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ABSTRACT

The impact on several Lanchester models of adding sup-
pressive fire and having a unit become combat 1neffective
before all 1ts elements are destroyed 1s investigated. 1In
addition to a lethal fire capabillity which causes permanent
losses suppressive fire 1s incorporated into the classical
equations by adding a suppressive fire capability which
reduces the instantaneous enemy force. The revised equations
are used to develop some tradeoff curves for lethal versus
suppressive weapons in a combat force. The models appllica-
bility to electronlc warfare systems and point defense
systems, which act as suppressive weapons in the model's
equations, is illustrated.

A quick test for determining the winner of a Lanchester
model combat for the case of homogeneous attrition equations

is developed.
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I. INTRODUCTION

A. GENERAL

The abillity to vredict the outcome of a future tattle
or war has always been desirzcble. Diplomatic policy is
greatly influenced by & country's rercelved vliew of the
outcome of a conflict should one start. Military strategy
1s also influenced by predictions about the possible success
of different strategic/tactical plans. An accurate predic-
tion capability also allows a wise cholce of force composi-
tion and size to insure victory in potential conflicts
without tying up excessive resources to provide a safety
margin.
, Among the general technliques for making such predictlons
which have developed are Simulation/War Gaming and Lanchester
Equation models. The former seek to capture "all significant
factors" with consequent stochastic results and complexity.
The latter depend upon multiple events and the law of large
numbers to allow using deterministic differential equations.
These two approaches are often complementary - Lanchester
Equations serving to narrow down the parameter range and
Simulation/War Gaming supporting and refining the Lanchester
results. The refinement comes from co..sldering factors
which were ignored in the Lanchester model. Introducling
some of these additional factors into the differential

equations will Iimprove the utllity of the predictions

they provide.
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B. NEW FACTORS
This paper investigates the impzct of incorporation of
suppressive fire and a ncnconstantu combat effectlveness for
individual elements intc Lanchesier eguation models of com-
' bat. These factors are known tc bLe cﬁ'séme importance in
) infantry ground combat z2nd are ncv cencidered in the
[ classical models of combat.
When two units engage in ccmbat = large portion of thelr
fire is not, primarily, irtendec tw )4il enenmy elements,
but 1s intended to stop them from firing upon the friendly

unit. This effort to gain "Fire Superiority" is important

since 1t normally insures winning the tattle. A previous

| thesis [Ref. 1] modeled fire supericrity by allowing an

individuals rate of fire, and hence the attrition rate

coefficlents, to derend upon the intensity of received fire.
This paper incorpofates suppressive fire by adding a suppres-
sive capablility for a unit's weapons In additicn to the

usual casualty-causing lethal fire capability. The developed
models are then used to galn scme insight into the effect

of changing the relative capability of the lethal and
suppressive components cf a forces firepower, The method

of incorporating suppressive firepower also aliows the
developed models to be used for many other scenarios besldes
ground combat,

When an infantry combat unit receives casualtles 1its

combat performance falls off faster than the proportion of




casualties would indicate. Thils occurs because of a decay
in individual element performance as its unil’ receives
casualties. Historically, for typical 1infartry combat
[(Ref. 2] the individual combat effectiveness has dropped

to zero percent when the unlt has recelved thirty Ter fiity
percent casualties. This effect is irncorporated ty assocl-
ation a percentage effective figure with the numter of
casualties a unit has taken. This figure determines hew
close to the original (one hunéred percent) cffectiveness

the unit's elements are operating as the tavrtle progresses.

10
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ITI. SUPPRESSIVE WEAPONS

A. DEFINITION

A suppressive weapon 1s a system which reduces own
force casualties by inhibiting the action of enemy weanorns.
It does no damage to the enemy units; these may act with
full effectiveness whenever suppression is lifted. A
suppressive weapon 1s an active system directed against
specific targets or areas. Employment of own force
suppressive weapons does nct effect friendly firepower.

The majority of weapons have both a suppressive znd a

lethal component. Such a weapon will be treated as if It

was two virtual weapons, one suppressive and the other

lethal. The force is equipped with these virtual weapons

in a ratio reflecting the original weapon characteristics.
A suppressive weapbn reduces the total enemy effective i
force, but will be treated as 1f it only affects hostile !
casualty producing components. (Suppressive weapons are

not themselves suppressed.) This restriction 1is often

satisfied as 1s shown 1n later scenarios. It also serves

to make the mathematical models more tractable by cutting

off long chains of cross suppression. {

B. DISCUSSION

A suppressive weapon, to be effective, must be difficult

intruding into the enemy weapon's functioning as an Electronic

to learn to ignore. The weapon may achieve this by actlvely J
i
. |
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Counter Measures (ECM) system does, by physically stopping
the enemy unit's missiles as the Phalanx anti-missile gun
system 1s desligned to do, or by being assocliated with a
casualty producer which willl inflict casualties upon the
hostile unit I1f it attempts to continue unrastricted activi-
ty. It is this need to take protective cover from fire with
a consequent reduction in own weapon effectliveness which
gives most weapons a dual suppressive/lethal capability.

If opponents are well tralned a weapon may be too lethal
to have any suppressive effect. If the target individual
believes taking cover will do no good all his effort will
be directed towards destroylng the weapon before it hits
him. In thls case one may actually achleve "negative
suppression" és the enemy redoubles fire in effort to
destroy weapon he can not protect himself against. This
may be observed in counter-ambush doctrine [Ref. 3] where
ambushee avolds taking cover in the ambusher's targeted
killing zone. As the killing zone 1s carefully selected it
is fatal fop the ahbushee to allow himself to be pinned
down in 1t, hence the doctrine of prompt counterattack at
all costs despite the resulting exposure. Flamethrower
" tanks were strong "negative suppressiorn' weapons during
World War II. When a flame tank moved into position to
attack bunkers 1t would receive heavy fire from the bunker
occupapts. The bunker fire would not be suppressed by
supporting tank fire which normally was sufficlent to drive

occupants to cover. This was because flame tanks represented

1)
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such a high threat of dectruction regardless of cover taken
that desperate ri:zkxes were !ustified to destroy them.

The irteraction between lethzality and suppression was
also experienced In Vietnam when river gunboats nhad thelr
yomm Automatic VWeapons replaced by 105mm Howltzers. This
was done because the 40™0 weapon had proven ineffective
against the bunkered positions from which hostile elements
normally fired. The 105mm howitzer was able to destroy
bunkers with 1ts more powerful shell. The immediate effect
of this change was, surprisingly, increased friendly force
casualties. The 4o™" weapon was unable to penetrate bunker
walls, but generated a highly visible volume of fire, and
hac a good lethality rotential against personnel who remained
at the bunker firing slits. The 105mm weapon lacked the
visible volume of fire and was almost as dangerous against
personnel who had taken cover as it was against those who
continued to fire. Since taking cover gzined little, the

enemy fire was not suppressed by the heavier weapon.

13
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ITI. NONCONSTAKT EF=iOTIVENESS

A. DEFINITION

A combat unit's elementc exhibit noiconstant effective-

{ ness when the performance of indivicual elements depend

‘ upon the other eliements of the unit. The physical destruc-

f tion of (1 - K) percent oif the unit reduces the unit's com-
bat effectiveness by more than (1 - K) percent. This is
because the surviving elements lose some of the support

{ they have been recelving, and may additionally hsve to devote
part of thelir effort to aid casualties, so thelr individual
effectiveness drops too. The elements are assumed to provide

no redundancy in the unit's basic capability, so a unit at

K percent strength will never have a combat power greater i

than K percent of its original power. In general the unit's
combat power will be f(K): K percent of its original pcwer
where £(K) 1s a decreasing function of K, f£(K) represents
the fraction of full effectiveness of the individual

elements at K percent of the unit strength.

B. DISCUSSION
It 1s extremely rare to find a combat unit that does
not exhibilt some non-linearity in its effectliveness. A

combat unit generally has an internal command structure

which means .he individual elements are not completely iden-
tical. Destructlion of comman elements has a greater impact [

on the unit than lcss of other elements. Even when the

"’ |




command element's functions are promptly tar2n over by
another individual there 1s a breal in the continulty of
direction, with a consequen® reducticn In thre unit
performance.

Personnel, moreover, hzve soms concern for their indivi-
dual survival. As a unit absorbs cacualticc individuals
become convinced that their confinued “.ghting 1s doing
little good and only insuzes €rel: own destruction. The
casualty level required to jJi-ducc thic feelling depends upon
training, expected treatmer: if woundcd, and how visibly
the enemy 1s suffering, but serves as a breakpoint for any
unit. (The breakpoint 1s also dependent upon the individuals
having a way of breaking off the combat safely.)

While these effects may accumulate over time as the
collapse of the French and Russian Armies in 1917 [Ref. 4]
shows, generally a short recuperation and reorganization
period will reestablish internal effectiveness. Thils abllity
to reestablish combat effectiveness given time to reorganize
is one of the reasons that time is an important parameter

of an engagement.
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IV. SCENARTOS

It is useful to have some typleal scenarice in mind
when constructing mathematical nocelc of Cewbut. This
makes 1t easier to follow the re]atjcnship hviwumn'the

developed equations and the actudl combatT.

A. INFANTRY (MODEL I)

Two small infantry units enrie *n emnbat without exter-
nal supporting weapons. The loce’iorn of “he reiabers of the
opposing force are known and firc is yonsonably well distri-
buted. (No target is left unengecred if a Trer 1is avallable
to engage it.) Each side employs &!-.>d fire and can Jjudge
the effectiveness of 1ts fire. I{ &ar. individval is suppressed
(due to his sensing enemy near misces) he changes his posi-
tion to a more protected one. Wnile he remains in the more
protected position he 1s unable to aim accurately enough to
inflict casualties, however he continues firing and may
stilll suppress enémy personnel. When a combatant ceases
fire, his oﬁponent(s) shift fire to a new target. The
forces do not maneuver once engaged and the weapon parameters

are constant throughout the battle.

