period (min). If the time period
equals 1 minute, then distance advanced
and attack rate are numerically equal.

b. 21FRD. Y(I,O) - Y(I,2)/Y(I,6) - (Y(I,3)/Y(I,7)

Present Blue forces Present Red forces
Commi tted-Blue forces - 'Commi tted Red forces

For SMFRD the X-axis is drawn to intersect the Y-axis at Y 0.
C. Y0I,1I)-=[Y(I,7)-Y(I,3)] / [Y(I,6)-Y(I,2)]

LER u ratio of Red losses to Blue losses.

d. .EF.. Y(I,12) = (Y(I,7)..Y(I,3))/(Y(I,6)-Y(I,2))/Y(I,7)/Y(I,6)

LER
FER = Committed Red forces/CommiRted Blueforces
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C-5. SAMPLE OUTPUT. Figure C-1 is the output from two iterations of the
model. It is not part of an actual run but is a trial of all options. The
N and K arrays need not be printed each iteration. Figure C-2 is a listing
of the operations required to produce two graphs on the samie axes. Figure
C-3 is a copy of the graphing program. A plot of the MOE, percent Blue
survivors, from two different runs and a plot of the two MOEs, percent BlueI
survisors and percent Red survivors, from the same run are shown in chapter 2.
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RUN
INP INIT BL FORCE (1-10)?10,18,0.,25,20,5,1,1,1,1
INP INIT RE FORCE (1-10)?40,0,5,20,60,40,0,1,1,1
INP INIT BTL RNG?2.5
INP INIT ATK RATE?.2
INP TIME STEP?l
BLUE FORCES COMMITTED: 78,000
RED FORCES COMMITTED: 165.000
INP PRF BRDM V BMP,TOW V DR? .6, ,8

ITERATION 1.000
INP I-SUP,O-NOT?1
INP(O,O)FOR NO ARTY
INF ARTY #,I-BL/2-RE?10,2
INPUT RQRD DMG FR?.05
# DESIRED RDS BY 10.000, 2.00.0 vs. TGTS:

158.000 0.000 0.000 355,000 145.000 101.000
INP FIRE #Is BY TGT?80,0,0,160,80,80
1-PREP OVER, O-NOT?l
ARTY PREP OVER
INP(0,O) FOR NO ARTY
INP ARTY #,I-BL/2-RE?8,1
INPUT RQRD DMG FR?.05
# DESIRED RDS BY 8.000 1,000 VS TGTS:
1308,000 0.000 0.000 1080..000 2075.000 1383.000

INP FIRE #'S BY TGT?18,0,0,18,36,36
INP(0,0) FOR NO ARTY
INP ARTY #,I-BL/2-RE?0,0
FRAC AH COMM PER MIN,)-NONE?#,3
INP AD AVAIL PER MIN,O-NO AD?.5
INP #FIELDS,&I-PLOW OR O-BULL?5,0
"INP #RNDS CONTROL/MIN,04.N0 PLAY?3
INP I FOR STAT?I
STATS-TIME 1,000 ,RNG 2.300
BLUE FORCE 76,385

K: RED FORCES 152.401
% BL SURV= 97,930
% RED SURV= 92,364
SMFRD= 0,056
LER- 7.802
FER= 3,688
RED CUM LOSSES= 12.599
BLUE CUM LOSSES= 1.615

Figure C-i. Two-iteration model run (continued next page)
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ATK ADV RATE 0.200
DIST ADV 0.200
INP 1-RES COMMIT?1PRES BLUE FORCE:

9.17 17.85 0.00 24.40 19.98 5.00 1.00 1.00 1.00 1.00
PRES RED FORCE:

36.01 0.00 4.87 17.47 56.44 37.62 0.00 1.00 1.00 1.00

INP BL RES BY #?0,0,0,0,0,0,0,0,0,0
NEW RED FORCE:

46.01 0.00 4.87 17.47 96.44 57.62 0.00 1.00 1.00 1.00
BLUE FORCES COMMITTED: 78.000
RED FORCES COMMITTED: 245.000
STATS-TIME 1.000 ,RNG 2.300
BLUE FORCE 76.385
RED FORCES 232.401
% BL SURV= 97.980
% RED SURV- 94.858
SMFRD= 0.031
LERz 7.802
FER= 2.484
RED CUM LOSSES= 12,599
BLUE CUM LOSSES= 1.615
ATh ADV RATE 0.200
DIST ADV 0.200

