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ABSTRACT

This thesis provides a student of Command and Control with a
computer simulation ¢f a siaple Command and Cecntrol (C2)
model. The simulation is a user-friendly, interactive
program with multi-cclored, high-resolution graphical
displays to illustrate the effect of C2 on a stylizegd,
simple, combat situation. A User's ¥anual is provided to

facilitzte *he use of the simulation. }_ﬁ
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I. INTRODUCTION

There are mary ccabat simulations available at the Naval

Postgraduate Schcol, but few, if any, have a Command and

centrol (C2) system as an in*egral part of the simulation.
Those ccmputer simulaticns whicui do employ a C2 system ars
of*en complicatec and difficult %o analyze. The purpose of
this thesis is tc¢ develop a simple C2 model, and a simula-
tion ¢f the model, to demonstrate the effect of a Commangd

and Control system on a stylized, simple, combat situation.

A highly user~-friendly, interactive computer sSimula+ion
is used to graphically illustrate the etffect éf C2 on
combat. To enharce the interactive aspects of the simula-
tion, @ DAMTEK 9UO0 color graphics system having a high

resoluticn graphics capability is used to display intermed-

iate and end-of-tattle ressults. All of the program's input
variables are exrlained during the simulation se¢ tha* once a
user starts the frogram, he does not need 2 user's manual,
aithough one is rrovided.

It is hcped that use of +his simulation will provide a
b user with insights intc the effect of C2 upon the outcome of

conflicts. The user, by varying <he amount of C2 and




counter C2 used <¢uring a particular battle, should come -o
understand and appreciate the importance of €2, and how C2
decisions can easily change the outcome ¢f a battle.

Thi=z paper explaits a simple C2 model and how the model
is implemented ir a computer simulation. The attrition and
movemen* Of forces are «lso explained to 2id the user in
understanding the combat portion of the simulation.
Photograghs are provided %o illustrate both the input and
output of the pregram. Finally, a user's manuai (Appendix
A) is provided. The user's mnanual provides the documernta-
tion needed to ryn the progrem and to add new subroutines *o

cnhance the coxprter simnulation,
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II. THE SIMULATION

A. GERERAL

The simulaticn uses a computer genera+ted, colcr graphics
playing toard which represents a secticr of land. The board
is divided into spaces (called hexes) in order <c¢ position
the playing pleces and to regulate their nmoveaent, The
playing pieces called units ar=a made up of Red and Bliue
forces., The stylized scenaric pits a3 Blu2 Jefending force
against an advancing Red foxce. At the beginniag of *“he
simulation, the user initializes all of *the iapu: variablazas!
values (approximately 40), determines *he rou<s the Red
units will move e2long in their a<z+tack on thae Blue uni<s and
then starts +*he conflict. At the end of the conflict, the
user can display the batcle resulxs in a Pcrce vs Tine
graph. After examinipg the end-~of-battle resulrts, *the ussar
may run the simulation again with *he same initial values
for all +he variables, or changes may be made to any vari-
able desired. The user can *hen run the simulation to
determine if the ocutcome of the conflict would have charged

as a result of cranges .n the initial value of the

variables.

LK
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B. THE PLAYING EOARD

The computer generated, high-resolution color graphics
playina board rerresents a plece of ground. It is diviged
into 68 hexes to regulate the movement and location of zthe
units. There are three types of hexes shown on the bhoard
(see Fiqure 2.1) . Hexes 26,33, 37, 56, and 63 aze green in
color and represent forest, or woods. Hexes 17, 32, and 45
are magenta and lepresent towns or cities. The remaining
hexes are yellow and represent ordinary land (fieids).

In the present version of the simulation the cities ard
forests tave no effect on the forces or %he simulation

results. However, 1t is envisioned that combat situa=i

&)

T

’_l
Q

could be developed incorporating these features to z2llow ths
user *o explore the effect of these featurss cn command and

centrol.

C. THE PLAYING EIECES

There are twc types of forces, Red and Blue, used in +h=z
sinulation. The Blue forces which can be composed of thr=ae
types of units (see Figure 2.1)

*Blue unaime¢ units represented on the board by the blue

letter U,

12
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*Blue sensor-aimed units represented on the board by zhe

blue letter A, angd

*Blue command and control outposts represented cn the

board by the blue letters BC.

The Red forces, c¢n the other hand, can be divided into two
types ofF units (see Fiqurz 2.1)

*Bed Main units represented on the hoard by the red

letter M4, and

*Ked counter-command and control units represented cn

~he board by the red latter C.

“he letters rtepresenting the different units can have
any of five different sizes during the course of the ba+t+le.
At the beginnirg of the simulation a.l the letters, except
for the rtlue lett*er A, arz full-sized, indica*ing the units
are at full strergth. As the unit's strength is deplsted
{(thru attrition) by decrements of 20% of the initial unit
strength, the siz2e of the letter decreases, Thus in Pigure
2.1, the red letter C indicates that the Red counter-command
and con*rol unit has lost over 40% of its initial strength
while the blue letter U indicates that the Blue unaimed unix

has lost over 80% of its initial strength.
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The Playing Board Layout.
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The blue letter A is the onlv exception., AU the begina- (
ning of the simulaticn, there are no Blue sensor-ained
units. See Chapter IV for an explanation of why there are
no Blue sensor-aimed units, and hovw to transform 3lue
unaimed tc Blue sensor—-aimed units. As *the cenflic: )
progresses and Blue unaimed units arsz transformed into Elue
sensor-aimed units, the size of the blue letzter A incraases.
The letter A beccmes the next larger size when the 3lue
sensor~aimed unit gains 20% of the Blue unaimed uniss®
initial strength. Also note, that as +he Reld units fire on
the Blue sensor-zimed units, the letter A decreases in size

because of attrition.

D. SEQUENCE OF ELAY
The simuilaticn is made up of four phases each of which
the user is an irtegral part. The four phases arte
(7). The user input
{2}. Selection of the Red Forces' rouie of at:tack
(Y. The corflict simulation .:/

{(4). After-tattle analysis

The first step in simulating the ccnflict is =to

initialize all of the program's variables. To do this *the
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user is presented a wmenu on the RAMTER graphics display
titled *Table of Variables and Current Values' (see Figure
2.2) in which all the variables have been initialized with
dafault values. During this phase, the user can change ary
variable's initial value. To change a value of a variable,
or to obtain an explanation of the meaning of a variable,
tke uger enters the variable's line numbexr on the RAYIEK's
keyboard and presses the return key. PFor example, 1f “:he
user desires to change the hand-to-hand combat range, ne
enters the numbetr 6 and presses the return key. Thz expla-
nation of the variable hand-toc-hand combat range is ilen
displaved on the screen (sse Figqure 2.3). The user nay
change the hand-to-hand combat range by en+ering 2 new
range, or he c¢an elect to leave the range at iis current
value by simply rressing the return key without pressiag any
other key.

At +he beginning of +*he simula*ion, all the varia-
bles have initial values. If the user changes the value of
a variable, then that value hecomes the default value for
all the remaining si.ulation runs for the session. This
capability allows the user to incrementally change a vari-

able, determine its impact on the outcome of the battle, and

16
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Figure 2.2

Table of Variables and Current Values.
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then change the value of ancther variable and not have tn
re-enter all the previous chung;s which the user had masae.

After all) the variables have been initialized, =he
user enters 99 and the second phase of the simulation is
entered.

2., Selectior of the Red Forces'! Route of Attack

The second phase 92f the simulation is determining
the Red force's route of attack. In the present versicn of
the simulation, ¢nly the Red force is allowed to move.
Tharefore, the user must plan a Red route of attack and
enter it in the computer. This is simplified for the user
through the use ¢f the trackball. The user designates all
turning points by moving the trackball cursor %o the hex
where the turninc point is to occur and depressing the enter
key on the tracktall. (The Red force %ravels in a straight
line from turning point to turning poir%.) When the user

has entered tha desired path of the Red £force, the cursor

[N
"

then moved into the red area at the bottom of the screen and

the enter key on *he trackball depressed. (See Figure 2.4)

J4e

At this *ime, the program automatically finds the location
of the closest Blue Main force and ensures *he Red uni+ will

nove from the final turning point to within hand-to-hand

18
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Figure 2.3 Hand-to-Hand Combat Range Explanation.
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combat range of the Blue M¥ain force. (This feature encsures
the battle will terminate.)

Tigure 2.4 shows two black circles drawn on the
playing board with a BC outpost at each circle's center.
The circle represents the approximate sensor range for tha
BC outpcst at its center., If the Red force enters “he
cirele during its attack, the BC outpost will sense the
presence of the Ffed force and this will allcw some of the
Blue uraiaed (relatively ineffective) units o be trans-
formed in*o Blue sensor-aimed (relatively effective) units.
Therefore, the Red fcrce should attempt to stay outside cf
the BC sensor rarge ¢k to travel on the fringe of +he black
circle to lessen the effect of the BC on the outcoma of the
conflic*.