B. INFANTRY (MODEL II)

Two small non-maneuvering infantry units engage in
combat. The position of members of the enemy force is
reaéonably well known, so all personnel attempting to

inflict casualties have definite targets to shoot at. An

16
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assigned fraction of each force (riflemen) deliver aimed
semi-automatic fire attempting to inflict casuzlties. The
remaining fraction of each force (sutomatic weapcnc) deliver
area fire attempting to suppress enemy fire. s casusltics
occurlpersonnel are reassigned so the ratio of scri-Qwiewetin
to automatic fire remains constant. The voiume of fire
delivered by the automatic weapons is so large that the
suppressive effect of the indlvidual riflemen can be ncg!ected.
The targets vulnerable area is a small enough fraction f
the area recelving automatic weapons fire that casuzities
produced by the automatic weapons can be ignored.

The division between aimed (casualty procucing fire)
and area (suppressive fire) would alsc arise if a force
was only partially successful 1in locatling targets. Those
individuals who have located targets direct aimed fire szt
them, using semi-automatic fire for accuracy. Those unable
to locate a target fire upon area enemy occupied in an
attempt to suppress enemy fire. The fraction of a force
which is able to 1bcate exact targets remains constant (a

function of terrain) as individuals gain and lose track

of hostile personnel during the battle.

C. AIR-ECM-GROUND (MODEL I)

An aviation force consisting of attack and ECM alrcraft
engages an alr defense missile system. The aviation force
is attempting to eliminate the alr defense system, the air

deferise system to inflict losses upon the aviaticn force.

17
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Th> defense force may have units capable of decelving attack
alrcraft's weapons delivery/navigation systems so some air-
craft will waste their ordnance (be suppressed) on faise
targets. The ECM aircraft are able to prevent a fixed
number of missile sites from shootling effectively. Neither
side can tell which type of unlt he is attacking and both
are equally vulrerable when attacked so force composition
stays essentlally 1in fixed ratio during battle. The weapon

system parameters remain constant during the engagement.

D. SHIPS VS ATRCRAFT-MISSILE ATTACK (MODEL I)

A unit of ships equipped with anti-aircraft missiles
and an anti-missile gun system (Phalanx) are engaged by an
aviation force equipped with antil-shipping missiles and ECM
systems. The anti-missile gun system effectively suppresses
some aircraft attacks by destroying lnbound misslles tefore
they can reach the ships. The ECM equipment supprecses
some anti-aircraft fire by Jamming some outbound missiles.
A sufficlent supply of missiles 1s available to both sides
80 nelther sicde 1s supply limited during the engagement.
(If this is not the case a diverted/intercepted missile
represents a permanent reduction in combat potential as no
round would be available to fire when suppression was
"lifted." This would make suppressive weapons both

suppressive and lethal weapons in the model construction.)

18
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E. COUNTERBATTERY (lMODEL V)

Two artillery units engage in counterbattery f{ire, each
atterpting to silence the other. The exact locatlon of
opposing guns 1s not known so tha% fire 1is directed into
area enemy occuplies. The gun crews will seek cover if
enemy fire lands toco close to them, and will reman the gun
when fire is 1ifted. A direct hit 1s required to destroy
the gun, while shell fragments willl drive the crew to cover,
so the suppressive flre effect 1s large compared to the

lethal {ire effect.

19
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V. MODZL I CONSTANT', AIMED, AIMED

A. GENERAL

This model applles wher “oilh sides are able to 1dentify
targets and deliver aimed lethal and aimed suppressive fire
at them. 1In addition, the «ifeciiverness of the individual
combat elements of each side roiivins constant despite
casualties to other elements. The unit therefore exhibits
a combat effectiveness which 1s a lirear function of the
number of survivors. Thnls means that the battle follows
the general Lanchester "square law" combat equations modifiled
to account for the effects of filre suppression.

Each force is divided into two fractions. One fractilon
inflicts casualties and the other fraction suppresses enenmy
fire. It 1s assumed to be impossible to 1dentify the enemy
divisions so fire may not be concentrated upcn one of the
parts of the enemy force, therefore the percentage assigned
to each mission remains constant throughout the battle.
This is usually due to the fact that the two missions are
actually being performed by one weapon and the fractional

split 1s a property of the weapon.

B. MODEL

The differential equations for aimed lethal fire with
aimed suppressive fire may be developed from the classical
Lanchester equations for aimed fire. The number of elements

involved in firing suppression is determined, (1 - a)X, from

20
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this the number of hostlle eleiients surpres: °d 1s calculated,

(1 - a)BbX, and the active hoztile strcngth letermined by
subtracting this from the act.al enemy strenzth, Y - (1 - a)BbX.
The fraction of enemy strengih celivering i-tnal fire, vy,
times'the active enemy strengin vitids e esfective ecnemy
force, y(Y - (1 - a)BbX). Tre eficeu)> eney strength

is used Instead of numerical §Ive€wn;t. i1 the classical
Lanchester equations for aimc: firc. The fevlsed equations

therefore are:

dx . - o i
It = -ay(Y - (1L - g)gbX)
‘Q-X:.. - - at
9 ba(X ~ (1 - v)8aY)
where
(- %%) is the rate of attrition of the X force
(- &y 1s th ; £
= a2 s e rate of attrition of the Y force
a,b are the attrition rate ccefficients ror
Y,X respectively, the number of casualtiles
inflicted per unit time per firing unit
a,y are the fractions of X,Y force dellvering
lethal fire
8,6 are the suppressive effectiveness ratios

for X,Y so B8b and §a are the number of hostile
units which an element assigned to suppres-
sion suppresses.

2l
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If the elements firing suppressive fire were themselves

suppressed the equations would take the form:

X =(Q - y)ealy - ...,
/
neglected Leriw

= ~ay(¥ - (1 - a)Bb(

Q-IQ:
ot

since b, a are normally less than one and neg enlcd ternms
involve squared, cubic and hilgher powers the orror atroduced
i1s likely to be small even If the scenaric indicntieszs that
suppressive component can Iltself be supprescec.

If i1t 1s desired to introduce suppressive fiye into an

almed fire attrition model of form

d_x.z..* .d_x=._'*"
qt a*y and T SR ¢

without changing the casualty producing a2bility of the

forces this may be done by setting
. b¥
a = — and b =

The two units then have the same lethal firepower as before

coming from the fraction of force assigned to casualty flre.

If 8,86 equal zero so suppressive fractlons do nothing the
forces will follow the same time history as they 4id in the ‘i

model without suppression. This makes 1t possible to look

at how suppression effects battles without concern over the

fact that only a fraction of strength 1s ncw delivering

22




lethal fire. It is important to note that the existence
of suppressive fire will naturally cause the two force

history plots to diverge from each other.

C. SOLUTION
It 1s possible to solve this model's differential

equations analytically. The solution follows standard
techniques and 1is straightforward therefore 1t is only

outlined. Letting
K = ay, L = abg(l - a)y, M=ba, N-=abd(l - y)a

so equations take the more easily manipulated form:

dx = : gl = -l
(1) qc -KY + LX and (2) It MX + NY.

Differentiating (1)

2
. dx
~K(-MX + NY) + L I3

0:\)' 0,
ctr
><

solving (1) for Y and substituting

2
c-’—’2‘-=(1\1+L)§j‘l-’t‘-+(mvx-LN)x
dt

giving the following differential equation to solve.
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LY = (N + L)X' - (KM - LN)X = 0
with I.C. X(t = 0) = X«
Xt(t = 0) = -KYO + LXo
The general solution takes the form

X(t) = exp(X ; L t) (Acosh 8t + Bsinh 6t)

2
e=/.<_N_5_L>_. . Bl

and applying the initial conditlons and substituting ylelds

X
X(t) = X, E(t)(cosh 6t - %(aYY9+%eb(a(l - a)§ - y(1 - a)B)sinh 6t)
)

Y
Y(t) =Y E(t)(cosh 6t - %(b-x—oai%ab(y(l - a)8 - a(l - y)8)sinh 6t)
0

E(t) = exp(%ab( (1 = a)yB + (1 - y)ad)t)

0 = //?Eb(é(l - y%a - B(1 - a)Y)2 + abya

It 1s important to note that these equations are only
valid until one side or the other is totally suppressed

(at time ts) and consequently producing zero enemy casualties
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where
|
, Bles) = (B - @ &b (s
I
or
X(ts) = 7 . - "ex7(ts).
If B,6 are not zero thils wlll zZways occur before either

slde has been reduced to zero forece level. Thus one can
not find the duration of combat by solving for the time

when one side has zero force. It I!s necessary to find the

time at which one side 1s totally suppressed by substituting so

the time soluﬁion into the equation for the relaticnship of |
the two forces at time ts. Since the attrition rate equa-
tions are homogeneous and of the same cdegree it 1s possible '
to use the test of Chapter X to determine the winner and 1
hence which of the two ecuations to substitute into.
Observe that E(t)’is a commen factor in X(t), Y(t)

substitution ylelds equation of form:
G(XO,YO) = tanh ts l

which can be solved easily to get time ts at which the loser 1

is totally suppressed.
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From the time total suppression occurs the forces

follow equations of the form:

dx — d_JS = oY . - 1

dx . o = ~ev (¥ - (4 - 2)BoX)
CR

91. 2 - - - dv = 4

T3 ba(X (1 - y)éay) =0

so that the time, tf, at which the battlc ends %5 given by:

X(ts) _ =
In(qresT= (1 = yysav(esy) = (b - v)iabe(Te - ts) 1f X
wins
and
Y(ts) ' e
In( ) = (1 - a)Bahy(tf - ts) 1f Y
Y(ts) = (1 -« o) bX(ts) ATS -

Alternatively,'a totally suppressed [force nay no longer
be able to exert any influence on the battlz. If thls is

true then

(tf - ts) = %%%%%Bh or (tf - ts) = %%%2%5Y

The graphical plots all assume the latter equations in
calculating the time from total suppressicn to elimination
of the loser's forces. This represents the shortest tine
in which the loser might be finished since any residuzal

suppressive capability will reduce the victors kill rate

26
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and hence increase the time needed to kill off the suppressed
force. 1
The model 1s constructed assuming that an element is
either combat effectlive or suppressed. It is, however,
possible to use the model for a suppressive system that
only partially suppresses an element's combat capability.
This partial suppression weapon 1s replaced by a virtual
weapon which totally suppresses a smaller number of enemy
elements. The model 1s then valid until all elements are
partially suppressed. For a glven partial suppression
factor,f,assuming Y 1s partially suppressed first this

occurs when:

O 4 & = (1 - b X(t
(tgy) = (1 = @)Bb X(t ) |
and the time at which the equations break down may be soived
for in the same manner as ts 1s found. The battle then

follows:

L -ai-ny
= ba(X - (1 - ¥)(1 - £)éa ¥)

a speclal case of the general equations where X has no

suppression capability. Notlce that only the winner will

have hls suppression of loser becoming limited. It is also

— e

-~ . w k____ i
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possible to start out with the loser's suppression of the
winner limited in which case battle follows similar equations
until the loser's forces have been reduced to the point

where

g X(tp = (1 - y)8a Y(tp )

SX) SX

from which time the full equatlions follow.

