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AB STRACT

A differential equation attrition model is used to

deterministically simulate an infantry squad frontally

• attacking a four-man defensive position. The simulation

results are used to determine the optimum rush distance.

0

3 

- ~~~~~~~~~~~~~~~~ 1 T ~~~~~~ ~~~~~~~~~~ 
. - —

- Y~~~~~~~~~~~~ j - i~~~~~~~~
._ —. -—- - A~



- —
~~~~~~~~~

-
~~~~~~~~ ~~~~~~~~~~~ -~~~ - — -~~~

SUMMARY

The rush distance an infantry squad uses in the frontal

attack could be critical . If the rush distance is too short ,

it may take the attackers too long to close with the defenders .

If the rush distance is too long, the attackers could possibly

receive heavier casualties because they will be exposed to the

defenders ’ fire for a longer time while rushing the longer rush

distances.

This study sought the optimal rush distance by first modi-

fying a differential equation attrition model which had been

developed by Donald E. Christy in 1969. The modified model

was then used in a deterministic computer simulation of a

frontal attack involving a twelve -man infantry squad against

a four-man defensive position. Several engagements were simu-

lated with the varying parameters being rush distance , attack-

ing squad organi:ation and opening range .

The results of the simulations indicated a direct relation-

ship between optimal rush distance and range . At ranges greater

than l 5  meters the numerical superiority of the attackers did

not outweigh the more accurate fire of the de fenders. However ,

at ranges less than l 5  meters the accuracy of the attackers ’

fire was much closer to the accuracy of the de fenders ’ fire

and the attackers could take advantage of their superior numbers

to inflict damage upon the defenders . This suggests that , at

greater ranges the attackers should try to get closer to the

• de fenders as quickly as possible , using longer rush distances

(10-40 meters) . At closer ranges the attackers should perfo rm

better with shorter rush distances (5-10 meters) to reduce

their casualties.
1
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I .  INTRODUCTION

The problem addressed in this paper is that of searching

for the optimal rush distance for a small infantry force that

is using fire and movement tactics in the frontal attack.

The size of the force considered is twelve combatants , each

armed wi th a semi-automatic rifle. This is approximately the

size of a squad in most infantry organizations. The size of

the defense force considered is four combatants , each armed

wi th a semi-automatic rifle. . The frontal attack is probably

the form of maneuver most frequently used by infantry squads .~~
1
~

The fire and moveme nt tactic in the frontal attack has the

entire attacking force closing fron tally with the defenders.

A designated por tion of the attacking force rushes forward a

shor t dis tance while the res t of the attackers f ire at the

de fenders . The rushing attackers then take cover and fire at

the de fenders while ano ther des igna ted por tion of the attack-

ing force rushes forward . (In this paper those desi gna ted

portions of the attacking force will be re ferred to as rush

teams .) In such a manner the entire attacking force move s

forward to an assault position . The listance covered during

any of the rushes is called the rush distance. The assault

posi t ion is normall y jus t out of hand grenade range of the

de fenders ’ posi t ion , about 50 me ters . It is a posi t ion where

the entire attacking force can come on line and move forward

as a single uni t , non-s top, in an ef for t to overrun the

a.
a.
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de fender ’s posi tion. Long rush distances maintain the momen-

tum of the attack and total time duration of the attack is

relatively short. However , the attackers are comple tely

exposed to the defenders ’ fire for long periods of time while

rushing. Shor t rush dis tances expose the attackers for a

shorter period of time for each rush but slow down the attack .

To tal t ime exposed to fire is the same , regardless of rush

distance.

Rush dis tance depends in a large part on the terrain and

the training the attackers have received. Other factors which

influence rush dis tance include the physical condition of the

attackers , the wei ght of the equipment they are carrying, and

the nature of the weapons against which they are engaged.

Nevertheless , terrain and training are of ten the overriding

factors. When a comb atant receive s the command to rush

fo rward , he searches  the  t e r r a i n  to h i s  f r o n t  fo r  a p o s i t i o n

w h i c h  o f f e r s  b o t h  cove r from the  enemy ’ s f i r e  and concea lmen t

from the enemy ’s observation. If his training has s t ressed

that the rush distance should be about 20 meters , he will

probabl y look for a posi t ion approxima tely 20 meters to his

front. If there is a covered and concealed position in that

vicini ty, that is where he will probably go , even if ther e

are similar posi t ions loca ted 10 me ters to his fron t and

30 me ters to his front .

Terrain encoun tered in ground combat may neve r present

good positions consistentl y at the designated rush distances

• but “trained” a ttackers should seek pos itions in that general

area and will attack using rush dis tances as close to tha t

8
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value as the terrain will allow . There fore , a good reason

for seeking the mos t ef~~ ct ive rush dis tanc e is to improve

the performance of small infantry units in which may be their

mos t frequently used maneuver.

In 1969 , Donald E . Christy , then a Cap tain in the United

States Marine Corps , while s tudying cer tain tac t ics of infan-

try small units in the fron tal attack , developed a differen-

tial equation attrition model for homogeneous forces which

a 
was an adaptation of Lanchester ’ s Square Law . [21 The s tudy

in this paper approached the problem of optimal rush distance

by firs t mod ifying Chr isty ’ s attrition model , then using the

modified model in a computer simulation of ground combat and

analyzing the resul ts .

Chap ter II describes Christy ’s attrition mode l , his ~om-

pu ter simulations and the results from those simulations.

Chap ter III describes the modifications made to Christy ’s

mode l . Chapter IV describes the computer simulation used in

th is study and Chapter V pr esents the results of  the s imulated

eng agements. Conclusions drawn from those engagement~ and

recommendations for further study are found in Chapter VI.

The appendix con tains a mo re de ta iled descrip tion of the

single-sho t kill probability function developed in this study.

9
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I I .  C H R I S T Y ’ S  ATTRITION MODEL

As was noted in the introduc t ion , Donald E . Christy , in

196 9, developed a diffe ren tial equation attrition model for

homogeneous forces. He di i this by adapting Lanchester ’s

Square Law to better reflect the dynamics of ground combat

