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ANALYTICAL WOALLING THE RiCCEv2h PROELEKM:  BALANCE
OF SPLED VE: VILIZABILITY

by
George A, Qamow and-Richard ¥, Zimmerman

Reprinted from-lnpublished Notes of ‘the Authors
‘Dated 13 January 1952
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ANATITEGAL MCATLING THE RESERVE® PROBLEM
. (E2)anse =0 speed 48 Vulierability)
‘9 of the Anportniy foaburun of the Monte Carlo wergarwc
* provion ig thé calling of res 2t by fhe unitas whieh enocunter
duperior ey forcaie Privd 11 b8 accomplished by builde
Mg nsethe abeatsgy of Lhe gamd, & speoinl proviro actording
%0 which friendly fovoss locatad in the viessity of the wiih
oalling for jielp will gel a preferential motion towards- tha
~1 trouble spots Whervas, in the-aase of complicated situatfons
which may be encountared in suzh.war gemes the analysis can be
carriedicut only Ly MonTs Carlo mathod, At i3 intsreating to
consider some highly simplified camed which permit purely analytical
solutivaidy

Wa take here, as an exumple, a linear cese in which twe

. Heavy R 3L0w, oPpos'ng forons send out x.glven
A (l"'d) N fractio O of their total strength
bo meet ‘the enedy ab & poind dovated
> half way betwaen thems It will be
V.. > o N anaimed that the opposing forces
A< N dosrlin-agia) tunber of unlts,

bub that, whereay the force ¥ con-
D. sista &F slow heavily apmored wnits,

. the vaita foming the foroe 1 ars
v% (1=&)N

uiuHr'ﬂFAﬂ. fastar but carry lows axmor, Thus,
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1f Yy, and Y2 nra thie speeds of hoavy and 1ipht wnits we have

v
W > 1 (1)
Yra-aflooy of wrpor {(and awunont) e characlorized Yy the

rumeriend. v@suu of tha tonltielonty Ky and Ky i the Langkesiss

aquadionn:
dh
- g fped {26
_— R (28)

whera i ane 1 derote the number of heavy and light writa partielpating

in any given engnpancnt. o We bkt

1 <1 (3)
h
Wo will asouae thual when the adyanced vnita of [ ' np

engounter thy advancad unibs of H-forima, wid ' nd thomealves

ir & losing vosition (becnuse Ky € Ky)) Jipht rezorve (the entdra-
remalning force) will be liadiately 2atled wo. Tn respact to
Heloirewn we will ooanider tuy axbeetis cruen)

{a) Complato jutmilipanoe conceriing tha movorsiss

of Teresitvag, ' tiin easo s 4Zarves will be oglled In stml«
Laneounly with Lepadvrven, bubt will areive somawhab later beoauss
of their lowss pe-ir

(b} tomplete lack of intellicence, iy which oase He

reserven will Le nend dn only when lerazarves avrive on Lk
battlefield,
Thun, whireat Ierasqrves will always ayvive st the time

t A ] r~/v1 whare 0 is the diatwnow oL the Suserven from the:
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battlefiald, H-rsnerves will aridve a% fimys:

. (hed
h
or
tl,.t L
e Y- (i)

dapgading on Hemtelligence, I after the aprival of Herezarve
‘Hiie total number of 1 and T wnite will ¥atiefy the Iinchescerts
talaice condition, lioth forcee w1V continug to Jene enun.gy

poroentage wise, and the battly wil) tacomea draw, “s wani ta

find the relilions between the K. /Ky .ng V3/Vh ratios which

wonld lead to a draw for various values of O aid D
) i)

A schematic plotire of the
change in the nusbars b and.1

\ of he BatAlfng-heavy and iight

.

forcen &5 glven 4n Fip, 2,
Timne,

t!' F.lg. 2 'Q‘L

Differentiating esch of the equations (2) with respect to tima ard
Inperting the othur we obtaini

v_“_?an » Vi“\i‘ oh. K?h (SR)

2
ik s Kok, X ol (5
ilere
K a Khﬂ K;l
‘3“
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wl )
if ve readuro time dn X  unitz, which ean be called one cied
-anuations (Sab) beceman:
)
dh b

rite

._Q‘Lié, ) L ( T $ .mk) (6a)

d T (6b;
arid have the solutionsy -
"‘T A Jg t+ 5
h=ae' +de (70)
R
L =Ce +de (75)
Yhars four cosfficientes mimt v detarmined bv tha initial condi-
tionan,
A TwmO  wo huv
L,! - Q ‘*"a: = O‘N (8a)
Home +d = &N (o)

A

<'ﬁ">o =-c +d~§»—&-c<N ()

where) o

B = K (9)
Ke

Detevmining voar confficientn we gebs

o "‘2"_"0( N (! 'f“[s—‘) (100)
,{ =°§—O(N§!’- fs"') (100)

IM.
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. C:iz-dN(l-‘-ﬁ) {100)
ey N L= &
d = 7 * N R) (104)
| Thus, Lwdiately after the arrivel of iizht reserven:
: . -, ) - m
L I n=tY o h -y -'}
" S N )
b=t Ne s -
. ™ T. \ ,r' |-
P =faN{(1#p)E +(1-p)e’ + 212
(11h)
The Ianosater equaticne ave now applied ta the time: interval
‘T; -——"Ti We uue ‘conatanta a,b,0,d over amsin
writing:
hp - q-q-,e. (3.24)

(123

(#)1 =—a+d ‘_ﬁ=g£1 (126)
(%‘1")4=-¢+d=—[$h4 (12¢)

Solving these ecuations we pati

aw+t(hy+ p! 2) is)
A=t(hy- p"lq) (1)
¢ =t (R4 ph) (110

d-a—(z,_;;l“) (34

Thus. al, ’T’l 1 2 » After arrival of Hereserves, we obtaint

b '}Z‘{* (’:-m-m (Ta -'W)Jf* P"}c[-m-‘n)— (%) 13.3:_4)"’
. l‘ {‘[ (1“..1'. (Ta-lo)J P"l [ = (Ta Tt) (r\’ "




The condition. for belance for T)'I; avey
o
i obhy L dds
ST Rl e L
\ TaT, \ VO T3
Substituting Zrem (k) aad (1b) and simplifyling we finklly

&

-
pite
ot -
= 16)
- NT !
Ry
o)

which 18 tie devired result,

In order to réprodice thia result graphieslly, we introduce
the notion of the mean time reaquired by the ressrves to respond
to-the call for help, Thua:

T = V’ﬁ.'??, (170)

'with parfeut Ag\touipnu’nd

T=Imin-n) o
with no-intelligenoe,

thin.characterisan the averapge diatance of reserves from the

battlefield, l@r:?.&sa':wa?m ¢alculate the values of Kl/“h Ry
+he funotion of VVV‘,‘ .

Heavy curves in Fig, 3 ccrreapond n the anaumption R ¢ 1/,
whorean the Iipht durves tcxl 2/3+ Continuous and broken linae

oorrespond to the above mentioned caser of perfact intallipence ,

and itn complete absence (211 for help),”
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Ye-nstice Tirst of all that, ae exjested, ite values of
¥y /¥;, tieeded for talancz deerease with the dncreasing valves of
V1 Yhe 31 ths curve representing the sctual relation tetucea the

. 5f Ve Gnils Aas sleeper than it

4

elfartionnsar and =obildd

Sesw e

M

ourvez shvwn in Fig. 3 heavier sntts ziioeld be chorén 1. "rae
ference tc heavy ones. I ¢he actual curvo runs less strep
iipnter unjls shoidd be preferred, The curves of the Fig, 3

can be alpo ured {o seleci a given T {so0 the diztance of

tha resurveas from the %2043:0421d) wntch wi1i te advantazeoun
for any set o' Vy  anc Ky A vore detallnd comparisen with

v “Tho .. .
mMlitary wilts a‘l varionu :0043 £ 11 te riven in the next report,
i interesting Qonclusion following Trom Fip, 3 ia that,

wheru+r in the case of perfect inlellipeice, equality of velcsities

{!i./,?,»,:! i) 1sadz b5 equalisv of offactivenseos g:::,"'.:ﬁ 21}, 3535

not at #l) ro wilen the intellipence is Jecking md reservas are

celled in only when higher losses are ouffered on the tattlefieid,
) -

Thug; for example, wé see thal, for V} ;V‘ and ¢ » 0,7,

15pht forces will have the edpe of the bauule even theush Lisiw

effactivences 1s bolow 60 percent AT the offactiveness of heavy
forcaze This apparent paradox is; 6f course, nothing but the
oonsequencé of the wld Fd{vice at imperal principle. Tndeed, since
in this oase 1ipht reserves are salled in immsdiataly after the
oncgimbeor of advanced unjta takss plack, whereas the heavy roeerves
5t only after Mpght recervee aprrdved-to the batilefield, the
advanced hauvy forces will be out numbered by lignts during the
middle part of the battle, and may be subatantially dectroyed befors

e




ths piow AV reunfoes ety ccow in, M 1o time e feavy
reserves arr.ve, itey [e=A practicallv ratldn~ Jeft Lo e
res~fcreed and ron Into superior foroe of lights. thie Inzéine

the cur . tole Latlles

.
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A WOUEL FOR THr, STUDY OF TACTICAL RESERVE FORMATIONS

by

Georze A. Sasow and Richard E. Zixsorman

Reprinted from Unpublished Wotes of <he Authors
Dated Fobruary 195k




A MODEL FOR THE STUDY OF
TACTICAL RESERVR FORMATIORZ

The sonvrentizsgl defensive disposition of U8 tioops in
the combat, sone has been fcr severa) decades specified sz
53 up and 1 back.” This medns that, in the Infantry Divisioz;
2 of the 3 4nfantry regiments are often put on the MLE while
one is held in reserve, The same can often be said-zbout ihe
3 Anfantyy battalione in each rzximent, or the 3 infantry,
companies in each infantry battalion.

Howsver, the threat of massed attacks by the Russians:
in the future, together with possible tactical changes iri-
duaed by the threst of se of tastisal A-wespons; suggeste:
that a resxsmination of our-basic tactioal gédcepts and-for-
mations is in order,

Indécs, both the Rusaians. and the Germens on the Esatern
Pront in W W II were led Yo sdopt defensive formations ahar=
acterised by siltiple linas and deployed in great dsnth, often
to as-much 28 10-Kilometers or wére, This was evidently in
reaponee Lo-tnw use, by both sides, of doncentrated armor-
infantry thrusts, end had no elear parsllel in oparatiens .on
the Western Front,

As part-of a general reexssination of ir-current doo-
trine; we ooneider the utility of models, based oii the

13
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Lanchester gquations, which can later be extended to greater
detall by making use 2f the GEDA Analogue Compuier now being
s8quirsd by JOMPLAB,

loreld en antriguing oalsslation growing oul of the
abovs program,

Our thanks go to Mr, X, Lee (COMPLAG) who somputed the
ourves witii thia great adciiraoy required to find the optimum
values,

Disousaions

In order to treat defeniive formations in a rational
manner, we constmiot & mimple model of thees formations, For
purposes of this discussion, we are willing to consider that
the troops on the MLR are distributed-along ene. ing, and the
tactical reserves 2long & second line, Thé adequaoy-of thias
model i nok conmidsred at this point,

We imagirs trat all the Rod foroes face all ihscBlue
foress slong ait infinite homogoneous frént¥, (sev Figure 1).
We Ourther supposs that their relative atrerigthe are so bal-
anced that, were the Red foroes to attack within any sector
-oF ‘front L yards -wabiisuv Turther conoentration, then the re-

sulting battle would be a draw«=i,s., peroentage lesses on

N results of the caleulations in this memo turn eut 4o
require usually, a front of 20.miles or less, The Minfinite

front” is mentioned hers for mathemitiohl rvasons.

p
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BLUXS

Seation of front line showlng Hlues and Rads fnaing
sach other befors the Red assault.

Figure 1

15




soth-sides ere squal at sny atage of the battle and at the
snd of the sesault both sides would have besn destroyed within
this attaok wector. Note that this muat mesn that the Red
forses onbnuabszr the Bluer by wome fastor, sinee ths- dsfanders
are-in & stronger position than the attiacksrs,

Our problom is defined by inquirding whether any advaitags:
would aoorue to ths dsfenders if thay wers te split their
foroes ints twc lines; ons behind the other, in somé-definite
ratio of strenstha. (Fisues 2). The-Bluss could-then bake-2d.
vantage of the delay in the advance of the Red forces (oscasivned
by their battle with the first defensive line) to reinforce the
seoond lire directly behind the threatensd front by drawing in
troops from adjacent portions of the weoond line. The reinfore-
ing troops are assumed=to wove with some 2ixed speed, V, We

-shall. show that such a splitting of the defending foroce permite

the defenders to destroy all the attacking foros without lsoming
a1l their own wen,

We take the Lanchestar equations- as dsaoribing the ocurse of
the battles The mathematieal derivation iw given in the Apperidix,
Here, only the resilbe azz SiGousssd, Ne will .use sclutions of
these equations to qorstruat grashe of the follewing oharagter
we plot the number of Blue men lost at the end of the atbaok
(exproeaed in-units of the number of Blue men initially in the
eeotor of width L) on the ordinate againet the percentage of

16
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Troops in arois hetched area are ably bo reach threstenad
ares during time Ned foyss: are defeating Sirat line.
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indt4sl Blue etrength diaposed in the mecond lins (Figure 3).

We shall rat & different curvs-for each value of the speed V,
sesumed fOr Lhe movsment of thie reasrves.

For plmplicity we make several additional assimptions whioh
oan e aodified later:

1. The assumed 2quality of the Red and Blue stiength (Red:
on offensive, Blue on defenaive) will be-exgresasd, for purposes
of the mathematioal.caloulations, as asserting each-side has
equal numbers of troops, each with the seme kiiling power.

2, The battle betwean the attacking Reds and tha first Blue
line is not over until gll the Blues in the firat linie are killed,

3¢ The time for the Reds Lo move from the first line efter
onding that battls, £41) they sssalils-4hs: sscond:idne, Wil b
ignored,

by Novement of Blie reserves into the sesond battle line
stops when the second. battle domzendes,

With these ssswiptions, the total number of truope loed by
the Nlues oan be osalouiated for any value of the various aone
siante and-tha-daxivad graphe oan be conmtructed, Selected ourves
of the resulte ars-shown in Figure 4,

While it ix possible to express theso results in the disen-

-aionless form shown in the Appendi*¥, the curves may be made more

¥ee dlscussion following equation (14} in Appendix,

16
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Bloe Stena

i

waf
™~
i

vt?'*"a

—_—
Y
-

Total Bjfne Sosses (units of
oy

ra

m--u--,?--—gg gﬂ-_-gq_

A

O

x5

£o

35 100

A Li
7 Blues ln\ Second Line

A flpece: ohowing WhAt parametere are

the main rawulis,

Pliure 3

used in displaying
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BLVE LOSSES 1IN UMNITS OF .ORIGINAL SECTOR STRENGTH)

id

10 R

ol
-

A
o

I=3
b .