D. NUMERICAL RESULTS
A Fortran IV program was written to generate data for
plots of force levels versus time. The state equations were

solved every two minutes and the resulting force levels

plotted in Figures 1-8. Battles 1 and 2 are classical aimed
fire engagements shown for comparisbn with the suppressive
fire battles 3-8. As one alternative to extending the
equations to include suppressive fire 1s a "gross" mcdel

where initial suppressed forces are subtracted off, a

classical aimed fire engagement run and suppressed forces
then added back to give final force levels Battles 3A -

6A present plots of this "gross" model for comparison with
the refined model. Battles 7-8 are suppressive fire tattles {
where 1inclusion of suppressive fire has altered the outcomes.
A summary of the forces, parameters, and results are j

provided in Table I.

It is clear from Figures 3-6 that the "gross" suppressicn

model provides a highly erroneous estimate for the duration
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of combat. It is therefore not an acceptable alternative
to refining the classical equations. Examination of the
battle plots shows considerablie model response to parameter
changes. In general increasing the fraction of both forces
assigned to suppressiornr. lengthens the resulting engagement.

Ralsing the suppressive effectiveness of both forces tends

to shorten the engagement and decrease the victors casualtles.

The combined effect of these two trends 1s quite nice
because of current diffliculties with estimating the correct
values for attrition rates. The values obtained from
firing range test data have been considerably higher than
those calculated from analysis of historical battle data.
The introduction of suppressive fire effects, as in goling
from Battle 1 to Battle 5, appears @o be able to account for
a large part of this discrepancy. The large firing range
test values can be taken as correct for the small fraction
of weapons which actually have targets, and are delivering
lethal fire, the remalning weapons are delivering only
suppressive fire and 1t 1s the averaging of the lethal fire
over all thé weapons 1in the classical model which leads to
the difference between the two estimates.

Fire suppression thus accounts for another factor besides
casualty firepower effecting the outcome of battle. It
should be noted that the results of battle between X and
Y change as X gains in suppressive effectiveness from Battle

6B (Y wins) through Battle 7 (Tie) to Battle 8 (X wins).
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It 1s obvious that it 1s always advantageous tc increase
the suppressive effectiveness of a unit, il otvher parameters
are not changed. The real world rarel;y cllsws thiz so 1t

is desirable tc gain some 1dea on the interyelrtlon of &

unit's parameters. The reproduced Fortrar v progs e
included 1is designed to aid in doing txais. It Teios a base
force, parameter set and generates sei: c{i @-B vaiues so
that the battle will either take the cowe “TIme o “he
winner will receive the same casualtiec ax in the base
battle. Figures 9-13 are graphs of the ourpur {ror this
program. The shapes taken by thgse tradeoff-cuxvcs are
very deperdent on the compositicn of the Y €cvres. The

reglons above the curves represent inpy:vemesn €or the X

force. If X is the winner either the bzttle wili be shorter
or X wlll recelve fewer losses. If Y is trne winnar either
the battle will take longer or Y will »eceive more casualtles.
It 1s important to note that once (1 - o ;tcX = Y there is
no advantage tc be gained from higher B —vzlues or lower a
values. (Y.can oniy be suppressed once.) It 1s also impor-
tant to note that the restriction of B to positive values
means that a constant value solutlon 1s rot always pcssitle.
To simplify plotting curves for other forrulas for the
time from total suppression to end of combat the residual
time calculations have been included in the program as sub-

routines. It may be necessary to modify statement 1500 in

the main program 1f the residual time routines are changed.




This statement computes the minimum fraction of X force

needed to eliminate Y irn base time if Y is totally suppressed

at time zero.
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VI. MODEL II -~ NONCONSTANT EFFECTIVENESS - AIMED FIRE )

A. GENERAL
This model applies when both sldes are able to identify ﬁ
targets and deliver aimed lethal fire only. As each unit

absorbs casualties its internal organization and morale

break down. Thls breakdown and the diversion of resources
to ald wounded results in the surviving elements operating
at a lower combat efficlency than they did at the start of
the battle. When casualties have become sufficiently high
the unit losses all its combat capability, although a

sizable fraction may still survive.

B. MODEL
The basic Lanchester equations for an aimed fire battle

are:

%% = «aY and g% = -bXx. ‘

These equations may be modified to reflect the loss in

individual combat efficlency as the units cohesion 1is de-
stroyed by adding a percentage effective correction term. {
An idea of the way effectiveness actually decays 1s provided
by [Ref.2], Figure 14 shows the general relationship between J

percent effective and percent casualties cdeveloped there. |

A reasonable, yet tractable fit is provided by




percent ineffective = (gercent casualties)”

or

percent effective = 1 - k(Initlal Force - Present Force)n.

To determine k observe that i° XO le the strength at which

a unit becomes completely irnelffecuvive then

" - P & -
0 =1 - k(XO Xb) SC k -X;—rl -_EF)_

where BP 1s the percent strength at which the unit breaks
and effectiveness equals zero. To determine the proper
value for the shape factor n the curves are fitted to the
results of the Fast Val Study [2] for a Break Point of
seventy percent. This leads to values in the range 2.5-3.8
for a reasonable fit. So percentage effective may be

expressed as

' X, =X
PE=1- (rpoem)

Multiplying numerical strength times percentage effective
yields effective strength which 1s then used in the classi~
cal Lanchester equations. The revised Lanchester equations

thus take the form:

b M §
H=cal - (g™

o
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X

X
dy n

0-

C. SOLUTION

It 1s possible to solve for the equation of state.

Dividing the first equation by the second gilves

m
a(l - lfy(Yo - Y)Y

Q

X =

¢ty - k (X, - 0™MX

separating varlables and integrating we get for integer

m,n
o SR ORI Y AN oL
b( 0 ) - bk (( (o] - 0 O )
2 X n+2 - n+l
2 2 v n+l
! a(Y - YO ) _ ak ((YO Y)m+2 _ -O(Yo - Y) ) .
2 y n+2 n+l )

To compare this re§ult with the classical Lanchester aimed

2
¥°) multiply

fire equation of state: b(Xo2 - X2) = a(Yo2
through by minus one so the leading terms take the same

form. Now note that for the region of applicability of the

n+2 n+l 1 1
model (Xo - X) < (Xo - X) Xo and =5 < 537 S° the

"new" terms are always being added to the classical Lanches-
ter terms. (Subtracted from classical terms when equations

are placed in the traditional form.)
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It is useful to observe that early in the engagement
Xo ~ X and Yo ~ Y so the "Square Law" terms dominate the
state equation and b(Xo2 - X2) N a(Yo2 - Y2) which compares
nicely with the classical equation of state.
The time solutlon 1s quite intractable. Even fixing

n=m=1 ylelds a second order monster of the form:

Y = -a(-b(l-ky(Yo—Y)Y) + akxXb(-b(l-ky(Yo-Y))Y) + akx2X(-1)(l-ky
(Y -¥))Y),

now Y' = -aX = akxXoX - aX2 so the quadratic may be solved
for X. It 1is possible to determine that the positive root
1s the desired one. In the region of interest Y' is
negative so use of the negative square roct would lead to
a negative value for X, hence

(akxXo -a+( (a-akxxo)2 - UaY')%)

X = 2a '

However, even setting Breakpoint at zero percent so kx = fL,

o]
ky = %L- leaves a differential equation of the form:
o

2 (-ay')™

X
Y = AY + BY-(-'-?%Q- + CY? + DY L

to solve end the differential inside the radical makes the
equation completely untractable.
These difficulties lead to a solution by numerical

approximation to generate the time trace of forces during a
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battle. The differentlal. equations are replaced by a pair

of difference equations:

X(t+at) = X(t) - a(l - ky(Yo - Y(EN™ ¥(t) Hat

Y(t+at) = ¥(t) - (1 - k (X, - X(e™ x(t) )at

where t advances in steps of size At instead of being a

continuous variable. The equations are seen to be of the

first order since the time variable has a spread of cnly one

time step At.

The accuracy with which the difference equations results

approximate the true solution to the differentizl equations

depends upon the choice of the size of the time step. It

is often possible to verify sultability of a time step size

by comparing the approximate results to the exact solution
of a solvable speclal case. These differential equations
unfortunately could not be solved for any case so the
suitability.of the’time step had to be verified in a more
heuristic manner. The equations of Model I provide é
completely solved set of complex differentlal equations,
accordingly a At was found which gave agreement % .25
between a finite difference approximation and the exact
solution. This time step size was used for the numerical
approximations of succeeding models. To provide some more
confidence that the approximate results were reasonably

close to the true results for the nonconstant aimed fire
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model one approximation was done using a much smaller step
size. This change had negligible effect on the force
behavior over time, so 1t 1is felt the approximation is

reasonably accurate.

