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ABSTRACT

This report documents a quick-running, low-resolution
ground combat model developed at the US Army 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
mode1 should 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 1
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 applization,
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.
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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

i mid-intensity -battle can be run, in l-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 gamin$ environment to satisfy experimental
B 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
g analogous scenario input is used.

i a. CARMONETTE was used recently at CACDA to support the Division

! Restructuring Evaluation (DRE). Representative runs from that study were

i 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
simi’ar 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. (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
Jjudgments as to the model's potential applicability to specific problems.
Appendixes to the paper contain detailed technical descriptions of input

data requirements {appendix A), mode! routines (appendix B), and output
formats (appendix C).

AT T WU P U U SRR O PRty B ST S

s k.t b o TA ol T et S e

ot s

et g TS gk




=

T i T N T

o T

T T T

P
i
[N
t

[

oo

CHAPTER 2
GROUND COMBAT MODEL OVERVIEW

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 attacke:' 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 Blue
tanks, Red and Blue attack helicopters, Red and Blue air defense, BRDM, BMP,
TOW, Dragon, Copperhead, FASCAM, and artillery. Killer-victim relationships
represented are shown in table 2-1.

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

Number of firers
Availability of firers
Number of targets
Probability of kill given a hit
Single shot hit probabilities
Engagzment rates
Probability of 1line of sight
Performance degradation due to suppression
Target detection rates
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 aperations.
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‘ Table 2-1. Killer-victim relationships in Ground Combat Model

A

(o

§ ! Victim

Killer YDirect | Attack Air 3 3

; Fire Helicof tery Defense |Coppeiiead| “FASCAM Artillery

!

3 1Direct Fire X 2X

;‘ F
i Attack

1 Helicopter X X

i‘f i
; Air Defense X ,
; Copperhead X X

FASCAM by '

Artillery X X X
l

3 Notes:
: 1. Includas tanks, TOW, Dragon, BRDM, BMP
- 2. Ground locating laser designators (GLLD) are given the same !
g vulnerabilities and priorities as targets as the Dragon. {
‘ 3. Attrited externally (see para 2-2e) [
j 4. Red tanks and BMP only (see para 2-2d) i
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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
. Attacker advancé 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 sperified time. Detection start time for other weapons
is controlled through input.

(2) Tanks, TOW, Dragon, the Copperhead's ground locating laser
dasignator (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 twice 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 cverwatch. 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 camputed using the weapons that are attrited internal to the model.

b. Important considerations with respect to the GCM data base include
the following:
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(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 carefuliy checked for
consistency among weapon types.

(2) The mudel depends heavily on empirical data for detection,
engagement, and movenent rates. Such data are available for only a Timited
range of scenarios, terrains, and other environmental conditions. The
potential 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 good fits
to only one terrain statistic, probability of line of sight. Segment length
distributions are represented, for example in defining missile abort rates,
in the o?erationa1 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
7. Formation depths
Initial number of weapons by type
Initial and maximum attack speed
Artillery 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 the
following:

Number of reinforcing weapens and time of reinforcement

2-4
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Percent of attack helicopters empld}ed

Percent of air defense available

Number of GLLD-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 Ground
Combat Model are shown on figure 2-1 and summarized 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 commits 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.

(2) Block 2, Artiliery. 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 vrounds, 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 employment 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 B!P). 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-
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 3Q0m,

90-mine) FASCAM minefields to be employed and the Red response (bulling or
. 2-5 )
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plowing through). Copperhead may be emp1oyed‘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.
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 battle
continues by time increments until the attacker overruns the defender or the
operator stops the battle because of such considerations as percentage losses
on either side or time length of the battle.

2-5. MODEL OUTPUT.

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

Attacker's advance rate (km/min)

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

. Battle range (km)

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)

Present Blue forces _  Present Red forces

SMFRD - -
Committed Blue forces Committed Red forces
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b. By

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,

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

(4) Initial and subsequent defender battle positions

_(5)
initial attack

(6) Battle termination criteria

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

practical

(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

Loss exchange ratio (LER)
LER = ratio of Red losses to Blue losses

Fractional exchange ratio (FER)

okl SN bt et 0SS e s

LER
Committed Red forces/Committed Blue forces

FER =

using the model's graphing program, these MOE may be plotted versus

AR L ek .

from the same battle run.

) Force objectives

T A e

Eygr oy

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

RO . cpatet ..

Fire support allocation, rates of fire, and suppression effects

)
) Unit movement rates
)

End of game criteria.

size is six.

-
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their respective forces, and previous experience in war gaming is useful. 1In .
addition, another officer would be beneficial as an assistant to the commander !
whose forces are being varied during the study (normally the Blue force). This
assistant could provide an additional crea 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 contreller to ensure that the desired
tactics are being followed, that the objectives of the study are being
achieved, and that neither commander uses the perfect knowledge of the open
game or learning experiences from the games to improper advantage.

P 1. ¥ S

(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 employed. They also serve as quality control by double
checking 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 postgame 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 defender defines battles in terms of opening ranges,
elements of Blue units that will engage, and defender withdrawal condition.

(4) The controller approves the battles.

(5) The model is run, and the controller reviews the run for
correctness. Records are made and files updated 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-1. PURPOSE. This appendix describes the data requirements 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 1istings in appendix B contain typical
data.

A-2. TERRAIN AND SCENARIO ORIENTED DATA.

a. Terrain and scenario oriented data values are 1ikely to change from
battle to battle and from time increment to time increment as the battle
situation changes. Figure A-1 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 model 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 modei and the
1ine 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
A-1.

(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
0 to end.

(2) The time step should be small (1 minute per period is generally
used) since attritions are updated only at the end of the time perdiod.

(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)
study.

(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 artiliery barrage before the battle starts.

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

A-3. WEAPON ORIENTED DATA. Data that reflect weapon characteristics are
shown at figures A-3 through A-6. These data are operationally orijented
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. 1In 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 cne-half of the opposing tank open fire range. Also,
as discussed in appendix B, the values of D(1,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 Mcdel
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Data element

Blue 8

Blue 9 {Blue 10 | Red 8

Red 9

Red 10

Lethal radius of
weapon vs target:

1
2
C(i,j) meters 3
(3540-23590) 4
5
6

Radius of coverage
0(1,3) meters
(3540-3590)

Standard weapon
dispersion

S(1) meters
(4180)

Standard aim and
Tocation error
B(i) meters
(4180)

Maximum detection
rate

C(1,3) tgts/min
(3740-3790)

Initial detection
factor

B dbsemrant ot

Individual/group
target radius

I1(j) meters
(4220)

Biue

oA

N A

14
15
16

Figure A-3.

Artillery weapon data
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Weapon 1 2 3 4, 5 6 7 8 |9 1011 121314 15 16

Maximum detection
rate

i C(i,1) tgts/min

} (1280-1290)

: Initial detection
I rate

B(i) tgts/min
(1500)

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

S T TP

Blue Red

Individual tank
engagement rate
A(I1) tgts/min
1650, 1660, 1820,
1830)

Effective open fire
range

B(I1) km

(1700, 1710, 1840,
1850)

Opposing tank open
fire range

I9 km

(2540, 2560) (Relate
to 1700, 1710, 1840,

1850)

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

(2260-2280) B(i)

e T

Basi¢ load
T(i) (120)

Probability of kill
given hit

Pis (K/M) = D(1.3)
(3200-3320)

R

Figure A-5z.
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Engagement data, miscellaneous
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Single shot kill probabilities (SSKP)
Attack helicopter
A(i) (5200, 5210)

Air defense
A(1) (5470, 5480)

Copperhead
S7 (5660)

BLUE

RED

Kills per target per FASCAM
minefield

Bull (5860)
Plow (5880)

Figure A-6. Attack helicopter, air defense, Copperhead, and
FASCAM 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 Si11, 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-1. 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
R(i) and T(i), and the output array X(i,j), as shown in figure B-1, are the
only arrays with the same definition throughout the model. The X(i,J) array
is further explained in appendix C. Figure B-1 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 committed to the battle by that
battle time. (The program may be stopped at any time, the N(i,Jj) and K{i,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 for Red weapons. Figure
B-2 contains the major variables that are the same throughout the model.
Arrays and variables had to be reused for conservation of memory and restric-
tjons on the number of variables allowed in the HP 9830.

B-3. MODIFICATIONS. This paragraph discusses some possible modifications to
the code included in this appendix. Extensive modifications will be difficult
due to the memory restrictions of the HP 9830. This code uses all but about
200 words of about 7,900 words possible. In applications with certain inputs
known and constant or other particular information given, modifications
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 common 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 R1, battle time TO, current
attack rate V5, and killer-victim array K.

b. Modeling the application of artillery against helicopters could be
done with care. Other aspects of artillery employment, such as against
multipie 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,3)
i=1-10 |
N§1‘,1) Number Blue committed by type ]
N(1,2) Number Blue surviving 1
g N(i,3) Number Red committed by type
‘é N(i,4) Number Red surviving

Weapons order

5 Code Blue Red
- 1 Tank Tank ‘
3 2 Helicopter Helicopter ]
: 3 Air defense Air defense
i 4 TOW BRDM
;. 5 Dragon BMP/Sagger
g 6 Copperhead BMP/7 3mm
7 FASCAM blank
8 Artillery type 1 Artillery type 1
9 Artillery type 2 Artillery type 2 K
10 ‘

Artillery type 3 Artillery type 3

K(20.6) (1,J)

i = 1-10 Number ith Blue weapon kills of jth Red weapon

} = il-ézo Number (i-10)th Red weapon kills of jth Blue weapon ]

p 0(8)
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 1oads

e st Bl p s e

X(31,7) (i,d)

=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

T TSR TR T R

R e o

Figure B-1. Major arrays in Ground Combat Model
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4 | Variable Name Definition

% 10 Code for weapon type being processed, 1-10

% Il Code for weapon type being processed, 1-20

? Jo Current side, 1 = Blue, 2 = Red

‘ S0 1 = suppression 1
T0 Current battle time 1
T1 Time step
Vo Initial attack speed ‘
R1 Current battle range ;
R2 Current range step

g Bl Total committed Blue strength

3 D1 Total committed Red strength

; B4 Current Blue strength

?‘ D4 Current Red strength

; B5 Cumulative Blue losses

i D5 Cumulative Red losses

ﬁ P3 Blue preference for BROM over BMP 1

:- 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 Rl may be shifted linearly hy 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. Purpose. This routine initializes each computer run and controls the
order in wﬁécﬁ the weapon routines are accessed.

b. Control Subroutine Listing.