in fire and movement. In this chapter we will examine the

bas ic s truc ture of Chris ty ’ s mo~ e1 , the scenario he used and

the results of his computer simulation.

A. MODEL STRUCTURE

Chris ty ’ s attrition model consists of a set of differen-

tial equations wh ich express the sizes of the opposing f orces

as dec reas in g funct ions of time , implying continuous attrition

without replacement. Let A(t) and J~ t) , respectively , be the

siz e of the attacking force and the size of the de fending

force at time t , where t 0 represents the beginning of the

eng agement . Let and VA , respectivel y , be the single-shot

kill probability and rate of fire for ar~ ind ividual attacker.

Le t and rD be similarly defined for the de fenders . The

pr oduct of kill probability and rate of fire is the rate at

which an individual comba tant attrits the opposing force .

Using this notation , the two simultaneous differential

equa t ions of Brackney ’ s version of Lanchester ’ s Square Law

• can be expressed in the following form :

10
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d A ( t )  
- ~D r D D ( t )

dt - -

and

d D ( t )  — P~ r~ \(t) .
dt -

This model thus describes the opposing force s i zes  as

decreasing functions of time . Reinforcements are not con-

sid ered because the engagements investi gated were of such

short duration so as to preclude their use. The rate at

which a force is attrited at any time t depends upon the

siz e of the opposing force at that time and the ability of

each element of the opposing force to inflict casualties.

The theory of differential equations allows one to use these

equations to determine the number of survivors in each force

at any time t.

There are two aspects of ground combat which are not

considered in Bracknev ’ s equations. The first is that the

intensity of the engagement tends to increase as the attack-

-: ers clos e with the de fenders. The second is that some of

the combatants are not firing their weapons at any ~i ’:en

time during the engagement. Christy addressed this short-

comin g by treating both kill probab ility and rate of fire as

func t ions of force separa t ion and considerin g suppre ssion

ef fec ts .

Since the closer a combatant is to the target the better

is hi s chance of hitt ing it , C h r i s ty ’ s ki ll probabilit y was

• a decreasing function of range , or distance between the

o p p o s i n g  forces . Since in a frontal attack the range decrea-

ses as time increases (if retreats are not considered) , kill

11
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• probability can be expressed as an increasing function of

t ime . As the attackers move closer to the de fenders , the

accuracy of fire on bo th sides increases. Christy did not

give bo th forces the same kill probability function. His

kill probabili ty functions reflect the facts that the de-

fenders will probably present a more difficult target to

the attackers than the attackers present to the de fenders ,

and that the attackers present different target characteris-

tics to the -defenders when they are rushing than they do

when they  a re  n o t .

The rates of fire in Christy ’ s mod el can a l so  be e x p r e s s e d

as increasing func tions of time . The attackers had a single

rate of fire function and the defenders had two rate of fire

functions. The defenders had a rate of fire function for

firing at those attackers who were actually rushing forward

and a second func t ion which gave higher rates for firing at

thos e attackers who were not rushing. Both of the de fenders ’

rate of fire functions approached the same limiting value as

the attackers approached the offenders ’ posi t ion . In Chris ty ’ s

mod e l , then , as ti me advances and the a ttackers move cl oser

to the de fende r s ’ posi tion , the intensity of the engagement

increas es in that both sides are firing more accurately and

mor e rapidly.

Chri sty ’ s mode l included consideration of suppression

effects since some combatants do not fire their weapons all

of the t ime due to rel oading of  weapons , confusion , fatigue

• and fear. Chris ty also assume d that if a combatant is not

firing his weapon , he is no t exposing himself to the enemy ’ s

f ire .
l~
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Before we can examine a general form of Christy ’s

attrition model some additional notationsmust be defined.

Let ,

11(t) = number of attackers rushing,

A-,(t) = number of attackers not rushing,

D(t) number of defenders ,

D1(t) = number of de fenders. firing at rushing attackers ,

D~~ t) = number of de fenders firing at non-rushing
- attackers

rx (t) = rate of fire for an element of force x ,

P.(i t) = single-shot kill probability for an element
of force x

and

S(t) = suppression factor (a number between zero and
one)

Usin g this notation a general form of Christy ’s mode l is

as fo l lows :

The attr ition rate for rushing attackers is

dA1(t) 
= 

P 0 ( t )  r D ( t)  s( t ) D1 (t)dt 1 1

and the attrition rate for non-rushing attackers is

dA2 (t) 
= ~D (t) rD (t~ s (t) D~ (t).

dt 2 2

For defenders the attrition rate is

d D ( t )  
= 

-P ~ (t ~ r~ (t) 5 (t) A , ( t ) .
dt 2 2 -

•

Note that in this portrayal the defenders are not attrited

by the rushing attackers , only by those attackers who are not

13
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rushing. In Chris ty ’s model the attackers do not fire while

rushing .

B.  C H R I S T Y ’ S  SCENARIO

In the scenario used in Christy ’ s study , bo th sides were

armed wi th the MU rifle and fired it semi-automatically.

The attackers carried 300 rounds of ammunition per man

whereas the defenders were given an un limited ammunition

supply . The range at the outset of the engagement was

600 meters. The terrain presented no obstacles to the

attackers and offered them un iform cover from the de fenders ’

fire and concealment from the de fenders ’ observation .

Christy wrote a deterministic computer simulation which

used his attrition model. He simulated several engagements

and in each engagement a Constant rush distance was used

which was 3 , 10 , 20 , 30 or 40 meters. Christy also varied

defensive fire distribution , attacking force size , and number

of rush units. The percentage of the defensive force which

fired at those attackers who were rushing was 90% , 50% or

10% in any given engagement. The de fensive force started

with four combatants in every engagement while the attackers

s tar ted wi th ei ther 12 or 24 comb a tants . In any given engage-

men t the number of rush units was 2 , 3 or 3 . Thus , by v a r y i n g

five rush dis tances , three defensive fire dist ribut ions , two

at tacking force si:es and three rush unit sizes , Chris ty

• simul ated a totla of 90 different engagements.

14 - 
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The measure of effectiveness Christy used was victory or

de feat. Victory went to that side which had the larger force

size when the attackers had closed the range to 50 meters.

In those cases where one of the forces had been annihilated