Once the route of attack has been selected and
entered irto the comruter, the battle simulation (phase
three) vegins,

3. Phase Thiee

During ptase three of the simulation, the Red uni+s
attack and the Blue units retaliate. As the battle
progresses, the computer-ganerated color displays of the

battlefield show the letters represen+ting the different




ing tbe Red Porce Route of A+ttack.

User Inputt

2.“

Fligure
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units reducing in size as the units are depleted. 4also, it
shows the Red unit's letters moving across the playing
board.

In this ghase, the ussar has an opportuni%ty to
examine four status reports. The Red and Blue Force Siatus
repcrts (Figures 2.5 and 2.6) give the exact location of
each force and “le strengths for each unit type as well as
the total strength for zach force. rFigure 2.7 shows the
Blue Sersor Outpcst Status report which provides the user
vith the number c¢f assets remaining at 2ach BC outpost.
Figure 2.8 displays the ranges betwa2en all the forces
involved in *he conflict. The user nay exapine any status
report by placing the trackball curscr over +he letters of
the status report he wants to examins and depressing +he
enter key. For example, the user could examine “he Blue
Force Status repcrt by placing the zuwzsor over the word
"BLUE®" at the bottom cf the screen and depressing the enter
key. When the user places the cursor over the letiers
"MODEL", the next game step of the simulation is displayed.

The displays provided during this phase of the simu-
lation allow the user to visualize what is taking place o1n

the battlefield. For exanple, the user can determine if a

22
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unit is being fiied upon by more than one opposing unit o1
if a unit is dividing its firepower among all targe*c of
opportunity. The battle dlisplays provide the user wizh
pictorial representa+tions of the battle ins+ead of columns
¢f numbers in a grintout.

When the force strengths of all the Red units, or

all the Blue fiqgliting units, ars equal to zero (ie, one

[}

force has won the battle by annihilating *he other) +hen th
user enters phasé fcur of the simulation by placing the
cursor over the letters "MODEL" and depressing “he anter
key.

4. After-Batrle Analysis

The final phase of the simulation is the Force ve
Time graph. (See Pigures 2.9 and 2.10) This graph allowus
the user to plot the force strength §s time of all the uni*s
involved in the tattle. It also plots *“he bra2ak points (a
user input) on the tctal firrce strength 1line (RT1, RT2, 371,
BT2, and BT3). 2 total force strength line is “he sum of
the units which form the force. For example, RT1 is the sum
of RM"1 and BRCC1, while BT1 is the sum of BU1 and BA1. This
allows the user to hypothesize that the outcome would have
been different had the units retreated at their respective

hreak pcints,

¢ et st e bt v
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Figures 2.9 and 2.10 are examples of graphs *he user
can examine. The plctted lines are color coded and have
letters spaced along tham to aid the user in determining
which line is associated with wkich force. The Red forces
all have red lines, the Blue Main forces have blue lines and
tha BC outposts have black lines, The letter associated
with each line is shecwn in the blue menu area at +he bcettonm
of the figure. For example, *he Red force's *total strength
line, RT1, has tle red letter A spaced along i%, while the
Blue force's total strength line, BH1, has tha blue lat%er G
spaced along it.

It shoul?d be noted by the user that there is a

.
paximum of S0 data pcints per line *hat can be plotted by
this routine. Tterefore, if a2 battle simulation has more
than 50 game stegs, only the first 50 data poinis will be
plotted.

The user selects the unit to plot by placing the
trackball cursor over the letters representiny the unit and
depressing the 2rter key. If the user wvwishes %9 cleaxr the
screen and replot the forces, then place the curscr over the
words YNEW PLOT"™ and depress the eater key. To terminate
this phase of *+he simulation, the user places the cursor

over the letters "RETURN" and depresses *the en%tar key.

24
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point in the simviation the user can

return *¢ phase cne and start arother simula%ion,

the program. If the user returns to phase one, all
variables are ipjitialized to the values of the last

tion run and the user may again change any value of

alther

axit

the

simula-

any

route of attack

variable. 0, the user may use the same

as the previous =imulation, or may enter a new attack

by
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iop Showing Red Force Sta<us.
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; Figure 2.6 Combat Simulation Showing Blue Force Status.
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Figure 2.7 Cogbat Simula tion Showing BC Outpost Status.
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L.

IITI. A _SIMPLE CZ2 MODEL

This section of the paper will provide the user with a
very basic explaration of a2 €2 model and describe the func-
tions of the €2 rrocess. The simulation attempts to
ircorporate all the functions of the €2 prccess and it also
tries to capture the time dependence of the C2 Zaforma<tion
in a combat situation.

The primary goal of any C2 system i3 to ccntrel a
hostile ¢nvironment., To control the envircnmznt means

- 2 L L e P
ain the stat us quos betwsen forees, nr %o

cr

either tou maiu
obtair a more advantageous position, or to bring gbout a
successful ~onclision to a confrontation or battle. In this
computer simulation, the gonal of the Blue C2 is to bring
about & successful conclusion of a battle with the smallest
loss of assets pcssibla.

The C2 process is depicted in Pigure 3.1. For a C2

4
o+

system to be effective in contrelling its environment,
nust first be able tc sense its surroundings and then
process the sens<¢d data and compare these results with tha
desired state of the envirnoment. After the comparison is

nade, a C2 systerm must be able to decide on courses of
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action tending t¢ make the sensed state of the environment
and the dasired srate of the environment the same. Finally,
a C2 system must chocse a course of action for its forces to
follow to achieve i1t's goal, ie, *o bring the sansed state
of the environmert close t5 the desired state of the

environment,

environment
decsired
compare sta*e of
environment

>
m
N

act

Figure 3.1 The C2 Process.

Not explici*ly shown in Figure 3.1, but an integral part

of the C2 system, 1s the time ccmponent for 2ach function of

the C2 process. If the C2 system can not bring its forces
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to bear on the ervironment in a timely manner, then the
battle may be lost before its forces have a chaace to act.

The times associated with each of the fuactions of the

C2 process are sltown in Figure 3.2, Ts is the time regquired
to sense the initiated hostile action, It will anext take a

+ime, Tp, t¢ process the sensed da*a and to pass

cr

he
processed data tc the comparision function where time Tc is
required to evaluate the data and pass it to the decision
function. The decisicn function will need a time T4 <o
reach a decision ard time, Ta, will be taken t¢ prepars2 a
course of action and pass this choica to *the forces.
Finally, the forces will need time, Tf, to implement th=
orders given. Therefors, the total *ime, T+, involved ZIr

the C2 process is

Tt = Ts + Tp + Tc + 74 + Ta + Tf (3. 1)

If ona assumes a hostile action is initia*ed at time 11

and at time T2 the hostile action will stop the C2 system
from achieving its goal, then the sum o0f the times Tt asso-

ciated with each function of the C2 process should be less

than T2-T1 if the C2 system is to be successful.
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Pigure 3.2

The Time Components of the C2 Process.
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Iv. IMPLEMENTAIION OF THE C2 MODEL

The previous section illustrated a very general and
simple C2 system, and pointed out that time plays an impor-
tant factor in tte C2 procass. For a computer program to
simulate the C2 process, it must reprasent both the C2 func-
tions anc¢ the tire factor. This section will describe how
the simulatior presented in *this thesis representis the C2
process and some of the decisions which must be made by the
user. It is impce¢rtant to note that a particular combhaz

<

scenario 1s desciibed hers for ke basic ideas

o]
+
’.J
[
=
cr
i
ok

of C2-affected ccmbat, and the graphical display can, of
course, be extended to describe a variety of other inter-

esting situa+tions.

A. THE OPPCSING FORCES

In the presert specific scenario, *there are two types of
opposing forces, Red forces and Blue forces. The Red force
attacks the Blue force with the goal of annihilating the
Blue fighting force to gain control of the territory occu-
pied by Blue. TlLe Blue force, on the other hand, is
attempting *o stcp the Red force's alvance into Blue's

terrain.
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The Blue force has the option of putting some of i-s
resources into a €2 system. In the present scenario, tha
Blue C2 force corverts "unaimed" (relatively ineffective)
Blue forces into "aimed" (relatively effective) Blue forces;
the latter wreaks greater attrition upon Red forces than *he
former. The Biue C2 system could give the Blue force a
decisive edge during a battle depending on the decisions
made by the Red force and how well the C2 system opeiates.
Presently, the Blue force has no counpt2r-command and control
(C-C2) resources.

The Red force, in the current simulation, has no
explicit C2 assets but i+ Joes have at its disposal €-C2
resources. These C~-C2 raescurces can nedgate the C2 benefits

of the Blue force.