10 COM YI(1L,71

20 OIM NST10,L34aS0L61,35022),0S{10e8140SI144h1,KSI20,6,72024¢0
30 OIM GSU Ty 31,100 )ed 214303 4 4S( 31, S a1, C{4A),80(6,7

@0 FIXED 2

50 MAT vw2t.

50 MAT Om7’¢w

70 MAT K=m7C.

80 FOR I9=¢ T3 {2

98 READ T(:31

100 ROISI=T(13]

140 KEXT I¢

120 0ATA 5340, 04824y 237, 040:0,99¢00342,0,22

130 PRINT “IUIT 3L FORCS(L=td)"

160 INPUT NELy 2l NT2od Y oNCTw L1 oNlu L) oM{S, 0 o NCeytl oNCT ol NIS LV NIC, L, N 1],
150 PRINT “INIYT RE FORCE(1-101)" .

160 INPUT N1y 3 oNLZe Xl oNC3y 3Ty N llhy3) NS 31 Ml NCZe3 M8y 3V,N{Iy31,NLL0,3)
170 FOR I9x=1 YO 10

180 N{I%G.212N{IG,1)

190 NUIQyut2R(IF,3)

200 NEXT I9

230 OKINT “INIT 3YL IING"™

220 INPUT =214

230 PRIMT ™INIT ATK RATE™

240 INPUT VO

250 PRINT “TIME STEP™

260 INFPUT T

270 T4=30

280 Mi=Q

230 GQ5UB &£940

300 G0SU3 4389

B-4
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310
3210
330
340
350
360
370
389
390
4090
410
L2490
L30
45U
«50
bl
7?70
480
%91
500
510
520
531
540
550
560
570
580
5310
500
610
6210
630
6L 1
650
550
870
231
6610
700
710
7290
730
740
7540
750
770
740
7390

Yflyi‘:(}

X{142)=21%100

X{143)1=(D1=32%)%19]

A{lyal=Ri*1027

X[1,51=00%14177

X{1,61=R41%132

XT147]1=(D1=225)%113

PSINT "1=-SUD,0=NAT"

INSYY =g

PRINT “PuaF 32R0M V J¥P,TOW Y DF*
INEGUT E2,P4

20=0

Z1=9

70=720+1

PIINT

IF Z1=1 THEN +80

PEINT "4nTY BPLED™

GCYC =-n1

PRINT “T1 g 3¥F°"tI7

50SU~ -39

PRINT . 7Y 4 jed /% &, (0, Y=l 0
INPUT 0,00

IF I0=6 ;. 'n 74
IF I9= THE. =
GOSUB u4f

IF 24=1 THEN =%

PRINT *1-C7 %P Q0dY=E3, O0=-LOT™
INEFYT 74

Ir Z1<¢845 THEd 519

PRINT *0zFo [Oyzon

GCoSY3 f130

GOSUS w3y .
5872 519

REm

I0=1

FOF J9=1 TC 2

"OsSy3 2179

NEXT JA

FCr 210su TJ
FGF J0=1 T3
GoSU3 2070
NEXT J¢
NEXT I0
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300
410
820
5 830
5 Jun
4 850
850
871
830 GISU2 Suwld
‘ 393 JO=1

: 900 I3=7

3 910 SCSU5 730
3 920 Ig=¢

930 GOSU3 5537
940 G3SUE ~130
950 GOSUI w4l
960 R1z1-52 §
' 370 TO=TN+TL

980 X(Z0+1,1)=T0%100

990 X({ZC0+1.21=:4%137

100y X{Z041,312(14=327)%21]
1010 X[70+4,ul=.1%1737

1020 X(Z544431=42%1297

: 1030 X(Z04+1,30=:1%139

3 1060 ¥(70+1,71=(71~325) %1090
: 1050 50SU? w779

' 1060 IF %1>0 TAFN 1032

1070 FRINT “CYERIUN™

1080 GCTO 11637

1080 IF v5>0,001 THEHW L110D

1100 SEINT “SLOWEND®

1110 DISF "1=<ES™!

1120 INFIT I

1130 1F 1921 THFY b
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c. Data Variables.

TO Battle time (initially zero and then incremented by time step)
Z0 Iteration counter
Z1 Artillery preparation counter
I0  Weapon type, 1-10
J0 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).

Rl Battle range (initial)
VO Initial attack speed
SO 1 = suppression played
Tl Time step per iteration
I9 1 = Commit reserves
R(i) Current weapon load, 1-20
e. Modeling. The function of this routine is bookkeeping and control.

Figure 2-1 shows the order in which the weapon routines are accessed. Figure
B-3 shuws the subroutine call relationships of control as well as the other

model subroutines.
B-5. TARGET ACQUISITION.

a. Purpose. The purpose ¢f this subroutine is to compute the number of
targets detected by the direct fire weapons such as tanks and TOMs as well as
by the attack helicopters and the GLLDs of the Copperhead. The routine
considers the battle time and the scenario-determined invoivement of the
weapon in the battle to compute the detection rate of each weapon type. The
only weapons detectable are opposing live ones of types 1 through 6.
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b. Target Acquisition Subroutine Listing.

1170 FE¥ ACQ *
1189 RESTORF 1220
1160 0% I3=L1 T2 i35
1200 <€AD f{ZIT
1210 NEXT 19
1220 DATA “,C‘Uq-rJo'-o,U,].Ovﬂ,ﬂ,',‘-.').‘?.%ﬂr;
1230 Tw=0
1240 IF TNcAlI1] THEN 2uud
1250 F0OR Io=1 T3 1¢
1260 REGD 20I9,11,0032,”) ]
1270 NEXT 19 i
1280 D8TA Nets2,0a2592,192902254240.29F,%72
12730 DeT4 0:’*9?00-25!2319210.259710. b
? 1390 I7sFN7(D)

1310 L7=LCO(TI=4lTI41+C0TL,4Y1/C01L,2]
1320 IF L7 <= CLIl1,1) THEY 1340
. 1330 L7=ClI4,4)
\ L340 F7=1=FXP(=L7%T1)
2 1350 J9=5=2%719
1 1360 N7=N(1,09)
g 1370 FO& 16=2 TO &
1330 N7=N7+NTI1Q,J3) .
1390 NFYT I3
16430 1G57,55%(1451)%C¥P (=, 2w
1410 IF I0%2 LoD IRM3 T=E- 4
: 1“20 Ic.:.=1np;.*“jo‘37*g-1¥"1)*f- -
i 1430 TesnTR(L-(1=I3¢P7) N(I0,2%)0 1) !
A 1440 BETY-» b
8 1450 DEF Fr72(I:) }
1460 FESTU-F 13571 .
1470 FC® I%=1 Ty 16 1
1480 READ °113] 3
3 1490 NEYT I9 1
1500 DuTA 0.1,0-1'3'0.1’0.1.0.1.‘].0,3-0-9.1.&.1.0.1,G.i-
1510 ClIt,71=1 1
1520 J9=0
15310 JYsJg+1! #
1540 I9=ClIL+3 i
1550 CLI1,371=L0G(SIILy 2 =n{I L 1+EXP({ LI11%CII4,32))/ 0021411 :
1560 IF A3S(I9=0CTI1,31)<0s301 THEN 1600
1570 IF J9>20 THEW 1597 1
1580 GCTO 1531
1530 ©F INT **NO OOy
1600 IF ClI1,3)>0 THEN 1429
1610 ClI1,?1=9
1620 CUIL,u)=C¥3(CLIL,371%30I1])
1630 KETU=L 0

e B . | o S

-4 A1 s

- ST RIS
(S ]
-
(=)
vy
-
o ]
1

T

o AT T AT

(2]
[}
[Xe)

"
i
L.
£
¥
3

. T I - s ATy e T w S e e .
o i i it S s bk e e sk Sl ettt v T e




TN e T TR T T I T T T e T

R AR

i
F
[

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.

L7 Detection rate for weapcn I1 at pattle time TO

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

N7  Number of potential targets alive on the opposing side at
time TO

J9 2 = Opposing side Blue, 4 = Opposing side Red
I9 Probability of instantaneous 1ine of sight
T4 Targets acquired by weapon system Il

C(i,3)}

. Parameters in determining detection rate
c(i,4)

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): c Rl

19 = PLOS R) ™ a(b + c Rl)e
(2) The probability of detection at TO within Tl minutes is given by:
P7 =Py (T1) =1-¢~t7"T1
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(1)

Cl1,3) = Lo8lC0,2ALC(1,6)

8-10
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in the function Z. Then L7 is determined by: =

. 40 y
L7% = {jog (TO-A(i)*C(1,8))  if TO2
C(1,3)

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

(3) The total number of targets acquired by a direct fire weapan
system (including attack helicopters and Copperheads) is determined from the
1ine-of-sight probability, time probability of detection, and the number of
potential targets:

T4 = N7 - (1-(1-19-?75“(10’2'J°))

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 1ine-of-sight parameters different
from those of the direct fire weapons.