ITERATION 2,000
INP 1-SUP,O-NOT?STOP
MATPRINTN

10.000 9.166 50.000 46.009

18.300 17.851 0.000 0.000

0.000 0.000 5.000 4.866

25.000 24.395 30.000 27.467
20.000 19.97f 100.000 96.437
5.000 4.997 60.000 57.622

1.000 1.000 0.000 0.000

1.000 1.000 1.000 1.000

1.000 1.000 1.000 1.O00

1.000 1.000 1.000 1.000

Figure C-I. Two-iteration model run (continued)

C-5



MATPR INTK
0.556 0.000 Q,000 0.652 0.237
0.158

0.970 0.000 0.066 0.266 0.797
0.532

0.000 0.000 0.000 0.000 0.000
0.000
0.690 0.000 0.000 1.341 0.537
0.358

0.000 0.000 0.000 0.000 0.000
0.000
0.989 0.000 0.068 M~71 0.813
0.542

0.781 0.000 0.000 0.000 1.171
0.781

0.004 0.000 0.000 0.002 0.007
0.007

0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000
0.000

0.027 0.000 0.000 0.041 0.003I 0.001
0.000 0.000 0.000 0.000 0.000
0.000

0.000 0.149 0.000 0.000 0.000
0.000

0.709 0.000 0.000 0.228 0.007
0.000
0.095 0.000 0.000 0.331 0.009
0.000

0.000

0.000 0.000 0.000 0.000 0.000
0.000

0.000 0.000 0.000 0.000 0.000
0.000

0.003 0.000 0.000 0.006 0.006
0.002

Figure C-1. Two-iteration model run (continued)
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CONT
?1

INP(O,O)FOR NO ARTY
INP ARTY #,I-BL/2-RE?0,O
FRAC AH COMM PER MIN,O-NONE?.3
INP AD AVAIL PER MIN,O-NO AD?.5
INP #FIELDS, &l-PLOW OR O-BULL?O,O
INP #RNDS CONTROL/MIN,O-NO PLAY?3
STATS-TIME 2.000 ,RNG 2.300
BLUE FORCE 74.255
RED FORCES 215.425
% BL SURV= 95.198
% RED SURV= 87.929
SMFRD= 0.073
LER= 7.897
FER= 2.514
RED CUM LOSSES = 29.575
BLUE CUM LOSSES= 3.745
ATK ADV RATE 0.000
DIST ADV 0.000
RED SLOWED
INP 1 FOR STAT?O
INP loRES COMMIT?O

ITERATION 3,000
INP 1-SUP,O-NOT?STOP
MATPRINTN

10.000 8.345 50.000 40.515

18.000 17.706 0.000 0.000

0,000 0.000 5.000 4.754

25.000 23.290 30.000 22.457

20.000 19.924 100.000 92.457

5.000 4.989 60.000 55.244

1.000 1.000 0.000 0.000

1.000 1.000 0I.000 1.000

1.000 1.000 1.000 1.000

1.000 1.000 1.000 1.000

Figure C-i. Two-iteration model run (concluded)

C-7

- '> .



INPUT FILE #?2

M1ENU? O=NO, lIt'ES?O

ENTER OPTION # OF PLOT?8

ENTER THE MIN & MAX X?O,9

ENTER THE MIN, MAX & INCREMENT Y?O,100,,25
LABEL Y AXIS? O=NO, l=YES'?2

ENTER Y AXIS LABEL? % SURVIVING

PLOT AGAIN? O=NO, 1=YES, 2=SAME AXIS?2

PLOT SAME FILE? 0-NO 1-YES?1

MENU? O=NO, 1=YES?O

ETROPTION # OF PLOT?9

Figure C-2. Grpigprogram operations



.tO COH A.'[31,73

40 FIXEDl
50 DISP "'IN-)UT rILE- It";

60 INDUT .4
70 LOAD OLT: Al
30 MAT =Tr ,
90 MAT Y=EPz7

100 FOR I=1 T'J 31
110 XC=I I rl1]/100
t2o YIqzl=AC1,21/O0a
130 vtI,31IAC: ,I 1I3O+3?
140 Y (I, )zjd:,,]I .00
1.50 YtI,5 1, Mf,5]/1 000
160 Y(I,61=A(I,5).'10