before the 50 meter range had been attained , victory went to

the force which still had survivors .

C . CHRISTY ’ S RESULTS

a The resul ts of Chr isty ’ s simulations are quite interest ing.

In 84 out of the 90 simulated engagements one or the other

of the two forces was annihilated be fore the 5~ met er range

was attained. The simulated engagements indicated that using

five rush teams was relatively ineffective for the attackers .

The coordination and movement required for an attack with

five rush teams took too much time . There did not appear

to be any significant difference between using two or three

rush teams . The de fenders fared better when they directed

a greater percentage of their fire towards the rushing

attackers.

C h r i s t y ’ s s i m u l a t e d  e n g a g e m e n t s  a l so  i n d i c a t e d  t h a t  rush

dis tances of 30 or 40 meters were more effective than smaller

distances. Christy speculated that this result was due to

the long distance traversed by the attackers (530 meters).

He also suggested making the rush distance a function of

time . That is , the rush distances would become shorter as

• the attackers moved closer to the defenders ’ position .

is

- a.
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III. THE MODIFIED ATTRITION MODEL

The attrition mode l used in this study has the same general

form as Christy ’ s mode l , which was described in the previous

chapter. Howeve r , the kill probabili ty func tions , the ra te of

fire functions , and the suppression functions are not the same

ones used by Christ y . ifl this study single-shot kill probability
a 

is d e f i n e d  to be the p roduc t  of  a i m i n g  p o i n t  p r o b a b i l i t y  and

targe t probabilit y . These two probabilities are defined and

explained in th is chapter. This chapter also includes a de-

scr ip tion of the rate of fire functions and the suppression

functions deve loped for this study .

A . A IMING POINT PROBA BIL i TY

The d e v e l o p m e n t  o f  the s i n g l e - s h o t  k i l l ,  p r o b a b i l i t y  f u n c t i o n

used in t h i s  s tudy  beg ins  w i t h  the assumption that a combatant

will rarely encounter a visible , sta tionary target due to the

fact that his enemy is usually either concealed or in motion .

Neve rtheless , it is asserted that more than likely a combatant

w i l l  a im h i s  weapon a t  a point where he thinks the enemy is

located. If his enemy is running, it is asserted that a

comba tant will aim his weapon at a point where he thinks the

enemy will be by the time a round ge t s there . Such a point ,

which will be re ferred to as an aiming point , can be any thing

from a bush or clump of grass to a spot on the ground. It will

very seldom be a stationary , visible enemy comba tan t . An

16
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example of a good aimin g point would be a bush which an enemy

comb atant is hiding behind or a tree which an enemy combatant

will run in fron t of at the same time a round arrive s there .

If we visualize a silhoue tte target centered at a good aiming

point , it can be assumed that if a combatant places a round

close enough to that aiming point to hit the silho uette , he

will hit the enemy combatant. Thus , the probability that a

c o m b a t a n t  h i t s  an opponent  is the produc t of the p r o b a b i l i t y

that he places a round close enough to a good aiming point

given tha t he has sel ected a good aiming point and the proba-

bility that he selects a good aiming point .

When de fending agains t f ire and mo vemen t in the fron tal

attack , a defender is normally able to see the attackers when

they ar e running bu t has to select an aiming point ahead of

an at tacker and “lead” that attacker as he is running. When

the attackers are not running, they normall y conce al themselves .

In that case a de fender may not know their exact positions but

w ill have a good ide a of their approximate positions by the

sound of the attackers ’ fir e and by having observe d ;~he re they

took cover afte r running their latest rush distance .

Since de fenders can be expected in most situations to take

camouflage and concealment measures , an attacker may not see

a de fende r un til he is within 50 meters of the defenders ’

position. Until then the attacker has estimated the de fenders ’

position by the sound of the de fenders ’ firing, an occasional

muzzle f lash , the attacker ’s abilit y to evaluate the terrain

for likely de fensive positions , or a combination of these and

other fac tors , including mili tary in telligence.

a.
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In both cases , the ability to select a good aiming point

shoul d become be tter as range decreas es.  Also , it should be

easier to select a good aiming point if the opposing force

is rela tively large than it would be if the opposing force

were smaller since there would b4 mo re good aiming points

available wi th a large r opposing force . Thus aiming point

probabili ty, the probability that a good aiming point is

selec ted , can be expressed as a func tion of range and size

a of the opposing force , varying inversely with ran ge and

direc tly with the size of the opposing force .

B . TARGET PROBABILITY

I t has been stated that a combatan t ’ s kill probability is

the probability that he hits what he is shooting at , given he

is shooting at the ri ght thing, multiplied by the prob~ b ilitv

that he is shooting at the rig h t thing. We have discussed the

probabili ty that he is shooting at the ri ght thin g, or aiming

poin t probabilit y . Now let us turn our attention to the

probabili ty that , g iven a good aiming point , a combat ant

places a round close enough to that aiming point to hit an

enemy combatan t. This probability will be re ferred to as

targe t probability .

Target probabilit y is taken from rifl e range data for a

target of certain si:e, a combatant with a certain leve l of

marksmanship ability with a certain rifle , firing from a certain

firing position at a range of so many meters ; the p robabilit y

that the targe t is hit is well tabulated . Assumin g a unifo rm

18 
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level of marksmanship skill , targe t probability is a function

of target size , range and firing position .

Since only infantry engagements are being considered here ,

it is reasonable to assume that a hit is equivalent to a kill.

There fore , a combatant ’s single-sho t kill probability at any

given t ime t is equal to his aiming point probabi lity at time t

multiplied by his targe t probability at time t. The exact

fo rm of the single-sho t kill probability function as well as

function value s in certain s i t u a t i o n s  can be found in the

appendix .

C. THE RATE OF F I R E  FUNCTIONS

Two rate of fire functtons are used , one for the attackers

and one for the de fenders . Both are functions of time . The

de fenders ’ rat e of fire is expressed is a L inearly increasing

func ti on of t ime , since no rmal poli cy for de fens ive forces is

to increase the rate ~ f fire is the attackers move closer.