0.2

epetd 61 resotves

; l I

eleng this.cvrczfor veryingeis

0 0% 408 O 1
N BLUES [H RRSERYN »

100%

Plg. 4==Blus loswes us a furiction of X Initial strength put in reserve ond
for varlous assumed spesds of movement of reserves, Reds unnihiluted,

20
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meaningful by sesiming arbitrarily (a)- that the assault sector

is L.mile in width; (b} initislly scntadns 1000 Blue goldiers

and 1000 Ked soldiers, :and (o) the killing power of each soldisr
in this ssotor is, 6n the average at the rate of 1 snemy soldier
per hour,#* Then; on the graph, V = 1 is interproted as V = 1 mph,
V & 5 as 5 mph, eto, Other cholcea for the value of the constants
montioned in (&), (b) and (o) above will mimpiy altér the aotyii
apeed-denoted by V = ), V = S.ste, but we will show that it will
pot change the interesting character of the desulta,

Conalusjony: fou tiils firset -battle:

The intvizuing: characteristic -of the: results i that the
cptimum-Blue stravigy .+ every .cass favors putting Lhe oulk of ite
troops (8% or more) in-the Peserves:no.zatier what. the.spesd with
whioh ite rese>ves may be woved, This 1s to be considersd in terss
cf the dootrine of Mwo up-and one back,

Obviously, with such a simple model, the drawirig of vonolus«
ions in dangerous, Four statemants auggest thewselvex,

(1) The model L» perhaps move & picture of the relation of the
-OPLR to the MIK, than of the KIR to the reserves or to & sesond
defenaive line,

2) ‘The disposition of US troops, conventionally doployed,
must be studied more thoroughly to pemit a valid oomparison with
the -resulis obtained here,

FRATH These units, A battle between 1000 Reds and 500 Blues lasts
13 minutes,

oz
ran
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(3) Oné or more egseptiai slements are lacking an-the.
nodel,

(k) Study of mere detailed; resalistic modele shsuld be
of interest,
Tho_oase of -enwiiy .ﬂmngmgx

In this battle, everything will be as before sxsept
that the Neds (attaokdrs) are xwaumed t0-hsve 3 times .the
-combat effectivenens of ‘the Blues (defenders). Note agidn-
that this may require the Reds ve gitjjumber the Blaes by &
still larger factor, dis to Liie-2reater combat. effdativoness.
of the cntrenched defenders, per myi, The result of thie
sot of battles is given in-two different forms,

Ao Mimure 5 chows bhe.minimis.snesd.wdth-vhich-the po=

serves must move, in order th the attscksrs-are totally
destroyed along wit: Al the defanders committed to battle,
‘a9 & funotien of &~ ,croentess of Klues dwdsinglle-dn »a-
serve,

be Plgure 6 s!ven the total-5iue lones as a funotion of
ths peroentage of aluen. ipitially in reserve for a fixed
speed for the rexirves of 20:milzs per hour, using the same
unita an for the first battle where applicable, These are:

Initial Blue strength ouovos 1600 men

" Red " s v 4243, 800 2en
XLiling power rate, per man, (eitlior side).ess 1 man per
hotir

22
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Mitiue SPEIED OF RELERVES
" TO ORAW BATTLE. {rph)

60

-~
o

LN
o

Mini=um velotity ot
54% in reserve
- : ) -~
| i I |
20% 40% 60% 0%

% SLUES GRIUINALLY IN REGERYVE ~

100%

Fig. S—=Minimum spead with which reserves must move io annlhiiata reds;
(le., biuen ore themselves ennthilated).
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Bives Tetiw; Reds

in thig tegien

W
in

2.0 \ '

TQTAL BLUI! LOSSES IN LWISTS OF ANITLAL STRENGTH

1.5 |- einimum losses

with 58X In

Reservei,
1.0 -
- SPEED OF RESERVES = 20 mp.h,
Vs F—
. | 1 | |
9 20% 40% &% 8% 100%

N BLULS ORIGHALLY-IN RESERVE ~t

g 6—dlue (defenders) losses versus percantage of Blues originally in
resarve whon 1he Reds (atteckers) have thres times the esmbat effective-
‘nuns-of the Blues.
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Length of front line sectorss:.ssceceeal mile.
Gncleeiong.

The first resuils ahow an optimum Biue strategy of about
3LK in regerve: In thim oaca optimum strategy ie taken ss
favoring that percentags which yields a draw battle with the
minisus speed of the reserves. s the Figure 5 shows, that
ninisum speed 1s sbout 1.5 in dimensionlses units; or in
terss of the sase parswsters used on paz= 7, 1.5 milea/hour.

This sertainly indicates a iimiiaiion an tiic generality
of the results found in the first battle {111 odds) wherse the
cptimum blue strategy was found to be 84K in reserve or over,
for all speeds,

The resulte on Figure & show the optimum Blue strategy
in the face of 311 odds with the speed {ixed ot V = 20 mph,
The optimum strategy still favors about 59%-in the reserves,

Thus ‘he optimum blue sirategy favors large fractions in
reserve when the oppoaing sides are more nesrly-equil and less
in reserve as thi enemy supsriority-inoreasss.
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MATHEMATICAL APPENDIY
int K tiont
Ts Lanchester squations are s very aimple fermulation
of the progress of a battle. They ars discussed in many papere
(596 Por csiasple the [rocedsng japor by Gaorge Ganow amd ftfskard:
Zimmorman), They enpear initially as foliows:
If R = jiimber of Red fighting units at any time
B » number af Blus.fishtins uniis-at any time
kp = number of Blus fighting units-kiilsd-t7 g3¢h rod
fighting unit per unit time
kp = number of Red fighting units killad by sgch Blue
fighting unit per unit time

(2) ae kR

Thers are various forme tnat the sclution of these egua-
tions can tal'a, Here we derive only those required for ihas
problem,

We ncte that we must anewer 3 questions about eaoh choi~e
of the percentase-cf Rlye- L5iGpa 1o be put in ressrve in.order
to-detemine the corresponding Blue losses,

1. How many Red troops are left after annihilating the

Rlue treops 4n the firet 1ine? (This.gives the nuaber of Reds

which essault the sesand line, hersinafter dencted by Rga).

25
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2, How long does this 7irst batile tske? (This is nesded
to ealoulate how many additional Blua troops csn bs moved jnto
the threatensd. portion-5f-this-sssond Mne befonz-the -adoond
vattis s3arts: We will denots the number of blue trzspa atark-
ing the second battle by Bg2).

3, How many Blue troope are left (if any) ah the end of
the second battle? (The difference Letween the nuabsr of Blue
susvivors, By, and the total numbsr of Blues Somwsitted gives
the number of Blues lost in the overall sngsgement. and is the
ordinate of the desired ourves,)

7o answer the let and 3rd questions we use the so-calilad

1Scuare law.® To get this we divide the tiwo differential equs-

wons, s=iiminating the time,
(3) » kb
ﬁ :R’,.— Q

Separating the variables and integratving from the start of the
battle-to any later time gives tiie square law:
2 2
(k) Rol -RZ-% (Bol = B2 )

whare Ma1 = initial number of Reds in rirst battle,
Bol = initial nusbor of -Biusd in firat batble,

e

o) -t fire
For the first battle simplifying assumptione are that
kp »kp = 1

and B0 (The Blues in the first line are annihilatea)

(]
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or (5) IRp? -2 = - Boy

can Ue polved L2 answar tha firal anestion (and the third
ausatlon 4L we dnberohange Llie Rads and Siues) a= scon as
wWe know tha :pitial numbers of Lroonz sntering thase
battlen,

To answer tho zacond question, "How long does the first
battle laat?, we return to the original equations and inte-

grate eq, (2), The general solution ist
(6) B(t) w aottt 4 peeKt

‘., "’7-' '
where K n J Kpky

and &, b are constants to be determined by the boundary conw-
ditions, The appropriate boundary conditions aret
(7) B(t=o) w Byy»a=+b
) {8) gg}% o o wkplg) ® aK =~ bK
) Setting K =-kg = 167 our assumption we get from substituiing
(7) -in (8);

-M'R(; &= -(-n{:]ﬁ%)

P

or (9 ;l~iwu-ﬂu)

and substituting baok into (7) gives
(10) b« § (g1 + Hop)
The desired solution 1o thwn
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(W) B(t) = § (By = Rolet + 3 (Ugrip)e~t
We widh-to solve this. for Lhe tims, 1,
"h.ﬂ B - Qo
or wulbsplping thru by oF and asficelling the 4}
0 & (BodeRog)e*T + (g7 + Ryy)

, (801 * Fol)
Yol =

or )
/
; . Rl + Bop ¥
or Teoygln/{
b 350 m
Dividing thru the numerator and denominator-of the arguaent

of the logarithe, by Bo). gives

0 Jrejinpep
Roy
vhare r-a .,'-o-i

|b'
it ¥

£-& the faetor-by-whieh the Bluss AFe. puinume
bored in Yhe firet.battle,

Squation (5) and {52) are all that we need from the Lanches-
b6 equations,. i

To acmplete the solution we ealoulste the nusber, .y,
of reinforving troeps the Bliss-ean bring ints the threatened
portion of the sacond line during ‘Vhe time, 7, that the Zirst.
Wathle lasts, Binoe these troops move with.c spsed ¥, we have:

29
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P RN

o = 2{nusher of tresps in-crosshaichad area in FMgure 2),

A\
-2 length of ares times &;ioag
{ .) :{un sngt }

T Y
(] ye2 L{W} {frl”}}

whera p § fraotion: of Dlusa troops put in second defensive. line

and all the other parametors have been dafined:
V = speed of movesent of Teserves:
T = length-af first battle
Bgo = tolal mumber of Blus trcops in the two defensive
lines befors the firet battle.

X & dsnath af fwant.
2

All necessary squations are now svailabls since we oan use
(13) to oaloulate the number of Blue troope (Bea) starting the
ssoond battle;

Boz = reinforasmonts + troops initislly in mesend-line
or

(k) - Bog. ~¥ + pon

The: 1&at step L3 to put thiews equations in “dimensiciless
form" for saze of oaloulation, To-do this we must choose our
unite of troop strangth, time, and length as followa:

- A uwplb of brosp-abrensth-will he total nushan-af Rlug

Lroops initially present, in the vector of Jlength L.

J0
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B unit af $ime-will ha Lha length of time requived for
one Widt of either side 1o kill one unié of the eneiy,
g, unit of length will be the length.of the front, L.
(Note that this choloe gives-V the limite- 5@ "length of front
per-uadt-kill time®,) With these units the working-equations
aFe_given bolow with all variables in the dimensionless form
described above,
% To answer firat question)
fron (5) 1 - Red » (1- p)?
—~ ‘ ,

or (15) lﬂoz - i-(;-pﬁ{' :

2, To anewer the second question;

(16): .’;r: '.’ in J

&1\ shuig |
i-pw‘. 1 i “ N

3i To anmr-the third question

s 2 2"
(17) | Ba = [Roz = B2

it Rgg in given by (15) above

ma 0 [T o)
where (19) il 7L2 VT |

“The ‘above oaloulatitns glve the total nusher of Blue
survivors, Tius the total number lost, O, ia

3




¢ » {total oommlktad) ~ total survivers

ot (20)[0 = (1oy) - By

We inolude a graph (Pigure 7) of equation (12) and equu=
bon (13) waleh 4w uwsd Lo siuplify the caloulations when much
‘apduraoy is not required.

A useful approximation to equation (12) for qulok calous
lation {» given baliows

redan i)
Now for r 3 1

+i._ptZ =l %
- % -~ r

ant

In (1+§) =3

Hense for largzs i

Tz}
Solutiona for the oase of enemy euperdority

Solutions Are required to answar the .sams thres questions

{pige Ui and 18) ali veady powed for the first battle, The

solutions found 4n the srzceuing saction are adeguate for this
PUtpONe, \

Thus, equatins (12) will give the length of the battle with
the firat Blue line Zor any glven ratio of combat effedtiveneis,
Then equation (13} will glve the number of Bluv reinforsementa

J2
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which oan mova into the thremtenad portien of the meoond Blus

ilnie, Whils the batile ab the first Bide Line jirogresaes, !
Equation (1L} stves the awber of Blue forces which start the

battle for the uooond Une; whils t5& square law [;q; (5)]

Will give ‘the number of Hed wirvivora from the battle of Lhe

tirat line, Fiazlly, use of the square law agaln-wil) give

the wurvivors of the second battis; These resulte can then

‘e Tabulated or used to make the graphe presented,
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MONTE CARLO METHOD IN WAR.QAME
THEORY

———

The purpose of thls rsport ie to dizcuss the ponsiblilty of

sonatruoting simelifled nodsis of various tactloal slluations whish

my ardae 4n varloue types of military engagaments, and of study.
ing thase models by statlabiza? mathod hased on averaging over &
large number of gamma played acoording to Lixmd rules byt with Tdn-
dom msleation of individual woves, The well-known “Krisgapiell in
chess can ba considered as one kind of s#uch a model, although the
rules pertaining to chess~figures do not seem to correspord to sny
actual military entities, nui even probably to the Ampliments of
war dating back to the time of the ancient world. Thus, an a work-
ing sxample, we will select a simple model corrasponding to an
engagesent tetwaen tuo tink foress in w partlully wooded flad
sountry, )

The battlefield will be repressntsd by a lattice of hexagonal
fislds which are seleoted beoause they oorrespond to a higher Jegras
of imotropy than the regilsr square latblos of ths chessbossd, A
cortain' fraction of hexagons i oross-lghehed -to raprosent the wooded
asoad ) whersas the obhery atie yhite vorresponding to the cpen fields,
It goww withoub saving thsy Hie x‘e‘gule.'r chedk pattern is not maintained,
#o that the oross-hatohed haxagohs can Le clustered into groups repren~
wenbing woaded areas of different dimsnwicnss If°fio topographioal
advantage is to be given to either tank forae, the pattern muat be
mer'e Or less aymmetrical in respeot to the cantral line, Cne such
sinplitisd Gatilelield, notually construoted in 0RO, ia ahown in
Figure 1.

Y
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Figure 1

Tha fwe opposing tank forces, ten uniis each, ars-origimlly
looated at tha year linag of -the battlefield, and "a meve' on
ench side oonslstn in Gdoplacemont of dmch of Lhe tanks to one of the
adjoiaing hoxagomal fisddn (althieugh not &1l tanke must nacessavily
be moved).

It two opposing tank. come to adjoining white fields, Ya battle* ’
i» announoed, and lbe outoumd is douvlded by tosoing a ooin or-a die.

13(3:
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If, as may happen, a moving tank comes in contact with two enesy.
tenks simciiaueous’y; it mist "shoob it cut" Iiret with ons of
the tanks, and; Af vistorious, s th the nther. (Mors realistic
riles can alzo be 4nbtvciuced in that cose,)

12 & tank o:-g widte fleld i in contmot «vith an énvsy tank
in a orcouz-hatolied field (conidered as concealed), sha firet
tank 14 always kiiled (or given a much highar probability of-beiry
klled in the dics-tossing process), If boih tanks are in the
woode, & battle’is announcsd orly if one_of them moves into the
field occupied by the other {half see distance), and the cutcome

15 again dacided by a idde,

The objective of the game may béi tha destruction of a maxi-
sun nuber of ‘erewy tanks with 1cast:losses for oneself; the

- destruction of fons objective located at tho reac-1iné of enemy

-

......

'foroon of still some ¢Zher aim;.