B. SIMULATING TEE C2 PROCESS
The Blue forces are composed of three types of units
1) . Blue command control sensor ou*tpests (BC)
2). Blue unaimed units (BU) angd
3). Blue senscor-aimed units (BA)
The first three func+tion of the C2 process (ie, sensing,
processing, and comparing) are performed by the Blue command

and control senscr outpost (BC). The BC outposts have no

37

TR T e e e T ATMY e B ORI T R T T T T e T T o AN R e - R R T ey ——-
SRS TN T S N A S AN 1 e Y Ay B ‘b"“"&&aﬁ‘,&”{;ﬂl&?‘.ﬁ;ﬂf'? N i "-"2;. Tl

e — |+

Wtk ey )



fighting capability. They do have, howeveIl, sSensors wvhich
can detect the approaching Red units. The BC sensors, as is
true of all senscrs, have a uaximum detection range beyond
which the Red units are undetectable. When the BC outposts
do detec: the Red units approaching, they process thLe data
and send informa tion to the Blue Main force (BH) which
allows Blue unaiued units (BU)} *o be transformed incro Blue
seﬁsor—aimed units (BA). The BA units are *hern brought to
rear upon the advancing Red units.

An expression was developed which gives the maximum
number of BU uni*s to be transformed tec BA units duripg each
game step by eacl BC outpost for each Blue fighting fozce.‘
It expresses the maximum number of units as directly proroOI-
tional to the amcunt of r2sources allocated to rthe BC
outpost and, directly proportional o the fraction of time
per game step that *he BC outpost is turned on, ie, actively
searching for aprroaching Red units. It also expresses the
maximum number of units as being inversely proporstional to
+he distance the BC ocutpost is from the approaching Red unit
it is reporting c¢n (the larger the distance, *the less accu-
rate the targetting informaticn) and, inversely proportional

to the distance the BC cuipost is from the Blue fighting

force it is sending its report to.
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The maximum rumber of BU units which can bs trapsfcrmed
into BA units at each Blue Main force by a siagle BC outpos:
in a yame step is calculated using the folilowing formula:

BAMAX = TIMEON _* _BC__ (4.1)
'+ RNGEC + RNGRLU

10y
whare
BANAX = maximum number of BU units that can be
changed to BA units during a game step;
TIMEON = tte fraction of a game step during which
tte BC sernsor is turned ong
BC = the arount of resources a 3C unit has

avallable during a game step;

RMGBC = the ¢istanca the Red force is from *he

Al

regorting BC unit;
RNGBLU = tte distance the Blue force is from the IR

repeTtting BC unit; 1g_

RDWT = the impertance the user places on the distance
the Red forca2 is from the BC unit;

BWT = the importance the user places on the distance
between the Blue force receiving the repoct

and the reporting BC unit.
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The value of the variables TIMEON, BC, RDWT, and BWT are
user supplied during the 3input phase of +he simulation
discussed in Charfter II.

RDWT and BWT weight factors can be assigned a value
betwaen 1.0 and 10.0. A weight of 1.0 means +the rang=2
hetween the BC cactpost and the force (either Red or Blue) is
the most importart factor in <he transforma*ion of BU units.
A weight of 10.0 signifies that the range has littls iapacs
on the number of BU units which coull b2 transformed. It
should bhe noted that once all the BU units have been +trans-
formed tc BA uniis, the BC outposts do nothing further *o

¥ forces,

[ri]

aid the
In the present simulation, *he BC outposts are consid-

ered to k& networked together. Thersfore, if 2 Red force

enters +*he EC sensor range, the transformation of BUO units

+¢ BA unrits occurs for all Blue Main fcrces. During the

user input phase, the variable BWT is entered allowing the

use to requlate the transformation rate at *he Blue Main

Eep———r

units based on data received from distant BC outposts. If a

user places the EC outpost a large distance from a Blue HMain

Gemer Be e e

force and determines that BWT is very important (ie, 1.0 or

2.0), +then fewer BU units would be trarnsformed to BA units

o e g 1 - e
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than if BWAT was insignificant. The user should make a
trade-off betweer early datection of approaching ernesay
forces and *he nuaber of BU units transformed to BA units in
each gam€ siep.

Similarly, altering th=2 variable RDWT allows the user %o
control the tranformation rate of BU units to BA units based
on the distance the advancing Red force is from the BC
outpost. Increasing the importance of the range from the
Red force to BC cutpost means +hat the number of BU units
transformed durirg a qame step would be less if the Red
force was on the fringe cf %the BC sensor range than if the
Red force was dirtectly on top oL the BC outpost.

The decision and action process of *he C2 system are
performed at the Blue Main (BM) force. The BM force is
composed of bhoth BU and BA units. Th2 mission of the BHM
force is %o convert BU units %o BA units. The goal of +he
Blue force is to have as many BA units as possible when
fighting because the BA units have a much higher probability
of kill than do the BU units. However, both the BA unit's
probability of kill and the BU unit*s probability of kill
are user supplied values. Therefore, the effect of the Ba
units on the battle cutcome depends on the initial values of

the probability cf kill.

a1
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The number of BU units which ar 2ac%ually chang=l *c BA
units at each Blye Main force is ca..ulated using tte

following equaticns

BUCVT = BAMAX*(1 ~ exp (~STEP/(NBC*BTIME))) {4 2)
where

BOCVT +he¢ number of BU units coanverted <o BA uni*s

at a Blue Main force

BAMAX the sum of equation (4.1) for all BC uni+s
reporting t3 a Blue Main force.
(There can be up to 6 BC units operating
at a time)

NBC = numbér of active BC units during the game s=ep

(I EC = 0, *hen BOCVT = ()
BTIME = +ige required by the Blue force %o act on
+he hostile action %aken by +he R23 force

STEP = numter of minutes in a game step
The value of the variables NBC, BTIME, and STEP are user
supplied during the input phase of the simulation. (Tha
user should be aware tha%t equation (4.2) is valid only for a
range of NBC between 0 and 6.)

In Chapter III it was stated that +time was a very impor-

tant factor of a C2 system. Time is introduced into +%his

u2




simulation throuch the.variable BTIME. BTINE represents the
time required feor the Blue force commander to convert his
unaimed units to sensor-aimed anits. BTINE is the sum of
the time (ie, Tt of equation (3.1)) for each function of the
C2 process. The larger the value of BTIME, the smaller the
number of BU units which are transformed %o BA units during
a time step.

Equation (4.2) also incorporates another important
aspect of command and con*rol into the simulation. That
aspect is that mcre command and control is noi necessarily
ketter t+han less command and contrel. The variable NBC in

equation (4.2) (*he number of active, reporting BC ou<post

during a game st ¢p} <an greatly influence +he actual number
of BU units converted tc BA units at sach Blue Main force,
It is assumed that as more BC outposts report tc a BM head-
quarters, it will take more time for the C2 systenm to
process the reports, decije on the required action and
cenmunicats that course of action to the forces in the
field. Therefore, as more BC outposts are added to the C2

system, the system efficiency (ability to transform units) i

will decrease; (It should be noted that if Blue adds more

BC outpostis and EAMAX (from equation (4.1)) does not
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increase, then ttis is a waste of valuable resources. Also,
the Blue force c~.mmander must still process whatever infor-
mation the addit jonal BC outposts are sending to him, even
if it dses not help his fighting forces.)

One way to make the C2 system more efficient is to
lessen “he amcunt of decision time (BTIME) required by the
Blue force commarder. If, fcr each additional BC outpos*
added toc 2 C2 system, the time required to react to a
hostile acticn is reduced, then the number of units tTans-
formed in egquaticn (4.2) would increase. This could be
accomplished if the user were to stipulate there was an
information filte¢r teing used by the Blue force commander.
0f course, *he rssources devoted to filtering information
should be a* the expense of fighting units, ie, fewar BU
units at the stazt of the battle,

A user has *c¢ meke a trade~-off between the C2 system
efficiency and ersuring the battlefield is covered by his
sensors. If all avenues of approach by the Red force are
covered by BC sersors, then the Blue will at least have some
BA uni*s when Red comes within firingy range. Hoverer, if
Blue does not cover the battlefield with his sensors, then

Red could conceivably attack Blue when Blue only has BU

units and thereby easily dafeat the Blue forcs.
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C. THE HOSTILE FORCES

In this simunlaticn the Red units are the aggressor
force. The Red force is composed of +wo types of units, Red
Main (RM) and Red counter-ccmmand and control (RCC). The
Red Main units orly attack the BM forces, ie, BU and BA
units. The RCC units attack the BC ou*tposts when they are
active and withitr range. If there are no ac+*ive, in-range
BC outposts, the RCC will join *the RM force in attacking the
B¥ force.

The RCC units are designed to give the Red force an
opportunity to ccunter the C2 system 2f the Blue force.
They allow the Red force to prevent “he Blue force Irom
converting unaimed units to sensor~-alimed units by reducinag
the amount of BC rescurces (BC in equation (4.1)) available

at a BC ocutpost.

D. ©PRE-BATTLE DECISIONS

Several command and control (C2) decisions must be nade
by both the Red and Blue forces prior to the start of the
conflict.

The Blue force C2 decisions include the following

factors:

us

i bnaelh
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1« The ntmber of Blue C2 sensor outposts tha+ will
he deployed (0 to 6).