No dist inction w ill be made in the defenders ’ ra te of f i re

func tion for firing at rushi ng or non-rushing attackers.

\ttackers , howeve r , normalL1 should not mo ve forward in

the attack until they have gaine d fire superiority . A U.S.

ArmY st ud’. lefines fire superiority as “attaining a greater

magnitud e ~f t a r g e t  e f f e c t s . ”~~~
1 It i sn ’ t enoug h tha t the

attackers fire more rounds than the enemy ; the rounds they fire

mus t be effective rounds . Effective rounds are rounds which

• ei ther hit an enemy combatant or a re placed close enough to

have a suppressive effect on him. ve know from an earlier

19
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discussion that eve ry round fired is not an effective round ,

due to the firer ei ther not being able to see the enemy or

trying to hit a rapidly moving enemy . Howeve r , it is asserted

that if a combatant has chosen good aiming point as defined

earlier , the rounds he fires will be effective rounds . Thus ,

an opera tional definition of “magnitude of targe t effec ts”

was chosen to be the product of rate of fire and aiming point

probability , expressed in terms of effective rounds per minute.

As was stated earlier , the attackers should not move forward

until they have gained f i re superior ity. In order to gain fire

superiori ty , the attackers mus t fire at a rate which will attain

a grea ter magnitude of targe t effects than the defenders . Since

the de fenders ’ magn itude of target effects is a function of time ,

so is the attackers ’ rate of fire .

D. THE SUPPRESSION FUNCTION

As we no ted earlier , at any given t ime during the engagemen t

a proportion of the combatants will not be firing their weapons

because of fatigue , confusion , fear and o ther suppres s ion

factors . It is importan t to note that , while they are no t

firing the ir weapons , they are no t inflicting any damage upon

their opponents and they are not incurring any damage from their

opponents since it was assumed that a combatant who is neither

rushing nor firing is not exposed to fire. Therefore , at any

t ime during the engagemen t , the ability of the attackers to

• attrit the de fenders is reduced by the proportion of the

• attackers who are not firing. It is also reduced by the

20
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proportion of de fenders who are not firing since those defenders

are not exposed to the attackers’ fire. The same could be said

for the ability of the defenders to attrit the attackers.

In this study the proportion of combatants not firing their

weapons (and thereby not exposed to fire) is taken to be a

constan t for both sides except for when an attacking rush team

is rushing. When this happens the entire rush team is exposed

to the fire of those defenders who are firing and the rest of

the att ack e rs have a higher proportion of firing comb atants

due to the added incentive of providing covering fire for their

totally exposed comrades. Thus the suppression function used

is a function of time and gave , at any time t , the product of

the proportion of firing d e f e n d e r s  and t h e  p r o p o r t i o n  of f i r i n g

at tackers.

21
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LV. THE SIMULATION

This chap ter se ts the s tage by describing the scenario

used in this study , the measure of effectiveness , and the

compu ter program which simulated several engagements in that

scenario by using the a ttri t ion model described in the prev ious

chapter . Since we are already familiar with the scenario used

a by Christy , the scenario used in this study will be described

by poin ting out where it differs from Christy ’s scenario .

A . THE SCENARIO

The major departure made in this scenario from Christy ’s

scena r io  was range . The opening range in each of Chris ty ’ s

s i m u l a t e d  e n g a g e m e n t s  was ~00 m e t e r s .  Such a range may be

too large for engagements of the type modelled . [1j Much

smaller ranges appear to be more appropriatejOl In this

study opening ranges were varied among engagements and ranges

of 25 0 , 200 , 150 and 100 meters were used. Both defenders

and a t t a c k e r s  were  armed w i t h  the Ml ó Al rifle , f i red semi-

automatically. All combatants were give n an unlimited supply

of ammunition and the compu ter simulation kept track of ex-

pended ammunit ion .

The ini tial de fender force size was always four and the

initial attacker force size was always twelve . The attackers

were organized into three rush teams of four combatants each

or two rush teams of six combatants each. This was done as an

f i n
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interesting sidelight to explore , inasmuch as U .S. Army infan-

try squads are organized into two rush teams whereas U.S.

Marine Corps infan try squads are organized into three rush

teams . De fensive fire was distributed uniformly over the

entire attacking force , bo th rushing and non-rushing.

This study used the same cons tant rush dis tances that

C h r i s t y  used ;  5 , 10 , 20 , 30 and 40 me ters . The parame ter

value s for the time s used to rush these distances were ,

a 
respec tively , 1.3 , 2.3 , 4 .o , 5.0 and ‘

.
‘ seconds . The coord i-

nation time used by the attackers between rushes was ten

seconds . These time value s were taken from Christy ’s study.~~

Values used in determ ining single-shot kill probabilities

can be found in the appendix. The constant proportion of

combatant s who were no: firing due to suppression was taken

to be 0.5 for both sides. Vhen an attacking rush team was

rush ing, the proportion of non-firing combatants for the rest

of the  a t t a c k e r s  was taken to be 0.25. :vhen a rush team was

rushin g, fire superiority was considered achieved by the rest

of the attackers when they had a magn itude of target effects

of two effective rounds per minute greater than the defenders ’

magnitude of targe t effects. when there were no teams rushing,

the attackers onl y needed an ed ge of one effective round per

minu te to achieve fire superiority .

B.  MEASURE OF EFFECTIVENES~3

• The measure of effe ctiveness used was victory or de feat.

The attackers would be victorious if they reached the 50 meter

2 3
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mark with a force size greater than the de fenders or if

they annihilated the defenders. Any other outcome would

• resul t in vic tory for the de f e n d e r s .  An at ~cker  v i c t o r y

was considered more effective than another attacker victory

if it resul ted in’ a lar ger attacker force size at the end

of the engagement.

C .  THE PROGRAM

An event-s tep, deterministic computer simulation program

was written which had two events , a rush event and a coordina-

t i on  e v e n t .  A rush  e v e n t  c o n s i s t e d  of  one rush  t eam r u s h i n g

one rush  d i s t a n c e . A c o o r d i n a t i o n  even t  was t h e  t ime  b e t w e e n

successive rushes . Fi gure 1 shows a flow chart of the simula-

t i o n  p r o g r a m .

START