"It the gene is phyod~by hand -by two individuals, they must
be seated (Just an i alasaioal Krieg-dpiel}-back-to. back, faoing
their ovn oopy of the.battlefield shoving chly the_pasition-bf thair
ows tarks, The battles, and tielr sutoons 4i announoed by &n wpire
s chnerves bo'k.h.'“bohf-gh. Baversl such games were played in ORO, and

turned ou% do-Ba gquite sausins-

The main purpoys of the:gsws ix; howsyer, -+-Fandos pleyiag in-
vhioh the motion of each tank of both Zorcoes i desided by bomsing
a.div, While in ¥intelligent® playing ditlerent atuthu vill be
used by-players t-hsussl,us,: tha stmateyy in.a-randon play miss-bs:
#inbullt® into-6he rulew-of randem tank movement. Thus; for sxample,

- -39 »




tho etrategy of mansing all *auks *opether or dispersing thos ail

over the (lald nuy bo introducod ty hringing in Pattrastive" or
“populsive® forves batuwaon tho tanks of tha gnto tank forpe, This
vould roquire a mrtifscation of a yixple dice-tozaing teshiniqus ¢o
the 2xtont that o tan¥s will have seoferential peobability of

moving tovkids, or avay from the conter of gravity of other tanks of

the samo force,

Playing mich a randux pams by hand would certainly be a very
lengthy and bsrssims oscupaticn, tub the entire idoa is that pawmes
should bo played by un elecironic g_q@_\x%}g* rachine which can
probably accomplish a few hundred complete games pec hour, Among
3 suffioiently large eanple If such pamea playsd undar tho sane
rulas and the samo initial condition, thero will be a lergo parasntass
of even exchange, but thers will also bo the games in which one or the

othar pide achleves a docisive ¥istory. If one plots tha results;

paieoting 58 & cliaractorisiia tho numbar of victorious tanks lafb

agt{r all snemy tanks are dedbroyml, ons oan oxpacht a clwve of the
type piownt by the aolld ourve in Figure 2, The ourve will be, of
oourse,; symmetrioal in respaat to the contor AL both sides have

axactly aquzl advantagez and deenivantagoss

P
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1 4 ! S + 4
0 5 0 5 10
Fig\u'o 2.
Buppoese iov we inorease the spaed of black tanks ty, sy,

10 percent (giving tlack forces 11 moves par cach 10 moves

of the whiteforces), and at the same time desrassa their srmse

or fite power by giving them, say; LY againat 55 chenne in the
battle, If the increase in spsed. oxactly balancss tha increass
in vulnerability, the curve of Figure 2 wiil remain symmetrioal.
If the advantages and disudvantages ars fiob balanoed up, the
curve will beooms eciaved, showing which choice should bu mades
Tiis the above method should be sble to give a direod guantitative
anmver cn the rulativa velue aZ virlous improvemanta.
In the aame wiy one can test eut vaprious atrabegles by giving,
fer example, a oertain degren of olustering tendanoy to the hlack tanks

and of dispersing tendenoy to thewhite, Or elaé one oan test the
ralative advantagen of highet apued gunnmobed with higher vulnerability;
in Lts dependenco on tha type of ptrategy adopted by a glven tank forae,




It goes withoud gaying that hc particular example dis-
cunsed above should be considered only as the fire: ztep in ihe
dovelopment of the Manie Jario method in the study of tmotioal
siJRtionss If, aa3 is oxpeoted, the wtudy of that sluple exampie
ehows promising rosults, tho next stei wouid be the application
of gimilar methiods to obher powsibis military situations, and
the formulation of more realistic rules of tha gome. Of cruoiel
iaportant here will bey of course, tho selection of "modela'
wost, uppropriate for varicus typos of actually existing situations;
and of the ust of "rulos" for the gamo which, being sufficiently
realistic, would, however, nat ovarcharge the abilities of excists
ing eleotronic computers,
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THE APPLICATION OF ELEOTRONIO COMPUTZERS T0
MONTE CARIO WAR OAME PROGLEMS

Ingroduabion

The bentativs project "7in Boldised "sponsored" by Oeorge
Ommsl Lo dnventigating the application of sleotvonio computern
to be problsma of "Monte Carlo War Oaman.” Tin Soldler ia worlk-
ing 2lomely with the Commtation Laboratory and also with Projest
ATMOR since the first group of prohlemsto he attackad concerns
tank battles, It is comtemplated, howaver, that the same methods
will be appllied for tiis solutdon of prablemd for ali possible
kinds of militesy inits, OCertsin men from the Loz Alamos
Sciantifio Laboratory have participated in the initiation of
this worlsg) partly due to thelr scoess to a MANIAC Digital
Computer gnd the IBM CPC IXI., While no ocomplete problems have,
Yeen Yun on these machines dus to bhe pregsure of other work,
anough work wam done to nonvinos Dr, Oworge Gamow and the Jos
Alamon Laboratory men that tho idea showed promige.

Tin Soldier hopes Yo provide a teeninlque for ﬂw detailed
snalysia of military taotioal dootrines and weapon desipn which
approaches much more clesely the niiitary pealism of an actual
battle (or at least praotics maneuvers) thsn doez-the wimple
mathematioad anaiynis of iiie pash, It proposen to do this Ly
using the machine capaoity for maseive and tadlous oalaulatien teo

Uplay" a Joad of military chess gama or HKrdegaplelt but includimg

Ly Ses proéoding paper.
2, Bee Appendix A Zor a desoription of thia works




& very dotailed deporiptivn of the tustios and weapona depignu,
Wa dosoribe thie gunoral nature of tho Tin Boldisr appresoh,
Tmapins that a contour map 1s marked to indieata the frechatble
positions of Wio opposing tank units, Call them tho Dlue &nd Red
sides respeodively, Supposs that one man direots the Bluz aide
and another directa thsRed through an Lmginary babtles One way
to organise the progress of this battla would be for the twe men
to agree t5 = 33t 52 rules like the followingt
(1) Each man in his tuen ic permitted to move his
tanks a distanoe which would correspond to 10 sesonds
slapaed time on the real terrain, sonsistent with the
capabilitien ¢f the Yenks

(2) After sach man woves his t&nks acoerding to his

mllitary zosd sanze; tanks within range are asgumed to
heing fire on the oppowition,. The wismnst of tank dusls
is decided by flipping a louded coln which 1s asupposed
to express tho odds on ths battle outcome in motual
fighting hatween thess tunis. For example, if the Mue
tanks are MiBin armsd with 90 mm guns and the Red tanks
are_the Qerman Mk III's armed with a 50 »m gun, then it
night make military ssnse to give the Mi& four~to-sie
odds over the Mk III, The loaded coin shouid therefore
nane tho Mi6 the winner BOZ of the tima and the Mk IXI
208 of the time,

(3) The dettle is over ap woon aw all tits tanks on
elther wide have either been knooked out or have suocess~
fully withdrawn from the battlefield.

The above et of rulens mercly desorilies a kind of map exeroise
lonz umed for tho tralning of offiowrs, We wote that vule (1) 4s

so phrased that the men playing the game wre reqilred to be familiar

evary step of thy game, Oontrardwine, rules (2) and (3) &re quite
sisple and do not requiré trained mon to apply them, They do
however regairs trained men for thelr formulation. e orux of

the Tin Boldier approach is to have trainad men roplacs thy vague

he




TR

ruis (1) by a et of very spoclfis rules which layman oan fcllow:
If this cast be done and sb4ll make soma milltary sense then the
rulon cas bo put aireotly into mathemabieal form and the ontire
thattlal run aub on dask exlaulabery by semi-skililed tachniolans,
Or tha bathle aan be fought many hundrods of timee more quickly
on molootrosia poapuber,

It 4n Tin O«%dier'n aontontlon that this aan ve done well
anouigh  bo mzke military sense,

Tho above set of rulea alao brought into tho pleturs, in a
very natural way, n probabillty funotion. That g, the outoome
of & tank duol was not specified ag a oentainty but rather an a
wolghted probability. In this faohlon un oxceodingly Lengthy
acoount of all the dotalled facbors which actually desterming wlho
wing in a M-hGMETTT duel wagz avoidede Tin Soldior hopss to be
able to make exbtonsive use of such gimple probability functions
in sebling up tho rules controllirg the battle. I'hls would serve
two purposesj (1) it is probably a necessary step in reducing tho
compiexnity of tho babtls rulos to the point where they aro tragte
able for machine caloulationns (2) thoy will help to indisats
how nenalbive the outoome of a apesified battle world ba to Jhe
confuudon always prosent 6" gome degreo in actual Latble,

The range of provisie wideh Tin Soldisr should bo able to
ivwenbtigate colnoldes with the degres of detail inoluded in the
rules of the gamo. Thum to the extent that thore are detalled
taotdoal iulew governing the progrosa of the Lkttls, madifioatiom
of these taotload rulss will domonstrate bheir strength und

wénkness by thedr influense on bhe oubooms of the batils, A1l
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tactical prohlemy, all quentionz of waapon dosign, whebhor
following conventional or unvonventiengl linoe are potontially
proper subjuots for Lnvestigabtlon by bthis approach, Tho limita.
tlai La eimely Awscssd by She oie faotort how temnlisabod a
vatido tho wachine van yrocese in & reezamble bimes

A gt Probles .

Converaationn junt complated hy an ad gy somnitbeo undor
the direction of Dr. Nisholan Smith and Lncluding hoth ORO and
Lon Alamon Lagboratery mersonnal have rosulted in the formulas
tdon of a simple tank breakthrough probl.ém with zomé latrinsle
movit..(l Howover this problom 1s not oxpactod Lo nupply moan
ingful military anaweos about tank deaign or taaties but 4n to
bo usad to explore in more datail tha tachniqure of reduoing
o dosordption of tho rules by which tha tank battle evolran
te ths pimplo mathematigal languapa amenable to mashine calouw
lationn,

For tho sake of conoratenans. the tont problem iz inter.
proted Au oupplying an answor to the quoationy "In attacking a
dofonaive Mne of t:nnka dopstosing a mobile roserve, is Ab
hatter for tho abtaokeen to Luvont a fixed pum of mongy in many
Maht tanke o Laver heavy tankapt A iinear relation in ssoumal
batyaen tho welght of a tank and 1in nonb; hetwoen tho wolpht of

& bank and tht woight ©f L6 armows aml hotwosn the volght of
a tank and the thiokness vl tho armur which the pun b carrdes

oan penotrato. Tonventional tanka have heen found to ohey vory roughly

(1) Dr. J. Uarrison ia now aonverting the genoval rules of the
game inbo the dotniled form nanoerary for ooding the problsms
for a ammpubor,

Lo




(1)

thone relations, Curient Amorloan btank parameters will
bo used to fix Lhe value of any conutants requirsd in tho above
rolablons, The cont in doliurs of all bthe atbasidng banke 1o
to ba equal to the coul of all the dofomlers,
The rules of the gamo, taken together, spesify tho phynied
aapabilitios of the banke and tho tactici thoy employ in the
battla: The ganaral oharvaskap of the rules adgephad by the
dommlbbae 46 ap fallowmt
(1) Thero ghall bo 10 defending tanks, part 6 thom
oommltted to hold a defensive line, and restricted in
their maneuvers to motlon along tha 1ino. Tho dofensive
tanko not committed to the line will form a mobile re=

gorva, Thoy wild reinforoo any throatened gootions of
the defenoive line,

(2) Tho attackers will be variable in number acsord.
ing bto the rostriotions on coot, weight, armor thickness
and gun alieady desoribed, Thelr misalon will bo to
advance through the defandoers and reach a "goal line!
bohind the defending tenks, Tho gamo will bo ovor whon
some opooified number of the attackers (probably all sur~
vivoray roach this goal lins, or when all tho tanks on
oither gside aro destroyed. fio tactlos of the nbtackorn
wlll ho to probe the defonsive line for a wenk apot oo ap
to uvold a frontal assaulb on the dofonsive line 4 poesible,

Tho commitban furthor nosepbed tho Lollowing rocommendations
for divaobing theso inlbial axploratory caloulationus

{(a) Thu ooinplets gamo sheild bo restricted so ag bty take
tha order of one mimite of vunning btlme on the MANIAC (or ORDVAT)
maoliine,

(b) Calaulatione ohould bo cavried oub for ab lensh two
diffarant terraino.

(1) According to a privata commnioation with He. E, Bonn, of the
Dritish ORG, temporarily with ORO, There arn, of dourse,
mnni: variations from this, generally in tho dirwobion of
lighter guna than the rule auggeota,
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(3) A total of 10 tu 100 games should Yo played.

(4) The tacticg, or rules of mokizn of the tunke, should
Ya varded over o Ty of the pames ab the alarb to inpure thab
thera witl acbually b a nonbest balwoon the opposing Lanke
and to detirminag hey sennltiva Lhe oubeomo of the gamo ie to
modarabe variationa ln thens tantles,

{8) Tha oxploratory program should inalude at least a
roy gamez codad for or purually run on mashines other then
tho MANIAC, o, the UNTVAU, Dofensa Qaloulator and FERRANTY
style. Further tho soding of thic problom for the proposed
Boll Tolephono Lavworatory sotating drum computes should be
investipated,

{£) various approximations for Lhe salculation of th¢
distence from one tank Lo another may he usod in the interast

of simplielty and gaving of time. The oxact caloulation of

ra"" (Xfl_ - -"39,\“#« (yl ,v;s')? involvas two md tip)ieaticns. Hore
X y1 ara the soordiniiss of une tank and xp, yp are the
goordinatos of tho mwond tank, On tho MANIAQ, tho time fox
ona meltiplication Lo aboub 1,5 mills-aanonda (C,0005 seo).
A singlo addibion {or rubitpastion) taken anly about 1740 of
thio or avout U0 miero meconda. Henea the interest in row.
dusing Yhe numesp of multdplisations reiwlred in tha oourne
of the game,

(g) Tha program dssaribied alove 1g expested to rojuive

atout }. man-year,

iy




Haghdng Gapnolby

Bofore setbing up a program Loy Tin Soldier wo muat
doduoo tho Limitbs imposod oh such & program by o computerts
capacity for calawlation, Thus wo must eonaider the goneral
natirre of tho jrobloms Tin Soldier proponea to study.

To this end wo now supposo thab wo have found a setb of
rules which define o wilitaridy realivtle bank batble, Buppouve
Lurther that L% la doaired to dotermine the opbtimum oompromise
botweon the amount of armor bthat a tank of apacifiecd tolal
wolght showld carry no opposed to the size (woight) of the
gun, ‘This compronipe can cnly be expostod to be optimized
for a particular style of battle and for asction against o
particular style of onemy tank,

Tho firat otop in tho caloulation 1s to asaign a valuo
to tho weight of the armor and the wolght of the gun, Then
u oufflodont numbor of gamos must bo played with this particu.
lay oholes of wolghto Lo astablish the distribution of wine
losd prebabllities. 3L & hundred games waro played the remult
might ba an ohown by the histogram in Fig. 1.
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This hixtopram shows that the Blues have Lhe edge in the .
vattle; they won 65% of the battles and loot 358, The (arithmetic)
mean ontcome was & Dlue vistory with 13.77 of its tanka surviving,
The standard deviztion of thig mean, thah in the interval inaide
whioh we are 675 cunfident that bLhe teve moan Lisg, 4o 13.2-‘-"- L
(approx,)

(ne muot note that as the dispersien (brondness) of the wine
logy frequrauy cura decrensss, an doea the numbar of gimea
roquired to establish aresiftad confidencve limits of the mean,

Thys one cannot tell beforehand how many szamen must be played
to establiah tho monn babile rosulta. It 1s folk howaver thal

if the frequensy ourve 1s 30 brosa that 100 games will not, be

ars probably not believable anyway. In olhor words, one would
probably requiro a rathor clear cut indication of a design
auperiority from such problems. 'This would provide a margin of '
aafety against being mislesd Ly Lhe elmplifying assusptions uoad
in formulating the rulos.

To continue thin bhypethotieal problem, our purposs was to
opulmite the armoregbn coupromise in tha Blua tanks, The 100
games played above siye ua che sein bablle ability of the Dluce
for ong ouch compromiso.

Wo must now shopde ansther value of this woight ratio and
play anothsr aet of (aboudt) 10U zaues. For each met of 100 gamea
wo will gst one point for the sansbrustion of the Tfollewing

viipves  (Fig. ) Yoo prge 4.
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The curve in Flgire 2 1s very well defined by 10 points;
thus about 1000 pates are roquirad to develope it, The reault
of thasxa hypothotical calaulations Lhen 1p that tha optinum

(Armor Woight. )
{Rrmor 7 Gun Woight) ratio is avout .4 for the gaze with this

partioular get of taotical rulen, for this particular enemy tank
design, for this partionlar Leorrain, and for the psarticular
woapen systems invelved in the batcls,
Only to tha extent that wo beliaye Lho gamo has mocked up

a real military situation do weo also believe that .4 is the beat
Armos yoighbgsatio for a tank oporntiég in that military situation,

" Inr:ggof o dsveiop canfidenca in the avove rasult it will
probably be necossary $o datorains how sansitive the finnl result
is to moderato changes in the rules of the game, Wo might have
to reject the answer if, for exampls, only olight changes in

taprain or in the tactios would rddicslly alter tho opbiwum Armoy
Armor £ ~un

woight ratio. Thun wa ara obliged to repeal Lhe entire process

(involving aiound 1050 gamen) for various altored but similar

#ames. Perhapa 10 sunh wepsbiidons would beé LH6 ordor requirad,
Thus the total nuzber of gamos required Lo mako a fairly

airoumatances may be on Lhe opdor of 10h gamon,

If oaoh gamg took, on ihe wverage, one minuts 2f computer
time, then this representa about 1 M) monthe work on the MANIAG,
ORDVAG, UNIVAC or Defenss Cnloulatop,
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It ahould now be clcar_why the tize problem is a serious one,

There are at ledst 5 lings of atlack on ths time limitations.