2. The placement of the BC outposts. The Blue force
should ensure that as much as possible of the battle-
field is covered by sensors after considering loss of
processinc¢ efficiency due *o more BC outpost.

3. The quantity of BC rescurces allcoccated %o each RC
outpost. This decision directly affects the number
of units that can ba transformed per unit time; it
also affects the nunber of fighting units the Blu=
force starts the battle with, The Blue fighting
force typically begins with given resources, and
then, as essets are placed in the BC outposts, equi-
valent resources should be deducted frcm the Blue
figa*ing force. Allocation of resourcas between C2
and main fighting forces is a crucial decision for
Blue.

4. The fraction of a game stzp during which each BC
outpost will be turned on. This decision variable
affects bcth the uwaximum number of BU units which can
ke converted, and the attrition rate for the BC

outpost. The longer the outpost is turned on or
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active the easier it is identified and targetted by
Red C-C2.

5. The range of each BC outpost sensor.

6. The time (BTIME) required by the Blue force to
react to the hostile action of the Red force. (Many
of the trade~cffs and issues discussed earlier should
be take irto account by tha user when assigning a
value to this variable.)

7. The irmportance the user places on *he distance
the BC outposts are from both the Red units (RDWT)
and “he Blu¢ fighting units (BWT).

8. The placement of the Blue fighting wnits. (This
decision chould be made in conjunction with deciding
a value fecr BWT.)

9, Blue firing doctrine: wh2ther the BM units will
fire at orly the closest Red unit or will spli+ its
£iring equally among all the targets within firirng

range.

The Red C2 decisions inclide the following factors:

1. The number of Red units which will be designated

as RCC units,

47

T SEATOMU T, el o Loi 54 ek die T B TR PG Y WA St iy %:'
= e A ¢

e < Pt fey o e




o h e o e b e bt —e w e oo

2. ¥Whether or not the RCC will fire om ornly the
¢losest BC outpeosi, or will divide its fire power
equally azong all BC outposts within firing raage.

3. The R&d counter~command ard contrel must also
decide in advance whether or rot it will know if a BC
outpost's resources have been reduced *o zern. If
the KCC will not know a BC outpost has been elimi-
nated, then it should continue firing on the
outpost's position. Hewever, if the RCC will know
when it has eliminated a BC outpost, *+her it will nct
need to target that BC outpost any further.

4. Red firing doctrine; whether the RM force will
fire only upon the closest BN force, or will divide
its firepcwer equally among all BM forces wi<chin
firing rarge.

5. BRed also has the opportunity to select its route
of attack and spe=d of adwance. This could enable
the Red fc¢rce *o stay cut of BC sensor range, or only
be within sensor range for a short time period and
attack the BM force when it only has unaimed units.

The cther variables which the user must decide on are
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1, Weapor characteristics. The user must decide on
maximum firing range Zor bhoth Blue and Red w=apons
and the firing rate of those weapons.

2., Probaltility of Kill. The user must assign prob-
ability of kill's for the Blue unaimed units, Blue
sensor-aired units, and the Red units. (RM and RCC
units have the same probability of kill.)

3. Hand-to-hand combat range. The user should
determine a distance at which “he opposing forces
would no longer be able to fire their weapons at each

cther and would ctange over tv hand-to-hand combat.

All of the atove decisions can tave a direct bearing on

the outcome of tte battie. By varying the above parameters

and analyzing the results of battles, the user should bde

able to gair valuable insights into the effects of C2 and

counter C2,.
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V. THE_COMBAT HODEL

The previous section dealt with the C2 process ani how
it affects the fcrces involved. This section explains the
;amhat portion of the computer simulation. It describes tae
attritibn calculations for the forces, the differences
between the deterministic and stochastic versions of the
simulatior, +he tattle termination and %“he Red {orce

povemernt.

A, THE ATTRITIOR CALCULATI ONS

There are twc types of units represented in this simula-
tion, uraimed and sensor-aimed units, and *the at+rition
calculazions ar= performed differently for each type of
uni+~. However, when two forces are firing at 2ach cther,

they are assumed to fire on each other simultaneously.

1. Unaimed_Attrition Calculation

o -

An unaimed force means there is no coordination
among the firing units. All of the Red force (both RM ard
RCC units) and the Blue unaimed units (BU) have no coordina-
tion. The expected Red force atirition by Blue unaimed
units during a game step is found using the following

egnation:
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BFR*STEP
E(K)=RH[1-[1-(1/£H)(1”(1~BUPK*exp(-RNG))) ] 5.1

where

E(K) = exbected numbsr of Red main units killed
by Blue unaimed (uncoordinated) fire
RM = the number of Red main units being fired upon
RNG = distarce from the firing B8U units +to the
receiving RM units

BUPK = Blue unaimed probability of Kill

BFR = Blue firing rate in rounds per minute

STEP = numbeér of minutes in a game step

BU = the number of firing Blue unaimed urnits.

The value of the variables R®RM, BUPK, BFR, STEP, and BO are

usAl

supplied during the input phase of the simulation. The

value of RM and FU change during *the course of thes ba=ztle

due to attrition and, in the case of

+o the transformation from BU to Ba.

Likewise, the expected Blue unaimed a+trition by *he

Red Kain units during a game step is found using the

following eguaticn:

(K ’BU[ "["' €1/ E0) (1-(1-RP K*exp (-RNG)))

RY
BFR*STEP
{(5.2)

where

E(X) = expected number of Blue unaimed units killed

51

BU, can als¢ change due

b e

ARl by i

At &




e € A vmid e

C T my e - - . .
"y

g =y ¢

by Red Main fire

BU = the number of Blue unaimed units being fired upon

RNG = distarce from the firing RM units o +he
receiving BU units
RPK = Red probability of kill

RFR = Red firing rate in rounds per ninute

STEP = number of minutes ir a game step

R = %*le number of firing Red Mairn units
The value of the wvariablies RM, RPK, RFR, STEP, and BU are
user supplied during the input phase of the simulation. The
Blue sensor-aimed units (BA) attrition is found by subsi~
tuting “he value BA for BUO in equation (5.2). The BC
outpost atiritior is also found by using aequaticn (5.2).
The value of BC is subsituted for BU, RCC is subsituted for
RM and the value of RNG is the distance from +he firing RCC
unit to *he receiving BC outpost. The raticnale for +these
expressions is given in Appendix B.

2. Aimed At*rition Calculation

The orly aimed force in this simulation are the Blue
sensor-aimed units {(BA). The BA uni‘s are receiving target-
+ing information frcm the BC outposts which iacrease their

probability of kill.
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The expected number of Red units killed by Ba during
a game step is represeanted as follcws:
if BA/RMs1, theun
BE(K) = BA¥(1-(1-BAPK#*e2xp{- RNG)) ¥**BFR*STEP) (5.3)
T if BA/RM>1, then
E(K) = EN*(1-(1~-BAPK*@Xp(~RNG) ) ** (3FR* (BA/RH) *STED) {5.4)
where

E(K) = aexpected number of Red units %illed by BA

il

BA number of firing Blue sansor~ained units

RY number of RM units being fired upon by BaA

RNG = distarce fruom the firing 33 units to the
receriving RM units

BAKP = Blue sensor-aimed probability of kill

BFR = Blue {firing rate in rounds rer minute

STEP = number of minutes in a game stebd

Both the equaticns (5.3) aad (5.4) assume that at

the beginning of the game step each avajilablie ked target is
acquired and there is no opportunity to check for the effect
of a shot during the game step and change *he aim point if
there was a successful kill., However, checking for kill,
and change of target, is possible at time step termination.

(See Appendix B for the derivation of equations {5.1),

(5. 2) ’ (5.3) and (5 .“)) L]
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B DETERMINISTIC VS STOCHASTIC VEESINHS

The user has the cption of selecting elther a deternipn-
istic or stochastic version of the combat model. The ussr
selects the version ¢f the model by the variance variable
{line number 4) in the Table of Variables and Current Valus<s
(see figure 2.2). If the user sets the variance equal to

zero, the deterministic version cf the model is used. If

-

the variance is <¢reater than zero, a stouchastic coaba+ modsl

is in effect.

P Pl

In either versiou of the simulation, an sxpected rnanber
of kills (E(K)) for each :type of unit (RM, RCC, B8U, BA, and
BC) for every gate step is calculated from equations (5.1,
(5.2, (5.3), or (5.4). In the deterministic model, the

expected npumber <f kills (E(k)) for cach ganme step is the

attrition rate fcr tha force. In ths stochastic version,
the expected numter of kills (E(K)) is used as a hasis for

calculating the randcm attrition rats A+ feor the unis, The

i A D a6 T 0 RIS B s EEE L e
SR _r_::< .- ":.~'- i PRSI o, P '__‘v
RPN o P -, e 20 i e T L

attrition rate &+ is found from the followiny equazions:

R

A+ = exp/ll + S*Z)

where

P el

U = 1n{¥(X)) - C0.5(5)*

e

S§2 = VAR*1n (+1/E(K))

and
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[

VAR = the variance as entered by the user

Z = is a random number frcm a normal (0,1) distcibution

In fact, *he stochastic attrition is governed by a log-
normal model. (See Apperndix C for a derivation of equations

(5:.5), {5.6), and (5.7)).