(2) The values C(i,2)-A(1)+C(1,4) 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 L0S 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
operational 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 defendirg tank rates
decrease 1inearly.

B-11
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b.

1640
1650
1550
1670
15380
1692
1716
1710
1720
17390
1740
1750
1760
1770
1780
17940
183710
1310
18210
1830
1840
1850
1860
138719
1840
1890
1300
1940
1920
1930
1940
15540
1960
1970
1330
13970
20179
2011
2020
2030
2049
2089
2060
2070
20340

Engagement Rates Subroutines Listing.

REM=E0G
Alul=d42
ATS)1=N0,2
Alie)=0a25
Al1S)=0,1¢%
a{161=0.15%
s(a1=C.0n
g(El=n,33
30141=2,35
2(151=0.05
5{121=0,.05
Ea=alI1)1=-320111%21
IF Ew>3 THE 1750
Euz) '
GLSUT 2049
EuzEL=-Eu*Sy
~ETY N

REM ELG (T
A(11=0.%
ACL111=0,25
2l11=7.38

S11v=2.% —
JS=0,75

Fu=9 ' ““
IF 21530141 THEN 1923

Eu=AlI1) T

IF PL<(3(T11-J9) THEN 1320
EL=EXF (LOG(ACTLI+LV*(2[T11=R1)
6GCSU2 2030

Ehzfu=-Eu*Su D
RETURM

———

[T T I ol
OOt -
s — Q)

B1»30I11 THIN 2060
Eu=Af{IL}

IF R1<(alI1)=a49t THEN 2060
EuzA0Z1Y*(3(IL)=R21V /09
GCSUs 22990

FusEu=-t4*S4

ETUZA
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c. ATGM.

(1) Data variables.

E gE;g} Pos1tiye fitting parameters

(2) Defined and computed variables.
E4

s ,,AMJM‘:

3
Engagement rate in targets per minute

, (3) Modeling. The unsuppressed engagement rate for ATGMs is simply A
; E4 = A(i)-B(i)+Rl. If suppression is being played, the suppression variable
‘ S4 is utilized by multiplying E4 by 1-54 (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.

o e

(1) Data variables.
A1)
B(i)

Individual tank maximum operational engagement rate
Effective open fire range for the attacking tank

J9 Formation depth for attacking tanks
(2) Defined and computed variables.

2 e S MM@,.;_&.MA bR

if Rl < B(i)-J9

; E4 Engagement rate in targets per minute

F (3) Modeling. The engagement rate for targets per minute by

3 attacking tanks is:

‘ 0 if R1 > B(1) -1
[ |
b . B(1 -R1

L E4 = [109 (A(3) + 1)] : [ 79 ] if B(1)-J9 < R1 1
i e - ‘
3 < B({) i
b

? A(1) ”
b

E4 is the variable required by the calling routine.

i e. Defending tanks.

(1) Data variables.

A7)

Individual tank maximum operational engagement rate

*
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1

B(1) Effective open fire range for the defending tank

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: i
; 0 if R1 > B(1)
E4 ={ A(i) - (B(i)-R1) if B(i)-09 < Rl < B(i) {
J9 g
A(T) if R1 < B(1)-99 !

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
i considerations.

(2) The engagement rate by attacking tanks given by the formula
s in paragraph d(3) above is suited more for a probing formation with lead i
Yo elements out front. A formula more appropriate for the vehicles bunched at ‘
\ the front of the attack vor ranges Rl of B(i)-J9 < Rl < B(1) may be: H

)

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

(3) As the battle closes, the defender's 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 ,
3 accounts for the nonsimultaneous entry of surviving tanks into the battle. j
} Suppression is used to reduce the effective number of firers by reducing the

engagement rate. A

B-7. SUPPRESSION.

; a. Purpose. This subroutine represents the Litton suppression formula
1 (referedEE’%T‘Ehd is accessed by option on each iteration. The percent of

r suppression depends each time step on an input "“hero factor" and the )
fractional Tosses to the system during the previous time step. (No suooression
is possible during the first time step.) .

E ’ > B-14
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b. Suppression Subroutine Listing.

2099
2110
2110
‘ 2170
; 2139

)

it =T
v
[Gas
O

5 THEN 2224

£ 2140

{1, Rletyd05),2035],30417,:71
21“0 -310-?;9-59&-5'0-?|0'6'0-600
2150 120(H+J01 /0L, 2*J91

2160 IF IN=1 THSN 2187

2170 A{I1)1=0[I0=p+3%gn1/NIT0,2¢ 40

2180 IF ATI1)e9.001 THER 222¢

2190 Se=13*FXP ((=0e 06 ) ® (L=l It MNIA2/(3TTI1XL(T1)))=5
2200 S4=EY(Sa)

2210 SL=Su/(SL+1) [
2220 RETU=N

'ﬁf1?1v:[2i1

DU W)
AT Mn e m
1Y

=~ > U
R R IR ) R
t

[
.

it KA A . o S AR L - PR S

T i T T T TR T T

.¢c. Data Variables.

B{(i) The beta of the Litton model, also called the "hero factor."

ey s TR AT T

d. Defined and Computed Variables.

A TR

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

S4 Suppressct fraction for weapon I1.

A
e. Modeling. The Litton documentation (reference 2) contains an
equation that ggves the fraction of suppression as a function of losses and

g 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
3 lower values for individuals more difficult to suppress. The equation is:

L04(1-A(1))2

oo [ R

1 B-15




! S4x 1

.'*,‘; 4 = e

C oy -

. S4

ot e + 1 :

b !
‘ i
: S4, the suppressed fraction, is the variable required by the calling routines. !

L B-8. SINGLE SHOT HIT PROBABILITY.

Z a. Purpose. In this subroutine the single shot hit probability (SSHP) !

X by direct fire weapons is computed by two different formuias, which depend 1

3 on whether the weapon is a tank or not. This single shot hit probability i

is a function of battle ranges.

b. SSHP Subroutine Listing.

: 2230 REM=STHO

: 2240 RFSTOIE 2269

- 2250 READ L0114 Al+T,A051,A02010,804u7,4045], 4016

- 2260 DATA =0405,008uwy0e7y=0,05,0a35,0475,=0.1

2270 GEAD 011,3[61,3051,041%,3014),70181,7r1¢]

2280 DATA =041490408,0, 04174001 y0at,=0.765

2290 Wu31+4u(I1)%R143(11)%n1%01 ' ;
2300 IF I0=1 THEN 23297

2310 WuzA(T11420T11%¥L05(RY)

1 2320 IF Hu>( THEN 2349
. 2330 K =1
L 2340 IF Hucl THEN 2350 }
P 2350 Hy=t ;
P 2360 RETHR2M
ool
l }

¢. Data Variables.

| :
§ Qg:g} Fitting parameters

3 d. Defined and Computed Variables.

S TR T T TR E T R

. H4 Single shot hit probability

H
}
!
{
i
{
b |
-
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i
3
74
i
.
3
4
\

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

He = 1+ A(i) - RL + B{{) - R1Z
(2) Other direct fire weapons. H4 in this case is given by:

H4 = A(1) + B(1) * log (R1)
H4, the SSHP, is the variable required by the calling routine.

f. Notes. The single shot hit probability computed here is independent
of target. The effects of target size, activity, posture, etc. must be

considered here in combination with the ground attrition routine and the
input variable D(1,J), paragraph B-10.

B-9. ENGAGEMENT ROUTINE.

a. Purpose. This subroutine determines the total number of hits by all

weapons of a given type and total number of rounds fired by each weapon of a 3
given type each time the subroutine is entered.

b. Engagement Subroutine Listing.

2370 REM ENG

2380 GOSU=R 1170

2360 HS5=H&=Mh

2400 IF Te=0 THFN 252¢0
2410 6GOSUHB 22319 _
2420 IF Hue=0 THEN 2523
2430 IF I9=u JR I0=% G.1 (I0=6 AMD J7=2) TRIN 2427
2440 IF I1=11 THEN 24L7)

2450 COSUE 1450

2uB0 GCTO 2504

278 GCOSUS 1417

2480 G072 22040

2490 GOS0 1840

2500 He=E4*Ty

2510 HS=HWH®HLAN[IT, 2%

2520 =ETUR?
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c. Data Variables. The routine calls db to three other subroutines to
determine 1ts required data.

T s

d. Defined and Computed Variables.

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

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

e. Modeling.

i (1) The total number of rounds fired HE by a typical weapon in time

. period TO to TO + Tl is determined from the number of targets acquired T4, |
i and the engagement rate E4, by:

H6 = E4 + T1

(2) The total number hits HS in time period TO to TO + T1 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(I10,2:J0)
by:

H5 = H6 + H4 - N(I0, 2 - JO).
i Both H5 and H6 are variables required by the calling routine.

i B-10. DIRECT FIRE ALLOCATION OF FIRES.

i a. Purpose. This subroutine determines how the direct fire weapons ]
¥ allocate the fires over the types of targets. Two principal factors that

s - influence the allocation of fires are the firer's preference for targets by

: type and the instantaneous rate of cued detections for particular type

1 targets. [Initially, it will be assumed that the firer will satisfy his

& preferences within the constraint imposed by the number of cued detections; )
i i.e., the method emphasizes the tank targets within the opposing tank open {
i fire range and the softer targets beyond the opposing tank open fire range. :

& b. Allocation Subroutine Listing.