- ~~~~ATTACKER COORDINATING TI~~

UPDATE CLOCK , FORCE s [ :E s ,
- RANGE •\ND AMMUNITrON X P E N D I T U R E .

[F EITHER FO RCE S I E  = 0 , STOP . -

ONE RUSH TEAM RUSHES
ONE RUSH DISTANCE .

- UPDATE CLOCK , FORCE SI T ES , RANGE
AND A2v~4UNtTtON EXPEND ITURE . IF

- EITHER FORCE 5t E  = 0 , STOP . IF
ALL ATTACKERS ARE AT RANGE OF

50 ME TE RS , •S TO P.

Fi g. 1. S i m u l a t i o n  F low C h a r t  f o r  an I n f a n t r y  Squad  in the
A t t a c k  U s i n g  F i r e  and M o v e m e n t .
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V. RESULTS

There were two se ts of results in this study . The first

se t of results was from the initial simulated engagements ,

which used cons tant rush distances. Since these results

suggested that variable rush distances may be more effective ,

additional engagements ~ith variable rush distances were

simulated .

A . RESULTS WITH CONSTANT RUSH DISTANCES

In the initial computer simulations the ittacking squad

was organized into either two or three rush teams . The open-

ing range was either 230 , 200 , 150 or 100 meters. The rush

distance (constant throug hout any single engagement) was

either 4), 30 , 0 , 10 or 5 meters . Thus , 1-) enga gements

were Lni t ially simulated. In each engagement the -attackers

were victorious , that is , ~n each engagement the defenders

were annihilated before the ittackers had advanced to a range

of 50 m e t e r s .  Tab le  I displays the constan t rush distance

results in numbers of surviving attackers .

One thing immediately apparent from the results shown in

Table I is that the closer the attackers can come to the

de fenders bef ore starting the attack , th e better off they are .

There does not appear to be any correlation between rush

distance effectiveness and whether two or three rush teams were

used . However , it does appear that at greater range s long rush

-‘5
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TABLE I

CONSTANT RUSH DI STANCE SIMULATION RESULTS
IN TER1~1S OF SURVIVING ATTACKE RS

(Survivin g (Surviving
(meters) (meters) Attackers) Attackers)

Rush Di stance Opening Rarig~ Three Rush Teams Two Rush Teams

5 250 4.86 5 .08
10 250 3 . 4 3
20 250 3 . 8 b  5 . 8 4

4 30 250 b . 0 3  5 . 9 4
30 250  ~ .12  5 . 9 2

5 2 00 b . T 6 . 6 6
10 200 6.31 6.67

20 200 o.83 S .3T’

30 200 6 . 8 0  b.5 3
40 20 0 € . 7 6 . 64

3 150 . 4 3  .2 6
1) 150 .33  7 .12

150 7 . 2 0  6 .~~2
30 130 - . 13 6 . 3 4
40 130 - .09 - .04

3 100 .~~4 .52
1) 100 .5. .46

20 100 7 .58 .32

30 100 .55 .22

40 100 7 .54  7 . 1 3

• -. -• .•- •• ‘.• - •— .—~ —. 
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distances were more effective for both two and three rush team

squads whereas at Lesser ranges short rush distances were more

effective . This suggests that perhaps rush distances which

vary d irec tly wi th range would yield bet ter results.

B. VARIABLE RUSH DISTANCES

I t was decided to simulate engagements in which variable

rush distances were used. Two methods for varying rush

distance were derived from the initial results; an exponential

me thou ~nd a linear me thod .

The expon ential method was derive d by examining the most

effective rush distance for various opening ranges. Table II ,

wh i c h  was  der ived  f r o m  Table  I , shows the  most  e f f e c t i v e  ( i n

t e r m s  of  s u r v i v i n g  a t t a c k e r s)  rush  d i s t a n c e  fo r  a g iven

opening range . A p p l y i n g  curve f i t t i n g  t e c h n i q u e s to t h e  data

in Table II suggested an e x p o n e n t i a l  r e l a t i o n s h ip  be tween

open ing range and rush distance of the form :

a Y = b emx ,

where ‘f is rush distance , x is opening range and b and m are

cons tants. Attempts to fit such a curve to the data in

Table II veilded b = 1.11 and m = 0.312 for two rush teams

and b = 3.82 and m = 0.013 for three rush teams .

In the variable rush distance simulations , rush distance

was taken to be a func t ion of wha teve r the range wa s at the

• start of a particular rush event instead of opening range .

Thus , rush dis tance decreased as range decreased . Also , the

-‘7
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TABLE II

MOST EFFECTIVE CONSTANT RUSH DISTANCE
FOR A GIVEN OPENING RANGE

Rush Distance
Opening Range Three Rush Teams Two Rush Teams

250 meters 40 meters 30 meters

200 meters 0 meters 10 meters

150 meters 10 meters 5 meters

130 meters 5 meters 5 meters

variable rush di stance simulations only considered rush

dis tances between 5 and 30 meters.

By averaging the constan t va lue s from the curves which

were fi tted to the data in Table II , mean constant value s 
¶

of b = 0.37 and m = ).l3 were obtained. These were used in

the v ariable rush distance simulations for both the two-rush

team and the three-rush team case. Figure 2 shows the grap h

of the exponential rush distance formula which was used.

The linear method of varying rush distance was derived

by examining , for each 50 meter range interval in the initial

simula tions , the most effec tive rush dis tance in te rms of

fewes t attackers killed in that 50 meter interval . This was

done b re~~Lmula ting the initial engagements after revising

the pro gram to extract the needed data. Table lit presents

these resul ts .

2 8
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V Rush Distance (Meters)

40

3 50 100 150 233 230 Range jneters~

Fi g. . Rush D i s t a n c e  is a :on s t r a i n e d
Exponentia l Funct :on of Range
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TABLE I I I

MOST EFFECTIVE CONSTANT RUSH D ISTANCE
FOR A G I V E N  RANGE IN CRE ~VffiN T

Range increment Rush Distance

From To Three Rush Teams Two Rush Teams

250 meters 200 meters 40 meters 40 meters

200 meters 150 meter s 40 meters 40 meters

150 meters 130 meters 40 meters 30 meters

100 meters - - - - 3 meters 3 meters

An attemp t was made to fit both exponential and linear

curve s to the data in Table III. Linear curve s gave the best

fit as measured by the sum of the squared residuals. Express-

ing rush distance as a linear functiono f the range at the

start of a 33 meter increment , a slope of 0.21 and an intercept

of - 5.5 fitted the two-rush team data whereas a slope of 0.23

and an in tercept of -11.3 fitted the three-rush team data.