D. NUMERICAL RESULTS

A Fortran IV program was written to p:cduce data for
time plots of force behavior during battl€. Figures 15-18
show the behavior for Jifferent shapes of the effectlveness
versus streﬁgth curve and an increasingly ~tubborn X force.
Changing the shape parameters n and m has vory small effect
on the program results for parameter valucs which give a
good fit to the Fast Val Curve of Figure 17. ¥ casualtles
went from 5.57 to 5.88 as the shape parameter went frem 3
to 4. These losses are much smaller than the 15.28 casualties
Y receives 1n the classical Lanchester equaticn model. The
engagement 1s also shorter taking only Y% minutes compared
to the classical 160 minutes. This shorter time 1is cauced
by the rapid disintegration of the losing side.

The close agreement between the classical state equations
and the nonconstant state equations early in ccmbat should
be noted. It 1s normal procedure to rotate units to aveid
the breakdown this model predicts and this rotation generally
keeps the battle in the "early phase." This accounts for
the reasonable agreement the classlical equations have had
with historical battles even though suburits nonconstant

combat effectiveness 1s 1gnored. The normal course of

37




battle provides the subunit with chances to reorganize
and evacuate casualtles thereby restoring itself to full

combat effectlveness.
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VII. MODEL III  HNONCONSTANT, AIMED, AIMED

A. GENERAL

There is no reason for suppressive fire and nonconstant
element effectlveness not to occur at the same time. This
leads to a combined model which applies when both sides are
able to identify targets and deliver lethal and suppressive
fire at them. The effectiveness of the individual elements
of the units are changed by casualties to other elements.
When a unit's casualties become suffilciently high the unit
ceases to be combat effective, the survivors brecak up into

& noncombative rable.

B. MODEL

The propertles of Models I and‘II may be comtined.
Determine the percentage effective for X and Y forces using
the effectiveness formula of Model II. The number of
hostile units suppressed is calculated as in Model I using
force times 1ts percentage effective for strength of friendly
forces to allow for the smaller effective number of elements.
The active enemy strength then equals the numerical strength
rinus suppressed elements. The fraction of enemy strength
assigned the lethality fire mission times the active enemy
strength times the percentage effective ylelds the effective
enemy force. The effective enemy force is used instead of
numerical strength in the Lanchester equations. Thils gives

equations:
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dx (Yo ) ' =% 4
g ~ay(l - (Yo T—FP (Y - (1-a)BB(1 - (mp)) )X)

X, - X Nofime 75 Yo-1 m
t -ba(l - (m) (X~ (1-v)6a(l - (m) Y).

e

These equaticns may be approxin:sied as a palr of difference
equations of the first order as wes done for Model II and
approximate numerical solutions generated by a step by

step integration.

C. NUMERICAL RESULTS

A Fortran IV program wacs written to produce data for
time plots of force behavior during battle. Figures 19-24
show the behavior for different shapes of the effectiveness
vs strength curves, and an increasingly stubborn X force.
Changing the Shape Parameters n and m had small effect on
the results of the battle. The number of Y casualties
increased from 3.75 to 3.98 as the shape went from 3.0 to
4.0. These losses are smaller than the 5.7 casualties Y
takes in the previous model. The engagement also lasts
longer, taking 96.0 minutes compared to U45.0 minutes. This

agrees with the previously found effect of adding suppressive

fire, the battle lasts longer and winner has lower casualtles.

The increasingly stubborn X force was able to ralse Y's
losses to 6.5 at the cost of increasing its own losses,

before breaking, from 12.3 to 24.8. This serves as a measure

4o
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of the cost that 1s paid if a force i1s given no alternative

to continued combat.
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VIII. MODEL IV  CONSTANT, AIMED, AREA

A. GENERAL

This model applies when both sides are able to deliver
almed lethal fire. The suppressive component of each sides
fire 1s not accurately directed, however, and follows the
classical area fire Lanchester equations. This may occur
because of the rature of the weapons system or because only
part of the force is able to observe a tarpget. Those
elements without a definite target deliver aréa fire,
attempting to suppress enemy fire. The suppressive effect
of the aimed fire and the lethal effect of the area fire
are small enough to be neglected. The unit effectiveness

is a linear function of its surviving elements.

B. MODEL

To modify lModel I for area suppressive fire instead of
aimed suppressive fire 1t 1s necessary to adjust the number
of suppressed eleménts for the new mode of fire. For area
fire, followin, the classical results, the effect of fire
depends not only upon the number of firing elements but
also upon the number of enemy elements in the target area.
The number of elements suppressed thus equals the product
of the two forces strengths times the number of enemy units
suppressed per firing unilt per exposed unit. Thils suppres-
sion value is then substituted into the equations of Model

I giving new equations:
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= -ay(Y - (1 - a)g&bXY)

QolQ-
(aa

& = pa(X - (1 - y)éaxy)

where the parameters are as defined for Model I with 8,6

enemy units sunporessed per unit exposed
enenmy units killed

in units of
to account for the area nature of the suppressive flire,
where the number of units suppressed depends upon the number
of targets as well as the number of firing units. Note

that this means for the same initial suppressive effect

the parancters 8,6 will be much smaller than they were in

the previous models.

C. NUMERICAL RESULTS

A Fortran IV program was written to produce data for
time plots of force behavior. Figures 25-28 show the time
trace of force levels for different values of the parameters.
It 1s important to.note that these values can not be directly
compared with those in the earlier models because of the
area nature of the suppressive effort. The considerably
smaller numerical values of 8,8 used here were chosen to
give approximately the same initial suppressionr effects
that were present in the earlier mcdels. Since the
suppression term decays to zero as one of the forces is

driven to zero a direct equivalence 1s not pcssible.
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It is rather surprising to observe that the Y force
devoted to lethal fire at X (Y effectives) actually increuses
during the course of battle 21. The suppression 1s quite
heavy in this battle amounting to thirtysix units suppressed
at the start of the battle. 1In this situation it is
actually possible to destroy suppressing forces with a
consequent release of own forces to combat Taster than

one 1s receiving casualties.
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IX. MODEL V  CONSTANT, AREA, AREA

A. GENERAL
This model applies when neither side 1s able to locate

targets and consequently delivers area lethal and suppres-
sive fire. The effectiveness of individual elements of
the units are not changed by casualties to other elements.
The unit effectiveness 1s a linear function of its surviving
elcments. The battle follows the general Lanchester equa-
tions for area fire, modifled to account for the effects
of fire suppression.

Fach force is divided into two fractions, one which
inflicts casualties and the other which suppresses enemy
fire. The ratio of forces assigned to thece two functions

remains constant throughout the engagement.

B. MODEL

The Lanchester equations for area fire are:

= -bYX .

%
f!

= -aXY and

As before the effective force 1s determined by subtracting
suppressed elements and multiplying by the fraction assigned
to lethal fire. This effective strength is then used in

the classical equations glving:
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2
I

= ~ayX(Y - (1 - o)BbXY) ﬁ

and

dX = _pa¥(X - (1 - y)éaXy)

where the parameters are as defined for lodels I and IV
with a,b the rate at which a unit of force Y,X k1llls exposed

units of force X,Y. The equations may be simplified to

I = _ayxv(1 - (1 - a)BbX)
and |
!

dX = _paX¥(1l - (1 - y)sa¥)

dt '

M

These equations may then be rewritten as a palr of first

order difference equations and solved by numerical

A

approximation.
C. RESULTS
It is well known that for equal parameter values the {

classical Lanchester equations for area fire lead to equal
losses. Thils occurs because effective firepower depends on ‘

the product of the forces engaged and the two forces therefore

have equal firepower. The introduction of suppressive fire

destroys thils symmetry, the larger force now recelving fewer
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casualties than the smaller. Thils occurs because each side
has exactly the same number of elcments suppressed (as a
consequence of area fire suppression; and the suppressed
elements remalning as targets. The suppressed elements
represent a higher fraction of the omall force and its
effeétive firepower is reduced mc¢re °han thie large force's.
Thus if the initial forces are X = L7, Y = 60 and suppression
is 20,Y's effective firepower is H0(£0-20) = 1600 units
while X's effective firepower is (40-20)60 = 1200 units.
This advantage 1s retained by the larger force throughout
the battle.

Figures 29-32 represent graphs of force levels over
time plotted from numerical approximation results gencrated
by a Fortran IV program. The accuracy of the Fortran pro-
gram was verified by comparing res@lts for a =y =1, no
suppréssion, with the known s»lution to the classical area
fire model. Observe that the battles have infinite duration
as elimination of forces also reduces the casualty rate.
The unequal losses resulting from incorporation of fire
suppressionlcan be seen. When X has taken 39 casualtiles
in battles 23 and 24 Y has received only 34.2 and 38.7.

The majority of thls gain occurs early in the battle were
the magnitude of the difference in effective firepower 1s

large.
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X. VICTOR PREDICTION

The Lanchester type equations developed are falrly
complex. Even for Model I where an analytic solution
exists 1t 1s not easy to determine the winner of a battle
given a set of initial force levels and parameter values,
The other models lack analytic solutions so prediction of
the outcome 1s even harder,

If the attrition equations are homogeneous (of the
same degree) it 1s always possible to simply determine the
winner of an engagement. Let u = YO/X0 where YO,XO are
the initial force levels. Partition the set of possible
future force levels by a line through the origin of slope u.
Now determine how force levels 1nitlally move by substituting
into attrition equations, getting X'(0) and Y'(0) and
noting that forces motion is in the directicn (X'(0),Y'(0)).
Now 1f

a) Y'(0)/X'(0) = u the force level moves along the
partition line. This means the new X,Y are such that ¥/X = u
so X = kXo, Y = kYo and it follows from the homogeneity of
the attrition equations force will always remain on the
partition line. The battle 1s a tile.

b) Y'(0)/X'(0) > u (and Y'(0) < 0, X'(0) < 0) the
force moves below the partition line, moreover if the force
ever returns to the partition line Y/X = u so X = kXo, Y = kYO.