! 2530 RE
% 25«40 f@¢
i 2550 IF
! I°

WE

k 2550
i 2570 @
2530 FCS
2590 «FaD
2630 NEXT I

| : B-18
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RIYS PAGE IS BEST QQALITYCPRACT”’MM ‘
g FROM COPY FURNISHED TODDC %
g% 2610 DATA 3, 3,0,5045243,202029040333092¢%8,0,007%0%,42.58,4%,F 1
2 2620 A4=2 ]

2630 J9=3[71) :

3 2640 Ig=6=2%)Q
i 2R50 IF M(4,5°)1=0 THEN 2850
‘ 2660 IF Hlu I8V 4TS, Inf+llAa, 15120 Ty 2750
2670 A01)= (N0, 0l4MIG 41+ (A,4])/0u
i 2680 A[2V= (' 4, 214N(5,2V4+N18,21) /44
2690 GlL,11=G6(2,11=13~3
2700 Gl3,11=J9"3
A 2710 6(1,21=2%1972
" 2720 GL2,21519~2
2720 6[2,21=g9"2
27640 G(1:3V=u*13
2750 G{2,31=I3
: 2760 6(343V=J9
i 2770 MAT G=INVIG)
2780 Cli,d0)1=1i=a{J01/?2
2730 Cl2,dn1=2/3-a0J01/%3
2800 LI{11==%{(1,401=-3
2810 LI2v=-A0Jg?
2820 L{31=002,J01-1
2830 MAT ~=06FL
2840 Au=MIIT*01~3+M{2IBC1¥I14MI3 TR 141
2850 IF Qu>3 THEH 23710
. 2860 Au=y]
2370 IF Aw<i THEWN 2990
: 28580 Ay=1
i‘ 2490 IF Ja=1 THEN 3040
2900 17=°3
2910 IF J0=1 THEN 2¢30
2820 17=Pu
2930 1F wN({iW,I21>0 THEN ?9¢0
2940 17=0
23950 GOTD 29231
2960 IF N(Z,I51+40(6+12]>0 THFEN 2980
2970 I7=1
2980 IF J65 0~ JHh=5 THEN 3940
2990 A4=(1-44)*I7
3000 GOTO 3060
3010 IF NS, I8 1+N(HI81>0 THEN 39419
3020 AL=0
3020 GOTO 3080
3060 IQ=wlJkZR1/(NES, 2914 ilG,I21)
3050 Au=(1-ia8) *(41=-I7V* G
3060 RETUSA

ot e A - SR -
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g
F
b
E

c. Data Variables.

I9 Opposing tank open fire range (top half)
B(i) Initial battle range of firing weapon 1-20.
d. Defined and Computed Varjables.

J9 B(i) above
18 2ifJd0=2, 4 ifJd0o =1

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

A(j) 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

I7 Preferences among two soft target types (lower half)

19 Ratio of possible targets among two soft target types (Tower 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 R1 = 0

A4* = 1-A(J0) at 19, the opposing tank open fire range

Ad* = C(1,J0) at 19/2

A4* = C(2,J0) at B(7), the initial battle range of the firing weapon.

The equation is:

Ad* = M(1) * R13 + M(2) - R1% + M(3) - RL + 1.

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

6(i,3) M(i) = L(4).

B-20
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If the target is not a tank, as determined from the value of J6é passed from
the calling ground attrition routine, then A4 is (1-A4*) times the preference
factor of TOW over Cragon 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 €(2,J0) < 1-A(J0) < €(1,J0) < 1 should be true.

(3) Currently the preference of C(1,J0) 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,J0) 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.

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,
and BMP. To accamplish 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 SE~ ATT

3080 IF NTI0,2%J01 <= 3 THEN 3u37s

31990 11=57410% (J0=1)

ILN0 WESTOIE 2140

3110 FO- I”=1 TC 1é

3120 ©€4n S(IT7)

3130 MEXT I7

3140 DATA Zuly090,20P0t03a200,040,0,248,3,0,7
I150 IF 31T11¢21 TWEN 3u3Q

I160 GOSUZ 2370

3170 IF HS5=9 THEN 3430 2
3180 RESTOSF 3290 -2 %
3190 FEAD NCL1411,N01,435001,51,001,¢) % %
3290 CHTA £e3y00%5,005, 0.8 B @
3210 EEAD Nliayd11,70bew) Dlug31,N04, %) ¥ %
3220 NATA T.7+0u85,0485,0.45

3230 94D D{S4 4147 (%5y6]eN(54571,0[5,F] %)
3260 DATA Nu5,923,043,Je9 '@béé
3250 SFAD C{1152),0048,41,0011,5],n714,21 %
3260 DATA "9y 0e%,0el,3e1 Q%,%;
3279 READ Pl12,17,00106,06],0024,5],0014,4] %

t B-21 <%Q}
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3250 DFT:\ 0:‘*'0-710.1'.)

3230 =ELD NOA5,11,D015,L1,03015,2%,0015,%?
3230 NATA Cu7,94740ek44d

TILD 2EAD NI1H,21),0022,4),0016,7],D(15,¢1
3320 DATA e24043430e8,301

33208 IF S1I1)>9 THEN I3¢0

3340 ERINT “wEp"ILQUT™ )
3350 GCTD R&L20 i
3360 Fo~ JF=21 TS 08 !
3370 IF Jn=2 ¥ JE=T TrcEN Tulg

333¢ GCSUR 2831

3390 IF Au<0,.000%1 OR Tou*aneN{I1,J5) THEH 3410

3400 K{TL4J0)=To®au¥ (1=(1=0011,J58)/(Ta*a )V (~8%24) ) 4KTI14J7])
3410 NEXT Js

3420 R0I1¥==([I1)=Hp

3430 RETHRN

|
1
:
|

F- S0 T P

1 = ¢. Data Variables.

D(i,j) Adjusted probability of kill given hit.
d. Defined and Computed Variables.

: I1 Firing weapon number, 1-20 :

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

3 | R(i) Remaining Toad per weapon, 1-20. {
! e. Modeling. l

(1) The remaining Toad 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 found

: from 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:

P e %

H5 - A4
K*(11,06) = T4 - A4 . [ - (1-$£l%;:22 ) } 7

e T T

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.

* B-22
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B-12. ARTILLERY.

a. Purpose. This subroutine handles the attrition due to artillery.
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 possibie).

b. Artillery Subroutine Listing.

JL440 =Epr=-A=TY

3450 IF N(TA,2%J0) <«= ( THEN L1290
3460 PRINT "20RN NMG F.o

IL70 INFUT D7

3430 KESTORE 33540

72480 FQ< I9=1 TO 5

2500 FCR yS=1 YO 3 .

3510 €Al COI34J91,0(I 4,491

3529 NEXT Jy

3530 NEXT I

3540 DA4TA Fe2547 28 40y 1542095025420 9FaCy284,y 75,25
3550 QATA 9, 2540406904 0,20,9,20,0 25,0,22

3560 NATA 742549, 25447417, S+20yM9204042%42,425

3570 DATA 7'259‘1.251‘#0 1709'20"’1209\-:'25".‘v?§
3580 PATA 742543025440,1745420,19420,23,25,21,2¢
3590 UATA 7425490254404 17e¢5420,13,720,23,25,21,25

3620 I7=I3=7

3610 IR=I7+3%(J0=1)

3620 FOR Tu=1 TO¢ &

3630 IF Iu=2 THEN 3570

3560 JUIRT=FNF(Iw)

3650 IF JlIwlci THEN 3570

3660 JII4V=0,.39

3670 NEXT Tw

3680 SESTNC 3740

3A90 FOR I9=1 TO 3

3700 FOK Ju=1 T2 2

3710 FEAN CLIS,4J31,50I3.J2:.0(19,J9)
I720 NEYT J9

I730 NEXYT I3

37wl DATA N43,0e5,2

3750 DATA 042+0e405,4

3760 DATA D043,045,2

3770 DATA '1-2' JeM5,54

3780 DATA 0,3,0,5,2
3790 DATA ".2,040540

3300 L7=C027,J01%(GLI7, )01+ {1=G(I7,J0"Y¥TS/nC027,J01)
35310 IF L7<¢CLI7,J0) THTY 3219

3820 L7?7=C(1I7,J01

3830 P7=L=CX¥2(~=L7%T1)
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1061 FOR roay 'y, §
SLIR LIS TRR NS 3895
849 Atli)-°7‘N(I9.J7J

3890 wevr yg

3900 4r2).y

330 BRINT wrgre FOUND/nES o, R0S 2verge, ey,

3920 wprre fzs.uasoxac;v.Arzr,Afsi.Ara'.atsv,arer

J330 mar gl

Sovl FOE Toug rg 5

3980 If rgu, TREN 4oy

3380 XF 4rpq, JII9) g3 T30 9000y pygy LT

t979 49-1+Loc(1-nrr/Lasr1~Jc19)/4cr91:

3980 IF y9y35747 TMEN wnng” T

399¢ 1CI9YaINT (g9,

4090 weyy g

$010 Fog rog,

c320 orpny ey oY

4030 neyr g

4040 paryy

S50 291NT wgog Y T5re

4060 Tnpyy Nti).“tzx.ﬂc¥).H(u1.dtsl.kr§)

coT8 For rgeqtyt §

T80 IF 1945702 It 1ng ey b1gn

“09g Mt LIS Y LY NP

4100 K[J9.19J'A(191‘(1~11 JII?Y/A(I?I?‘HFIQ)!¢R[J9.Iil
4140 ngyy'yg

4120 Rerypy

130 08 ey

2180 Regyiqe 180

159 Foi o, s 5

4180 qe4p 40191,91;19y

4170 Nevr g

4130 pary ’a.so.sa.zzu.90.90.33.1ao.~o.x:o.aeo.zea
c190 £0a”pg, 00 6

4200 Resp I90t1,5019, 54

4210 NEXT po

4220 ngary rs.uo.o.o,o.»a.ss.uc.ts.sn.ss.uo

“23p ’I(i-EYP((-0.5)'(3(J7;J-J0¥‘2/!A(I3I“?*i(I?!‘?))iJ‘(C(J?.Ii'/ﬂtd"ti')‘Z
2260 SErygy e

CTICABLR
I8 PAGE IS BEST QQALIS;’O?RA.“M
;gw CueX FURNLSHED TO -
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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(i,J) Radius of coverage of jth 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)

\
.{_'
L
¢
4
F.