(1)

(2)

(3)

()

(%)

Intenisive invostigation of codsng short cuts and
approximations to roplace time Sonsurming exact
calculations,

Use of analytionl calculations whore possivle to

replace sub-rontinzs 4nvelisng otochastio variablss,
Reductior in tihe generalily (4.6 the numbar of probak iity
paramsters) of a game with consequent decreame i« tha
number of games required to fix the mean battle outcome,
Maka maximuis use of amall uiiit géze resultz hefovs
conaldering large unit actions,

Prass tiie inivestigation of the uss of symbolic logic
which lends itoelf more easily to coding for the Beil —_
Telephone rotating drum machine, If sucoessful, this

approach could reduce the time required to play one ——
game by a factor of perhapa 1000, In such a vass, 10k
games could be playad in A matter of minutés or hours,

instead &f thé wonth suggeated above,

THITTAL CONDTTIONS

In the pracedine acz=Zion an outline wae given of the manney

in yhich a computer might be used to optimine the division of weight

- betwsan the armoez.of a-iank and the gun it carries, In order to

oarry out these oslculations it is heceassary to establish a definite

relation betwasn the welght of a gun and its penobrating power,

o
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“learly there 1+ no cne-to.one o -reespioidence between thego two
factors, 1.0,, a 500 pouny wenpon mipht be o bigh velocity 76 ma
gun Tiring an armor plercing ohell, or a Jow velocity 155 &= howiizep
firing HFAT rounds {ohufe chargan), or a rockén launchor firing 1000
poynd projactilea,  wusl weapuna, aven though thele wolpht miy be
the sama, would aiffor widely nut snly in armor penotraticn at oom.
fixed ranga, 14t also, in wany olhor characioristics such as
accuracy, time betveen majur muintenance of the weanor, and the
nusbor of rounds of ammunition whirh sun be carriod. Thus before
the caleulation desorilas <tave could be staried 4L would be
nocessary Lo decide whil kind of wenpon would he conoidered and to
fashion a raalistic measurs of the penatrating power of the woapon
voraus its weight, Any gsipnificant improvement in the design of
armor penciraling weapons would rendor the entire calculation
obsoletu and it would huve tu bie raponted using the new gun para-
moetors, This enphasizes npain thit a computer playing the Tin

Soldior mams {= only an anrlytical Laol far use with daba and

agoumptions derived by asuae olher prosiis.

CHECKING PROCEDURES

) Hore an oluswhore in military research sud dovelopment one hna
o insutsace spudnst alntakes of interpratubtion, Only & full acale
war san provide & cempletely valid teat of mlitary dectrines,
Ppecinaly khe aame messurss mush e Leken with sny results of Tin
Joldier an ura takon with any other nndlytianl results. Ons oan
chook Lhe rosults againat biatorical batiles: ona san introduce the

roguits into maneuvers of troups L3 bLeat Lhoelyr efficacy,

s Uf s
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ENLARGING THE SCOPE OF THE PROGRAM

Foraally 1t is olear that the rules of & game need not be
irterpreted an dascribiﬁg a battle involving tanks, Thus 1f we
assign ons of the mejeuvering elements &n-opsrational speed of 2
miles 2n hour, give ils welght as 200 paunds, supply no armor
and-a weapon abie to psnotrate 3/8 invh of amor at a range of
100 yards together with the ability Lo orosas évery kind of tervain,
then wa make sens: Lf we call Lhin maneuvering element an infe-t.,
mAn or qund. Thue to A reasonabla npproximation the problsm oan
be made to include entire weapon syslews by mersly altqéing the
numbers gescciatad with the firepower, mobility und‘vulnorab114ty
of & unit,

Of course the detsiled taotins amployed will vary from ona
weapon to another, but within limits thia can ba taken care of by
altoving the probability‘parlmotcri which control the motion of the
unit and degre¢ df interastion with other units, Thus ths oall for
help, the enveloping minsuver, s probing for & weak section of the
front, $he conomntration of weapors, and setbing ip s stationary
aﬁféﬁg point ary faotors common to verying degrees 4n ihe sEployment
of all weapons, ’

In prinodple Lien; Yhe probish oan be enlarged without
introduoing any new difficultizs exaspt for Lhe inoreamed time
required to play the game, Any desired complexity in the tappain,
the taotiea cr the weApoh oyutemn can be pub into the game in a

mpLe; direct but tibe nonanming manner, I the approach adopted
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by Tin Soldier will work for small unit agilons, tihien the enly limit

now expected on Lis sxpension to any dogres whateoever would appeay

& be the tims limitation already desaribed,

QUMMARY:
1, A belef faarabilly ebudy onihe aﬁﬁliaétioh of computera to

2

3.

b

1,

Projeat ANHOR his Loen complated with fuvo;abia racomsandstions;
A pariod oZ axplopatory work has new siarted Yo develop
techniques of bweaking down military tink problema for machins
protessing,

The main offori wikl then follow, That is, it must be Assuvsd
that suflicient militu;y vealiam ia in the problem to justify
aocepting the resulls of the calculatione,

The lmitations on now far thie program can be carried derive
mainly from the restricticn on the length of time one problem
takes on the machine, These limitations should b attacked in
two wayst -

. —d -

(a) refinsmsnt of the present appronch;
; " .
) davelspssnd of one-5lep 16gloal operaticne™ to pass rom one

battiefield state to éhd next in the order of 10 to 2190 mioro

senonde omlouvlation bime of the computer,

Dr, ¥, Oushen of the Computar Lab is sonaidepring this problem,
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APEENDIX HAY
Tin: conyng OF A SIMPLE “SEAKTEPQQQH PROBLFM

Tho 1AL men initially conoiderad a vory aimple tank broakbhrough
problem in crder to make a feanibility study of the Tin Joldier approavh,
L8 Jrerbaont 48 presented hero., Tho prablem 1y dosceriboed has
virtually ro milstary merit and 4 so simple that hard calculationa
would he sufficlent to.onpry it tiwoush, Noverthaless, parts of the
problem wore coded for the IBM £PC II and anotgh runs wers made La
salisly us that the general procedure wag workibla. In addiltion the
problem wan doacribod to porsennol working with tho Lop Alamgs MANIAS
and they quiokly turnud out a so-called rflow diagramV, This
diogram 1a shown in Figure__g_y_ . On it evury osloulation required
fo¥ ploying the game is completely specified in a form understandabls to
any porson familinr with lavge scnle computers, The tymboliom
follows that of J, von Neuman and is fairly standardived over tho
. counbry, Uaing the flow diagram the contred orders for a compuior

iy ho written down immodiabely.
Tiid problem inveives a situation doderibed most Gomphstiy by tha
block diagram in Figurs 4, The action iz described balow,

A lino of anti-tank puny, deplaoyed 1nAdapbh.§pﬁ‘HLQh no overs
lapping flolde of fire, §3 appeoAchsd by & oolumn of IO tanka, The
motdop of the lead Lank irc thiia column {a alvongly woighted 4n a
forward direstion bub varies somewhat in A random fashion, The tink
solumn "followe thi leader®, 1.e. tho (i £ 3)6h tank alwayz moves

inko thie ponition jush vaonked hy the nkll tank,
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As soon as a tank comes within range of an anti-tank gun,
ths anbi~bank gun 7sld ono shot at the Lank, A sslevuvion among
rondof nuRbers then deoideywhether the tank wap fdlled, If the
tauk was not killed it moves azain after which the anti=tunk pun
geby anolhar ahot ab &b, Tho anti-lank gun gols only one shot
betweeh aush move und always shdota ab tho lesd tank 4n thak part
of the tank column within ranga, If the anbd=bank gun mivaan
its pooond ahol, the Lanke move again after whish Lhe onbistank
gun shoots & third time, Immadiately aftor this third shet all
surviving tanks within range of the anti-tank gun geb one shet
at the anti-tank gun, 50 long ag Lhe antl«tank pgun survives, the
tanks continue sltornuting a move with ono shob from the anbti-
tank gun follewed by one shot from esch of the surviving tanks,
The odds are generally against tho nnti-tank gun and it is
ovontunlly knocked out, The column then continues iis motion
forward unbil it comes within range of a seccond antistank gun whore
tho move-fire-mova«~fire routine ia repeated, Finally; the head of
vhe tonk column emergss froxw tha line of anti=-tank gina. Ths
ssors of the gume iu the number of tanke lewt in braaking through,

The paramebors adoptéd fopr hand valsulations and for runuing
on tho I0M OPC II wers thui sach meva Jurreaponded to a 10 seoond
interval on the battlefiald, In this Lime tha tank gonerally
moved about 100 yards whish corresponds to a spasd of about 20 mph,
Spacifically, for each move a digit was selected st random from a

table of logarithms, If the numbar wan betwasn O and & inclusivs,
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the tank advanced 100 yards forward. If the nimber was 6, the
tank moved 50 yards to the left; 4f 7 then 50 yarda vighty if 2
then 50 yards to the rear and it sztayed in pesitdon if the
number wa3 9,

The range of the anti-tank guns and of the tunk guns was
taken Lo be 1000 yarde, Iaside this range Lhe kill probability
was usurlly taken Lo bs a sopstant, 3/2, although variable kiil
probabilities wera Lpied by hand,

The MANIAC flow dizgrum does not specify themg probabilities
but merely the method for using them, At the stavt of a game
all probabilities aseociated with the movemant of the tanks,
the kill probabilitiss of the guns and the rangss oan be given
any vaiues, The ki1l probability can be piut in as an analytic
function of the range if desired,
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Key for Figure 3.

NOTATION
x ooordinate of poaition of Llead bank
W ) i
gwibie.l xh o # #

Instisl y ¢ o "o "

l% fraotional part of st random number
Random intagay used

Daterminion range of random integer
Index on A, T, guns

Index on tanke

No, of A, 7, guns

No, of tanks

The number of “he A Ty gun to which the D bank in 35 range

Uistance from 4231 A, T, gun to lead tank
Uistanos from ptli tank to A, 7, gur within rénge
Range of A, T, gupp
x anprdluat s Sl isd A, e sun
] " " ] it
Inorexent o forwsrd mobion
Inorement of backward motion
Inoremant of motion to the right
Inoreaent of metion to the left
Lower lﬂ:it of B for forward move

ANON pight  w
[} [ NHON Yeft L)
" " LI T TS "
" MM b b AT,
" Ao on hit by tank

Number of tankn hit
Nuaber of A, 7, guns gﬁt
" of shots by iyl gun left befors Lanks gst to shoot
Y voerdinate of goal ,
A word waed to vemesber wvhich tanks have baw it
3.0, i LU in the 10ww diglt position tells Lhut Liin
(250K bank has besn hit,
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TROGRAMHING A SET BIECE TYFE WAR GAME
FOR MACHINE CALuULATION

by

Richard B, Simmerman

Raprinted from Unpublished Notea of the Author
Datsd 2 April 1953
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PURPOSE

4 Bat Pisce typs of war gemo +1i2 be prograsmed for machino
calsvlation to investigate its applicanility for evaluating tank
sfloctivoness and aw the %irst stop in the program of Project
ARMCR to cxiend tho mathematical modols currently in uze Lo war
gamens of considorably greaior coxploxity,
PACTS

Tho aet ploce wur gamo 1s intorsediato in coaplexity betwoen
tha simple battlo xodels =hich are currently reésiving auch
attontion by Profact ARMOR (and oliiers) and tho much Bore complie
gated models which i3 propocod would include the maximum detzil
that the fast modorn olectronic ssmzulers can procass in timos
ike 10 =inutes por conpieve battle, Tho sot plieco battie is
distinguished from other modeis by the Yact that before the battle
starts, the future position of the mancuvaring eloments is speci-
fisd as a function of timé up to the point that vach maneuvariiiz
slement must continue 2lcng its pre-seb course unisas it has baon

knockéd out. This specifioation detracts from the vealisz of ok

Q

.

hattle, but 44 slec maksa $he saloulation of the battle very muc

L]

aaiey,

The foym ¢f the battle hers dsssribed follows gonerally that
dusoribed by Qol, Shanely, OCAFF, at a Ti
at ORO, February, 1953,

The terrain used 1o imaginary in deisil but ie roughly sizmilar

noratical Pane) msching

to portions of Fort Knox,
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Tha type of battle considerod will later b3 cxispdag Lo other
types of torrain and differont missions involving tanks and anti-
tank woapons; Wit retaining approximately the same dogrss of com-
piexity.

THE BATTLE FilaZ

Figure 1 ahows thu terrzin and the disposition of foroes
invoelved, Tha Nod forues at the top are presuted to mske a fronta:
asnault againsi Lie Bii6 foredan antronched =t Lha bobiom, ¥hils
many weapens are oxpected to be firing on the battle fieid, wo
aro considoring in detail enly tho nu=ber of tanks killed by the
anti~tank woapan and tho numbar of anti~tank usapons 163t to the
combined wossin sysiswm of the Reds, Tho assaulting tanks thomsslves
aro not considored to bring offanitive fire to bear on the anti-tank
105 rocoilless rifie until quite close, tho ordor of 200-30G yds.,
sinco thoy are moving at high apoodo, lHowoever, a3 scon as an anti-
Lozle smmeen 42 dzzzizE LY i aosumod that a Inrge numbor of weapons
ve brought Vo Loar on it. Tnis would inoiudas self-propelled guns
ovarlooking the aosault and mortars, Once tho 105 R has firad,
tho ohancos are high $hat the large flash wauld siva s sosiiiss
awey ahd his 1ifo would thén ho ohort,

THE DETAILED CALCULATIONS

Yo garry out tho oaloulations for any given weapon pair--that

io, ono 105 RIt vo one of tho asvaulting tankee-wo connidsr in their

proper orden & Glloving &irvuoi

&l




RED ASSAULTING FORCES
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BLUKE DEFENDERS

bottla Mop for Set Plece Wantle shuwing tercaln, diaposition ol weapons ond with the path of the
manauvering elements during the assaull completely specified, The nimbers ofong tha arrows marking
tha poth of the tanke uive the tima (n seconds thot the tank ragchas that partleulor paint In ite advancs,
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(1) Curve giving the probability distrivution of the first

shot by 105 IR as a funotior of range to (nearost) tank,

(2) Cupvo giving survival probavility of 1G5 RR whieh dster-

mines whothor it han chance to got off its first shot,

(3) Turva giving kill probability of 105 RR againét tank for

thia firat wshot,

{#} Curvo giving probabllity of various time dolays bofore

105 IR 18 sble to gob off onch sdditional ahot,

(5) Curve giving now position of tank aftor the delay in the

firing of the 105 PR,

(6) Family of curves glving the survival probability of the

105 RE as £ function of the Yime delay beforo the next
shot, and of tho runge to the tank at the end of this
delay.

(7) Curve glviig the i411 probability of the 195 RR against

the tank for additicnal shots.

These curves must bo complotely spscified befars the bhatile
starte for evory woapon and weapor pair on the battde fisid which
may booomo ongaged., Oume of thio ourves differ [r.u weapoli to weapon,
#idly 1a clher sadép zovoral weapong and weapon pairs may be desoribod
by tho wame curvo in the intevseat §f pimplioity.

For maohing onloulation, the non-pnalytic ourves mumt Le trans=
forzad into a hiatogram, Sinzo ono will rarely g@tv & sstdsfactory
reprosuptation of the various probabilities in analytie form, the

unual eane will lgvolva neqeanalylio wivyens,
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To desoribe the course of the battlo must compactly, Flgure 2
ohows a loglesl flow diagram for the courss of the caleulatlions
for ono weapon pair. A zomplete baltle wlll bo composad of a
nunbor of sush wsapsn syotoms oonsidorad one at. & tima.

Ideally oadh woapon pair should be sonelderad for one very
small inorement of timo bafore moving on ta the next incroment of
time, S8uch an incrument might bo an small ao ony accond, llow-
evar, in the intercsl of calculational simplioity, the fnjtial
culoulations will bo made by coneidering onch woapon pair up Lo
the time of the firat shot for oack, theon each woeapon pair up to
the sacund shot, otec.