This means at the new point (X,Y)Y'(t)/X'(t) = kY'(0)/k"X'(0)>u

48

-——n

e




again so force willlmove below partition line again. Hence
future force levels are confined to the lower (right hand)
side of partition line which means that X is the winner.

e) Y'(0)/X'(0) < u (Y'(0) < 0, X'(0) < 0) the force
moves above partition line and in the same fashion future
forcé levels are confined to the upper (left hand) side
of the partition line and Y 1s the winner.

It 1s clear that homogenelty 1s not a necessary condi-
tion for the technique to work since it is sufficient for
X' (X = kXo) = f(k)X'(0) and Y'(Y = kYo) = f(k)Y'(0) as
is the case for Model II. Intultively the test 1s expected
to hold far more generally since the force ratio Y/X is
usually a non-decreasing (non-increasing) function of time.
This means that if the test indicates a winner the force
levels leave the partition line and.never return. It 1s
therefore unnecessary to worry about what would happen if
one did return at some lower force levels,

Parameter values in Battles 7, 17, 21 and 25 were
chosen so the test would come very close to indicating a
tie. The aftrition equations for Battle 7 are homogeneous
of degree one and the outcome plotted In Figure 7 1s a tie
as predicted. The equations for Battle 17 do not satisfy
the sufficlent conditions and the test incorrectly predicts
a victory for Y (Y¥/X = 1.5, Y'/X' = 1.4997). The outcome
plotted in Figure 23 shows that X 1s actually the winner.
The tests failure here appears to be due to its complete

insensitivity to the Breakpoint assigned to the engaged
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forces, at the start of battle percentage effective 1is
always one hundred percent. If X's breakpoeint is changed
to 0.7 (equal to Y's) then Y wins the battle. The test
also failed to predict the correct winner In Battle 21
(¥/X = 1.5, Y'/X' = 1.5005) predicting X wins while
actually Y wins the battle as shown in Figure 27. The
test did succeed in correctly predicting the outcome of
pattle 25 (Y¥/X = 1.5, Y'/X' = 1.4998) predicts Y and Y is
the actual winner. 1In all cases after a chort period of
combat (prediction indicator no longer extremely close to
value for tie battle) the test started to predict the

correct winner.
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XI. FURTHER STUDY

It would be of value to combine Models I and V where
the fraction of personnel (u,v) who have succeeded in
acquiring targets deliver aimed lethal/suppressive fire and
those who have not deliver area lethal/suppressive fire.

The equations would look like

dx _
gt = "2V (Yepp) = 85(1 = V)Y pp)X

where

Yore

=Y - (u(1l - )blx + (1 - u(1l - )bZXY).

Since SLA Marshall[Ref. 5] indicates that a sizable fraction of

a small infantry unit has not acquired a target at any

given time durilng an engagement this model should be of
considerable value. Parameter estimation would appear to
be the largest problem.

It would be useful to verify that neglecting the
suppression of suppressive fire weapons is not significant.
There 1s also a need to investigate the fact that suppressilve
fire effect is not a linear function of the number of elements .
firing. The initial fire increment is actually of much
more value since initial fire drives elements to cover and

additional fire only effects the degree of cover taken.




This is particularly of interest when considering fire

allocation problems where existing solutions often require
all fire to be, unrealistically, directed at only one
enemy unit. The large suppression return from small initial

fire Increment 1is likely to yleld some assignment of fire

to all enemy units.




B

XII. CONCI,USTONS i%\\

: N
| A. SUPPRESSIVE FIRE

Fire suppression is generally concsidered to be an

important factor in combat. Introaucing it into Lanchester
) equations models ylelded several Iinteresting insights.

[ 1. The attrition-rate coefficicnts mecasured from
firing range tests are much highcr than the attrition-rate
coefficlents calculated from historical battle data. It
appears that a large part of this difference is due to
neglecting to conslder the effects of suppressive fire and

poor target acquisition on the firing range derlved figures.

1 2. The equal expected losses for symmetric parameters,

a = b, 1n an area fire engagement of the classical equations |

breaks down when suppressive fire 1s added. The model
also shows the value of protection which makes suppression |
more difficult even if it 1s unable to improve survivability.
3. The equating of ECM equipment and missile interception
systems with suppressive weapons, enabling the equations
developed here to be used to investigate tradeoffs in force

composition.

B. NONCONSTANT EFFECTIVENESS
The fact that keeping force levels close to initilal
values generates a force level history (state equations) ‘

which are approximately those generated by the classical 4

Lanchester equations for aimed fire combat. This agreement
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holds up even 1f force levels decrease considerably from
their 1nitial value if ample time exlsts for force reorgan-
ization during combat. This reorganization keeps individual
elements operating close to full effectiveness. Since
existing force relief policles attempt to provide for this
reorganization and maintaln units near initial strength

it is usually reasonable to 1gnore the effect of non-

constant force element effectiveness.

C. VICTOR PREDICTION
The quick test for predicting the winner of a Lanchester
combat makes it possible to investigate a wide range of

parameter values without having to solve equations.

54




~ —— T —— - =

86+02% o D . 2 o-0% e+ mmm”w 3-07  vve 9
- - oW u - n - 220.0 099 ov- w9
66+5S L°8S X - N a0 e Ea Loly 0009 wv- ag
92 L°8¢ ' N - - R 109 0099 gv- vg
00L+022 6°25 X E - e D o0 UEI g ey
801 ¢*¢s X = - = - 22000 0199 gv- vy
6ez0c oy A T T Q05 S5 S0 0t09 g i
oSt L9y X ” ” ” , 000 0099 av- ve
08 L* b i - - - - i 0.9 -2 |
09t Loy % - - - - S00°0 0709 _y_ |

- = - - - 600°0 o°CY
NOILVHAQ SHOAIAHAS YANNIM HdVHS &d € 443 4ddAS SVD OVEd 4400 ¥IV FO"O.. ,ITILIve

L
SUELTAVEVd TIIIVE A
l

I TIEVL ;




~ ~——

LLG+%02 6°9¢ X m”m o0 Q.20 2o mww“w 0,99 wwx e
C65+562 gei¢ X w”m m“w S m“w mwm“w 0.97 vy L
6L 1+102 6°¢s - T e R ey o0 2200 099 vn 91
661496 0°95 I A 2o 270 e O R T
oss s S5 K3 gR £ BY9 9% waw
661+95 96 x O 40 000k " 220]9. 070D Gyinet
v ewe & L0 - T 80050 0709y g E
Gzi 6° LY SR A u - Z00.Y 0.9 gk
08 ois & S& L0 i, T 20000 099 -wn o | .
=~ b s S S - S S I T 5T
L2c+lze 8°9¢ X - N ot e 2000 090 ww-1g L
I T = - 0j00b 10 9000 0109y |

G00°0 0°0V | h




*SLUSWATe G°) 03 IBSOT JO Y3Uoa3s OAT300IF0
90NPOI 03 9WT] PIIBOTPUI®SPUd JIAU 9ITF TRYFDT BOIe YITM 9T3138H wx

S0y =H
saay =% eody =%
P3UTY =Y pauETy =V 3URISUOIUOH =N

8xTg aatssaaddng /9aTd (2Y39'[ /SSOUATIVBIIY JUAWATTx

#x0CGL  8°¢ X - - O0e 2.0 200000 0709 ee- gz
wuew o x T I @R 58 SR gR ww
*x9G 6°62 T - - w”mm m”w mmmw”w .99 ==~ 12
*%726 2°1z R - - O m”w mwww“m 0009 ee- g2
c+188 2 vz X - - g 2e2 SOI0N RO e e
LL+2L9 6°¢¢ x - 5 mm“w m“w mmw”w w“ww ey- |2
8Y+89¢ 0°LS X - - oo 20 23000 0.0 ey- 02
6+95¢ ¢ Ly z = - o A 220.0 0.9 ey- 6.




604

¥y
i |
E 10"
ME |
(] X
L)
¥
o
& :
207
0
0 - 50 100 150
TIME
FIGURE 1
Battle 1 Classical Aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 40.0 0.005 - - - =
Y 60.0 0.005 = - - =

58




n

0 Y 100 150
TIME

FIGURE 2

Battle 2
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 40.0 - - - = =
Y 60.0 Lyl — - - -

59

A_.__-‘.___._L___ ——




60 -

1 Y
v; 40+
E}
f]
[
[
0 -
e
&
X
20+
E T T L
0 © 106 200 300
. TIME
FIGURE 3A

Battle 3A - Constant, Aimed, Gross Supp

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X lo.o 0.010 - - - -
Y 60.0 0.010 - - - -

60




¥ —

R S P—

FORCE LEVELS

B e

60 4

TIME

FIGURE 3B
Battle 3B Constant, Aimed, Aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

Y 60.0 0.005 0.5 20.0 - -

61




FORCE LEVELS
o

100 200
TIME

FIGURE 4A
Battle 4A Constant, Aimed, Gross Supp
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X Lo.0 0.005 0.5 100.0 - -
Y 60.0 0.005 0.5 100.0 - -

62




)
|
£
£z
1%
43}
(@]
o
o
[«

|

|

[

|

|

|

TIME
FIGURE 4B
Battle 4B Constant, Aimed, Aimed
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape /
x uo.o 00005 005 100-0 = ) =
Y 60.0 0.005 0.5 100.0

63




20 T

FORCE LEVEL

TIME
FIGURE 5A

Battle 5A Constant, Aimed, Gross Supp

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X #0.0 0.01 0.5 100.0 - -
Y 60.0 0.01 0.5 100.0 - -

64




60 pme __ Y
4
; ]
]
L 4o X
. T
| &
) 63
]
m -
[&]
&
o
e Y
et w D e
, 204 - - mm-mmmm === ==
|
)
i I
------- Yers |
0 . P |
0 25 oINE 50
FIGURE 5B
Battle 5B Constant, Aimed, Aimed
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape {
X 40.0 0.01 0.5 100.0 - -
Y 60.0 0001 005 10000 - - 4
i
:
65



60"