G(1,3) Initial detection deg;adation factor of (i,j) artillery
i=1,2,3, j=1,

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

éé}g% Weapon dispersion, aim/location errors
:

S(1,§). Individual target unit radius, 1 = 1-6, 5= 1, 2
] d. Defined and Computed Variables.

D7 Required damage fraction

18 Artillery number, 1-6

17 Artillery number, 1-3

{ J(i) = F Probability of kill of artillery (10,J0) versus target 1

L7 Detection rate in targets per minute at TO

{' P7 Probability of detecting targets in time interval from TO to
TO + T1

3 J7 44fJ0=1, 2ifJ0=2
A(i)}  Number of targets detected of type 1 from TO to TO + T1

J9 = H(1) Number of rounds required for D7 fractional damage to target
type 1 (if possible) (first use)

g g =

ff Ja’ 8, 9, 10 for Blue artillery; 18, 19, 20 for Red artillery
(second use)

4 J7 Target type number in "F" function.

I
;
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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:

3 - §(J7, 3-00)2/(A(18)2 + B(18)2)

c(J7, 182> 2

= F* .
F=F ( D(37, 18)

(2) Secondly, the number of targets detected is computed. The rate
of detection is a linear regression between the initial degraded rate at
T0 = 0 and the maximum rate at TO = C(i,j). The probability of detecting
targets between TO and TO + Tl is computed as in paragraph B-5.

17, J0)) -+ 70 if T0 <

c(17, J0) -(G(I?, J0) + 1'GD
D(17, JO)

L7 =
c(17, J0) if T0 > D(I7, J0)

P7=1_e"L7'T1

A(i) = P7 - N(i, 47)

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

_ . . Log (1-07)
E8 = H(1) =1+ Log (1-J(1))
[Y6D)
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(4) With the above computations, the number of kills of each target
i by each artillery type J9 is simply:

H(i
K* (J9,1) = A(1) <1-<1"]11 > 1)>

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 discrimisant allocation of
fire capability.

(3) Another modification could be to replace A({), 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 ZEY=RES s
L260 EEINT “PHES SL FRO™ R
4270 FO% Ia=i TO 10 s
4280 WFITE (15,u350)N029,2118 W

4290 NEXT Ty e

8300 PEINT o
4310 WPITE (13,#)“PSEg 30 Fege R
4320 FC® Io=f Ty 10 QP
4330 WKITE (15,4350)NLG 41! G
4340 NEXT 19 >
4350 FORMAT 19F3.2,/
4350 PFINT

L370 PEINT

4340 SLINT "Il RES 2¥ 4™

£390 TNOUT AlLl1,A027,80%1, 400132050, mlal LT, 80,0031, 5027]
4439 IF A1]=0 THEN &L20

4ol SCLT=(LT1TTILI+N{L,21%5 (1Y) /([T +NI1 20

Y429 IF A(L1=0 THEY LLw

w30 F{ul= (ATl TIal#NLa2 IR 08T/ (L1840, )
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Law(
450
4en
Yu?70
Lke80
Ghugl
45139
4510
4521
4530
4540
4550
45860
45710
4580
4590
4500
wel10
45620
4530
4640
4051
Lokl
4670
4h80
4690
L7700
710
L7210
L7390
L740
47510
G761

C.

d.

e.

THISPAGEISBESTQUALITY

PRACTLCABLE

jRUMCURYFUhNISHEDTODDC L

IF A{=1=0 THEY Gui
~OSIS AT YT (S V4NLT,2¥*2 T2 1) /(2514002 , 20
FCk IG=1 TO 10
N[I392)=m{I3,21+A(19]
N{I3e1¥=h{I9,1)+40I
NEXT I3

BFINT "NEW 3L FRG:™

FCR Ie=1 7O 19

WRITE (1544730 INT29,2102
NEXT I9

FrINT

FRINT ™0 SES 3y »*

INFUT n{2),a020540 30,4001 ,4057 A0 1, L0V, £03],8031,8020?

IF Af11=0 THEN 4530

Sz (ACLI¥T{LL Y+ {4, )*R {111/ (A0L2+N[1,4])
IF Afuwl=0 THEN 4510

Rl )T (ACLI*TELL ) +NL L+ Y*RILLYIY /(ALY 4 0Ly
TIF ALR21=0 THEN LA/3JO0
ROLSI=(A(SI*T LS 4HIT, 0 1% LS I /(L 84105 yn])
IF A(A1=0 THEN w6:1
ClLBI=(ACAIPTILAI+N{E W ]*RILATIV/(LIETHI0F 4]
FQ® I9=1 TO 10

N{Z9yulan[Ig,ul+a[Iq?

NEI3421=N[I9,31+4L1I9)

NEXT 19

PRINT "NFW 20 FRCs™

FOX Ig=1 TO 490

NQITE (15'“350)N(:9|h]:

NEXT I9

PRINT

HOSU23 &0w0

GCSUR L7779

RETU2N

Data Variables. Nane.

Defined and Computed Variables.

A(i) Number of weapon additions/deletions, 1-10
R(1) Remaining load per weapon, 1-20
Modeling. This routine is a bookkeeping exercise.

are added, and the new weapon load is the weighted average o
and basic loads.

. B-28
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B-14.

a.

BATTLE

Purpose. This routine prints out the following battle information

in order.

7790
4730
4790
L3190
4810
4820
4330
LBuD
w850

(9)

(10)
(11)
(12)

Battie Status Subroutine Listing.

STATUS,

i e Cora VA S kL, R Bt e b o A

Battle status time: T0, and range: RI1

Surviving total Blue force: B4

Surviving total Red force: D4

Percent Blue survivors: 100 . B4/Bl

Percent Red survivors: 100 - D4/D1

Surviving maneuver force ratio difference (SMFRD):
B4 . D4
BT Dl :

Loss exchange ratio (LER): D5/BS

it

Fractional exchange ratio (FER):

Cunulative Red losses: D05

S

Cumulative Blue losses: BS
Attacker's advance rate: V5

Distance advanced: RZ

REN S
50SU 3
PRINT
ERIAT
ORINT
SRIMT
SRINT
PLTNT
BIINT

TAT !
5950 f

CSTATS=TIMF™TE",~NR™TY
.l‘:lL FRC..BL

*9D FRIM0.

*t3L SuSytLo0riLsdy
*oRD SURYLI0¥0us Dy
TSERDUIL/AL=-NG/NY

B-29
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L8m0
48710
458390
«8310
49390
2910
4320
4930
L9940
43850

B-15.

a.

advanced.

of Red
b.

43960
4370
63580
49990
5000
5010
5020
5030
5040
5059
50610
50740
5081
5090
5100
5110

d.

V5,

IF 25>0 THON L899
SEINT MLEILFET N3T DEFINZDY
GLTO =31

DRIMT *LEg="D5/25
PDRINT TFER™(OS*31) /(N1 +3)
SpINT D CU™ LOSS"D3
EwINT 4L CyM | 9Sg*™2s
BRINT "iDy mfQYE™YS
PRINT *DIST Adywe2
RETUSN

ATTACKER'S ADVANCE.

Purpose. This subroutine computes the attack rate and the distance 1
e attack rate depends upon the ratio of the cumulative loss rate

over Blue.

Advance Rate Subroutine Listing.

RE M= 3Ny

vE=20/819

GOsSua 59579

NE=yI

IF v0=10 2% 05%=9 T4 3370
IS=yO* (2% (35/31)/7(N5/01) -1
V5=v3

IF va <= 3 THEN 5070
v5=1a

IF Qg<Vvs THEIN 5070

V5=9

R2=y5%Ty

IF M1=0 THEN 5113

VE=R2=1]

Mi=1)

BETI. L

Data Variables.

V8 Maximum attack rate possible in kilometers per minute.

Defined and Computed Variables.

I9 Attack rate
R2 Distance advanced

M1 See FASCAM, Paragraph B-19.

* B-30
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e. Modeling.

(1) The rate of advance is computed as:

i _ B5/B1
19 = VO (2 T

[y
N~ e

{0 if 19 <0
Ve -219 if 0 <I9<V8
V8 if I9 » V8

e AR NP 5 AR a0 et s a ikl oL il

For values of I9 between O and V8, the attack rate is a lineav 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.

f However, if Red is losing forces at a cumulative rate of twice that of Blue,
- the ratio = ¥, 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.

PR - PRERPRY Y TR -

(2) The distance advanced is simply the product of rate V5 in kilo-
meters per minute times the time interval Tl in minutes.

f. Notes.

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

(4995) GO TO (5070).

(2) Other stopping criteria can be programmed; for example, for a
4 to 1 Toss rate ratio before stopping, with a ratio of 1 for continuing ‘
initial attack rate, the 1ine (5010) should be changed to: ‘

(5010) I9 = VO* ((4/3*((B5/B1)/(D5/D1) - (1/3)).

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

(5010) 19 = VO* ((-1)*((B5/B1)/(D5/D1) - (-2)).

TR T T T T

i-zl
:
".
i}
A
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B-16.

a.

b.

5129
5130
5140
5150
51510
5179
5180
51919
5210
52410
5220
5230
5240
5259
: 52510
I 5270
o 5230
5291
5300
b 5319
E 5329
b 53319
¥ 53ul
E 53540
s 5361
5370
535890
53390

I c.

d.