A HAND CALCULATION FOR ONE WEAFON PAIR

Pigurs 3 shows tho gensral shape of the curves which Were
asswned for a hund oaloulat.on for ono of the weapon pairs appoar-
ing cn Figure 1, namoly Tank He. A, (a T-34) und the right-mont
i05 RR, Data woro not avsilable to dofine ‘hoeso curves in a really
satisfactory fashion, but the mothodology of this approach ean Lo
invostipgated wsing the curves shown. Thoy wore mads aa psaiistie
ap ponaible within tho Limo limitatiens pejquired for thelp produc=
tion and tho limits impoood by tLhe mobthodology. Huch more work
will bo roquired to deveilop fully valisfaolory ocurves for these
probibllivies 4L the eet ploso typs of Latlle in to bu uned Lo
ostablish tank effeotivenean,

The form of tho hand caloulations in ohown In Appendix A. In

it tho curves have boun broken down into a histogram with a4y, <+
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mately 10 fealls”, The form shown for hand calsulation is ths
sams genoral ré}m roquired for machine caloulstion using digital
SOMPULEIS. '
Some of Lhe cooultd of 7i hand caleulations for thiz one

woapon paip are =hown below,

Tudl killed by fivst shot ]

Pad3l Killed Ly later ehot )

Total
105 AR killed bafors fiving
firat shot
105 RR killed after firing

16%

) %?e or more shota 4%

05 1 orew "igs aup? ,;éi
Total Jk

The vxchango ratis was 1.3 taiks knocked oub por 105 Gk committed,
It will ve noted that the oupvea umed provided that khs 105 RR
crow should "bug out® 20% of the time, whiloe the above rosults
show a L4% "bug out" factor, The dimcrapancy is duo to the mmall
samplo sizo (10 gamos gave this rosult) and it i not significant,
Other resulbo of bhe babblos eould be abatrsoted if they proved
intorusting, ouch as thu aistribution of the range at wkish the
tnnks wera knookod ouk,
MOELFIOATIOND FOR MAGHING CALSULATION

The detadls of bhe form qeporibed hare arg not neceomarily
the moat offictont for machine szloulation, The final form will
depend upon the peouliaritisa of the particular machine used,

For the initial machins oaleulations, it is falt that one
plhiould gunalder tho ourves to be approximated by a histogram of

™




three colls, with 5 asaaulbing tanke and 5 defonding 105 RR, This
will rsduoa the Inilial eoding problom,




APPENDIX A

KULES FOR HAND CALCULATION Ol fing
SET PIECE WAR OAME

Wa conoddor Tank No. 4 va Lhe right moat 105 AR in Figure 1
as the AT wpn, Plgure 2 gives the aurves used in sutting up those
o tabley,
8TEP I
Jeleot oponing range of AT wpn,

i. Choooé o mumbor at random botween O and STA

b, I anubaris 0 of 1 AT wpn Opina botween O and 100
yds 2 to 4 0 200
5 8 200 300
9 13 30 Lo0
14 20 100 500
a4 29 500 600
Jo bl 600 700
2 56 740 800
57 6l 800 200
65 70 200 1000
71 (¥ 10060 1i00
775 1100 1200
76 7” 1300 1300
78 1300 1400
79 400

140 1500
$0 22 nwvar Clren ab all, "buge outh
0, If wpn "buge out!, sbarb over with next palr, otherwise prow
coed to Step 2,

7%
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STEP 2

Datepmine whothor AT wpn survives long enotigh %6 gat off first shot.
6. Ohoose sumbse ab pandom sbwoen © and 99,
b, If opening renge (Step I) ia

G b9 igg vda. AT wpn survives i€ no, is less Lhin 15

100 2 3

200 30 53
00 ne 67
W00 800 79
400 (00 48
400 700 G3
790 800 9
800 900 2]

900 or over, ¢artaialy survivea.
0s If wpn doos nobt eurvive, start over with next pair, other=
wise precesd to Stap 3,
STEP 3
Determine whethor first shot from AT wpn killed tho advancing tank by:
Ac Choos# a number &t random between 0 and 99,
by Tho tank is assumed to be killed il the nwnbor chosen is less

than 99 when tho opening rangs is 0 to 100 ydo.
7 100 200

9
23 200 300
83 300 400
67 400 500
5 500 &0
I3 600 200
k] 200 200
a8 800 900
22 900 1000
10 1000 1100
T 1300 1200
10 2200 1260
) 1300 14,00
h 1400 1500

oo I tank i killed, etart over with next pair; otherwise pro-

gosd to Sbep b

"
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STEP |

Determing time doisy S3fors AT wini -Aiionts again i &6 survives,

A,

Choose a number at random betwoen 0 and 99,

b IF nmwibsr ia g Lo ah, AT firves again dn %g ‘second,

qree 5

2 54 20
54 Y ay
80 oL 20
95 99 25

Desormine whether AT wpn wil) survive to fire again.

L Y

b,

O,

Choose a pumbGr a6 random batween O and 9%,

Using the tabla below, pick tlie row coprosponding to the
range at whioch this laot shot wam fired and plok the number
in Shis row which is also in the column for the Lime inter-
val including the timo delay before firing determined in
Step 4

If the random number is lesa than the number found in the
table; then the AT wpn is assumed to-have survived long

snough to fire again.
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8TEp 6

Survival tdmo in_gesonds aftor eaoch shob abt ranme R yda,
033, 12-22 2932 32-52
0-100 20 10 0
100~200 i 2 10
200~300 50 jo 20 10
300100 60 N 30 20
1G0-500 70 50 )0 3¢ v
500~600 80 60 50 o
60700 | 95 W 6 50
T0-800 | 92 80 70 &0
800<900 99 9 69 70

o

Bange interval in yds of Zirst =s=of

900-1000 99 90 80
3000-1100 9 2
1102-1200 99
1200-1300

d, If wpn doss not murvive, start ovepr with a ne¥ wpn pair,
Otherwias prooved b6 Stop G.

fo find out how much the range hms ubangod sinos Lhe laat, mhott

&y

h,

Zelect from the ranze acldmn bolow the range ab which the
last whob was fired,

Add the time dolay solented in 8tep ) to the time found in
the time column direatly oppomite to the proper range,

Shs sum found A {b)e=bime in enlumn plus time delay~--will

9
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then be opposits the range to Lhe tark al the tino of

firing.

Tize Range %o Rango

in ssca. ia yds, in 29ce. in yds,
0 uw 105 425

5 1150 10 3%
] 2338 115 0
15 21 120 ns
20 1629 125 222
2% 12%0 130 260
1) 1015 135 235
5 N5 140 215
20 935 145 205
45 yas 130 i3k
50 810 155 <
55 800 1 128G
& 740 143 180
&5 725 %0 A
70 690 175 75
75 655 180 175
8o 620 185 160
85 515 1% igs
™~ 535 19 200
95 %95 200 25
1 Lo

BTEP 7
Finnlly, the kil probability is used to dotermins shathar this last
shot killed the advansing tank.

A, Belest s nustsr ab randem Seiadin U and 99,

il

b, If the numbor so salected te lesa Lhan the SuRbSP OpoELLS
tho proper firing range (Step 6) than tho tank is presused

! e [YYL R e
£ kgve pm=an nasidiy

an




Hanze in yards Probability no.

0 to 100 ag
160 200 80
200 300 70
300 400 1
& 79 17
2 800 4
800 900 b4
900 1000 1

c. IXf Tank e kilied, atsrt over with new wm pair; ciher~
wise continuo the calculations by returping to Ztap 4 and

ropeat for the additions] shoto.
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KGHTE GAhww COMrUTER VAR GAMING:
A FEASIBILITY STIUDY
SURMRY
KI833GH

1, ‘Io develop & model of battle whioh will pormit the simulakion of
s smll unit ocombat action usaful «s n tepling wedium for now wsapons,
veapona systems, and tactical dootrine.

Z. To apply existing techniguss and Srizinale now toohniguse rantering
the nodsl of battle subject to caloulntion by tho largest eleotronic
computers,

3. To make a trial ccloulation on a scalo sufficiont to tost the

twohnicai feasibility of tho model of battle and computing tochniquos.

FACTO

1. The rate at which unproved weapons of radical or unsonventionsl
naturs ore bsooming available to our military forcon is inoroncing
tremandously, coapounding the difficulty of evsluating mew weaponn and
veapons systems in the absencoe of aotual combat. Somy of thosé wosponn may
strongly influsnco the organiuation and taotisnl dogtrins of the mililsry
forses, Thus the affootiveness of all woapohis, ovoh thono alroady testsd
in combat, my bo altorsd. To be adequato, tentn of wsapons mupt bo mde
in the oonlsxt of th2 uzapiia systom ocontaining thom, Proving ground data,
vaile necosanry, i# not enoughj yet Cull field tssi= of nll proponed
weiapond i prohibitively expanmive.
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2, fPoper Analysis" of complote wanpont systems has hithorto been
inadequate to treat convineingly all ossontisl elsmonts of tho systenm,
partisularly whon ths cpposed weapons sysisms {1) are fot dirsctly
comparable, weapon by vempon, () inveles unissisd 34ciickl innovations,
or (3) are oiosely balanced. In the third caro ompecially, the
influance cf fivotuations in tho fortunds and misfortunss of vombat
o the outcoma of ilic angagsmen’ hss hasn lavgely ignored In paper
analysis, there boing ho prastionl wsy to aszsas 1t using conventior:
mthumticai tecliniquen,

3, FKocently a naw toohniaus for the wclution of oxtremsly oomplex
problams, partioularly thoso involving muliiple probabilities, has come
into being, Thir {schniqus, called "HONTZ CARID, ! has been succossfully
usaed by mathemitical physicists at Los Alamon and others to solve cortain
important probloms which had besn "unsolvable" by oconventional teohniques,
The new technique (usually) requires that a large olectronic computar be
smployed to carry oui the caloulations.

4e Iargs eleotronic computers are nov svallable which in additich
to thuiy well=known abiliiy to dolvo arithmotioc problams at grsat spend,
have also a eapability for golving "logical" probloms. That 4w, thay oan
datermine ths loglcal oonvuquonces of a glven cat of faots and/or
Assumptions, They osn be caugzd to mske a deoision to alter the nature
of subsequatit osloulations in any mnnor desired as a remilt of a

logical caloulntion,
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DISCURBION

From general vonaidéeratisnag the scals of tho combat oporaticn to be
trontad in this fansibility study de shown to be properly of compeny size,
and to involve tanka aa the primry combat elwmonts, IL iy argusd ihat
ench tank must he vonwddired individuelly in the caloulations, honce that
the detaila of the sction must involve probability notions to fulfill tha
mindion of the study, While conventional mithemktionl formulas aprur
inndequate to traat tho oomplex aotious of individual tankes, a res.avly
developed computational teohnique == '"Monte Carlof - proven fensibla snd
to have othor advantagas ns wall, Froem the roquirement thut Monte Carle
typo probabilities ivoludod in the Ureatment of tho battls it is shown
that the computar must complete the caloulations for a oingle battle in
botween a fow minutes té 2n hour, su that the serias of battlsa roquirad
for a complete analysis {saveral thousand) will not take & prohibitively
long tise for computation,

A pardioular hypothetioel combat opsration iy desoribed whion in
conadstent with the statemont of the problem and which servap in the
remindor of the report am the tent vehiels for thin feamibility study,
The combat aotion palantad was formuleted with the aid of knowledgeablo
Army officers and oivilinn teohnlofans, It i patterned after the
Heinforasd Trnk Gompmpy an thu Attaok! problom performed frequently at
%, Knox to illustyate Armorad [mll Undt Taotioa, The Ft. Knox problem
han besn modified in moms respeots, partioularly in regard to the tank

strength of the aggrespor forces, uhinh 4 hiore apsumed to bo appraximitely
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on a payr witli those of the assaulbing forcas: Thaa attacking forces inciude
0 msdiun ank company, 3 mpusds of infantrz msunted i porsonnel carrdors,
with & battory of A.2" moptars in supports The defondors are sosumd to
hava & sompany of 10 midium tanks, n compuny of § BP guny and 9 squuds o
dismounted infantry,

The notion in put in tho context of an cver-nll taotisal aitukties,
apd takes nlase an 8 $i5oe of lorrndn patturned olosply aftar an area -
1ittie over a mile aguare in Pavaria, 30 miles north of Wilrpburg, The
major terrais fsatures of this srea ave nimllar to the aroa at lnox whers
tho attaok problem la demonstratud,

Tho combat action is broken down into its essential elomonts of fire
und manouver, A preoise statement of what onleuwlsations the computer must
perfora in ordor Lo acoomplish the minsion of thiw siwdy is then formulated.

Stated Ledufly, those fundamenial activities by the combat slemente
ars (1) a doodsion to move from one mmll 100-metar x 100-meter squave,
iioh is its present position, to a selooted nuighboring squard, affected
by tha faotors of torrain and oombat whieh munt influonos the sslaotionj
and (2) a dooledont to deliver a oingle unit of firo against w seluoted
onsmy targot in acvordsnos with the terrain faoture and combat situation
whioh nuet influsnco the asleotien and rhe offeotivensms of thn unit of
{ire,
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thess W5 fundimental aotivitias are properly ordered in lime by the
computer, i,0., ars causud to b3 perfcrmed in a sequenco which makes
military senav and &b a rate consintent with the ocapabilitios of the
waspon shid weapon Orew,

Tha churagiscistine of ocomputars in generdl ang of the 1101 ERA
aomputer in partleular ure deacribed; and a tachnique s developed whereby
the eapubilitien of the 1101 computer are appliad to the aolutiocz of the
peoblem of ihis study, The aclution ip #aen to deyend strongiy o, certzin
non-arithmetio, or Flogieal,” onloulations whioh the 1101 computss tn
periorm Wwith great speed.