C. HAND-~TO-HAND COMBAT

Hand-to-hand or "closz-in" combat takes place when a Red
force moves so close *to a Blue force that neither of the
fcrces can fire their weapons a+ one ano*her. The outgone
of hard-to-hand combat is determined by the number of forces

each side has at the beginning of the "“close-in" ccmba-=,

The force with tte largest number of units will win +the

hattle., The winring force is reduced in strength by the
nurber of units it fough*t against. Por example, if a Red
force had a toxal ¢f 90 units (60 RM units and 30 RCC units)
ard a Blue force had a total of 60 units, +*hen after the

1

have survivad.

@

hand-to-tanrd comtat, 30 Red uniTs would
(There would be 20 RHM units and " ZCC urits.)
The hand-to-hand combat calculations are as follows:
if the Red (RT) force outnumbers the Blue (BM) force
({RT>BH), then
EM = (RY ~ BH) *RM/RT (5. 8a)

RCC = (RT - EM) *RCC/RT (5.8b)
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BM=31=BU=0.0 (5.8c)

ard if the Red (ET) force equals or is outnumbered by the

Blue (BY) fcrce (RT<BN), then

where

RT

RM

B0 = (BM - RT)*BU/BM {3.3a)
BA = (BM - RT)*BA/BMN (5.3b)
RT=RM=RCC=0.0 (5.9¢)

= total rumber of Red units in hand-to-hand combat

+he nutber of RN units in hand-te~hand combat

RCC = ramber of RCC units in hand-to-hand combat

BM

BU

BA

total rumber of Blue units in hand-to~hand combat

= +he nurher of BY units in hand-to~hand combat

tte nasher of BA units in hanpd-to-hand combat

The simulation assunes that if a unit is enqgaged in

hand-to-hand comta+ during a game step then it

1)

Can no+ te fired upcn by an opposing force during

the gams sterg;

2)

The unit can not fire on any other opposing force

during the game step.

The hand-to-tand combat range is a user supplied vari-

able during the inpu+ phase of the simulation.

o« <ol ;w“lwm‘
o it anaal

Py ¥

L

2 5% W e A

ST TRRTI ey

e, T

b Ll 15 e >




D. BATTLE TEREIXATION

The battle is considered over when either all of the Red
force or all of the Blue fighting force is annihilated. The

forces can be 2liminated either through attri*ion or hand-

i 3 et e 4 et ey O

to-hand conbat.

E. BREAK POINTS
The user can input a Red bzeak point and a Blue bzeak
point. The break pcints are not utilized during the battle
itself, but only after it is cver, during the interactive
graphics portion of the program. Break points indicate to
the user at what point in time +he fzrces would have broken
off the engagemert. The break poin<s allow the user =o
exanine what effsect breaking off the erga¢gemert a* that

point in time would have had on the ocutcome of the battle.

F. FORCE MOVENENT

The present version of the simulation allows the Red
unlits the option ¢f movement. The Blue units (both BM and -,;i
BC outposts) are stationary. The user can choose the posi-
tion of the BM ard BC outposts, but once these positions are
selected, they remain fixed during the battle.

The user alsc selects the initial position of the Red

units. However, unlike the Blue units, the Red units can
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move across the Ytattlefiald in any direction arnd at a uasex
supplied speed. The user can specify up %“o 13 turning
points at which the Red uni+ts change direction. After the
user has entered Red's final turning point, the progranm
automatically finds the location of the closest Blue Main
force and ensures that the Red unit will move to within
hand-to-hand comtat range of the Blue unit. This {feazure
ensures the battle will terminate.

The method used to calculate the distance a ked unit
rravels and its location is as follows. Pirst, the distance
the Red unit would move during a game step is found using

eyuation {5.70)+ Then the distance hetween t+he Red unit

(point A in Figure 5.1) and *he next Red turning poin=®
(point B in Pignre 5.1 is calculated using equation (5.11).
If the distance is less than +he distance calculated by
equation (5.10), *he new coordinates of Red's location are

found using sgquaticns (5.12), (5.1, and (5.14). However,

1)

3if Red would have travelled beyond point B, the distance
from point A to roint B is subtracted from the distance
found ir equation (5.10) and the Red unit is moved to point
B. The distance frcm point B to point € is then calculated

(equation (5.11)) and compared to the distance ‘*he Red unit
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has left o move. Again, if the distance Red has rsmaining
to move is less than the distance between point B and point
C, the new coordinates of Red's location are found using
equations (5.12), (5.13), and (5.74). This process
continues until the Red unit has reached its final

destination.
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B
(XB,YB)
C
(XC, %)
A
(xa,Ya)
DST = SEEED * TINE (5. 10)
AN L
LEN =\ﬁxa - XB)2 ¢ (YA - YB)2 (5.11)
ANG = TIN-' (|YB - YA{/(XB ~ XA) (5.12)
Xf = X2 + LEN * COS (ANG) (5.13)
Yf = Yh + LEN * SIN(ANG) (5.14)
where

Xf and Yf are the final cocrdinates of the Red unit
DST = distance a Red unit travels during a game step
SPEED = Red speed of advance

TIME = numbe:r of minutes in a game step

Points A, B, C are user specified +«urning points

Figure 5.1 Red Movezent Equations.
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After completing the present versicn of the program, it
became obvious ttat several enhancements could be made.
Some of these improvements will he discussed ia this

section.

A. THRO-PLAYER G2AME

The simulaticr could be made into a true *wo-player
game, In a limi%*ed sense, the present version can be
considered a +wo player game since their are two opposing
forces and cne player could make the Blue dacisions and the
other player ¢ould make the Red decisions. However, i:
would be a much letter game and learning experience if both
forces had the opportuni+y to have the sam= “ype of units,
ie, Red with command and control outposts and Blue with
counter-c¢oumand z2nd control ferces. By allowing both the
Red and Blue forces +to hav2 equal capabili+ties, the combat

outcome would depend on how effectively a player allocated

his resources, where he initially positioued his forces, and

the strateqy the player followed during the course of the

battle.
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In a true twc-player game, the concepts of secrecy and
information hidirg cculd be incorporated. The information
displayed to eact player couyld be made dependent on his

sensor ipnputs. In this way, each player would be making

LR DT SRR PSSR W RV PR

decisions based ¢n information obtained from his sensors and

the accuracy of that information could be a function of the

L RUTERNFTL SCE R NP

amount of resources devoted to his sensor system and the
amount cf resourses his oppcnent aliocated to counter-

command and contzrol.

B, RE-SUPPLY OF PIGHTING FORCES ;
A furtiher imgrovement would be to give hoth the Red and §
Blue fighting foices an opportunity to re-supply. 'This i

capability would enable the user *o gain insight into how a .

battle could be won or lost through a *imely decision on

when and where tc re-enforce the figh+ting units.

erent could be made to the present version of Py

n

This improv

-

the simulation ard it could be incorporated into +the two-

player game.

R L Lr T YR

C. NEW TRAKSPOREBATION EQUATIONS {

A user migh*t also want to develop new, or rafine the :

present eguations fcer transforming BU +to BA units. I* would ;

_a

be interesting tc explors the sensitivity of battle results

to changes in transformation eguations.

ity
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In the presept simglation, the BA units have a higher
probability of kill than the BU units. A new transformation
might possibly ircrease the firing ra*te, or decrease the
attrition rate of the BA units by RM units, or be a coabina-
tion of the three variables--probability of kill, firing
rate, and attrition rate of BA.

In +*his computer progrzm almost any combination is
possible since all the variables are user 4definad and the
program's structure is modulaz. The user simply writes omne
routine representing his new transformation equation and

inserts i* in place of the old trassformation routin

1]

D. DEVELIOPRENT C(F COMBAT SCENARIOS

A fourth enhzncenent would be the development of diffe-
rant combat scenerios to be played out in the simulatior.
The new scenarios might-incorporate the forest and cities
hexes which are ¢n the playing board but not przsently in
use, or they might place restrictions oan the two forces.

Having a variety of scenarios would allow the user to
investigate the effect of ccmmand and control in different
situations. It wuld give the user the opportunity tec gain
insights into which parameters are more important (have a

greater effect) in the different situations. PFor exaample,
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T

in wvhat kind of combat situation is the decision time of a
C2 system most igportant. One combat situation might be a
surprise attack, while another would be one in which +he
sensors detect tte approaching opposing forces before they
opened fire. Or, if the res+triction on the Blue force was
that for every minute under a s2ven minute command ani
centrol decision time the £ ighting force was reduced 50
units, then how many fighting uni+ts would the Blue comnander
be willing to give up in order to gain the extra time and
supposedly higher transformation rats for his unaimed units.
If the Blue commander kne¢ that the opposing Zorce could
never mount a surprise attack, then the extra time might not
be needed, In fact, it migh+*t be decided to increase the 2
decision tine to 8 or 9 minutes and thereby gain extra
fighting forces.