ATTACK HELICOPTERS.

. Purpose. This subroutine computes the attrition of Red elements by
Blue attack helicopters.

Attack Helicopter Subroutine Listing.
kW 4\‘-
IF Nf2,2%J0) <= 0 THEN 5399

PLINT “F= aH™JO™LOMN/HMIN, F=-ND*
INRUT E7

IF E7=0 THEN 53460
IT1=2+10%(J0=1)

GOSY2 11740

IS T4=0 THEN 5339

AT2121.75 '

Al121=0,75

IF TuwcalIl) THEN 539D
J7=5=7%9

TYENL ey J7I+NI5,J7 140D J71+1N(3,J7)
I18=I3/N¢

IF U7=1 THEN 5247
I32(IC=N[E42)) /34

J7=1-I8%1 /3

IF I4¢0,99 4NO 87>0 THEN 5310
37=0

K7=Ta% (L= (L=A(1L )/ TU)NIN[2,2%J0 1R ET¥TL))

FCR Je=1 TV &
1F J38=1 THEN 5270

IF J49=2 0% (J9=6 MDD JO=2) TUEMN s34
KET140J33)= (1=3T)¥R720YZ,JT7V/T34KITE, I3

GOTO %380
KUI19J3)=37*KT7+K[ 21,0
NEXT Jg

RETUKNK

Data Variables.

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

Defined and Computed Variables.

E7 Fraction of attack helicopter committed per minute
I9 Total number of Red air defense and soft targets

I8 Ratio of I9 to total targets

B7 Apportionment of total kills to Red tanks
K7  Number of attack helicopter kills during present time

B-32
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e. Modeling.

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

B7 =1~ 18 - Rl/S.

e e il sy

In the usual case of R1 < 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
T0 + T1 is:

. N(2,200) - E7 - T1 ,
K7 = T4 (1-(1- ﬁ%}l) )
(3) Kills for hard targets are accumulated by:

K(10,J9) = B7 - K7 + K(10,J99).

{3 The kilis for air defense and soft targets are accumulated by:

K(I0,99) = (1-B7) « K7 - N(J9,4)/19 + K(10,J9).

N(J9,4)/19 gives the fraction of each type of air defense or soft target to 3
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 space
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 time.

B-17. AIR DEFENSE.

e

a. Purpose. This subroutine calculatas the attrition of Blue heli-
copters by %ea air defense. There is only one type of air defense in the
model.

o e marea-g v
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b. Air Defense Subroutine Listing.
5400 RE¥ AN
510 J7=6-2%J0
5420 F NE342%J00 <= D U 02,071 <= 3 VHEN
5430 PRINT “wnNJO0"AVAZL/MINy =N
Suyl IRFUT E8
5450 If F7=0 22 £3=0 TAEN 5527
560 I1=3+10%(J0-1)
5470 A{31=0.0%
5430 A[13'=0.C8
5490 I9=ET¥N[2,J7}
5500 IF A[I1)>I9 THE
5510 K[I1,21=19*%(1~-(1~-
5520 REYUIN

c. Data Variables.

td

\Jt
U
()

[l
i
Lalyi]
N

1
ILI/7INN(N(T,2%J01%28%¥T1) ) +K[T1,21

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. Modeling. The number of kills each time period {s:

N(3,2 - J0)- E8 - T1

19 - (1—(1- A-%l)

)

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

f. Notes.

(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.

[, T g - I
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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.

.~ R

b. CLGP Subroutine Listing.

5530 HEw=CLGP

5560 IF N[2,2%40) ¢= ) THEN 5720

5550 PFINT =8:NNS CONTROL/¥IN,D-NO™

ﬂ 5560 INFUT =7

y 5570 IF £7=0 THEN 5780

d 5580 I1=5

5590 GOSU? 1170

) 5600 IF Tu=Q THEN 5789

! 5610 I7=NT34u)4Mltyt]+d(5,4l+N(5,u]

5620 18=17/0u

5630 27=1-Ic%1/3

560 IF I2<0.93 AND 3750 THEN 5350

5650 2729

g 5660 S7=9,25

3 5670 GOSU2 2030

" 5630 S7=S7¥(1-54)

5690 IF Tu<S7 THEN 5730

S700 K73T6¥ (1= (1=S7/TL) A (N[5,2%JO1F 75T 1)}

5710 FOR Jo=1 TQ &

- 5720 IF J9=i THEH 5750

: 5730 IF J9=2 THEN 5770

. STLO KIT1,J3)= (1=37)¥K7¥M1JG441/I74K (21,020

5750 GOTO 5770 1
i
|

e S A i e

e}

5760 K{I1,J91=B7¥K7+K[21,J9]
3770 WEXT J9
5780 RETU&N

c. Data Variables, {

S7 Maximum CLGP performance in kills per round per GLLD
d. Defined and Computed Variables.

b - iy diae

E7 Number of rounds controlled per GLLD per minute

: 17  Number of AD plus Red soft targets

¥ v B-35
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I8 Ratio of I7 to total targets
B7 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 R1 is computed by
the following equation:

B7 = 1-(I8)(R1/3)

where 18 is as defined above. In the ucual c.ise of Rl < 3 there s 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 = S7(1-54)

where S4 is found in the suppression formula.

(3) The tntal number of kills by CLGP from TO to TO + T1 is:

57\ N(10,200) - E7 « T
K7 = T4 (1- (1- TT) )

(4) Kills for hard targets are accumulated by: 3

K(10,J9) = B7 « K7 + K(10,J9)

Kil1s for soft targets and AD are accumulated by:

K(10,J9) = (1-B7) - K7 - N(J9,4)/17 + K(10,J9)

N(J9,4)/17 gives the fraction of each type of AD or soft target to total
targets possible.

B-19. FASCAM.

N T T T T i T T YT T

a. Purpose. This subroutine calculates the attrition due to FASCAM mine-
field for eétﬁer the buil-through tactic or employment of plows.
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Do s

b. FASCAM Subroutine Listing.
]
5730 REM=FIS
. 5400 IF #(7,2%J0] <= 1 THEN 53u7 !
: 5810 ESINT “AFIELNS,1-0_0U/0=3 "
3 5870 INCUT Iu,M4
3 5930 IF I3z0 THEN 5940
«, 5840 I7=0.05 :
( G850 FR=EXD (=I7%R1) 1
- SA70 IF M1=0 THEN 5330
b 5880 ¥7=20.25/113
g S390 7=Nllyut4N(Syul+illA,y)
i 5300 KB=ER%Is*¥K7%MT
: 53510 KLI0,1)=K3¥N[L,6)/~7¢K[TN,4] 3
4 5320 KI{IN,S1=vd*N[5,6)/"7+KII0,5" ‘
g 5230 KLIO04FI=KA*I(Hh,u)/M74K(I0,A]
8 5940 RETUAN
£
¥ c. Data Variables,
§ 17 Terrain parameter used in probability of entering minefield
E‘ K7 Number of kills per target per field (depends on breach tactic).
) d. Defined and Computed Variables.
& I8 Number of standard 300m x 300m, 90-mine FASCAM minefields
' Ml 1= plow tactic, 0 = bull tactic
3 E8 Probability of entering a minefield
% M7  Number of vehicles attempting to breach the field !
% K8 Total number of kills due to the minefields. i
: e. Modeling.

LR

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

v

TEANY T

Eaze-I7.R1

P R S

(2) The total number of kills is:

: KE = E8 + 18 + KI * M7
! ) B-37
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(3) In computing the attrition to each vehicle type, the model assumes
‘ 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
remaining and lost.

p A SO | el sk o ek

b. Cumulative Subroutine Listing.

5350 PEM=CUMS i
5980 B85=95=z2Lz=Nuz]

i 5970 FOX 1721 T0O 5

1 5980 3uz=3u+M{I7,2] E
" 5990 Du4=Du¢N{Z7,44)

;x 6000 NEYT 17 E
: 6010 ES=91-84 S
: 6020 NE=N1-Dy

6030 RETURN

B e R e

¢. Data Variables., None.

d. Defined and Computed Variables.

B4 Present number of Blue attritable elements
D4 Present number of Red attritable elements

BS Number of Blue losses

o R

D5 Number of Red losses.

e. Modeling. This routine adds the present forces of types 1 through 6 A
(tanks, attack Ee]icopters, 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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i
b. Initial Force Strength Subroutine Listing.

A040 REM=~TINIT
5058 0D1=81i=0

o
!
6060 FOR I7=1 TO &
5070 31=N(I7411+31
6080 Di1=N{I7,31+01 1
5090 NEYT 17 1
5100 PRINT g, CRC COMMi®31 ]
6110 FRINT *RN FRG COM4t™ny :
6120 RETU~A

¢. Data Variables. None.

1

i

d. Defined and Computed Variables. 3

3 Bl Total attritable Blue forces committed %
| D1

Total attritable Red forces committed.