170 YCI,7 !=A[T,7]/100+3?5z
0ISO NEt T I

190 OISC "ENIJ? 0.IO, 1=VES '
200 INPUT z"r210 1 A T4C N 9;: ~0
2?0 PRINT
?_30 PRINT '-OISTANOE x,4r4EO"
Z-+0 PQINT
250 OR NT `7DRESENJT 3..I

26 01 '.I NT

280 L, I NIT
290 ePDINT "--3ATTL- E W.'O
300 0 kiNT
310 'R INT "5-ATTA?-K E •t irWv!,iCE RATE"
320 PRINT
310 PPINT "'5-TUTAL 00-1 ITTE0 9L!lc_ FCt2%S"
340 Qi;I NT

350 Pzý-N!T "7-TOTAL '0.':iiTT qrnl ̀. .Cn'"
360 P R jN T

370 PRINT "-b•- 3LUE S'J,'!IqI':G'
380 P,ý I T
3 9 PRINT "-9-%/ •'P_.,En•.Z.'o'

400 ORINT
I+i0 PRINT "tO-S1 FkO(SU.mfVING F:RCF ATIO DIPFC)'

420 PFINT
430 PP.NT -1' -L FR
4+40 Pp.' T
450a P r- -I?-";- P;F -';'. CT70-• CYS• rE T- "
460 1• T

Figure C-3. Graphing program (continued next page)
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470 PP:hT "13-,'J•, .'j LCNT

490 PRT I N
500 0; , INT-
510 rwINT '*Ir-*/ -LUE L-SS!t3-5S0 •ivr"l.,r0 

S53-+ P-j rT - R" ED- LO ."7

550 DISP "c jiT•- LO iT 0 F ,. "
560 INPUT 1 i
570 R E-3=2 SKTCS LA 

-tS
580 IF --3=? T'-4;7,' I I 1Di

590 REt . k ls O-,AWT. 4G 4.ND L,'LTNG
600 DO'SP "'CUT~k T• r.J • ý "610 I&4UT P ,ei

520 m=S=rr3 yr 2 1630 DISC -:'Tcr( TQCI~~ ~ C~T
650 W!= 2M-Z 42

660 w?= (m4-w)
680 I• _1=10 TWF.N 73J

690 PLOT M?,M3
700 PLCT s1,w.3
710 PLOT mIM',_-1
7?0 GCTC 770
730 PLOT "f?,O

7'.0 PLCT 41 0750 PLCT w! Mt.,I
760 PLCT •i,1, 3,2
770 GI=M!
780C G2=m4
790 G3=MA
800 Z1=NGmn

n10 G1=I I
830 G3?-,

950 0LCT (I.,1 +,? .1 3 .j _ _360 LA,-FL ,I 1 . 7,9C, *) T870 DISp "LA3EL Y AXIS? 0=NnjE=ES...
580 INPUT 0ý-
8900 9P m`=0 ~E

920 B•=LEN•(J)
930 PLC T

Figur. C-j. Graphing program (continued)
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94-1 Ftp :I TJ j
950 C-"LCT _, _.
969 LAýEL • ! 51 7 9 6/ I _[ , I
970 4,_Y1C Y .T

9.0 PEN
99C IPFz1 T.= EN .I
1 000 ?12 'I 3

, 1010 IF ?II2 T-4FN 1133
10 0?0 GCTQ •l OF 10,0,, 4,

1030 GCTO =1"-0 OC t->J'3.O,13'0,1'3'),10..•
1040 R E ISTA.NCE ur)VAJCSEO
1050 FOP I=1 Tc M1+1
106 vrt I _. .•=y ,C (Yr 2 -1Y 9 rI
1070 KEYT -
1 060 G(C TU 1470

!' I090 ý. EP "t ' IJU w q :V N •G/ 5; L L~ q •

i 00 a 0 w I=4 TI: -4?4

1130 YtX 1,5 I1=oo-Yr!,1i,

j t10 NEXT I
1150 GCTO 1679

t t170 F[ ,71 T= • Y 7 :

110 NYT "

1230 G'.T 1fr1-71

I2Q ,EXT ,120• PEL L'"