EL
=
o

I

FORCE LE

20

v T
280 420

FIGURE 6A

Battle 6A Constant, Aimed, Gross Supp

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 40.0 0.005 0.5 350.0 - -
Y 60.0 0.005 0.5 100.0 - =

66




60+

P —

FORCE LEVELS

0 ~ 140 280
TIME

FIGURE 6B

Battle 6B Constant, Almed, Aimed . 4
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

¥ L40.0  0.005 0.5 350.0 - -
Y 60.0  0.005 0.5 100.0 - - 4
67 ;1



60

=
L=]
L

FORCE LEVELS

20 1

0
T 7 T T T T T
0 400 800 1200 1600 2000 2400
TIME
FIGURE 7
Battle 7 Constant, Aimed, Aimed
Force Atr Coef Frac Cas Supp Eff Bk Pt <Shape
X 40.0 0.005 0.5 433.3 = -
b 60.0 0.005 0.5 100.0 - -

68




1
2
60-
N
%)
v
S
]
G R
[<a]
(8]
o,
@)
=,
207
|
Xt .
) |
I
--------- Yers |
o___ T =———
2 § 7 \J vV 1 4
0 Lo 140 200
TIME
FIGURE 8
Battle 8 Constant, Aimed, Aimed
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
X 4o.o0 0.005 0.5 500.0 - -
Y 60.0 0.005 0.5 100.0 - -

_— . ™ ;____ e,

69




- 800 '
Constant {
Time - 700
B 8
200 " 600
100 L 500
Constant |
Casualties ~
|
° |
0 03 05 a 07 1.0 |
FIGURE 9A
X wins base battle in 160.9
44,7 survivors
Base
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
X 60.0 0.005 1.0 - - - {
Y ho.o 0.005 1.0 - 0 -

70




r
|

TIME

1800 .

F 60
Constant
Time
1200 1 - 140
Constant
Casualties
600 A
0 0
o .3 '5 '7 1.0
a Value
FIGURE 9B

B Chosen from curves of Figure 9A .

71

X FORCE




HOOT Constant Casualties

200 4
Constant Time
) |
|
|
|
0 |
LE L) ] v !
0 '3 .5 .7 1.0
a
FIGURE 10A
Y wins base battle in 160.9
44,7 survivors
Base .
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
X 40.0 0.005 1.0 - = -
Y 60.0 0.005 1.0 - - -

12




===

700

5001

TIME

3001

- 60

Constant
Time

- 40
L
Constant
Casuzlties = 20
r
0
«3 oL ¥ 1.0
o Values
FIGURE 10B

B Chosen from curves of Figure 1CA

73

Y SURVIVORS




250'\
Constant
Time
150 -
Constant
B - Casualties
50 -
0
T 1 ¥ L
0 0.25 0.5 o 0.75 1.0
FIGURE 11A
X wins base battle in 319.7
52.99 survivors
Base
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
x 60.0 00005 005 150.0 - -

Y uo.o0 0.005 0.5 100.0 - -

T4

PRUIE——




- e —— —— ———

—-—

-——

Constant
1800 aiie F 60
. [
Constant ,-""
Casualties a
- 4o
(7]
iz
S
900 e
%
>
%)
B >
> 20
|
!
I
!
|
5 |
— Y = : 0
0 0.5 1.0
a
FIGURE 11B

B8 chosen from curves of Figure 11A

75 1




X
Y

300 1

200 -

Constant
Casualties

Constant
Time
100
o L] T T
0 e 1.0
a
FIGURE 12A
Y wins base battle in 319.7
52.9 survivors
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
bo.0 0.005 0.5 100.0 - -
6000 0.005 905 100.0 - -
76

atiin.




900 T

TIME

Constant
Time

Constant
Casualties

- 60

[ 40

20

FIGURE 12B

B Values from Figure 12A

17

ll

Y SURVIVORS

e .




Constant
Casualties

200"
Constant
Time
8
0 < :
0 5 % 1.0
FIGURE 13A
Y wins base battle in 217.6
77.01 survivors
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
X 40.0  0.005 0.5 100.0 - = 4
Y 80.0 0.005 0.5 100.0 - -

78




Fast Val

ELEVMENT EFFECTIVENESS (PERCENT)

FIGURE 14

SURVIVING FORCE (PERCENT)

8o




FCRCE LEVEL

60

(@

X
¥

0 30 66 '

TIME
FIGURE 15
Battle 9 Nonconstant, Aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

u0.0 0-005 ) = 007 300
60.0 0.005 - - 0.7 3.0

81

i,




FORCE LEVEL

0 30 60 90
TIME

FIGURE 16

Battle 10 Nonconstant, Almed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X ko.o 0.005 - - 0.5 3.0
Y 60.0 0.005 = - 0.7 3.0

82




e
Lol

FORCE LEV

T
0 30 60 90 120
TIME
FIGURE 17

Battle 11 Nonconstant, aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X ko.o 0.005 - - 0.3 3.0
Y 60.0 0.005 - - 0.7 3.0




60+
Y
.
S
\‘\
Topp =~~~
T d
' e
m
(&)
w
(o)
x
TIME
FIGURE 18
Battle 12 Nonconstant, Aimed
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
X Lo.o 0.005 - - 0.7 265
¥ 60.0 0.005 - - 0.7 255

84




60.

i--._.__‘_._-_-—_-__ Y
4o
o )
3
=1
2] o
&
S N Yerp, v T
20 4
qh-—---.____‘_h:-{‘gf‘{
-“""'1-....““-‘
T
—~—
™
™
0 ~
0 - 3¢ oo 60 90
FIGURE 19

Battle 13 Nonconstant, Aimed, Aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 4o.o0 0.005 0.5 100.0 0.7 3.0
Y 60.0 0.005 0.5 100.0 0.7 3.0

85




LEVEL

FORCE

EG"“-_____——_—‘____ Y
4o .
Lo % e @eT
20+
b Xerr
N"h
0 ~o
T T )
0 30 €0 90
TIME
FIGURE 20

Battle 14 Nonconstant, Aimed, Aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X ko.o 0.005 0.5 100.0 0.7 3.5
Y 60.0 0.005 0.5 100.0 0.7 3.5

86




En -&
» 'J.u
-
jea)
[ &)
o
o -
[ -
. , I e
20 -
———— o Jerr
E """--..____‘
o =y “--‘“‘
-.“"lu
—
0 s
L] i _" —
0 30 60 90
TIME
FIGURE 21

Battle 15 Nonconstant, Aimed, Aimed

Force Atr Ccef Frac Cas Supp Eff Bk Pt Shape

X 40.0 0.005 0.5 100.0 0.7 4.0
Y 60.0 0.005 0.5 100.0 0.7 b,o :

A o ol —




X
Y

60+

FORCE LEVEL

0 1o 120 200
TIME

FIGURE 22
Battle 16 Nonconstant, Aimed, Aimed

Force Atr Cocef Frac Cas Supp Eff Bk Pt Shape

4o.0 0.005 0.5 100.0 0.3 3.0
60.0 0.005 0.5 100.0 0.7 3.0

88




604

o

_.__v-—_'_vv-
=

o

1 A

>4

FORCE LEVEL

TIME

FIGURE 23

Battle 17 Nonconstant, Aimed, Aimed

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 4o.0 0.005 0.5 433.3 0.5 360
Y 60.0 0.005 0.5 100.0 0.7 3.0

89




607 y
bodieo X
é >
8]
&
3] 4
(3)
0
(@)
feo
207 ,
!
xeff e -
e e e e e | ) T | = !
4 . |
eff ;
0 T~
4 T 1 4
0 ' 100 20)
TIME
FIGURE 24
Battle 18 Nonconstant, Aimed, Aimed {
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
X 4o.0 0.005 0.5 500.0 0.7 3.0 1
¥ 60.0 0.005 0.5 100.0 0.7 3.0




‘»
j
r
r
|
)

60+

4o~

=

FORCE LEVEL

—
e — o — — e ——

207

TIME

FIGURE 25

Battle 19 Constant, Aimed, Area
Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 4o.0 0.005 0.5 2.0 -
Y 60.0 0.005 0.5 2.0

91




60 ; 1

|
\ "
} X
o
g -
m L
-
#
3 -
x : He
£ 204 ,,f'\ﬂ.
_‘..-l""
Yagr
Xere
n _--—_ﬁ-‘----h‘—_--—-—-_—--‘
j 1 s
0 100 300
TIME
FIGURE 26

Battle 20 Constant, Aimed area

Force Atr Coef Frac Cas Supp Fff Bk Pt Shape

X 4o.0 0.005 0.5 6.0 - -
Y 60.0 0.005 0.5 6.0 - -

92




—y—

e

60

FORCE LEVEL

= .
0 200 400 6,0
TIME

FIGURE 27
Battle 21 Constant,; Aimed, Area

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X ko.o 0.005 0.5 6.89 - -
¥ 60.0 0.005 0.5 2.00 - .-

93




60+

401

FORCE LEVEL

207

TIME

FIGURE 28

Battle 22 Constant, Almed, Area

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

X 4o.0 0.005 0.5 9.0 - -
i 60.0 0.005 0.5 2.0 - =

L]




Y

FORCE LEVEL

FIGURE 29

Battle 23 Constant, Area, Area

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape
40.0 0.0005 0.5 2.0 - -
60-0 0-0005 005 200 - -

95

—_—— i . .