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

}L B-22. UPDATE NUMBERS.

a. Purpose. The purpose of this subroutine is to calculate the number 1
of present attritable targets. Also, the losses of each individual soft
target during the previous time step are accumulated for calculating fractional %
t losses to the system in the suppression rautine. :
b )
Y b. Update Subroutine Listing. ;
. 1
; 5130 REM=1J3D
1 6140 FCR Iv=1 TO &
L 6150 Kosk3z0 »
" 8160 FCR JS=1 TO 10 5
4 H170 KO=KS+K[US+10,I3]

; 6150 KE=K3I+K(J3,19]

L 5190 NEXT J9

! 6200 HEIQ,?21=(T3,11~]
4 6210 NIIG,L)=N[IQ,3)=x3
E £229 IF NLT3,215>0 THEN
&
Lt
I

P——

A243

6230 N{I9,71=1
8240 IF MNMIIG,ul1>0 THENM £2A7]
5250 M(Ig,u1=]

5280 NEYXT Iq
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5270 FC+ IG=1 TO 38 !
6280 0(I91==0(I9G] ;
6299 NEXT I3

6300 FO¥ IC=1 TC 10 |
6IL0 FOR Ju=4 TO 6 z
! 5320 D(J9=31=0(J3=324¥[T13+10,J5! :
z 6330 00JI1=01JIV+KIIg, 2] 1
g 6340 NEXT J3 :
K . 6350 0071=0(71+KIIS+10,1]
3 5350 QC8)=CT314X(T3,1! j
4 5370 NEXT I9
b 6380 RETUAN i
|
c. Data Variables. None. i
d. Defined and Computed Variables, ;
; K9 Cumulative losses for Blue weapon 19 by all Red systems 1
f K8 Cumulative lnsses for Red weapon I9 by all Blue systems a
f 0(i) Losses to the ith system during the previous time step for P
- tanks and for soft targets 4, 5, and 6.
3 e. Modeling. The losses to the attritable systems are totaled from the
K (killer-victim) matrix. ;
h
2 %
] ’
:
b
;
h
3
b 4
" 1
b b
]
-
X B-40
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APPENDIX C»
GROUND COMBAT MODEL QUTPUT
C~1. PURPOSE. This appendix describes the Ground Combat Model output, in

. particular the graphs of the measures of effectivensss (MOE) available. 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 MOEs 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 comnitted Red forces
h. Percent Blue surviving
i. Percent Red surviving
J. Surviving maneuver farce ratio difference (SMFRD)
k. Loss exchange ratio (LER)
1. Frictional exchange ratio (FER)
m. Cumulative Blue losses
n. Cumulative Red losses
0. 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.

-
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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+l.

c. Following is a 1ist 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(1) = A(1,1)/100

(2) Present Blue forces Y(I,2) = A(1,2)/100

{3) Present Red forces ¥(1,3) = A(1,3)/100 + 325
(4) Present battle range (in km) Y(1,4) = A(1,4)/1000

(5) Attacker's advance rate (per min) Y(1,5) = A(I,5)/1000

(6) Total committed Blue forces Y(1,6) = A(1,6)/100

(7) Total committed Red Forces Y(1,7) A(1,7)/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. SMFRD. ¥(I,10) = Y(I,2)/¥(I,6) - {Y¥(1,3)/Y(1,7)

SMFRD = Present Blue forces Present Red forces
Committed Blue torces - Committed Red forces

For SMFRD the X-axis i1s drawn to intersect the Y-axis at Y = Q.
c. LR ¥(L11) = [N(L7-v(13)] 7 [1(16)-v(1,2)]
LER = ratio of Red losses to Blue losses.

d. -EER° Y(I,IZ) = (Y(Ia7)Y(I'3))/(Y(106)‘Y(I’2))/Y(I’7)/Y(Ia6)

FER = LER
Committed Red forces/Committed Blue forces

C-2
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C-5. SAMPLE QUTPUT. 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 same axes. Figure

C-2 {s 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 Blue
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)710,18,0,25,20,5,1,1,1,1 !
INP INIT RE FORCE (1-10)740,0,5,20,60,40,0,1,1,1

INP INIT BTL RNG?2.5
INP INIT ATK RATE?.2 ]
INP TIME STEP?1

BLUE FORCES COMMITTED: 78.000

RED FORCES COMMITTED: 165.000

INP PRF BRDM V BMP,TOW V DR? .6, .8

ITERATION 1,000

INP 1-SUP,0-NOT?1

INP(0,0)FOR NO ARTY

INF ARTY #,1-BL/2-RE?10,2

INPUT RQRO DMG FR?.05

# DESIRED RDS BY 10.000, 2.000 vs. TGTS: §
158.000  0.000  0.000 355,000  145.000 101,000 1
INP FIRE #'s BY TGT?80,0,0,160,80,80 ﬁ

1-PREP OVER, 0-NOT?1

ARTY PREP OVER

INP(0,0) FOR NO ARTY

: INP ARTY #,1-BL/2-RE?78,1

4 INPUT RQRD DMG FR?.05

\ # DESIRED RDS BY 8.000 , 1.000 YS TGTS:

1308.000 0.000  0.000  1080.000  2075.000 1383000

g INP FIRE #'S BY TGT?18,0,0,18,36,36

3 INP(0,0) FOR NO ARTY

INP ARTY #,1-BL/2-RE?0,0

FRAC AH COMM PER MIN,)-NONE?7.3

R

1
i
d
.
N
.
.
3
g

INP AD AVAIL PER MIN.0-NO AD?.5 %
INP #FIELDS,&1-PLOW OR 0-BULL?5,0 |
INP #RNDS CONTROL/MIN,O-NO PLAY?3 ;

INP 1 FOR STAT?1
STATS-TIME 1,000 ,RNG 2,300
BLUE FORCE 76,385

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

e~ LT T e T e T e T A I TR

&
i
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:
b
14
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‘ Figure C-1, Two~iteration model run (continued next page)
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ATK ADY RATE 0.200
DIST ADV 0.200
INP 1-RES COMMIT?1
PRES 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 Q.00 1.00 1.00 1.00

Wy
g
‘i
-8
‘
3
.
y:
'
+
B
B
-
4
3
3
k.
-
4
¥/
e

INP BL RES BY #70,0,0,0,0,0,0,0,0,0
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
4 BLUE FORCE 76.385
} RED FORCES 232.401
% BL SURV= 97,980
% RED SURV= 94.858
] SMFRD= 0,031
3 LER= 7.802
: FER= 2.484
3 RED CUM LOSSES= 12,599 1
, BLUE CUM LOSSES= 1.615
. ATK ADV RATE 0.200
3 DIST ADV 0.200

ITERATION 2,000

INP 1~5UP,0-NQT?STOP

3 MATPRINTN

3 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 19.97¢  100.000 9€.437

S

] 5,000 4.997  60.000  57.622 :
' 1.000 1,000  0.000  0.000
3 1.000 1,000  1.000  1.000
; 1.000 1.000  1.000  -1.000 ?
E 1.000 1.000  1.000  1.000 4

Figure C-1. Two-iteration model run (continued)
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MATPRINTK .
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 i
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 i
0.989 0.000 0.068 0,271 0.813 i
0.542 |
8 0.781 0.000 0.000 0.000 1.171 i
L 0.781 i
. 0.004 0.000 0.000 0.002 0.007
1 _ 0.007
: 0.000 0.000 0.000 0.000 0.000
: 0.000
f 0.000 0.000 0.000 0.000 0.000
¥ 0.000
g 0.027 0.000 0.000 0.041 0.003
] 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 10.000 0.000 0.000 0.000
t 0.000
z 0.000 0.000 0.000 0.000 0.000
! 0.000
F 0.000 0.000 0.000 0.000 0.000
| 0.000
‘ 0.003 0.000 0.000 0.006 0.006
: 0.002
i}

Figure C-1. Two-iteration model run (continued)
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CONT
71

INP(0,0)FOR NO ARTY

INP ARTY #,1-BL/2-RE?0,0

FRAC AH COMM PER MIN,0-NCNE?.3

INP AD AVAIL PER MIN,0-NO AD?.5
INP #FIELDS, &1-PLOW OR 0-BULL?0,0
INP #RNDS CONTROL/MIN,0-NO PLAY?3
.000 ,RNG 2.300

BLUE FORCE 74,255
RED FORCES 215.425
% BL SURV= 95,198
% RED SURV= 87.929

STATS-TIME 2

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?0
INP 1-RES COMMIT?0

ITERATION 3,000
INP 1-SUP,0-NOT?STOP

MATPRINTN
10.000
18.000
- 0.000
25.000
20.000

5.000
1.000
1.000
1.000
1.000

8.345
17.706
0.000
23.290
19.924
4.989
1.000
1.000
1.000
1.00C

Figure C-1.

~

50.000
0.000
5.000

30.000

100.000

60.000
0.000

_1.000
1.000
1.000

Two-iteration model run (concluded)
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INPUT FILE #72

*
o ZEA - Al o e

MENU? 0=NO, 1=YES?0
ENTER OPTION # OF PLOT?8
ENTER THE MIN & MAX X20,9

ENTER THE MIN, MAX & INCREMENT ¥20,100,25
LABEL Y AXIS? 0=NO, 1=YES?1

ENTER Y AXIS LABEL? % SURVIVING

PLOT AGAIN? O=NO, 1=YES, 2=SAME AXIS?2
g PLOT SAME FILE? O-NO 1-YES?1
MENU? 0=NO, 1=YES?0

ALY L me A A AR SN T s, it

&
ey

ENTER OPTION # OF PLOT?9

i

yeaa
eSS,

B TTERROAL T,

Tl X

¥ B e R,

Figure C-2,

Graphing program operations
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10 COM A2(3%1,7)

20 NI® YS{TL,1RT,XS(341,J303D)
30 *3=Q

40 FIxeEn 2

50 DISF *INPUT FIiE #-°
650 INPUT a1

70 LOAD NeTe &d

30 MAT y=7Eg

90 MAT Y=7E=

100 FOR I=1 T3 31

119 X(11=4°I,11/7100
120 Y(I,2¥=401,2Y/100
130 YLI,3'=A01,431/7100+32F

160 Y{IsulzhlZayu)/743900

150 Y[I457=u01,5171000

160 Y[I,61=A(I,.,23)7170

170 Y{I1,71=4[1,47172100+325

180 NEXT I

i 190 DISE *uenl? J=4J.1=YES™?