For the variable rush distance simulations a slope of 0.22 and

an intercept of -8 .5 was used for both two and three rush

teams and rush distance was taken to be a function of the

range at the start of a rush even t. Figure 3 represen ts the

grap h of the linear function which was used.

30
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v Rush Distance (meters)

/

/~

‘

/
/‘

/

Range
30 100 130 200 250 x (meters)

F ig. 3. Rush Distance as a Constrained Linear
Func tion of Range
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C. RESULTS WITH VARIABLE RUSH DISTANCES

Sixteen additional engagements were simulated using varia-

ble rush dis tances . As before , attacker organiz at ions of two

rush teams or three rush teams were used , as well as opening

range s of 250 , _00 , 150 or 100 meters. Rush distance was

ei ther a linear function or an exponential function of range .

The results are presented in Table IV. The best results which

had been obtained using con stant rush distances are presented

in Table V . The results in Table IV seem to compare favorably

with the results in Table V.

Results in Table IV suggest , as did the values in Table I ,

that shorter opening ranges favor the attacker. Also , rush

d i s t ances  which  are e x p o n e n t i a l  f u n c t i o n s  of  ran ge seem to be

mor e effec tive than rush dis tances which are linear functions

of range .

TABLE IV

VARIABLE RUSH DISTANCE SIMULATION RESULTS
IN TERMS OF SURVIVING ATTACKERS

Linear Variation Exponenti al Variation

Opening Three Two Three Two
Range Rush Teams Rush Teams Rush Teams Rush Teams
(meters) (attacking survivors) (attacking survivors)

250 6.13 6.00 5.99 5.99

200 6.82 6.31 6.32 6.66

150 .16 6.88 7.38 7 .19

100 .58 .38 .65  : . 3 3
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TABLE V

BEST CONST. -\NT RUSH D I S T A N C E  S I M U L A T I ~~N RESULTS
IN TERMS OF SURVIVING ATTACKERS

Opening Rush Rush
Range ~ S u r v i v o r s  D i s t a n c e  ~ S u r v i v o r s  D i s t a n c e

230 b .l 40 5.04

200 o.~~3 20 o.5. 13

130 . 4 3  ~
) 7.26 5

100 7.~~4 5 7 .52 5

.
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VI . CONCLUSIONS AND SUGGESTIONS

This  study offers two conclusions from the resul ts pre-

sen ted in the previous chapter. In this chapter those con-

clusions and a possible exp lanation for them is presented ,

as well as suggestions for further study .

A. CONCLUSIONS

The first of the two conclusions offered by t h i s  s t u d y

is th at the attackers should get is close as p o s s i d l e  to the

de fenders before beginnin g their attack. The second conc 1u-

sicn is that , for th e scenario considered , rush distances of

f r o m  f i v e  to ten meters should be used at ranges less than

VS meters , whereas rush distances ~f fr om ) to 35 ~ne~~ rs

shoul d be used i t  r a n g e s  g r e a t e r  t h a n  VS m e t e r s . These

are  t h e  val ues g iven  by t h e  ex ’ :n e r l t i a i  r u s h  J~ stance form ula

in F:gure 2 , ~ut ~ t must he stresse d that these ire ,

at best , rou gh gu~ Je~~:nes.

P e r h a p s an e x p l a n a t t n f o r  these  c o n c l u s i o n s  :an be giv en

by an examina tion of Fi~ ure ~- , w5.ch  d e p i c t s  s i n g l e - s h o t  k i l

?robab ilitv as a function of r-in- ~e. Data points are not

;hown because they ar e  no t  needed .  I t  sho u ld be safe to issume

that the iefender s ’ s:ng le-Th ot kill prob ab~ ii:v is ~iwa vs

zreater than the attackers ’ sin~ le-sh ot ~i 1i ~,robab i~~~tv and

• tha t both probabi 1~~ties approach ~he same l i m i t i n g  value of

one as the ran ge appr oache s zer o. Thus , at grea ter ranges the
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A - A ttacking Force Kill Probabili ty
D - Defendin g Force Kill Probability

~~~ (Single-Sho t Kill Probability)

Range

Fig. 4. itngle -Shct Kill Probability
As a Function of Range
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defenders have a dis tinct advantage in single-shot kill

probabili ty. It is in the best interests of the attackers

to reduce the range as quickl y as they can bec ause a reduc tion

in range means a reduction in the single-shot kill probability

advantage the defenders have . The attackers should reduce the

range by moving as close as possible to the defenders before

beg inning the attack and by using long rush distances at

grea ter ranges after the attack has begun . At l e s s e r  r anges

the sing le-shot kill prob ability of the attackers is close

enoug h to the de fenders ’ sin gle-shot kill probability that

the attackers should have the advantage due to their superiority

in numbers . Moreove r , at shorter ranges the single-shot kill

prob ability of both forces could become so hi gh that exposure

to fire during a rush would certainly be fatal if the rush

were too long , hence shor t rush distances.

B. SUGGEST ONS

Perhap s t h e s e  r e s u l t s  or  s o m e t h i n g  s i n i l a r  c o u l d  be

stressed when tra Ining infantr y units , but certainl-’ not

without further investigation into this area , to include

f i e l d  e x e r c i s e s .  I t  woul d be i n t e r e s t i n g  to e x t e n d  t h i s

model to c o n s i d e r  a u t o m a t i c  weapons  and to use a s t a t i o n a r y

ase of fire for the attackers. Another interesting study

would be looking into the relative effici ency between using

two or three rush teams for the infantr y squad in the f r o n t al

attack.
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A P P E N D I X

S I N G L E - S H O T  K I L L  P R O B A B I L I T Y

This appendix g ives a more de ta i led descr iption of  the

sin gle-shot kill probability func t ion used in t h i s  s tudy  as

wel l as kill probability values at certain ranges.

BA S IC ASSUMPTIONS

Cons ~der a single combatant firing a single shot at a

single opponent. The combatant w ill rarel y encounter a visible

stationar y opponent. ~is opponent w ill either be running or

camouflaged and concealed . The combatan t w ill nevertheless

select an aiming point where he surmises his enemy is located

(or will be located , in the  case  of  m o v i n g  o p p o n e nt s ’ . ~et

the  universe set U be the se t  of o u t c o m e s  when a c o m b a t a n t

f i r e s  a s h o t  a t  an o p p o n e n t .  The r e s u l t  is the s i t u a t i o n

dep ic ted  in F i g .  5 .  ~e f e r r : n g  to Fi g .  3 , l e t

A = even t  the o p p o n e n t  is h~~t

and

B = event the combatant has selected a good aiming
p o i n t .

Assuming a hit is equivalent to a k i l l , the  s i n g l e - s h o t  k i l l

p r o b a b i l i t y  is d e f i n e d  as the  p r o b a b i l i t y  that the c o m b a t a n t

has a good aiming point and h it s his opponent ; i . e . ,  P ( A ~~B } .

It is assumed that the probability that he does not have a

good aiming point but hits his opponent anyway , P Afl3 , is

q.