Many different scenariss could be investigated *o deter-~

mine the sensitivity of hattle results to €2 decisions.
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ARRENDIX A

USER 'S MANOAL

A. INTRODUCTION

This computer simulation demonstrates the effect of a
Command and Control (C2) system on a stylized simple combat
situation using a simple C2 model. The prograa is interac-
tive and user-friendly utilizing high-resolution c¢clor
graphics to display intermediate and end-of~-battle resulrs,

It is hoped that use of this simulation will provide a
user with insiqghts into the effect of C2 upor the outcome of
conflicts. The user, by varying the amcount of C2 and
counter €2 used during a par*icular battle, should come %o
understand and agpreciate the importance of €2, and how C2
decisions can easily change +he outcome of a battlea.

The purpose ¢f this manual is to familiarize the user
with the simulation and user inputs necassary to run the

simulation.

B. PROUGEAM STRUCTURE
The simulaticn is a modular, menu driven program c¢oded

in FORTRAN., The softvware can be divided into five distinct

sections:
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1). the mair progranm

2). the input section

3). the combtat section

4). +the command and control section

5). the grarhical output section.
A brief description of all five sections and their major
subroutines is itcluded in tkis manual to aid a user in
understanding the sigpulation and to allow a user to add new,
or to improve on the 0ld subroutines.

1. The Main_ Program

The main program, along with the BLOCK DATA moduisg,
has several important functions. It initializes the RAMTEKR
9400 to accept tte graphcial output, calls the major input
subroutine, the rajor combat subroutines, +the command and
control subroutires, and the output subroutines for both the
intermediate and end-of-battle displays.

The simulaticn uses common statements to pass param-
eters from subroutine to subroutine. The common statements
are broken down s0 “hat only the variables used by a
subroutine are ircluded in that subroutine.

The general flov of the program Is shown in the

flowchart in Figure aA.1.
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Initialize RAMTEK ¢

Initialize prog§gg variapres an ags
iClIL INPUT

CQI% NODES

fUpdate positi¢r of attacking units :
(CALL MOVE)

Calculate distance between forces

(CALL DIST)
omPute hanq-to—_
YES hand combat results
iMM»

and=to-hand
combat

o n - -

YES Compute number ot
units transformed
CALL C2%
(CALL CHAJGE)

Compute attrition |
CALL BLATT; ,
CALL BCATT
] ATT)
0T}

Display end-of-
nd -of ~Batt YE battle results
(CALL OQUT?) -
i5i5p1ay inte

tt le results

“Another
€. simulation
- TUun

Figure A.1 Flow Chart of the Main Prograsms.
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2. ZIThe lnput_seciionp

There are two major subreutines in the input sz=ction
of the progrzu. ‘The first is the subroutine INPUT. INPUT
displays +the ment titled 'Tahle of Variables and Current
Values' and allous the user to change any variable
displayed. INPUT prcvides expleznations cf all the prograa’s
variables and, 1f 2 user decides to change ths valie of =
variable, it will insures the new value is within the varia-
ble's specified range.

The secord major subrou+tine is NODES. JNODES firs<
displays the playing board, +hen draws the aprroxinate

sensof range {or each BC outpost on “he nlaving beard, and

finally allows tte user o enter the Red fornces' route of
z2ttack. The user must us2 the RANTEK's trackball when
desiqgna*ing the Fed's uni*ts attack Tou+e., Afte- the usar
has entered the route of a+*ack, NILES ensures tha*t the Red

force wiil coms to within hand-to-hard combat Tangs of a

\l)

Blue force, thus assuring battle termination.

3. ZIThe. Combat Section

The combat scction includes €arc¢e attzitica, Red
tzoop 2ovement, hand-to-hand combat, and force strength

update routines.
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Force attrition caiculations are dcne in three

subroutines, RATIT (Red attrition) czlculates the expected
nunber of Red units killed by the Blue uniis. ELATT (Blue
attritior) calculates +the expected number of Blue Main units
killed by the Red fcrce. The third subroutine BCATT (BC
outpost.attrition) calculates the expectad lcss ¢f BC
resources to RCC fire. 1In the routine FTOT, *he *true attri-
tion rate for the forces is calculated, TI€ +he
deterministic model is in e ffect, then <he tiue attrition
rate 1is set equal to the expected number of kills calculated
in RATT, BLATT, and ECATT. However, iZ %he stochastic
version of the mcdel is in effect, then the true a=ztrizion
rate 1is calculated using a log-ncrmal distribution.

The Red trocp movement is performed by the routine
MOVE. The routire MOVE moves the Red force alonng tae route
selected by the user. The Toutine HAYD calculaies the
Tesul%s c¢f all hand-to-hand combat. And finally, the
routine UPDATE saves the data needed by the routines which
display the end-cf-battle resul:s.

4. The Command_apd Conirol_ Section

There are¢ three main routines used by the command

and control section., The three routines are DIST, C2, and
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CHANGE. DIST calcuiates the distance between all +he unizs

on the playing bcard. Tha range between units is used in
all attrition calculations, and also in the transformation
calculaticns. PFcr each BC outpost, the routize C2 calcu~
lates the maximut number of BU units to be transfcrmed to BA
units during a game step. The routine CHANGE takes the
output ¢f the C2 routine and for each Blue Main force calcu-
lates the actual number of BU units transformed to BA units.
5. Ibe Graphical Output Section

There are two distinct graphical output displays.
Tle first is the intermediate battle results which are
displayed at end of every game step. This displ?y is built
be several subroutines. The subroutines include BOARD,
FUOTMEN, DELETE, [ISPLlY, LTRSZE, CLRBD, and several minor
routines, The fcrce status reports shovn at the bottonm c¢f
the display are cenerated by the routines OUT1 and 0UT2.

The secornd graphical output is +*he Force Strength vs
Time glots, Thess graphs are generated by the routine 0UT3
and displayed after combat terminatss. OUT3 calls several
minor routines wikich draw the axis (BAXIS), scales the data
{BSCALE) , draws the break points for the fcrces (BRKPT), and
cennect s the data points with a continuous colored line

(ELINE).
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C. THE INPUT DAT2

Prior to running the simulation, the user mustc
initialize the variables listed in the menu titled 'Table of
Variables and Current Values'. To aid the user all the
variables have been given default values, To change a vari-
able's initial value, or to obtain an explanation of the
neaning ¢f the variable, the user simply enters the line
runber associated with that variable. For example, the line
number associated with hand~-to-hand combat range is 6.
After ertering a 6, the usar would receive an explanation of
hand-to-hand comktat range and then have the option of either
changing its prsssnt value, or leaving it unchanged.

The following is a list of all the variables, +heir
associated iline rumbers, default values, and an explanation

of the meaning of the variable.

ﬂﬁiggz___npgﬁgziiigéigg._._______-Eaa;anation of Variable
1 Number c¢f Fed Forces The number of active Red
Default: 2 forces. TFach Red force
consists of RM and RCC
forces. There can be
either 1 or 2 Red forces.
2 Number c¢f Blue Forces The number of active BYN
Default: 2 forces. Can have 1, 2,

n
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Number ¢£ 3lue Sensor
Outposts (BQ)
Default: 2

Seed

Default: 12345

VYariance

Default: 1.0

Time Step {(¥in)

befaults: 10.0

Hand-to-Band Comba t

Range (KN)

72

or 3 foress.

The number of active BC
outposts. Can have 0 to 6
BC active during a battle
Usad tc generate a random
number. Should be an
integer from 0 to 99999.
If variarce=0.0, than a
deterministic mod=1 is in
effect. If variance>0.0,
then stochastic nndel is
in effect. The varianca
indicates the magnitude
of variation in the
attrition rate.

The range is between 0.0
and 10.6.

The duration in minutes of
each engagement. Range
should be from 1.0 +o 99.0
rinutes.

Distance at which forces

change to hand-to-hand

i
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12

Default: 0.25

Red Firing Rate
(rounds/ain)

Default: 5.0

Red Maximum Piring
Range (KM)

Default: 3.0

Red Protability of
Kill

Default: 0.40

BRed Speed of Advance
{KPH)

Default: 3.0

Red Mair Split
Firing Allowved

Default: YES

RCC Split Piring

Allowed

TR T VR oy — o~

combat. The rarge should
less thar 1.0 KA.

Number of shots fired per
shootexr per minutz by the.
RED forces. Range should
be from 1.0 to 10,0 shots,
Distance at which Fed
forces open fire. Range
should he from 0.0 to 10.0
Probability of kiil for
each sho* firsd. Rarnge
should be from 0.9 to 1.0.
Speed at which Redc forces
move across the kattle-~
field., Range shonld be
from 1.0 to 10.0 KPH,

If YES, then RY¥ units
will fire on all targets
within range. If NO, then
RM will only fired on

cissest B# force.