FORCE LEVEL

60 -
4o -
Y
20 J
L
s e el o ppe——
b
LY

= L
0 1-‘-—-‘_——-- 1

0 ' 250 TIME 500

FIGURE 30
Battle 24 Constant, Area, Area

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

4o.0 0.0005 0.5 20.0 - -
60.0 0.0005 0.5 20.0 - -

96




———— — ——

FORCE LEVEL

1
0 | 375 TIME
FIGURE 31

Battle 25 Constant, Area, Area

Force Atr Coef Frac Cas Supp Eff Bk Pt Shape

4o.0 0.0005 0.5 53.33 = -
60.0 0.0005 0.5 20.00 - -

97




) ¢
Y

60

FORCE LEVEL
P —g
o

20

FIGURE 32

Battle 26 Constant, Area, Area

Force

Atr Coef Frar Cas

Supp Eff Bk Pt

Shape

ko.o
€0.0

0.0005 @55
0.0005 0.5

98

75'0 S
20.0 -




H
METERS

S
S

NT 8

R g
R E
ORCE PARA
CIE
CCEFFICIENT A

< .-t

ol o Xiude
e o.
=T ontutia Wi,
- 200.0D
Pt 22 et D i)
W N TN
- o= (o]
<y wuwZ
>UnWwOZ 0O4q
q(=-NT gq

LO-T I«
- 0 el
40 ViUV
FWWZ o2q
b T2Wallen
OO~ o

DD Pedb i
B« 3L {SL - (%)
QU UIO e e
>as oo
& E il
cur—az2 2Z2
COX o i det=tde
bed O - P
QWO U tWie
I T T
FOdg-q
< I I

W il i~
wCI w w
cWhp-X >

COMPUTER PROGRAM

Ll
uw

- W N
o Q
- [ I o
z .
- Z N
= O N
- vt L.
>0 b »
wnu — 0
=t . .
(%] - o
X o - o~
W < W
| el G
o< <
[VE R Uje o
><t LN
[ o (A% P
it oOuwie
XXW <Yz -
eQ) prw e

oﬁou_(_’) e ®
a; e JU. NGO
PN e
(T8Te JTREY JUNY o TH |
QU e~ ¢
oI X e itQ
ICNAXED ol
LN NS~
-l ®em Z <l
< s DUV L
o O e |
>»CnD
QU N i ¢ O
X es WL J 0
o W Y
Vw0 e
Owdu gl il
ZOF s>
L (r X
CwwCali~ J

99

DETERMINE WHD WINS

)

2
L 13
[ ad L)
< -
©
x w
O )
O <
- ¢ —
(@] o
P ~
w
*® o O -
w b4 >
| el
D Z -
(@] 0O « g
['V] L8 %2}
(7)) L% B 4
(7] W [ ad
w o W
[+ 4 Lyl B "
0 a g
QO o > v x
omMm D [
nNe VI = -~
[ 1] < -4
OO wn « N
oM uw - *-
N e O (]
O\ o (&}
[©Ta, BN % o W rad
oN — —
M Ok= NP "
i O Q=i
- O Om o=
- X0 SO O @
Q2 e G o Crll oo
Vieipe St rd Cor ik T Q>
g Cu <C amw=t
e e al Lalat A ol ol od g
] ey =Y T
<CULULX - o lal Y 2
WO BULC2L SwC 2.
o000 v o n
QQrt o Qo ™
NG NO QO
* %)) C
(8]

[
-

X WINS THE
500 CALL STATE{ TSX )




-
X
> N
-, [
>N -
o e U
2 X
wniL -
L d -
N X
- ¢ M
N -
oLl o
® -
e >
Ww e
[J24 -
o g X
X ~
—ul [
= -
= =t
usr X
- x -
- -
0O X
sZ 0
o< »
(T -
[ X} u:
v o
ZN -
e
w 0
>-u -
1. X
sMe
WF .
XOu o
O «
& > -
b =d w
><I0]) ™
—iil] =
oW .
et X
KZw ®
(]~ 4 L4
e O e U
~Va « W
£33 u. D
Nl
.m:t g «
XN e 5O
NOX O

.
0 X WO
x oo «f s 0N X
et Qo Qe
& e wp NN
Wl olicte =«
ST XU g KX
-l = QO D P L e
gquacC o= 2alu
QO IULN2U g X

i L]
(T3] \n
N o®
Q ]
o o

(8]

TRACE FOR CCNSTANT CASULTIES

CCMPUTE BETA ALFA

| =4
XeFbele3Xs 2(F6e2+2XsFb6e244X) )

I
.4 no
< (o]e]
w0 P [o]e)
o [®] rud =4
w ~N n o
(8] O « oo
< O o o o
o ot w
QO - 2 (LIG] —_ >
g (L] L~ -
w O o« s~ < Wil
-t - O - X o
g = [T 0NN u)
) v ~ 0 NN [- o] -4
g % [yY] (o] (o) =] > e
- O O O A > =
W o ° s D0 200 @ latal™]
7o) o o o0 0 X 0O
» . (@] (@] e % e [ [ Y 05
e ] o ~ W w (S
O = w - - dQ Q. o O
w a « O QO * +0 a aQxk-
u. NN o Wik i O -l < N
w J - nwn [GIVS ] -~ o (-4 W eC
EC A4 X M e S0~ 0 - MO
FLA ] s ol X o o
g0 3 O0X ~dg eI O~ qn~
auiQ @ VPO BUuxXa | [) [T T
[ M Ddna | D~ -l o
Qe + o oL L e - VI Xqe <
W~ no © e XX | a n
=+ I O~ -~y W= _ X —~
O ~ O O~ 1o +uUul a o e nnu
PUT- 4 ] ool L s XD - e na o
U OT e TO 6+ O w U U O +D) ¢
qod D M= —HOCOX DT X 2200 [op]

L CudZXTITU i s SUUNILI T © O eMX oo o
uw. VeI O~ o iy MOwho 0>y
NN Qv VNIX H e wwhead
2 X Cwia C IC Ccuwa wda
[ S0 3= QTS T h;~h4~~~wh3hhzauhr~
W Chd —~—et L - C *e(C—d
(Dt s udumqudC¢CduquPdﬁucq w U
u<mmxu~~~u—3u~gg~~um TECIULOI UL~

o [ Q0O O © [Ty} N ovnn wn
(=) Qo no ~ 3 n ¢ O OvwO w0
Vo] g N~ N~ O ] M € 000 o

[¢)] =i O o o

COCL

100

E

€ FOR CONSTANT TIM

TRAC

CNMPUTE BETA ALFA

Cel

- &




———— e ——————— ~———

)

-—
b
<
L]
o~
.
0
w
-
>
N
-
N
.
0
Q 18
(o] -
[¥s) no N
N 0o
O [ adind -
(=] 2 NN »
T3] | oad (3]
o~ (= o] -~ .
w o - Wed
> 0 (L] - 0
Lo - (@] w) q .9
w - (10 —uil
X -~ (@] Wwx e
[ (L] [T9} o~ M eXx
- - x O wnin 0NN
> ~ O O aNNO b o2 ol
x & o ©O [ oo e O
- * N O 00 =t O
< X @ 0O (@) OoN X «©O
. ’ QO QO e (4 w N
- = 4 N OO~ k- W o 0N aru
> . [e1e] (&} unuo [- o)
¢ q ~ N FFeqad o T Py e
W - g ANNU - O e N -\
<t W W =~ e ohil ~ . Ut 0
u. O J T OO ¢lCen ~=0 QN
4~ e & O OW o = Q } o0
< gl o N=~gIT O L= 1la] qUN~
x| U @ NNIWJ e S]] wild x
- O o oCdg @M | o T d ®ud
a0 O Qs + OO0 b M rde g
o ¥ v oom ¢ U XX -
Dt W emd~ I O ~w ke V= |- ~ e
wear pe NN w O NNIO I —~u. g WNe NWEW
w DeIN\NOr gt O T IS - Qe
N OW OWde oI ~aTO ——U ¢ O FFOUWOCXOM ¢

N ¢~ Pd OO~ [LXe B (o nal o et Hel-folodele (=]
PIOIN o wdTZX~ 2UODAX VI rBrd o o@D o0 IO

=0 ) VNENT O™ Nl NN Qe Ol
H VL~ N =N = | b
IO d FIAC Al w r-..p--_a..uh--..zr-m-o»-}.p-z..p—
(T S I VY o o e o C ey
Sl o 'I_JUJ<ILLU-U-CYU.CU.<I<1 Luuw _CIXICUonaCuc
QO k- .:qa:a:acu-u-»-3~u~uu»—-~~~mcmw3u.3u.~o
Qo o o o0 QO Q O Qounun
o (=] © (a]e no O O CrOY
T2 o - am [k g W O ~NOMSO
-l o~ N o NN N N NOAO

101

)

«2s' SURVIVERS?!
? 2F8 .2

F8
g

(3.4

[T of
XX
[ 1c 4
-0
Xp-tu
orelN
-2
=y
e
~0

v
u!

o~
et DN
>nzuvina

Vi

o>
F--l>-l—0~ (=) = o
(o) >

W olliee

Y WINS BATTLE
A
Y
+
[ ]
L}
T
2
0

OUF LN eI >
=i

Q
o
C
™

wn
N
-
°

w




——

COMPUTE BETA ALFA TRACE FOR CONSTANT TIME

(O[S 18

(=] o
o- no
"N O~
© < ~g
(o] <
(G o (@] -l
& - O w
[ >
(@] (o) Q w Ul
-~ [ 0] QO - >
(&) -
x (@] -~ . -~ < w
(L] -~ W x
3 0n n -d [
-~ O N wneoy L= ¢ -
o5} o (o] NO >
0O O . O O [7] QO
o s o OO0 ) -Q
(o} o o 0 X >0
-~ e [« ») . o3 - s
o L I w 'ty o Q -
L~ on L) W - Q (2
w N OO0 a(n . - O < QO qh-
-J WL Wi O o I~ A
al o~ PP - P, p g s WD
x o s $(Na -~ . >4 (4 BT L
I O QU > z0 = O .
Q - O~ c Qo N L~
wo o NMZU L -4 N = <+ ul
Lot O o | Mt Y o ol
Vi 4 e ey > Q O -1
~ VO® e v X |~ —
+ X OO0 e~ O = > v o
- ¢ ¥M|0Ou I viLT <« « Tty
ANO~ T & bl SR G N S S ~Q
W T IT OOmli —~ WOROqIO =~CC ¢
> O Qg 10T +=IxXDJIWLWOTAO o SOV
I ememtt L OO NP edMpdpe:. QY 0 o]
Nt VZ>TOL WO =X ULNE & 1 V=g u
" WP~ L Qi N Y <l ol H > IFX~—w_
B -~w (@ I oul TN, 4

ULl b-vdb-—_l., o (b 2 et D L e p— bove

W= - L — T el e
.JI.JlLa’lLLLLLLQ_LL_J-JLL ux WLl T o L el o 2L
QECCC bt I QU = CNE DN g T
C Q (o] =] [o]e) o O o own
(@] o (o)) no Cc O © cQ
o ~ e Mg 0N 0 ] ~r~
< 4 LA A 3 L A ¢ < <+

102

)
[}9)
-
P
wed
=
vy
-4
(&
-
pd
<
-
(73]
<
o
(&)
o
o
u.
u
Q
<
Ce
-
«
uw.
-)
L4
-4
[
t
n
u
=
Q
b2
(&
(&)

Col

o

(=]

[Ty}

n

(@

-

—

o

b (0]
* - O
@]
no © O
. s

W* N o
e 0O
-, [

< o0
U~ OO saC
- oL QO
g U u
(] oo Do
) OC .
a T oV «T
b O [a¥] A TR
- se W LI«
[ ] [CIFE -
~YT OC 2 L]
+ W ©OC -
-e— MO
T " QP
oLO oM o

0o et L~
> Xp-w iy
AIBC A o
Wy, e g
— el qULUULOW

LA @I et Do
o o (o]
Q < o
Q - o
n vy wun

—

P G S .