4 2010 INPUT 3u

g 210 IF Ru=0) THEN B5Q

: 220 PRINT

ﬁ, 230 PRINT *1<DISTANCE HIVLNZED™

240 PRINT

250 OPSINT “2=DRESENT R IUE Fyarg™

260 PRINTY :

270 PRPINT “3=PRESENT <N FOSQE"

280 PRINT

290 PRINT "u=3iTTLE RAHRE"™

300 Or1INT

‘ 310 PRINT "5~ATTAIKERTS ANVANCE RATE®

i 320 PRINT

3 330 PRINT *"6=TOTAL CO4{ITTED BLUT FCEJFS™
b 340 PRINT

3 35S0 PRINT "7=TOTAL (OYHITTEN REN FQsCFR"
{‘ 360 RPREINT

: 370 PRINT "= 3LUE SUAVIvInG" ;
- 380 P=IMNT

fi 330 PRINT *3=% 2END SURJIVING™ !
H00 “RINT .
3 410 PEINY "10-SHFRO(SU.IVIVING FOIRCF kATIC DIFF)™ 3
4620 PRINT ‘
; 430 PRINT 12~ F2"

? 440 PRINT

450 PRINT =12-FFs(FC
560 PFINT

.
)’

N

o o s A« il o o A e e St S i e ~ e N i

i o SR

i
1
{

TR

Figure C-3. Graphing program (continued next page)
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AR L

470
Lsg
4970
500
511
5290
529
5S40
550
560
570
580
5990
6019
519
520
530
540
6519
6h0
6710
580
6340
7460
719
729
7306
Tl
750
760
7740
780
730
800
811
82n
830
540
850
3¢e90
870
880
893
e0p
ERN)
929
93¢

PPINT “13-0ym 2 ys | pagone

PRIMT

PRINT *qu=]1)~ 2EQ _D0ggsge
PIInT

BEINT “415«v 2LUE LOSSES™

PRINT

PEINT "1aa-v RED Logserge

PuIrT

DISF “eyTE. Q2TIaN # gF LS
INFUT =24

REM=2Zz2 SKIFS Laacts

IF 3322 v4ewn 1011

REM . AXIS D-AWIa 48D LAIZLING
DIsE TenTSY THE ™I L Mux xee

INAUT wvy Mo

ME=¥[2i-y[2)

DISE =zowtok THE AT fyMay LIMIRCTNT yours
INCUT ~.3't.(,_'..-5

Wiz (M2-w1)/24

W2z (Mu=mZ) sq3

SCaLe “1-7.5‘41,“2*N1,*3-?.5‘#?,Vubk’
IF 21=19 Tugw 732

PLOT M2,M3

PLCTY m™1,m3

pLGT Mt’f‘“vg‘l

GCTC 779

PLQOT ~2,79

PLCY ™1,

PLCT »1,mu,g

PLCT M1y22,2

G1lz=Mm7

G2=me

GI=mA

Z1=fwNGn

Gi=m1

G2=zwv2

53=Mme

Zi=Fi;71

BL(T (’“1+“?’/”-7‘“1,“‘-”.?‘”?a1
La~FL “.1-?-1-7.3,5/?)"71*'“
BIse “LASEL v AXIS? 0=NY, 1=yEge-
INEyT =2

IF 230 Tary ggg

ISE “ENTEr v oLYIS LfgEg e
INFYT Tyt

SuzLEN(JS)

PLCT -Tv(“3+ﬁu)/2+4b/~*”2ql

Figury C-3. Graphing program (continued)

C-10

[P ORI

. 2 om0 st
“ RO SRR B S
MY et sl




etk e SN+ AN

34N FOF I=1 T2 4

350 CFLCTY =-1,-1

960 LAZEL 1%,1,5,1.7,2,06/73¥33(2,11 3
70 MEXYT T !
R0 PEN ;
99C IF MZ=1 TWoN 1220

1000 M2=H2/05

1010 IF 21>12 THEN 1732

1020 GCTD ©1 OF 1000, 1070,1a7 001070, 47 2,1470,1=73,1030,21€2,2775 .
1030 GCTO 31«10 0F 1233,1730,1340,2430,1060,14¢7 \
1040 REM DISTANCE £NVANCED !
; 1050 FCF I=1 TC M2+1 ‘
{ 1060 VII 1=V L5318 Y2 VaxL ]
: 1070 NEXT I i
1060 GCTC 170 '
1090 FEM 3L SUSYIVING/ 35/%3L LOS3E3 !
, 1100 FQF Izt TC “2+41 <
‘ 1110 Y(I,81=190%Y(1,21/¥(1,4] i
. 1120 1F 3126 THEN 1149
1170 YUI,151=2400=-Y[I,3]
1140 NEXT I
1150 GCTO 179
1160 2EV ¥ “ED SURVIJI 4"/ 2r% L LOSSET {
1170 F2- =t 7. 2+1 ;
1150 Y(I,3721700%y02,71,/v0 . (7}
1190 IF ~1=% TeI- 1321°
1200 Y(Z,2-'=100=v(_, 2! ]
i 1210 NEYT
1220 GCTY 1w7n 3
1230 LEv SFFaD
1260 FCR I=z1 TC %2+t
‘ 1250 Y (I o201 Y (I, 21/ 48 1=Y(2421/Y(0Z,7) !
{ 12508 NEXT T
‘ 1270 GCTO 1471
3 1250 PEM L°3 :
b 1290 FC= I=2 TQ ™M2+1%
1390 YIIe11=(YLae?7 =Y T30V /(Y (I, R1=V(T,2]) 1
13510 NEFT |

1229 GCTY 1e7)

1330 SEv Féx

13640 FCOR I=2 7O %2+1

1350 YOIgt2ia( (YT oZ7 oYUV /(YLT A= YIT, 21NN/ IN{I,,71/V[2,¢T)

1380 NEXT ] 1
1379 GOTO 1475 :
1380 RE¥ Cii 3LUE L )STTC F
1390 FCR I=2 T( M2+

1400 YUZ,131=Y{1,8)=Y1_0,42]

e T SR T L e

Figure C-3. Graphing program (continued)
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1610 NMEWY I
1?0 GCYH 17?2
130 =gr C - €D

4
b
K
+
-
1%
T
v
PR S i, A ety bl 3 - B

14wl Ko+ I=2 M2

L2l Y{I,1u)av(Z,71=Y({2,3]
1wl HEXT I

1470 =Ew¥» SLCT 554pPHS

Lenld PLCOT Yit1tl,v({2,781,1
1630 &2 =2 T, =943

1500 PLCT <t Y ¥l =11,
1540 NEXYT [

1520 BEA

1530 DISOD ™=l ¥ Lhea?jz il g1=2YFS 227, 7 x"es

1540 INFUT =3

1550 IF 33=0 THEN 17510

1560 DIS® “CLIT SAHE FILE? 0-NO {-YEZS*:

1570 INFUT a2

1530 IF A7=n TwHEY §7

1599 G6CTYQ tan

1600 GCTO 1759
1619 2~ ~ug n

f 1520 0OFF FAG(Z2

/‘ 1739 PL=1nTLOT (679514 (AFS52-A5SHLI ¥ (A7RGE2>A12S34))

t 1640 F0=(Flc=1 IK Pi>?)

: 1050 LASEL (¥41e54174.21%51/2,678)

! 1269 FC= =51 T 532 STEO 63

: 1577 PLOT ~1% NOT Z1+4K*Z24,¥% NOT 744M3I%71,1

[}
o o AT ot TR

- 1650 C;LOT ‘7- 5:‘0.3 %
: 15390 LA2EL (173017 ( ®JT CRedn®LQaB1) v
% 1700 FLAMAT 27,2

2 1717 NEXT ¥

3 1720 IF PI=0 THEN 1741

2 1730 Lu3EL (#)* xyQ~eoj:

r 1747 RETUSKN 0 i

A 1753 EAD

-
—

M M A i, i O, =

Figure C-3. Graphing program (concluded)
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APPENDIX D
DISTRIBUTION

Organization Number of Copies

HQ DA 1
ATTN: SAUS-OR (Mr Hardison)

Room 2E621

Pentagon

Washington, DC 20310

HQ DA 1
ATTN: Mr Woodall

Pentagon

Washington, DC 20310

Director

US Army TRADOC Systems Analysis Activity 1
ATTN: ATAA-D (Dr Payne)

White Sands Missile Range, NM 88002

Dr Seth Bonder 1
Vector Research, Inc.

PO Box 1506

Ann Arbor, MI 48106

Commander 1
US Army Training and Doctrine Command

ATTN: ATCD~AV (COL Pokorny)

Fort Monroe, VA 23651

Commander 1
US Army Combat Developments Experimentation Command

ATTN: Dr Marion Bryson, SA

Fort Ord, CA 93941

Hewlett Packard Program Library 1
19310 Pruneridge Ave
Cupertino, CA 95014

Defense Documentation Center 12
Cameron Station
Alexandria, VA 22314

Commander 1
US Army Aviation Center

ATTN: ATQZ-D-CS

Fort Rucker, AL 36362



Commander

US Army Field Artillery School
ATTN: ATSF-GD-DA

Fort Si11, 0K 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

BOM Corporation
1344 Munras
Monterey, CA 93940

Mr R. I. Wiles

¢/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 TRADQOC Systems Analysis Activity
ATTN: ATAA-D (COL Washer)

Yhite Sands Missile Range, NM 88002

Coinmander

US Army Combined Arms Center and Fort Leavemworth
ATTN: ATCA-CA

Fort Leavenworth, KS 66027

Director

US Army Ballistic Research Laboratory
ATTN: DRDAR-TSB-S (STINFN)

Aberdeen Proving Ground, MD 21005
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