If tES, then RCC units

will fire on all BC units
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pefault: YES

RCC will fire a2t only
pon-zerc BC outpost

Default: WO

Red Men and Location

pDefault: RM1 = 900,

i

RCCY = €00, X 8.0,

Y = 3.0

Red Men and Locaticn

pefault: BRM2 = 909,

T4

within range. If %O, then
RCC will fire on only
claosest BC outpost.

If YES, +hen RCC will only
fire at BC ou*post which
have not been eliminated,
BC which hare resources
graater *han zero.

Tf NO, +*hen RCC will fire
at all identified BC
outpost. Even those which
have had their rescurces
reduced t0 zZerc.

The number of RM and RCC
units initially active in
+ha first Red force and
their initial location.

RM and RCC should from 0
to 10000. The X and Y
coordinates should be
between 0.0 and 10.0.

The number cof RN and RCC

units initislly active in
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20

21

22

23

RCC2 = 100, X = 7, S,

Y = 7.5

Red Break Point

Default: 0.70

Blue Firing Rate
(rounds,/min)

Default: 5.0

Blue Maximur Piring
Raige (KN)

Default: 3,0

Blue Speed ¢f Advance

Default: 0.0

Blue Unaimed Probabili+y
of Kill

Defauvlt: ©€.25

75

+he second Red force and
their initial locaticn.

RM and RCC should from 0
to 10000, The X and Y
cosrdinateés should be
between 0.0 and 10.0.

Ths percent of losses

of Red's initial strang<h
at which Red would retreat
Should be less +han 1,0.
Number of shots fired per
shooter per minute by the
Blue forces. Range shogld
Le from 1.0 to 10.0.
Dis*tance at which Blue
force open fire. Range
should be from 1.0 to 10.0,
Spe2d a+t which the Blue
forces move, Not used in
version ¢f the simulation.
The probahility of kill
per shot of the BU units.

Must be from 9.0 to 1.0.
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24 Blue Sersor-Aimed The probabllity of kill
Probability of Kill per shot of the BA units.
Default: 0.70 Must be from 0.0 to 1.0.
25 Blue Split Firing If YES, then BM units will
Allowed spread its fire equally
Default: YES among all Red within
range.
If ¥NO, then BM units will
fire on only the closest
Red force.
; 26 Blue C2 Decision The +ime Tequired by the
E Time (MIN) Blue forces to raspend to
; Defatlts: 5.0 the Red hos+ile actiom.
o The range should be fronm
F 0.0 to 99.% minutes.
; 27 Blue Men and Locat ion The number of Blue unaimed
i Default: BU1 = 800, units initially active.
X = 4,0, ¥ =4,0 BU should be less than
10000. The X and Y coor-
dinates should be between
0.0 and 10.0.
28 Blue Mer and Location Same as line 27.
' Default: BU2 = 800,
:
‘ 76
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41

42

X =3.5, Y = 6.5
Blue Break Point

pefault: 0.50

Red Range Weight

Default: 2.0

Blue Rarge Welght

Defaults 10,0

BC outpcst Forcs,

The percernt of losses of
Blue's initial strength

at which Blue would
retreat. Shculd be less
than 1.0.

The importance of the
distance from the Red
ferce to the repoerting BC
ocutpost. Should range
between 1.0 and 10.0 where
1.0 means the most ippor-
tan+ factor and 10.0 means
the l2ast important fac*or
The importance ¢f the
distance from the Blue
force tc¢ the reporting BC
‘outpcst. Should range
between 1.0 and 10.0 where

1.0 means the most impor-

tant factor and 10.0 me.ns

the least important factor

For each BC ouipost the
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to Sensor Fange, Time on initial amount of

47 per Game Step, and resources (force)
Positior allocated to the outpost,
Default: BCt?1 = 300, its maximum sensor range,
sensor Faunge = 3.0, the percentage of a game
Time on = 1.0, step the outpost is active
X =5.5,9Y = 4.5 and its position. 1Ini+ial
BC2 = 3400, uni+t strength should bde
Sensor Fange = 3.0, less than 9999,
Tioe on = 1.0, Maximum sensor range
X =6.0,%Y =6.0 -should be between 1.0 angd

10.0. Time on should be

betveen 0.0 and 1.0.

The X,Y coordinates should

be between 0.0 and 10.0.

The user indicates to the program that he has finished

initializing the variables by entering a 99 at the keyboard.
After antering 99, the user can select the Red route of
attack. Entering the attack route has heen simplified for
the user through the use of the RAMTEK's trackball. The
user designates all turning poinis by moving the trackball

cursor to the hex where the turning point is to occur and
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depressinq.the erter key on +the trackball. The user can
designate a maxisum cf 13 turning points for each Red unit.
The Red force will travel in a straight line from turaing
pcint to turning point. When the desired path of the Red
force has been entered then move the cu-sor into the red
araa at the bottcm of the screen and depress ths enter key
on *Le trackball.

On the seconé and all subsequent runs, the user is given
the option of entering a new route of attack or using the
previcus route of attack. If the user selects to use the
previous route of attack, the Red force will start and
finish at the sage lccation as in the last run., Therefore,
the user should rot change tle X cor Y coordinates of either
the Red force or the Blue force when electing to use the

attack rcute of t+he previous run.

D. OUTPUT

There are twc distinct high-resolution graphical
displays used by the simulation. One is the playing board
displays which irdicate unit position and strength at the

end c¢f each game step and provide one of four different

status reports at the bottom of the screen. The other is

the Porce Strength vs Time plot which is available to the

] user at the end ¢f a conflict. f
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1. Rlaying foard Displays

Figures 1.5, 2.9, 2.7, 2.8 are examples of playing
board displays. Each picture shows the same poin*t in time
of a bhattle but a different status report is displayed at
the bottcm of the screen. The user selects the status
Teport desired by placing the trackball cursor over the
letters reprosenting the status report and depressing the
enter key. For ¢xample, to view the Blue Force Status
repor%t the cursor is placed over the word 'BLUZ' and the
enter key is Jdepressed. To examine +t+he BC Ou*post Status
report the cursor is placed over the letters *BC' and the
enter key is depressed. When the user places the cursor
over the word *MCDEL' and depresses the enter key, the posi-
tion and strength of all the forces for the next game step
is displayed on the playing bocacd.

2. Torce Streng:zh vs Time Plots

At the erd of a bat+tle, the user can build graphs
such as the one shown is Figure 2.9, To build a graph, the
use selects a force *o be plotted. For example, to plo* the
Blue tctal fighting force strength (3T1) vs time, the user
places the cursor over the letters BT1 and depresses the

enter key. A plct of force strength vs time will be made
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for the first Blue Main force. Spaced alonyg “he line will :f_;7
be the letter in parenthesis next to the force select=zd, in

this case the letter G, This featursz allows “he user tc¢

EREREE L o P

distinquish betveen lines of the same color. (The Red

forces have red lines and letters; the Blue fightirg forces

have blue lines and letters; the BC cutposts have black é'
lines and letters.) Break points (a user inpu*) alie shcwn :
on the total force streng«h lines only (RT1, kT2, RT12, BT2,
BT3). Break points enable the user %o hypothesize what
would have happened had the units retreated upon reaching
their break point.

To clear the screen and repict a force, the uwmer
places the cursor over the words 'NEW PLOT® and dspresses
the enter kev. To terminate the plotting routine andéd ze*urn P
+0 the beginning of *+he next simulation run, the user places
the cursor over the word 'RETURN' and depresses the en-er ;
key.

There is a maximum of 50 data points per line which
can be plotted ir this routine. Therefore, if a battle

simulaticn has mcre than 50 game steps, only the first 50

data poin*s will be plotted,
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E. TO RUN THE SINUGLATICN
The simulaticn prograa is located in Spanegle Hall rconm
500 on the PDP 11/50 computer system, To -un the simula-
tion, the user must 4o the following:
1). Turn on the RAMTEK 9400. The ON/OFF switch is
located on tte front panel of the RAMTEK 9400 cabinet.
2). Turn on the RAMTER 9400 keybuvard, trackball, and
coler monitor. All of the ON/OFF switches for thsase
devices are c¢learly marked on thz front of zach d:vice.
3). Log on *o the PDP 1150 Systam a* any terminal
located irn tke room. The commands are
>HEL BENT
>passvword: BENT
(2 system mess=2ge is displayed)
D>RUN BENT
(Note that +le > sign is a system prompt and tha* *he
user only tyies the letters that are capitalized. The
lower case letters ar2 displayed to the srceen by the
PDP 11/50 cp<rating system.)
4y. After ertering RUN BENT, the user must use the
RAMTEK keyboard and +trackball to communicate with the
simulation, The program is interactive wi*h step-by-

step directicns provided for the user.
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5). After the last simulation run, the user should log

L L o T S —

off the system by entering the following command at the

Tt

terminal at which he logged on

e e i e e S aen 8 en

>BYE
Te obtain a copy ¢f the source c¢code, *he user should

enter the tollowing command prior to 1og9ging off the system ;5

P@PENT

| ,
| “
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'DER IVATION OF ATTRITION EQUATIONS?