A program is spacified which oausen the 1101 computor to vomputs in
great detall the progzress of the particular combyt aotion under enalysis,
wiidoh involves direatly the factors of terrain, communications, weapons,
mobility and tactios that have bovn identified in tho first part of the
atwiy as essential,

Kyory militarily wignificant portion of this program is desoribed
in detail and ord%iolaed conourrently to the extont fonmible, The aotual
goding of the problem Involves a owvelul arrangemons of oves 16,900 S-dlglh
nunbers, The rules usad in translating the milltary statemont of the prablem
into theds "ooding numbers, ! ara desoribud,

The resultz sf 131 witles pye nnalyied to determine the natwre and
agourkoy of oonolumions which might ve derdvad from & series of battles

were this program applied to a '"real! situation,
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The rosults of Monte Carls oomputer totilos appear in a [orm which
ru}sss vertain statiotical quoations vhich must Vo invsstigsted, and the
pronent study provides useful ansvurs to tliase quostlonn. Ensontially,
the question {s "How mapy Limes wust a parbiruler battle be ropsated to
givo uny nocepinbls swkduts of the laverage! sutocio of dho Latblef"
flalated to the apsuer to thiz questlon 1s Whe aproad in the resulins of a
givon babttle; that ds, the likelihood with wlhilch Munavarags® or exsepiional
outaomy of' tho vattle ssour, The wtndy shows that 50 pepativiois of the
computer battle in its presont frum o suftiedent t. datavming the "average!
outcoms with accoptable acouraoy and sitous that the spread of the hatble
rasults 45 fairly wonsured by tho sams puxber of repatitions,

A nseoorid important quostion is slse dnventigaved, For this purpose
40 additionn) tabtlos woro obtainad for tho cans whare the mdium tanks of
tho amsaulting foroo wora ropluocod by a now nob of tanks with (1) lowor kiud
probability of its gun against the enomy armor, (2) an inoreased rato of
(erfootive) fire, (3) higher vulnorability to tho enomy armor, and (4) an
inoronsed mobility (speod of' movement)., The ahango in the numbora which
gpaoify these oapabilities of the tanke follown roughly, but oniy in pest,
the difforenoo botwosn T-4B wedium tanks ond T-AL Light tanks, and were
dordved from tentative porformngo data supplied by the stall of I'roject
Avmor, O ocourse, Ghe fFoouits of Lhe trial Lattles computod in this fenpie
blily avudy canmiiot bo takon aps an acourate comparigon of Lhe offeetivencnn
of the T4l modium tanks with the T-4l tank, {iswevay, tlv comparison mide
in a oloar gxample of sn impertant application of computer battles, BSueh &
aomparison oan Lo made aa sran i & voslisbio babtile code e dovirod und

naguritte performned date 1o nvailoble,
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An additional 21 butlios were ocomputed for the cnpe whore “heavy®
tankn replaced tho mediums: The performunce data for these tunkz follewsd
roughly tontative performance dauta for the T-43 turk supplied by Froject
Armor starf,

In both camos, tho modified tanks vaueed a variation in the outooms
of the Maverage" Y&illo whioh was mensurable with upaful sscursey and gave
rise Lo a aprend off resulis which vas not mo wide ac o make prediotions
imponeible, nor so nayrow aa to cast doubt on the mathodology,

A dowaripiion of an improvad computer hattle making use of the
toohniquaes developed in thia atudy in givon, whioh appears to ba Poasibla
on now oomputars now aveilable, and whioch Ln formulated with suffioient
dotsa)l und roalium to permit its application to the solutien of real and
prassing oroblors relating to tho T/0&E of small cowbat units,

It builds directly on the lesnons learnsd from this feanibility study,
ond takes into account all tho major improvements in the militsry realism
which appear necossary for ths ussable computer battle code, In partioular
much groater {lexibility in the tactical doctrinn governing the actions of
the oombat unite is provided for. The dommnd-oontrol struoture of subordi
nate units is an intogral part of the proposed ocde wnd peradtd {peiuaion
of the impoptant command control problams in a ranlintio fashion) including
ohatige of gombat misnion and of the taotiosl meanw adopted for the
exnoutdon of thie Rission ducaug the battla. Odnoa suoh oommand dwoisliona
gy wade on the biamis of the commndar's knowledgs at tho time, the ojwration
and effeotivensus of the commander's data-gathering syatem, including his
vadio nst, sre a part of the proposed computations. With this additvion, the
mythodology appears capgbls of beling dirootly extonded to dnvoive combat

units of buttalion aire and lavger, up poon ap datailed porforpance duta ip

avedlakles
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A furthsr applleation of the mwathodology im proponud which uses il
ap an adjunsk to OFX type rap sxoroises whore tlis aomputer replaces to a '
pubatuntial degron the umplre ayntom surren.ly in use., Suoh & oystem would
appear to have major advantagos, sinece 1% would permit much moro ucourate
nnd datalled assoswmonia of alumpglng oapabllities and canualbty rates
without disterting the time noAla of a renlintie OPX, Whilde this applioation
oan b mde using oxdsting equipmant, full awnloitation of thin technique
raquirag an improved system fop thalnonﬁroiing and direoting of tha otapuier
aslgulationa and for the prosentntion of tho resuits of tho computations t-
the part’cipants in the 01X, Recshil developmonts in "talevision type! data
diaplay equipmntne show great promise for much applicatior.

CONCLUSIONS

1, The Monte Carlo computor war gaming methodology is toohnically
foasiblo for amall unit actlons within the reatrigtionns imposed by time and
coat: faotors. :

2, A1) edgniticant factors affoobing onmbat actions whioh bave been
identirioed, oan vo included in computer battlap of thie iype.

3. Tho outcomo of this typo of computor battle is wuffioiently
sonaitiva to the enpabllitica of tho combat aloments te¥isg mrt in the
batvio to yiola pignifivantly alterad balllo outoomen vhiod reallatlo
varsationa in tho combat capabilition of the wenponw ars mido,

Ao Tho mothodolame 2ux b, oxtonded to inslude larger combkt unita,
udditional faotors vion thoy Looomo known, ap incroasad warloty of wnits,

or any factor whioh cun bo pracisely deporibed,
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5, The methodology is idenlly sustad te permit direct partloluvation
11 = and oonourvent oritioiam of «a the siidies by nonmathemeticsl
pérsonnal ~- most importéntly, by military offlosrn with oxtonsive combat
exparlence,

6, The methodology my Le employsd in almost its pressnt form with
exloting equipmnt to vamtly imprové OFK typo‘uxgroissu, aither for their
training or researoh value.

7. ‘The OF¥ type operation may be pmde muoh wore gsonveniont il
exinting squipsont be modifiad for uss as viswl display equipment
operated direatly by the aomputer,
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MONTE OARLO GOMPUTER WAR OAMING
A FEASIBILITY ATUDY

INTRODUOTION

This mamorandum 1s & report on the Lfeanibility of a new method for
nore oompletoly analyaing the effooblivenons of weaponw, wespons systems,
and taotioal doolrisies I should grostly inoreass the nunber of militayy
problens which are ausceptiblo do molentiflo Analyweis, The methsd s<ends
such analysin to inoluds tmportant {aaterz of terralm, mobility, and

ocmmnd-control problems in a detail not hltherto praoticable,

MIEBION -

The nev nethod axssnitially involvee oausing a large elootronie
gonputer to "simulate battla." The goal of tho over-all program =» for
whioh thiec veport is & feasibility study w. is to produce a set of genaral
inetruoticia Tor an eleotronio somputer whivh will enabio the computer to
oalouiate the progress and outvome of a ovombat adtion involving,  within
wide 1imits, (1) any desired weaponms, woupon aystams or otlior euipment,
(2) any specified lsvel of proficiency of officers and men, (3) any
npeoified taotioal doatrine and mission, and (4) sny selectsd oohditions
of terrain, weather, und overwill witwallon. It {e highly desirable (if not
abaolutely necemsary) that thens faotors be desoribed in such & way that
vardation of any of wheas faotors of won, woapons, and terrain be merely a
miter of shanglng ocertain oharsotorintio numbers at the start of
gomputation,
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So that the feasibility atuly say to considsrad in concrets torzs at
overy stapgs of ths disoussion, & rertivular ccm2atl scticn s faskhisnad o
the oulsst for trial apalyzis,

The feasibility of tho melhod doom nol Gapsnd unan the datalls of s
s7auple selocted,

The usefulness of a *battls simulator® in anslyzing tho offectiveposs
of nov woapens, wekpons systers and isazizal Jesininss, {s self-svidest.
With incrofising nuabors of nuw weapons with ragfcal or unproved cazsat? ilga
begomlng aveilzble Lo all military forces, the probles 3f asassaing their
trus worth: hasomes ovor more difffouli., Taotical and crpapizatirmal
innovations which ssy apjwar desirable to fully expleit neu wezponn rny
cause uneynoted chain reactions throughout tha ormanization vhich could
npullify the oxjootnd lmprovsmants, Ae the tezro of battlo ateps up: the
command-connral-communication systenm bozomes over Dore oriticsl., As the
veapons Shomsolvos becoms mors couplox tho nature and degree of lagistical
suggort and training required scquire a critical boaring on the selscticn of
tho boat waapon ayaten,

Facod with a potantial snamy with ossentially difforent réscurcss ot
him domwand, the comparigon of US military cagabiliifos with Sovics
aapabilitdon appenrs in ity mopl introotablo form, mince disaisilar forces
misY bo comparsd.

¥inally the potential violenocwe of tho initial otages of acsbadh pute
tho most severe raquirement on ths thoroughness and acouracy of woaponw-

tastionl analyais in advanca of thué combet,
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#ore han ovsr befere, Hlao oy W ixckicy after coctal begin: to
turrect orrces rorgaied Yy the tosl I cmiwal.

Toa yreblena voaulirisg ucalysis iz ape dfscusopd alorp are iy e
fers Jagad svecoptlidle Lo cventiseml apalysis. lummarizing, thedr
corersl claregizizsiics ares )

(1} Tastical and Crgmaizatixal lzzgwvatises Invelvod,

{2  Increasingly critical istusdoponigizs ~r VRALHF ~ SomRics tions o
lozistics and trainisng.

1. Compsriecst regodrel ¥atueen Dicrialler silitary frps3s <nd sammg
dispixiier tactical and atralegic altszmtiven.

L. Stazsc are highwr

The jeasunt stiudy has es Sta primury =issicd to provide en i=groved
eathiedsioygy £or dealinz uith probiuas of thone t.yp;a.

In the following soctiens, EAVIS FACTS, ICOPZ, AND AGCUMPTIONS, this
macrandus, deriven tho genqral restristions whiich 1iwdl, or influsnce, the -
tyrs of soebit uction and the vay 1  ig amiyzods

Thera follous §a tho ueotion, MILITARY DECCEIPTION OF DATTIE, &
deaoription of tho %rin) seabat sction to to analyzed and tho veasoning
uxed in reducing the cosbat agtinn to—uu kazie components of fire and
mnIUVAr, ‘

The noext. acotion. Til# COMPUTER DATTIE, applies thip reasoping and the
sapebilities of thy cozputer and completoly desoribys the way dn which the

oozputer sixulstes the trin) gombat aotion.
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Pollowire this the sootfcn. RESULTR OF TECT 2UTTIZS —tooo 4= rooulis

S 171 trinl tettles carrisd out by 5 cosputer, Ths lasscus to o drawn
from thess results &re desoribed.

In tha poxd sesticn, PROPCSED AFFLICATION TO T/GIE wnd TACTICAL STUDIES,
s 9odified a0t mich Imxovad sclel of tattle 18 desoribea vhich Sppears
capable of nmhtxn;.:iw tattle aotion of ssall units to & degros suffiolent
to warrant i¢s use in future anaiysis.

Tho last pectiop, CRICLUSIONS, atates the coaclusions to bo {rawn “rem
this fansibility study. Decauecs the présant mexcrandun is cxolusively
corcarned with dasoribivg a cev mtaojslogy, that is, a nov vay of carrying
out ailitary analysis, thers can be no formal rgcosmendationk for action,
as thers ars in asworanda which present s solution to sozs jarticular problem.
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FACTS, o002, AND ACCUMPTIONS

Tho discussien ukich follovs han the puepexs of ddentifying the
mcossary atd desirable featureo of *lo proposcd ZAinadology 4n ganoeral,
and this fsanibility study in partfculsr:

Ir the £iret zootion == Higmm -~ tha noconsary acale af Lho cosbat
action to bo vszad in doveloping and testing tho wmethodology in thie
fansibility study fa dersved. In the cosond aeoticn -« Jho_ fasio Azt <niog -
48 daveloped ths point of vie:a apjlied threughout the sivdy, In tha third
saction §s derived the length of time the cemputor say be poredited te
calouicte a given tattle.

Pinally, tho gunoral charactorioties and capabiiitios of solented
olootronio computera aro dosoribed.

With tho ond of this sostion tho ganorri charactaristics of tho

mathodology and tho mnrar of iir testing and ugo aro ostablished.




This fesnsibiZity stuiy should uso ths simplast possible Llrial cozbat
action. Cn tho othsr hand, tho comlnt action to bo anaslyzoed must be large
anough to W eelr-containad; that ip, 1% should includo all ithe faotoram whioh
influsnoe ths hattle ansy thy Lorted ara jeinad. This means that, A€ the
aotion is & $nclide tanke, the beitiofield must Lo largo enowh to inaliwla
all, or woat, of tho alemnto which intoraot with the taiiki. That Lanke
should bs includsd in this study is suggousted by thono conslderat:ionsi

1. Tanks represant thy largest capilul outlay and ons of ths vafor
logistical probloms gf the Army.

Z. Tho oost of carrylng out unulysas of the Ly proposed by thiis
soudy ig provably justificd only for the mont Zreesing and important
problems,

3. ‘Innks ara the combat olemints most saveraly restristod by their
mchanicsl ohRrasterivtios and thus aro mera nuscoptible to mathomaticnl
analysis,

I tanky are Yo be inoludesd, then tho mmallest celf-contsined battlafield
vill b of a aiwo ocomparable to \hs raximum offective rungs of thoir guns,
i.8., about 1 to 2 miies on a sido,

A remaonable aombat astion on suoh & bathlofield oould involve about a
oonpuny of tanka but hardly a mmller unit, fince the emllanst reasonabloe
uotion 18 dosirad the 2kots Ginsouspion Lixom the soals of tho aotion.

Bvan at thia amll soelw, operation of tanka without infaniyy is

improper, and some indirect fire weapons should be inoludod,
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A complets sombat actien on sush a battlafiold gauld zonccivably be
corpleiad in as 11tLls as 30 minutes, AL the aotion wera of suffiodent
intensity. In this ocase the antisn ugeii nol involva iogistical probleas
during the sction snd they oould be propsrly left cut of this first study,

Similarly, ci: giidkes could be left out of this firab sbuds sings
thedr influende is more eanily =38aassd by over-sll oonsiderstiops, Alio
the much larger rangs of TAC airoraft moana that sssessing tho Influencs of

altermata ullecations of =trikes durfng an sggault, roguires that the gembat

action be of muoh larger aizo.

Thege connjderations thorsfore defips the combat action wvhioh should
bo analyzod sa the tost vohiolo of this feasibility study.

Summarizing, the combat sotion should

i, onmpliasize tanksj

2, fanture intenso action -- lasting aboub 1/Z hour;

3. inolude company=siged units with rosmsonable attachments cof infantyy

and incs:eot fire woaponsj

4o take placs on batilarield of ong= or a few-nquars miles.
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The Bepdc Avsumption -—— MONTE CARLQ

The most basic assumption made in developing this methodology is that,
0 bo a suocessful battle simulator, Yhs model of Lattle uzod must refei
diregtly to the individusl partigicants i s gopbat actiop -~ at lemst so

far xs the major oowbtat elsments ars concerned. In tho previous seoticn,
tanks vere folsoted as the combat element to be emphusized in this reasibility
study. Thus, it is assumsd to Le neosssary Lo treat the tanks individueily,
individual and separats actions -« -not aversged out ovar a platosn or gihs:
tactical unit.

This assumption appesrs attraotive for at least throe reénaons. Firatly,
tho physioasl characteristics of weapons are (usually) best determinad on an
individual basis and ure (ususlly) the most soourats information availsble.
The results of oalouiations starting from such date ave api to bo more
believable than caloulations starting from lsss weil-inown data.

Sedondly, the proposed methodology will be the mors {lwxible, ths more
readily are weapons and equipment aaded, eltered, or ramoved from the waapon
syatams, It ia more convenisnt o do thim when the batile mcdol ingludes the
veuporis and their characteristios explicitly, than when wezrons and equipsant
munt be aombiined in some average way befors insertion into the model of
battle,

Fioally, one of the primayy purposss of constructing this new modal s
to render the interaotions between weapons susoeptible %o oselowlation. Thua
to the sxtent that thess interaotions are “"avaraged out® prior tc inmertion
into the medal, they are not subject to amalysis and part of the purpoms of
the methodology would be frumtrated,
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Sc=s oompromise munt bo aexpeotod in this regard. Ths cobputer doss not
have an infinite capaoity to treatl gll waspoos and other equipmsnt ssperately.
The oompromicad vhich will be nsosassry in Hils Gonneotdon will yrov out of
speoifio limitatione of the cemputing maohinery, They ¥ill %2 connidered only

as and viisn the nasd srisag,

Summypining, the basio mapumplion statens 'ag many ag pepnible of the
weapons and squineent entaping the tattle shoyld nppaar peperately sng
Adatinably p tis edoi,”

When desoribing ssparcto actions of an individual combat unit, o.g., a
tank, it appasrs inemcapable that prolabilistio notionn are raquired. Thus,
vith a givan round, a tank will oithar hit an onemy tank or 1% will fail to
dc 0, The differsnce betwoen various tanks in this regird can only be in the
probability of a hit,

It wiil now ba arguod that Lt is a natural nonsequence of the basio
assumption stated above, that the uso af conventlonsl mathemmtlcal formulae
is not feasible for oonstruoting the demived madal of battle, Or mors propsrly,
there im a foasible alterpative to the usa of conventional mathematical
formiias, Reduced to its simplent form, the argurent 1s that ths uge of
mathemmbiosl formulue is & shorthand for desordbing g, ohmorved or vropossd
radardsy Ap raturay byt $Hin 46 péslssly Uiie fuator which 16 ourrently
inglkine in conpidering the influszgy of fiev weApcns, new Wenpon pystemp, noy
taotionl dootrines end the dinsimilar military resouroens of the oppoming
powsra. It im to diaoover new regulardties in laprgs militury oparatione that
a paW methodology in required.