~~~~~p ~~~~~ “--  - - --
~~-~~ 

-
~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ -~~~~~~~~~~ - -——- -~~- _ _ _ _



U = (All Possible Outcome s}

Comb atant has a Combatant does not hav~good aim poin t, a good aim point .

A Opponen t  is not  h i t .

Good aim p o i n t .

~~~~~~ D~onent is 

H

Fi g. 5. Possible Ou t c o m e s  Wh en a Combatant Fires
a Single Round at an Opponent.

38
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n e g l i g i b l e , s i n c e ,

- I - ____P ’ A  B

I t  f o l l o w s  t h a t ,

P’A ~ B~ = ?~ A b } 7’. :~~ = s i n g l e - s h o t  k~~l 2 m b  i b i i ~~t v .

Thus , s ~n g l e - s h o t k i ~~i 7 ’roOa b l i :t ~av be ;rnruted as t h e

p r o b a b i l i t - - t h a t  a r o n o a t a n t  ~~L t s  .~!~-it .~~~~ is  sh oo t  :ng  it , ~ i v e n

he :s shoot:ng i t  tho ri~ ht thing, ~u lti ~ :~~J o- . the ~rob ~b :~~~ ’-

that no :s shoo :in~ it t he  r~ ~ht ~~ . ::~~ m r r ib : v ~

:~e :~its -~ ‘id t no ~s shoo :cn~ it g:-;en ne :~ s .oo~~~n ;  i t

tn : n~ ma\ ’ h e  c a l l e d  Target 2rob ab i :t.~, A 3 , inc :s

of  t a r g e t  s i z e , r a n g e  and f i r i n g  p Os~~t : - ~n .  ‘ho p r :j J :~~:t  : : i t

ne :5 sn o o t : n g  it t he  r i . n t  th in g nay D C  s i  ec l I m i n g

- robahilitv , P 3- , and zs .1 f u n c r : o n  o f  r a n g e  ~ir~d ~::e of me

op p o s i n g f o r c e .

~:M I N G  PC~. NT ?RCB-\3ILVY

A i m : n g  p o i n t  probabilit y is the m r oh ab ilit-: t .ia t the cm-

b a t a n t  has  c h o s e n  a good a i m i n g  m o~~n t .  r e a s o n a b l e  to

e xp e c t  thi s p r o b a b  ~i i  :‘: to var ’-’ i n v e r s e ly  w ith range and

J ar e ct l ; z  with the s i z e  of  t h e  o p p o s i n g  f o r c e .  : t  :s sune .

t h a t  t h e  t a r g e t  a rea  is -i r e c t a n gu l a r  a r ea  w i t h : n  wh : c : :  a con-

batant knows his op p o n e n t  is l o c a t e d .  Then t a r g e t  ~n g e  ma’:

be defined as that ang le subtenued by the front signt of a

r i f l e  as i t  is s;~un g a l o n g  t h e  d i a g o n a l  o f  the  t a r - z e t  a r e a

• w i t h  the  r ea r  sight held s t a t i o n a r y ) . S i n c e  target a n g l e

varies inverse l ; with range and directl y with oppos ing force

33
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s i ze , a imin g po in t p r o b a b i li ty can b e def ined as f o l l o w s :

Aiming  p o i n t  p r o b a b i l i t y  = 
G ( t )

at  t ime t -

where
(target angle at time t ,

0(t) =J~jf target angle < :

(z~ if target angle -> :

The actual computation of aiming point probability was not

difficult. The target area used f o r  a four-man defensive

position had dimensions of 0 meters by 2-5 meters. This was

tak en from the ground combat confrontation model (-C C C)

The v a l u e  of  used f o r  the  a t t a c k e r s ’ a i m i n g  p o i n t  p r o b a b : l i t v

-~as 
l _ 0 . This v a l u e  was c h o s e n  so t h a t  the  a i m i n g  p o i n t  proba-

bilit’ : for an attacker 150 meters away from a four-man defensive

m os it ion would he approximately 0.3 , a sub~ ective lv chosen

calue which had intuitive appeal . Table VI contains the

attack ers aiming point p robab :Liti e s against a four-man

defens:ve pos:t~ on . Table VI contains the target area di-

mensions of a twel ;e-m an attacking force. These were the

target areas used to compute the d e f e n d e r s ’ aiming point

p r o b a h i l i t . ’ and were proportional adjustments of the dimen-

s ions u sed in the  0 C C m o d e l .  The value o f  used when

computing aiming point p r o b a b i l i t i e s  for the -de f e n d e r s  was 22 0 .

Th i s  value was c h o s e n  so that the aiming point rrobab~~l ztv

for the de fenders against a tw elve-man attac k:ng squad 200

meters away would be approximatel’ : ).5. Table VIII contains

- 
• 

the aim ing point probabilities for the def enders.

-~ I
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TABLE V I

ATTACKERS ’ AIMING POINT PROBABILITI ES AGAINST
A FOUR-MAN DEFENSIVE POSITION

Aim Point
Range Target An gle Probability

250 me ters 4.8456 ° 0.2850

200 meters 6.0349° 0.3562

130 meters S.06~ 5° 0.4~ 46

100 m e t e r s  l 2 . 0 64 ° 0 .~~l04

50 m e t e r s  2 3 . 8 9 0 3 ° 1 .0

TABLE V I I

TARGET ARE A DI~VENSIONS FOR A TWELVE -
MAN ATTACKING FORCE

Targe t Area Dimensions

Three 4-Man Teams Two o-Man Teams

En ti re Squad ~Not 35 x 5.25 meters 35 x 5.23 meters
Rushing)