1240 1:C 9 ' Ti j T h- 2+-'
1 210 G C TO .?.1

V' 1•30 PCz 1:? TO h!2+I
1 350 Y (,C•I'. 1(( ,C -YrT,311/(Y U, ]- rI,']'
I 5!0 114 , 9T I
132. 9-> GCTO ! 731

134+0 FOR 1=2 TO 12+1
1 350 v C !,III= lV I,7l-Y.l,311/lYCI,A !I I,(N(I

, 13k)0 K E ?T ;
!i1379 GOTO 1471

1399 qC 7=? MC '7?1

Figure C-3. Graphing program (continued)
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I n r

14 E!w Y(I ,i- C-) -Os -'

11

i'+ t • C { I , 1 •. 1 = r , 7 1 - yt. ., 3 ]

Iw60 t.'E YT T

1470 ;Ew ý LCT .z:PHS
$-0 LCT T ' ,YC:,1 1,,

4 > -3 0?'

1500 -LC t -
151a NE'YT
15? n 9E N
15j0 OIs0 -_T 1 F

1540 INIUT z1
1550 IF e3:a T HN 17 9
J 5 t-0 .0~ 1 '3 PT ;A:-IE ;'LE? C-NO -Y• "
15 7Q IN-UT 42
1560 IF A :n r'.i'4 50

1590 GCTO !,0

160n GCTO 1751
1619 vEM .G n
16_?0 DEFP --NG(7 )
t;-39 01=I:TLCT (aG,1 +. S G2• - AESSI I(I'f4G2"S)G
1640 P0= ( P 1<-1 DR Pi>?)
1650 LAeEL (+, .5,.7,ZIf.,6/8)
1660 FC;-, <="i T,,, .-2 !3Tý7 G3

1I7) PLOT A1* NCT Z1+K*Z.j"V1 NOT 71-311711,

1680 C LST -7. 3,-. 3
15 9 L 2E'- (17 3 a IK/ ijT a + r* 1 0 P I "

1700 FG4H.AT 2F7.2
1710 N-XT v
1720 IF P9=0 THcN 1 7 !+9

1730 LiBEýL (~)* ) "XI0^.*C1
1743 RETUZIN 0
1750 EVn

Figure C-3. Graphing program (concluded)

C-12



APPENDIX D

DISTRIBUTION

Organization Number of Copies

HQ DA 1
ATTN: SAUS-OR (Mr Hardison)
Room 2E621
Pentagon
Washington, DC 20310

HQ DA
ATTN: Mr Woodall
Pentagon
Washington, DC 20310

Director
US Arny TRADOC Systems Analysis Activity
ATTN: ATAA-D (Dr Payne)
White Sands Missile Range, NW 88002

Dr Seth Bonder
Vector Research, Inc.
PO Box 1506
Ann Arbor, MI 48106

Commander
US Army Training and Doctrine Command
ATTN: ATCD-AV (COL Pokorny)
Fort Monroe, VA 23651

Commander
US Army Combat Developments Experimentation Command
ATTN: Dr Marion Bryson, SA
Fort Ord, CA 93941

Hewlett Packard Program Library
19310 Pruneridge Ave
Cupertino, CA 95014

Defense Documentation Center 12
Cameron Station
Alexandria, VA 22314

Commander
US Amy Aviation Center
ATTN: ATQZ-D-CS
Fort Rucker, AL 36362
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Commander
US Army Field Artillery School
ATTN: ATSF-CD-DA
Fort Sill, OK 73503

Commander
US Army Infantry School
ATTN: ATSH-CD-CS
Fort Benning, GA 31905

Commander
US Army Armor Center
ATTN: ATZK-CD-SD
Fort Knox, KY 40121

Director
Methodology, Resources and Computation Directorate
US Army Concepts Analysis Agency
8120 Woodmont Avenue
Bethesda, MD 20014

Dr Dan McDonald
BDM Corporation
1344 Munras
Monterey, CA 93940

Mr R. 1. Wiles
c/o ORI, Inc.
1400 Spring Street
Silver Spring, MD 20910

Dr Ed Paxson
Rand Corporation
1700 Main Street
Santa Monica, CA 90401

Director
US Army TRADOC Systems Analysis Activity
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