10k
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There are muny cages wiere tho regularity of tho laws of coibal are
olaar wnough to warrant the uss of mathemtical formulac; it way be
that future research and analysis will uncover even more oxtunuive
rogularitias in combat of & typo whioh can ba acouratoly desoribed by
oonveniont mthomatival shorthund. Bul tlio express pwrpese of Lhe now
ms thodolagy 12 1o extand annlyods into aemplox areas whioh have not yot
boen tracinble to sonventionul wnulysis.

Thia point of viow would nobt bo a very useful one if it vors not that
fasy oleotronioc oomputing equipment now makea foamiblo a nonmthematiesl
techniqus for analysis whioh dees pot require tho namoe dugrao of oudorved
rogularity in combat. Thim tochniqua 1a oalled "MONTE CARLO." It has buon
usod nuccessfully for the golution ef cortain very complex systsms of
interest to nuclear physioists. Thoso nystemr are charactorizod by very
complionted probability “equations," aomparable to the probubilistic concopts
whioh will be lound noceneary to deroribe lho aations sf individwal tsnks on
a battlefisld.

The snsence of Monte Carlo type oulewletlions is oasily undoratood.

A simple oxample i ponssible in coincobtion with wnpire deoinions for
determining the progress of a battle in a OFX mp exercise. Thua 4 the
outoom» of some mmll notion within the CPFX in censidorad by the Umpires

to ba known in termn of a probubility buy not worth furthor detalled study,
thoy might maks their deoinion on Wi bagis of Plipping s ooin, lor

axnmple, 4in a G at Corps lavel; many individwil companiea may bo given

a A0«80 ohanos of taking thair objootive on tha firat duy, A deodsion on
whother enoh oompany did veaoii 1ts objeotdve might then e made by [lipping

a ooin for onoh camo, If thore were u lapgs numbor of osuch 5u-jU propusiitiona,

the fesling might bo that the influenes of ehanse in s soin {lipping would
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average oub in the long run. It is more unllkely that umpirez wowld be
willing to uss such a moano for dooiodon if there were only a Fow
puoh casot,

Thin 16 an example of Monto Carlo typs culoulatienz. A compuler can
b canged to do somathdng vary similar 4 {lipping & ooin. I oun alas
Hyne loudod colnn” assosjuted with any daelrod protabilitles o odds.
Appandix A Foviown tho most important leokground of Monte Carlo typs
anlouinlions and goos intv some dotsil about the method used for caualrng
an olectronio oomputer to make puch ealouletions.

Thére 1o n snoond reasen for dovaloplng n mothodology which usss
Monto Carle qolculationa, The commind-oontrol-communioativh-desision prosona
nocsssnrdly inoluded in a battlo simulator -~ a "Monte Curlo Computer BDatile" «.
18 o ayptem whioh intimtoly invelvee humin thought processos. Human renyon-
ing appeare to dopond more on a oystem of "logloal computation' than on an
srithmetic or mathomationd nyotem, I will bo ohown thut the Monte Carle
sydtem of oeloulation is rondily applied tu a systom inoluding many logionl
(humn) thought prossssen; while a mothodology daponding basinally on
sonveaticnal mathomitionl Lovmilue appoard vory inndogunts,

Agadin a compromino batwuon the use of Monte Curdo oporaliona and
sonvenbional mthomtios will bo found navopoary from timo to Lime.  Huoh
comprominon will rosult from the limitad Gapnolty of the owmputing maohinery.
They will bo disousfind and resolved ln sach partioular oane, as and when the

nead arluss.
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Tine Liwitations

The ons remining sajor Festriotion oz thu #oulo of the irial combet
aation is the ‘lcngth of tix5 which can bte alloved for the Gomputer to fight
through a singlo battls. This dows not depend upon details of the
methodology, It depeindi only upon the wey in vhioh the methodology my te
appaied to the eolutdon of military probleme and upen the deoision to uee
Monte Carlo typs grleulations.

Appardix A gives a dstailad damordsticn of the sEnnsr o vilch the
proposed methodology would be appliad to a thorough anulysis of the influenas
of some given fmetor in the bettle, In the gyample discussed in Appendix A
it is supposed that the factor under aialysis in the typs of gun s bo mounted
on a tank, whan all other major deeigr fentures of the tank have hasn fixed,
The only factors to be varied in the ssries of computer battles ars thoss
direotly relating to the choloe of gun: Those might be expected 1o be
{1) killing power of gun, per shot, as funotion of range and target type;

(2) rate of effective fire; (3) sise of bass load of ameunition,
One procedure for this application woiuld be to determine the varimtion

R

in the Yeffeotiveness" of the tank in one or mors comtmt situations as the
"power! of the tank gun ls varied, Buppoming that an meowplabls macmurs of
teffeotivenaan' if avmilable -~ this might bo the average numbar of snewy .
taike Killed by eaoh £riendly tank¥ - and wilpposing that the vardation in {

® This is the definition of tha "effactiveness ratio" used in ORG~T-313 ’
by M. Orabau and V. MoRaw,
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gun pover s prepsrly moasured by gun oaliber alone, tho results of 4 series
of nomputor hattlos might bo azgressed by the followlng typa of graph,

Aem  AwEs s G PIES pesnn '
*’ | \\
E!fﬁzzivznsua ' | A“u“"
|
o
¥

g
Oun culiber (millimotere)

Buoh a resuld would indiocate tho ucat affective’ gun for the tank,
in the pertioular combat situation used, should have a calibey of "QP
millimeteTs.

If other oombat situstionns lead to difforent "bast! choloss of gun
oalibay, then a ocompromise would be required.

I4 1s aspubed that the complate analysis oan oonsume no mors than
6 montha o a year. Certadn additionsl annumpbionn ave xades about the
numbay of Lattles requirad for eaoh trinl of a glven tank gun, lnoluding
vardation in the taotionl mituation an well nn additional caloulations

whioh tend to oonfirm and akesk iia results.
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The over«ll program required o determine the military consoquencas
of a variation in tank gun typo 1o tharofora shown Lo involve parheps
10,000 rupatitions of the battle. I fsilows that enoh battlo can oconumume
no more than a fow minulos for its onloulntion, on s computing machinery
uped for the analysis.

It should bo emphanloed that the exampls dlscwssed in Appendiz B ia
not. the only way in which the ssthodoloyy mey be npplied to analyaip-
Inetend 1t veprosents it 1a thought Lo bo the monb oxtrsme cuse akonr
posaibls appliontions and thersfore ropults in the most atringent limitations
on the timo whioh ehaild be available to tho computor.

81inoce the aomputing machinery which will be used in tho gapplication
of this mothodology 48 at loaat ;2 timos am famt as tho ERA 1101 eomputor
usod in thio feapibllity study, a time limit 10 times larger than that
onlouletod 4in Appendix B can be used. ‘fhus ths avoragoe computer battle on
the 1101 computer rhowld bo completed within 20 minutems, Since tho baslc
aaounption wap to insert aw much of tho battle partléipants and equipmont,

au was possible, no Jlegsar time will to vonsidored for purpomes of this
fanaibility study.
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Sapnbilition of Elsotronie Compuiacs

Cartain military fuote and analytical assumptions have baon doacribd
which strongly influsnce thy wethodology. 7The naturs of the proposed
mothedvlogy also doponda eritieslly on the capubilitien of the oomputer,

Natury of Comoubern in Gunerad.  Tho eussntinl dlfforoncs Lotweon
donk onloulation michine und ths oleotronio oomputors used for ovmputer
babtlea is tho "automatioe® nature of the latler. That i, an »laotronts
sempuver not only oan add, aubirnot, muitiply and divide, but it aan wise
be dantrugted to perform a long wsorden of auch oporutions in any denired
foquanae with no furthor attention roquired from the human operators. It
onn be instruoted to oarry mut suoh An cxtensive number of mithenatical
oporations that a spociel means -- o "flov diagram" «- mist often bo uged
to show olanrly the order in whioh thoss mathomatioal oporstionn are

performad by the oomputer. A flow diagram will have the Collowing ganorsl

characlor:

41 de | ){ thon do that if tho answer is ono thing go to |-
thia -:[ ] next avep ->

1f the snower in another thing go |

bask and fopoat luat atep l
¢

Ench blook indicaten mome aimple computation whieh tho oomputer munl curyy

outs The arrov{s) lending from n hox thweu Indionte tho next operation.

By following aleng the arrova In a flov dingram every atep of tha vomputebions
can bo traoeu outs In prinoiple, auch a flow diageam rolatos only Lo the
lopical atruoture of the oomputation ftaslf, and not at all to the

partioular gomputer for whioh 1t s deslpnsds In pruotice, howevar, the
partioular way in vhioh the overe-all problem ia wroken down intoe pimpler

parte, will dopsnd upon tho apeoinl churaoteriaticn of a partioular computer.

110




-

Ihe computer 1tzelf cen bo descritaed ganerally without datailed
rofarence {5 the "nute and bolts™ of itz construotion. 7Thus eali ganersi-
purpose oloctronic cospulers can bo considsrod as corpossd of 4 Mimetlional
subgroups. Thesd are:

3. Tho ARITHMSTIC unitls), (here the adding, subirsoting, etlc., is
sotually carrisd out)

2. Tho MEMMRY wit(s). (Whero numbers aro rotained Lifore, during, and
aftor use)

3. Ths CONTROL unitla). (Tho source of the instructions vhie: 3514
tho ARITHVMETIC unit(s) vhat to do mext, where to got tho nuszbore which srs
to ba ured, and whore to store the ansvors)

L. The INPUT-OUTPUT units. (Tho cachinery vsed by the husmen operater
to tall the couputor what to do and Wiiich muzbers to use; and tho machinsry
ussd by the couputer to "toll® the humn ojerator vhat it has dons, and what
the ansvers are)

Theae funotional units are usually, but not recesearily, asmocistad
with sspurate eleotricsl or mechanical unita, In tho cuse of thes EfA 1101
oomputer used for this feasibility atudy, the physlosl cquipment which
periore the above functions &7e:

1, ARITHMETIC UNIT: About 600 srdimary {rzdio) vacuum tules.

2. MEMORY UNIT: A rotating oylinder, ocoversd w’th a magmetis
substanoe similar to that used i mguetio tape (radis) recorders. Resurds
voltezs pulaeg, interprated as numbers. Capaoity, 16,384 7-digit nunbers.

3, CONTROL UNIT: About 400 more ordinary (radio) vwouum tubes.

4o INPUT-OUTPUT UNIT: INPUT i Ly paper taps having holes punchad in
it by a npeoial typswriter. OUTPUT is by the samo typs of papsr iaps aud/sr

a direact oonnsstion from the computer te a fuai elactric typewriter,
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T pIewibiliiy spd cavenlazes of valeg othsr ocapuisrs wish additiomal
equipsant earrying out tiese 4 functless vill te coneldered in tbe last
ssotion — FIOFCEYT APPLICATICN CF MSTHCOOLIGY YO T/C4E AXD TACTICAL STUDIES.

Tbs cosputer can be cazsad L9 perfors any slated sejisncs of arithmetis
opsretioccs (264, subtraot, zultiply and divide) and certasn spsoisl ferss of
s ariitawiis operatichs, usmlly celled "logical® oparssizws. Thses will
W wore conpletely doscrited in later seoifcoe.

The exaot procedurs fellowed iz the usc of ihe computer conzists of =
follwing stagss:

1. Ths military engugexant is brozet dovn lale aizplo understuristle
ateps.

2. Each step iz translated into an equivalent =theratical or lozical
opsration which the ccxputer can perfors,

3. A nusber code 1s prepared which vili causo ths computer to carry cut
all the caloulations in the desired order and vhich includas sll the nuabars
necessary for ths caloulations.

4Ls A papsr taps of oo length is then punched Ly typing the nuzber sode
on a specisl typewriter,

5, The preparod paper tape is fed into the computor which thon staris
its caloulstiona.

4, Sslacted results of the orlanlsaiiynn nrs oaused to be typed out
dirsotly onto a speofal typewriter as they ars cbtaingd, At the same (ime
& more dotailed regord of the calowlatinns io also punched out vy ths oomputer

on paper tape whieh can be inspectad at a later tize.




Housver, this nore dstallsd eccount of tho csloulaifofis cannol bs cox-
vsrisntly ®read® dirsotly. Usially the prper taps zust be re-run through the
carputer ~hils the compuler re-iatarpreiz vhat it had origisally punched cut
on the taps. In so doing, the compuler oan direotly causs the speolal
sypowriier to type cut the detailed results whish were storod in the tape.

In sy 57 this mmoranius, Step 2 will not have tesn completsd unti)
the complate "scetario” of the batlie has been Zasoribed,

Salected perforssncs data of tho coapater fs givan 4n Tabls i1,

TABLZ X
iC C

Honory Capacity o = - = - = = = = = ~ = o=~ 16,38, 7-digit numbers
Max, Additions {sub,) per second - - « = « - = - 10,000

Mex, Multiplications per 80018 = = » = =« = -~ 3,000

Total nusber possible distinot operstions - - - 50

Time to £111 memory from tps = = = = = = = « « 7 atnutes

Digits typed cut per sesond (or alpkabatio ohar.) 7

Computer Calouwlation. The significsnt types of caloulations, er
opsrations, which the 1101 computer cun parform mey be lietéd undsr thrae
genersl eategoriam,

1. ARITHMETIC OPERATIONS: Ordinary addition, subtraotion, muitipli.
oation and divisici,

2. LOGYCAL GFERATIONS: A aspeoial form of arithmetio, donigned for

oarrying out a typs of oaloulation akin to "logienl reamoning."




3, MNP GFEAATING: A spocial class of oporaticns whick makas it
pessitles for thg cozputer to alter its typo of calculntion depording upon
the nXwricsl rosuil of som pravious calculstion.

Examy autezntic caleulnting znchine has al lesst ¢ faw aperations of
2azt typa 1ia%d atove. In addilion, thera ars othar locs intsrosting
spavationd, ubich =tz and JtArt calculetion of the gomputer, ~asuso tho
coxputar o punch ur type out mciscicl regults, to “read” nucbors punched
ints, the INPGT tape, and psriore other Lecossary bui subprdinsis fanuilone,

34nce the ZRA 1101 cceruter has a dofinite list of peasibls pofutions,
svary step in the ccoputor battle 42 ulstimoely stetad in torms of one or
n fow of thono ojaraliono.

Ths coxputar battle duseribsd in this =m0 mkes important wie of all
three olassss of opryrations. In goneral, any caleulsiion which Is sxpressad
in téres of o logical oparation could alse Lo redused to un arithmstie sne,
lisvover, tromsndous savings in tirs erd me=sry cepaoity, as woll as an
inorangod sispiicity of concepiion, is poosible whan logical spsrationa ure
used, uch attontion is pald to those mettors in pubsoquent acotions of
this report.

Tor L presoni, a oimplo exumple of such of thaso threz tusic types of
oporations is glvon, after which the oombat activn {5 desaribed; dissested
into ita oomponents and 2innlly tranclatsd into a noriea of inatruotions for
ths computsT in 10Dy o those baslc spsrations,

sxiaple arithmelic gpernvion which the oumpuier seuld be cnuand to
carry out might ber fadd ths number of Rlus tanks killsd {mixbor ie stored

at piace X in mnory; to the numtnyr of Red tanks killed (number 1s stored at
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placs Y in memory) and stors the sum at place Z in momory, It takes 3
separeto sisps for the copputer o perforn this simplo addition.

Step 1, Tske nuaber svored in placs X and put into "addor.”

Step 2. Take nuxber atored in Y and put into "adder."

Step 3. Take sum no¥ in gddop and put into place 2.

Thore 4z 2 apwoinl number code whioh in used to ocatine the ocomputer to
porforms ench stop.