Suppcse a Blue forcae confrouvs a Red Force. Further,
suppose that Blue attacks Red an? dn2s so vwithout coordina-
tion (commard ané ccntrol), ie, eachk 3 in Blue picks a
menber R in Red 2t randow and fires a* i+ independently of
the actions of tte other B's in Blue. asuuw. that all Rs in
Red are equally likely *o receive fire fronm & single B.
Also, assume that the kill probability of B agaiiuzt 3 s
given by the expression

Pb = Pw * exp(-RANGZ) L xif--'ﬁ |
where RANGE is ttle distance be=wesi the §i1iug 5 and the
receiving R and Ew is the probabiliuy ») X1il for the weupon
fired. Further, let ’r dano*te <he z_.7.ry Tate of B.

Let K denote the rando> number of Rs killed by the Bs
per engagemant {(c¢f duration }\). Then during the engageman:
cf time )\, the E fires | #E shots. The number of Ps
killed, K, may be¢ exrressad as

K=I(1) +I(2) 4 eue & I(P*+ co. + I(r) (E.2)
wvhere R is the number of Reds receiving fire during the

period, and the indicator random variable
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1 if the jth R is killed by B fire
I(§) = .
0 otherwise

then the expected number of kills, E(k), is
R

E(K) = };13(1(1)) = R*E(I(1)) = R¥P(X(J)=1) {B.3)

where P{T(J))=1) is the probability of at leazt cure kill
during the engagsent duration 7\, assumed tc be the saue H
for each element of the Red force. If E(I(i)} can be
conmputed, then B (K) can be found.

First of all, it should be noted that the probability

that i of the B's target the jth R is given by the binonmial

i B-i
(g} (1/8) (1-(\/R)) . i=0,1,2,c00e3 {8.14)

B Vnt, e W e in e,
o il

Then, given that a B is targeted on the jth R, the prob- %
abllity of at lezst cne kill in an engagement of duration %i
is gf

T~ (1 - Pb"yx 3
. Tvevefore, “+he probavility of at least one kilil by i B's f*ﬁ
; ‘_fﬂriuq Independertly is -ﬁ
| Yy § i R
; 1 - ((=ph ) = 1 -2 (B.5) 1
é . whers Z is the probability cf ne kills per engagement with ;
% one Be Hox, B
! ’ P(I(I N =Z (- zi) (E) (VR)i (1 - (1/R) ” 1
| 139 %
|
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B
= 1= (Z* (\/R) + 1+~ (1/R)) (B.8)

Since E(I(i)) = E(X (i)=1), then

. ’Y)\)B
E(I(i)) = ¥ - (1-(1/R)*{1- (1-Ph) (B.7)

Than from equaticn (B.3),

YA

E(K) = R*{1 - (1 - (1/R)*(1- (1~-Pb) ))B (8.8)
BEquation (B.8) is Equation (4.2) which is used in the
computer similation to find the expected number of kills
from unaimed fired.

When B is firing on R with coordination, the experssion

for E(K) becomes

E(K) Bx(1 - (1~Pb)'y)\) for B/RS"l {B.9)

ang

E(K)

Y A(err)
R#* 1 - (1-Pb) for (B/R)>1 (B.19)

Equation (B.9) assumes tha*t one B per B is allocatz2d £or as
long as the B's last. Equation (B.10) assumes that (B/E)
B'S are allocated to each R during the enqgagement. No
account 1s taken of the fact that B/R is often not an
integer.

Equation (B.€) and (B.10) are the aimed attrition equa-

tions of Chapter 1V,

et
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5 ARRENDIX G 5
DERIVATICHE OF THE STOCHASTIC lTTRITIbN RATE
| Assume that E{(t-~1) represents the size of the Red ferce ?
] at the (:-1) step in time. Let A+ be :the stochastic attri- ;
g +ion rate of the Red force by the Blue force at the t step §'
( in time. Let Ot (t) be equal to the expected zumber of kills i
! {(E{k)) ¢cf toe Red force by tke Blue force found by using
#
1

I} equations (5.1, (5.3), and (5.4). An egua*tion for A+ will

7

now be developed based on a log-rormal distribution.

For a log~uocimal distribution

X = axp (L + S5%7) _ {C-1)

e
>
Dl AT N o W e

vhere

EOT ¥ By e o4 et

Z is a random veriant from a normal 0,1} &istribution

Lodht

U 1is the mean

8 is the standa:d deviation

The sxpected value of X is i._
E(X) = E{exp{i + 5%))

= @Xp(l) * B (exp (S*Z))

‘but Biexp{f$3)) = exp{G.S*fz)

Tharefore,

E(X} = exp(U 4 0.5%52)
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If the expected value of X, E(X), is equal to the expected

pumber of kills @r(t) of the 3ed force, then

i E(X) = €ex(t)
and
' ’ er(x) = exp(U + 0.5%*32) g
1n(exr(t)) = U + 0,5%s82 E i
: and therefors, %ix.

U = la(@r{t)) - 0.5%52 (c-3)

The variance of % is

; VAR(X) = E(X2) - (E(D)?
Now E(X2) = oxp (20 + 2§2) { 8
and (E(X})2 = exp(20 + 59 ;:;.
‘ Theretfore, §.
. VAR(X) = exp (20 +252) - exp(20 + 52)

exp {20 + S2)% (exp(S2) ~ 1) .

(E(X)) *{exp(s?) - 1)

For & Poisson Distribution,

Ty
wth el

YAR(X) /E(X) =1
therefore, assuming xoisson variability in kills,

1 = E(X)*(exp(53) - 1

and if er(t) = E{(X), thsn

-
o ot

1 = ex (%) *(exp(5%) - 1)

! (exp (52) -~ 1} = 1/@r ()
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S2 = 1n (1 + /8. (L)) (C~-u)
and when VAR(X} /E(X) # 1
then

S2 = VAR(X)*(1n 1 + 1/6r(t)) {(C-%)
and

S = SQRT(S2) (C-6)

Finally, let A+ be equal to X in equation (C-1; and “hex
A+ = exp(0 + S*32) (C-7)
where
U is the mean fcund in egquation (C-3)
S 1is the standard deviation found in equations (C-5) and
{C~6) and

Z 1is a random variate froa a normal (0,1) distributiown

_Exla v . - ECTRNRY TRy - 1)

TR e, iR

2
EY
a %

JC P TI I

[

T D T | NN A P I
Lw e

»% : *
el L bl o gz L, ulh

-~

e W



G st it me ey e

BIBLIOGRAPRY

Gaver, nald, P. "Models that Reflect the Value of
» Infornat on in a Comnan gn Control Context.m™ Naval
Postgraduate Schcol Technical Report NPS-55-80-027.

Lawson, J, S. _"Ihe Role of Time in 2 Comgand Cortrol
Systen' ¥aval Electronics System Command. Washington,

Jawson, J, S. %Commend Comntrol as a Process™. Naval
Blectronics Systeém Command. HWashington, D.C.

Rp:9u00 FORIRAN Ipterface Package (FIP). Santa Clara, 1980.
éﬁiﬁ;—n 2 Eodﬁé"“&h“mf‘ﬁ %gra fﬂgsiﬁaa%“-c"gf%%“;i
-l g __ _, <t




T

4.

54

6a

7.

9.

10.

.

13.

IHITIAL DISTRIBUTION LIST

Defense Tectgical Information Center
Cﬁmeron Station .
Alexandria, Virginia 223

ibrar Code _0142
%aval gést raduate, Schecol
Monterey, Ca2lifornia 93940

Professor D. P Gavei Code 556w
Department cf Operatidns Research
Naval Postqraduate School
Morterey, California 93940

Capt J. E. Eent

HQ ECO/DCXRC

APQ New York 09012

Professor J. G. Tavlor, Code S5Tw
Department ¢f Operations Research

Naval Fostgraduate School
Monterey California 93940

Professor J. M. Wozepcrafl
Department ¢f _Electrtica

Naval Postgradyate, School
Monterey, Califcrnia 939

T
E
m
Professor P. H, _Hoos od
Department cf Electrgéag 3

Naval Postgraduate School
Morterey, Califcrpia 9394

CDR Gary Porter, Code 55pt
Directcr C2 Warlad

Naval Postgraduate School
Merterey, Califcrnia 93940

CDR Adanms .

Center for Hai Gaming

Waval War Ccl ege

Newport, Rhcde Island 02840

Naval Electronics System Command
Dr. J. Lawscn
Washington, D.C. 20360

Ccmman er—in—cg‘gf Pacific
Ccmmand, Code 57
Camp Smith, Hawaili 96861

0.5 Arm; ar Eglleqe

Capt Howard Yellen, '05A
Carlisle Barracks, Penn 17013
ggo essor M. Sogﬁreign

airwan, Ccde
C3 Academic G

R
"‘Naval Postgraduate Schoo

1
¥onterey, Califcrnia 9390

N

¥No. Copies
2

b

P