One Rush Team 12 x - .34 meters 18 x .34 meters
(Rushing)

One Rush Team (~ ot l x 5 . 3  meters 13 x 3.23 meters
(Rushin g)

Two Rush Teams (Not 24 x 3.25 meters
(Rushin g)

4 1
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TABLE V I I I

DEFENDERS ’ AIMING POINT PROBABILITIES
AGAINST A TWELVE -~MAN ATTACKING FORCE

(meters) Aim Point,Three Probabili ty , Two
Range Four -Man Teams Six-Man Teams

Entire Squad 50 0.4005 0.4005
(Not Rushing) 200 0.3001 0.5001

130 0.6655 0.6655
100 0 . 9 9 2 3  0 . 9 9 2 5

50 1 . 0  1 .3

One Rush Team 230 0.1594 0 .222
( R u s h i n g )  00 0 . 1 99 3  0 . 2 ~~82

130 0.2656 0.3 08
100 0 . 3 9 8 0  0 . 5 3 3 2

50 0 . 9 2 2  1 . 0

One Rush Team 30 0.1484 0.2148
(Not Rushingj 200 0.1853 3.2684

130 0. 24F3 0 .35”6
100 0.3~’0 3 .3350

30 0 . T’ 38 2 1 .0

Two Rush  Teams 2 53 0 . 2 ~~S3
( N o t  R u s h i n g )  20 0  J . 3 4 2

150 0 . 46 3 1
100

50 1 . 0

I

4 1
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TA RGET P R O B A B I L I T Y

In deriving the target probabilities , a set of single-shot

hi t probabilities here obtained from the infantry weapons

branch of the Army Materiel Systems Analysis Agency (AMSAA )

in Aberdeen , Maryland . These probabilities were for a soldier

of  ave r age  m a r k s m a n s h i p  a b i l i t y  f i r i n g  in Ml6 rifle from the

prone position.

In a stud’: on human error and firing positions , A rima

f o u n d  no d i f f e r e n c e  in m a r k s m a n s h i p e r r o r  be tween  the  p r o n e

and s u p p o r t e d  foxhole positions . [ 3 ]  Thus the  A~1S~~ p r o b a b i l i t i e s ,

unmo d i f i ed , were used for t he  d e f e n d e r s ’ target probabilities.

The att ackers , however , are expected to use the standing or

knee ling position o5- $) percent o f  t h e  t i m e . Arima estimated

a 35 percent error increase from the p r o n e  to the  k n e e l in g

pos ition m d  a 6 0 p e r c e n t  i n c r e a s e  f rom t h e  p r o n e  to the

standing position.~~
8’ Thus for t h e  attackers ’ target p r o b a b i l i t i e s ,

the ~~~~~ ~robabi 1itie s with a 4 2  m ercent error increase were

used . Table IX contains the target p r o b a b i l i t i e s .

-5~~N C L E - 3 H O T  K I L L  P R O B A B I L I T Y  VALUES

T a b l e s  X , XI  and X t  contain the single-sho t kill probabilities

used in the computer simulations. L inear interpolation was used

to o b t a i n  k i l L  p r o b a b i l i t i e s  f o r  t h o s e  r anges  not  g i v e n  in the

t a b l e s .

I
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TABLE IX

TARGET PROBABILITIES

Targe t P r o b a b i l i ty
Range Defender  Attacker

250 meters 0.3’O 0.106

200 meters 0.508 0.301

150 m e t e r s  0 . 6 1 6  0 . 4 5 5
100 meters 0.63 0.485

30 m e t e r s  0 , _ o s  0 . 6 6 b

TABLE X

S I N G L E - S H O T  K I L L  P R O B A B I L I T T : S
(ATTACKERS AGAINST FOUR DEFENDERS )

Singl e-Shot Expected Number
Rang e Kill Probability of Sho ts to Kill

25~) meters 0.33 33.3

230 m e t e r s  0 . i 0 ~
150 meters 0.216 4.6

100 m e t e r s  0 . 3 4 3  2 . 9
50 meters 3 .666 1.3

I
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TABLE X I

SINGLE-SHOT KILL PROBABILITIES
(DEFENDERS AGAINST THREE FOUR-MAN TEAMS)

(meters) Single-Sho t Expected Number
Range K i l l  Prob ab i l i ty of Sho ts to Ki l l

Entire Squad 250 0.1482 6.7

(Not Rushing) 0’3 0.2541 4.0

150 0.4094 2.4

100 0 . 6 3 2 2  1 .6
50 3.~~~3Q 1 .3

One Rush Team 230 -3.0590

(Rushing) 230 0 .1312 10.0

130 3 .1b3 6 6.1

1)) 1 .2333 4 . 3
30 0 . o J o O  1.7

One Rush Team 230 0.0349 13 .2

(No t R u s h i n g )  2 ) )  0 . J 9 4 2  10 . 6
130 1 . 13 2 3  6 . 6
1)0 0.2301 4.2

50 ) . 5 o 4  1 . 8

Two Rush Teams 250 0.1)30

(Not Rushing) 200 0 .l~~ 4

13)  0 . 833  3 . 3
130 0.4412 2 .3

30 3.
_
~~30 1 . 3

I
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TABLE X II

S I N G L E - S H O T  K I L L  PROBABILITIES
(DEFENDERS AGAINST TWO SIX-MAN TEAMS)

(Meters) Single-Shot Expected Number
Range Kill Probab ili ty of Sho ts to Kill

Entire Squad 250 0.1482 6.7

(Not Rushing) 200 0.2341 4.0

150 0.3094 2.4

100 0 . 6 3 2 2  1 .6
30 0.7630 1.3

One Rush  Team 250  0 . 0 8 2 4  12 .1
(Rushing) 200 3.1413

150 0.2284 4 . 4
100 -1 .333 7 2 . 8

50 - 3 . 7 6 5 0  1 .3

One Rush Team 230 0.0’95 12.b

(No t R u s h i n g )  2 30  0 . 13 6 3
130 3 . 2 2 0 3  4 . 3
100 3 . 3 4 1 2  2.9

50 0 . 630 1 .3

I
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