T——

w
>
-
(S
O -~
(L b
. L o~
w -yl
b w Xhep— o~ -~
[
Ww >-uJuJ L] Ll
I oo « -
o ol NI T 8 ~e -
Ll € Q| ~ b
(4] xuu b= =
Z waud = >
< qda g, U3 | X
) * i ¥ u «
[ Wenes m
> > ¥ ~ g
- oy = *
} o un - WXEIT « ® " *
o OO0 > Xga O
n ~O 4 10) AN e~
n nes V) i L o
n w > & Fow
0O O - O . m ~ T Wm
~ =0 w o OO L g}p-N0
+- w > (@] X s o X I *
0O O > w uw *rdoey INE 172278 Rl
v Vo . -l N -~
O \w (L] Pt NN g
o~ o~ > - ¢ P4 e DT U
-0 . w - et | &+ QO JXE |
n n O | aud od > < e X V)< ]
N NN > < - e~ - O |
O oNin Je) > gt N ¢+ n t
s O e -0 wv o Uip-+— ¥ ¢+ 1\
O O W X0 e pu Quity & | =
00 st X v oM oo Qe '
Y PR S [ - - o= b 0
s W oan o w 2. <+-O Ky~ T rd
O <l e <}- > (o] X b3 2« W ] SNI Q- |
L1 L) b~ L4 o - Q¥ TN ~0Q |
«Q (i) o ~Odd N - - | |
~ o~ O my n vy ® QD k- L
~\n - . Wk i, T L |
X b o~ = o & P U L4 D=
o >Xx L4 [« ) V- £~ QoW o1 T ol - @ L -4
- (&) eI N - - Wik, M MY e~
(-« RS T ) )« Vs [» 48] o & sy Wd >
~ m qd () . (VTR] o qgder < QO gqp—=X- ¢
12X - O - pell P L) ST >
W=t | > -~ >g o U VNl b, X <
ITr-u < m b=y - - O« < ’, QU «af
(Peed>T b a & crm.J Ul n O e X iy
Ut (2 OO0 L2 liol =] WwHy Wid ¢ o T Tl g
(o h JEROTH) Pl o 1IN SN +o~ ﬁT 1. (2 4 L omimd XN LS S ]
ONALIT ™  wmi(Ned 0>~ O = O™ <t P OO Mt e D=
o =OTU NN DO Ol e [ ®] ke we, NV
) Lo D H eVl T il e w2 22 wn wunZ
@] T CW <t = < OCII nanwa o
b u..v---v(.o»-’b-r--J riad i abe S A< ¥ u’ [ bt pa)
[ S I T all.. O < W c:zk-r-x b b D D > -
cu.qu. W C el ey (CLIose gilop— 27 D DT TIIX (- 0iuL
Ot Opaatt e COMERQOP R D> QUL [ g NQUL U Ch Ot X DX =Ll
0 .
(o] Q O oun Q o cuw
no Q C oo C (o wo
M CANEE * I o @ («)) o
nun (Vo B T A BT o 1T [Tyl [e)] SC
()} [7]'S

103

!




)
- gy
-
>C ~
(7, 117]
-2 -~ L
-2 Zg - X

- Lol o ol e

b= 4 Bl wwn o

*US NN (@]
o) w >0y L o n
oI (L] N Lonm o0 0

[ - U b own
- I« oL J wnun (@)
>xXwn D Nl L= " s <
v -t NG o= (@]

-2 Iu Peg g b= <t O -]
L len) o e~ T (&)

X o= [w] wer<ti Lol 2 O
el = »EX| 00

W e =) (3-8 X g -

o d ol ol <0 wa < S (o

Ian wo .| {511 o

| od e O M >0 ~on .
-00 - >0 x [e]e] ~ 0
wwv et Nk () uj

-l rXx - o Ll eV
I > ¥Z Xerdqd do~ - n
(&) P o~ o g (] - W
0 - O Q¥ NuUE = ' @

- [ ®) * |~ . = -dd o
X o 04 < W g4 g s > a

w < g 0 I O (] o 2
-0 = g QOOokFJil |} O (@] b Lol > v
<0 . OTUW |ppeomnr~rll o (@} a0

Q> Ob=  _JWnN o0 W\ < >> - D> }
W ObF Wz ++ " eON ~

. o | om 0 & X &=~ ~ u
[l Z ofl  emem - QO O o ¢ X
-2 O ALAX>mm @ - Q) a ~ ’
(SR 2 o] FTIZONNCQwrw~ QzZ < -
W)~ FO ¢ T3 XU | 1OQ 2 <
IO Yo QAN JE O ) g . « |
o2z 1O OON} & <21 O .

Q = O * s O>XQem - -~ x |
(7, Lo 4 " qQvTg . s L -0 v == |
w " [l o2 - |U7V) O - . o -
ZWLZ P> WeIy FU. (@] QO ® ~
ool >unv cou.mq.JOo.,. x OO ¢ 3 Q
3 o Wh=pe 2d35O0DL 0 ¢ Q O -t -~
[+ A o | S <<<t —-‘—-4>-><O . - ¢ <+ x
wwnJd < N e oYX w . &) [ Q.
—wo (%] od | - - ¢ WwWoQ o (&) " >
wuin b XX < W Wes O * &=
owvnul XN e Qe t |\\w =0 > ©O 2 p o

wee UL Nk e S (@] o a ¢ O> w o0
o Z oY >xz< >ooooo-o>| O®>0000a =2 040
«gaiy — I et O v DOXET e 0 0 OO ca DOO> W0
wa I - O0Q - zszQOCwﬁ m: m>~€‘~w —~< o
(oo po Z u T o2 2 ~ ] v

(7] Q v QOn HuZ o ucll C,-unc - il uuc: Z npC
w wn o4 = )- > ~ - b~ Poss -
2>u! M 22 Tk X>ZEX™ 2% ?>< 2> IX > x 2% {
—_Jv D e O W Do LU NN UL = CUL L= vviCuWw =~ C.
;r-«n VN XZZ W VNZEZOD It R C R Crmi X O R e X D=

W .

Qda (o] Q (o] o Q
oca (=} Q (o] @] T3}
[op =] 0n Q Q 0 [
. 202 N (3 < < < ‘
e g CCOUC COUO

104




‘l1li|l|llllt . - I B e e B = T
an3
Nal3d
( ( X =0T ) /7 € O0°T + X) ) 901V = 6°0 = HNV.V
.x-rz<h< NGI LDONMNY
Ung
Nanisd
( IA % VAWKVY ~ V¥V ) /7 IX = i¥
19% NIMCASLI®XSL*SA®3IXCLA®IX 8V VLIIZGVWRVO YV 1I3IEVITIV A X NOUWYOD
Ald 3INILNIYENS
an3
(AP ER]
a 11X = € Vilvy ) /7 1A = 14
18% NIMCASLOXSL*IA*IX® LA LIX*GV VLITIIC VAWVI VLS m.<uJ<.>.x NOWK 3D
Xid 3NI1NCaBgNsS
“C3A3IRK)D
N338 SVYH NOISS3dddnNS 1V1iOL ¥31d4v S3JUCd4 S¥3SI1 40 NOILINYLSIC 31L31dW0
01 A 40 X YSNNIM SvVL 11 wzH% 3H1L 3iNdwW3D Ald*Xiuw S3INILINOUGIY
o =
. NEfllsa
SANILNGD 0008
XSl = ASI
L/ZI(XdA YHNVIV = XS1
0 = NIM 0629
0 = NIM JWIL NOISS3¥ddNS = 0L NJ 1H9Id S303¥L4%s 211
0066 *CGLl9*0sLY ( AdA = XdA ) 41 00s9
ooom oL 29
11 /7 (AdA) HNYLIV = ASL
o al = NIM 0065
g3SS34dddNS X 3WIL = ASL TI- = NIM SNIM A

105




LIST OF REFERENCES

Huggins, A. L., A Simplified Model for the Suppressive

Effects of Small Arms Fire, M.S. Thesis, Naval Post-
graduate School, lMonterey, Callif., September 1971.

The Rand Corporation Memorandum RM-6268-PR Fast Val
Relationships Among Casualties, Suprression, and

The Performance of Company-Size Units, by S. G. Spring
and S. H. Miller, p. 3-16, March 1970.

Combat Leader's Field Guide, 7th ed. p. 15, The Stack-
pole Company, 1967.

Dupuy, R. E. and Dupuy, T. N., The Enecyclopedia of
Military History, Harper and Row, 1970.

Maﬁshall, S. L. A., Men Against Fire, William Morrow,
1947,

106