A simplo lopioal Operntion which tha asmputer could s ausad to oarey
out might bo  “thero is a n-<ber, ouipossd of 5 digils which my be sithor
1'g or O'p; o.g,, 10212, Tho firot digit is 2 '1' 4f the first tank has
Gzan killed, an *0' otherviso.” The 2eoond digit is a "1¥ 4 the pecond tank
has baen killed, it 1s a zoro otherwiao; and so on for tho interpretation of
onch position in tho number; with tho third digit rolating to the third tank,
the fourth digit to the fourth tank and the £ifth digit to tho fifth tank,
This 5~digit number is stored at the placs X in the oomputer‘'s msmory,
Quastiont 4ia the third tank de=d?

Step 1. Take number in X and put in Yadder."

Slap 2. Take numte: L Y (number is 00100) sand put into adder; form the
Vgum® of the number in X with the numbor in ¥ using the conventicn hat the
nunbey expressing tho sum will contain = 1 in a givon ponltion if both the
numbar in X gyl the number in ¥ have a 1 in that samw position, Otherwise
the diglt 4n that position in the fpumb is to by a zero, Carrying this out
aTioWs |

numbexr 4n X 10110
number in ¥ 00100
faymit 11k

Btep 3, Is the "sum® in addsr different from gerot If 1t is thon tho

thisd {uul S8 dead,
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The above example identifies the aumlwr rosulting from cembining the
nusbor in X with the nubor in Y as a “sum.® Logiciane eall it the “legloal
product.” This typo o cperation plays an oxiremoly important rolo in tho
cozputar Lattlo. It 1o dicoussod in much greater dotail s the roxt gouvtien.
iherz 1a & special number codo which caumas the computer L. joi- o s
thies 43y~ in otout i’ﬁ'%ﬁo of a rooisd.

A #luple hlugp" oporation which the compiutdr may bo cnused to caloulzte
2ight be "atop the computationnp and typs out 4an lotter R If the tatal nushsr
of tanks killod (cnloulated in tho above sxample of un arithmetis oporation)
is as much as 17." The steps for carrying out this caloulati.n are lintad
belov,

Step 1. Pub tho number in placo U (this ip the nuzbar 17} ints the
adder,

Stap 2. Subtract the numbor in plece 7 (this in tha teeal number of
tanks killed computad in the proviouc oxample of an arithmatic oparation)
from the numbor in the adder. The addep now sontaine the difference vetlwasn
the numbor 4n U and the numbar in 2.

Step 3. Tent tho olzo of the nucter in the addar If 4t ip exnnrtly
zaro go Lo Step 4. If 14 La not garv go to Jlop 5.

Stap Ao Cnugo the typawritar to typa oul the loblor algaified by the
nurbsY in place W, Thon atep o computer. (Note. The plaos W mist have
insertod into it bwfore Wi ataiv or the aompaitations that numbor whioh witsl
seuze the typsuritar to print "in,)

8tap 8. Go Lo the nuxe propor atep for oontinuing tho battle.

There ia & pracise mumhur oede which will cauvas the computes Lo carry

out thuse apteps in aa little ae m or o saasnd,
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A further 24scussion of the various opsrations of the computer will be
defarred until after the military actior itesii is desoribed. At that time
1t %111 be nuospsary %o considér the capabilities ¢f tha oomputer in fure
detail, since important altsrnatives in the way the battlo is trected by the

2aa -

aompuier dspend oritically oa thess capabilities,

gupany

Thin oompletos tha considerulion ¢f Ui general feaburos and raatristions
of the propossd @athodology. The remaindsr of the atudy will develon ¢,
mathodology within ths limits imposed by tho factn, reatriotions, and

szawopbione now idantifled,
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COMBAT ACTION AND ITS ANALYSIS

A gonbat aotion is desoribed which fits the gonorai requiremunta
developed in the introduotion, The action 48 analyrod into its most
slemanta: ¢ componsiise of fire and mnauver. The computationa are
dogoribed whish nnlateli, & nensible ssguaros of thess aotivitiaa,

Tho gonoral ohurantarisiiss of an elssiFciiic computer are sonpidersd
along with tho analyais only whoro nooosmary. The computer oharsotariatics
and oupagity Cor calaulation ineluded in this phass of the dlacunnion serve
a8 guide lines [or tha apaiyala, Thus the particular way in whioh the
oompiate combat sotion ia dimuootod into aimpler astions reflevts in ooms

moasura the typao of caloulstiona for which tho computer is bost auited.

The Jilitars Situwntion
Gal, 7, BilliG=cisa® Jurmuiaiod wno military assuabion whish might
rosult in a combat a.tion having tho charastoristics deaoribod in the
Introduotion. It ls a hypothetieal aituntlon nonstruatsd for these epecial
purposos and is not prononted ua balng 2ither a typlonl situation in pome

fubure wur nor as representing a typloal misnion for the troops involvad,
A heavily reinforcod Dius infantry tattalion 4o givon the miaoion of

delaying a Rad moohandsed Corps, In volumn, for d4 perdvd of 12 hours at

Minnarotadt, whiich lies about 30 milas seusn of the dunsl {fast Gorman)
boundary at Meiningen on a rallroad line to Wiraburg (Fleuva 1); Deluy is
.to be affected by foreing the Red Foreen to deploy under houvy fire at the

rdver lino which is tho northern houndayy of Miunerstadt,

* [{ilitary Advigor to /A0 during eaxly part of atwly.
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The infantry battalion is supported by & wmdium tazl osmrany of Mo/B8's,
A hvavy mortar ocompany and a tattery of 105mm howituers, Fig, 2 shows the
troop dispoeitiion.

Defors the battalion had fully vooupled its position in and about
“anerstadt, the point of the mmin Red column approachen end is brought %o a
+1 % wedsy fiee, The Red polnt begins Lo deploy, sending a atreng foros to
322 e sdver on Uiie Fight flank of tie position, Red ocmbat enginners
suocosd in quiokly erecting s temporary btridge, and a admpany of 10 7 34's,
& company of 4 8P~100'a and a company of jufantry oross the river and szumble
on & hill nsarby. They oah now bring direot fire on much of the road south
out of Ménnerstadt along vhioh the Blus forces must sson withdrav., Furthor,

they will quickly astempt to suf that road in an envaloping muneuver.
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Fig.2 Dieposition of Forces
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T 4has faos of this threat, the Blus foroes ocommdt thoir rossrve taak
oompany reinforcsd by 3 sauads of infentre zounied 4n 2 ammersd preonnel
oarriers (a "soratch" force, since T/(SE deas not inolude ocarriers). 'The
misnion of thix faras ls to push the Red foram buok acreas the river in
praparetion rer the withdrawal of the Dlus foroes in Minnerstadt, 'The

resulting rvmored apeaull ia he actdon programmd for the gomputer.

The taotics of the counteratincking Blue forae ars to provids (1) an
assaulting group composed of 2 platoons of M-48's (10 tanka) and the platoon
of intantry I3 arvored vehicies, one ajuad sach); and (3) a oovering foroe
{ovepwatohing) compossd of thu C.0., F.Q,, and ons tank platoon {total 7
tanks)s In addition the company of hoavy mortars (4.2 inch) is available as
eunport, Tho remainder of tha Dluo force is heavily ongagod olaswhers with
the Red polnd.

The assault group moves towards tho Red bridgohead, kseping in the drav
(Fig.2 ) a» far as possible, then making a Crontal asmssult, The overwatching
tankn provide eupport fire {rom oover and oonosalment at a yangs of about
1300 yarda,

The Dlws infantry dismount from thedr sareiers whon tho fled Positdon io
reached, The Dlue Mortar fire 1is almo 1ifted ut thia time, 'The misnion of
the Rlus forass afizr readhing thoe Red poaition Ls bto move on through tho Rad
pooition, firing as thay go, 8ince tho batvle [uat feature intensv aotien
lanting 8 half howr or loms, to moot the roquirements genersied in the

Introduotion, no furthsr miasion for the Dlua forces ia atated.
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Gompaente of the Pattlor Fire and Maneuyer

The basloc aotions, whioh taken together comprime the over~all battle,
have long bren Adsntifisd by taotiolanes with tho phruss "Fire and Manauvep.®
The yuy in whioh Individwal satdons of firdng or moving are arranged in tim
and zzon i the reault of the oommander'e application of dootrine and his
ovn good menms An eamnziition with the dootrine, good nenne, and eapabilities
of tha opposiny forses,

The nacensary soquence of analynis fullowed by this memorandum is
tharefore assan to be:

1, Idantify tho niture of the bLaplo oapabllitieo of the fndividual
combat elemontn on tho tattlofield)

2, develop a oyntom for tho ocomputar to compute the tasle actiona
on a battlefiold from data about tho onrabilities of the individunl combat
olemontaj

3. provide the means for the oomputor to ssfsngw tho ponnible bapio
actionn of the individur) combat alomonts into a seguense of Firs and
Mansuver notivitios reflooting tho cenes of any ptated tAg%icel docirins.

Thin wiudy oarries oub the above throv sotps for the *rial bantle
demoribed only to the extent requlred for demonstrating the fenailility of

Flzing the main tank eun sppesrg vo vo the pdiplor of the two basio
notions whan the individual iank is sonsidexasd 45 a basic combat olamont,
Qivap the oo M1 probability for the sircusstaness surrounding any
partioular shot, a Monte Cardo (“ooin flipping") deoimion oan easily Lw

mde hy the oomputar to determinoe whothor tho given round did "kill® itp
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target., Thus auppose that ths ocorreot kill probabhility for the round 4a
Os4e ‘Then 3L the oomputer choosas & aumbser at rendom betiasn O and 1, dhere
is & 40f chancs that ths number so ohcia will be lams than 0.4 and & 60%
ohance thuy 1t will be greatsr than 0.4, Thus the somputer will vae using
the proper k311 probabilitiea 4f it sxkss iim decisicn as to whether the
tergeb was killed by the given round, 1f it fohoosee! & numbar st random
betwesn O and 1) oalling & "k4li® 4T the number im less than 0.4, & miqe 4f
groater than 0,4,

There are vaiious ways in wnioh tho oomputer oan "ohoose a number at
randome®

The above desoription claarly leaves out most important frotors in the
"Ciring" action, In partionlar, it is also neosusary to (1' selsot a targat
and (2) deo’ds to fire at the target.

The deoision to fire or not to fire at the aelectsd target depends on
(1) whother the tan: is physioally capable of firing - 1.4., has a loaded
gun vhich has been lxid on the target, snd (2) a tastical deaision on the
deairability of firing at that particular time,

The eelection of a target mians that the potantial targets mlready
pioked up by the tank oosmandér are made the subjeot of a priority system
whioh eliminates all but one of the potenuisl targets.

The above disoussion leeda to a srscmmbic statamend of the time

aequanos of events in an alemntal aotion of FIRING: at leaat for a tank
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firing its min armment.

icallsd a "flow diugram®)y

ftan 1
Pagide
vhethar

mission

on Ciringp——> |potantial

It is bost pummarized tr tho following diagres

Stap 2 8 Stap 4 8lep

Take fote Belso ﬁ.ﬁow FIRE %y

of higant tdm Lor choomning

priority ldaded gun| random
tatyo to target to be lald number and
on target oompaying iY

be kil
prabsh it

Tt will be peongnisod that thiin diagram does not allow for all

sventualitien,

ahanga tha ¢a

nk

Por example, it might bo arguad that somsthing my soeuwr to

13

omrmanderis mind Jdurisg Step 4 vhile the turret is boing

rotated. Or that Step 1 should fol)ow Step 2, so thet tho decision to [ire

dapends in part upon vhat typo of targels are available,

For thoe mement,

howavar, tio flow diagram just derived wWill be taken am approximioly des-

oribing the sssontinl oharactor of the elomental combat antion of firing the

main gun on & tank.

The value of stating thio approximaie sequonve of

sotions at thip tims 1s that certnin requirerants are gonorated for the

detatled mthodclogy.

Thua tho computer wattle munt bo capable of providing

anavors to a sories of oxpliolt quastionn for ench tank on tha itiefislo.

8“[) LB

Fad

In the tink on & firs mission?

Yhut petontial tarpate are knmm to the tank somminder?

Lihda
tals

g

N s
-

-~
v

viiwae

@b 212 the highest priorityt

llow muoh tims hafera the gun ia leaded? Ia the gun surrently

delagisd fargEi?

~3 woty whon Will the gun bw on target?

Uhat L the oorvset kill srobability for thin partioular
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Enowing that theps are (somm of) ths .weations uhish sust o "Somsres™
by the computar provides a key to the ty;ws of caleulations which will be
roquired of the cozruler.

Ths above discursion wvas specifizelly polinled al considarstion of &
tank firing its enin apcesant, Housvsr, (50 SoSjuier Datlls soquires that
tus other typas of £iring actions also be considored, e:all -rms snd &ritllory
fizre. )

Speoirically, small arss fira s daliyvarec by %anke-zgainst infiqtry
and by iafaniry sgainst infantry, Also mortar fire is dslivered asr’z..
infantry.

The mortar {ire is troatsd as a spacicl canz {3 2:: Sro=ent baitle,
Only &n "avorage® treatxent is given for the 5 stops outlined fer Ciring ths
tank gun. 7he steps aro: '

1. Point of burst of a £81vo of 12 mortar rounds seleoted at randea in
the genaral arcu occupicd by tho Red forces.

2, 1If thars ars infeniry units within 100 maters of this point than
a degradation factor i= applied to tlis infantry strangth of tho unit thich ia
a function of ths cover 7znd concealmint of this aren.

3. Ths tims vhan the nsaxt ealvo will be ficad {a computad,

licever, the sams systemmtic troatmaht of small arma firdng in rade np
{n usad 5 the main tank pun.,

Thia ia aodomplished by conoidaering tho smail arzms fire as being lumped
togother ints discrsts willi of fire whioh ara dolivered né tho somo rate aa
thie min armmant for the tanks and ni comparable rates fer the infantry
units, Binoe infantry units in ths prasent battle involvo more Thar one

disorets fighting unit (moro than u aingle man), on tho avorags, one burat of
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=1l arza fire would ol tolally dastrsy o orlirs conda Infentry ustit,
Instssa, At vsuld only raduss ths rlloy lontiad of at wnit by s
fracticn. For emysmnle, under the proper ofrouatancas oo 30 cooomd burst
Sf M5 fis by a tank 5% 53 IRfesisy sqund might reducs tbe offsotivaness of
that spnd oy 1/4. Detorziratfon of the gwopor fracticn involves not only
dectding the purier of casmltion, M4t 8-, Ui Influence on iha offociivendss
of ihe seti-y squad of guch a loda,

¥ith thus differonce notad tha ganoral treataont of I‘i{lﬂg sugpestont
ty the 5 ateps w11l by coneidorsd to apply to all doxnbiratices of tanks and
ipfantry; uith sultablo adfustzent of thc poerforsance charcoteristica.

Before irdicating viat aysiem of calculaticns is used ¢t cozputc ihe
3 atops of firing, tho 1isy must Lo extonded Lo includa tho thar tasie gosiat
astion - PARZUVER, baceuss firing and moving are pot indepondont actions,

It is proposed that tho following statemsnt roveals the fundarmntal
charaster of thoss ssparate acticne which, ubon taken togothor, compriss tha

whols of MANZUVER. i 48 nt tho A on a tattlofiald, I% hag th
sambility of movirg to guy ono of & nuzdor of pearby positiens, By, I2,...
the tank to mko a realistic chcice amony thuss pasaibla now pweaitlons.

4 1igt =f som of tho fastora uhich must dnflusnce such i Shivice dred

1. Denirabiitty of vemmining in praaass yOlii'iOﬂ and firing;

2 direstion t6 terrain objaglive

3., whoiher er not nov under enery firoj

4s oharnoter of terrain differoriccs among pogaible now positionsj «.g.,
swep, thisk conceulmiit, orost of hill, eteep slopy;

S e ]

5¢ jwonsnes of smny [iro on rolghturing positionu.
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™ Aif <hese fasliers £re 0 %5 token into account by the comemtar,
asans sust be provided for the compuler ts: )

1. Dsterxine charsoter cf terrain ai ths <arious pegeibla pev ponitions,

2. Hava knouledge of tecrain odjective.

3. Have knoslige of delivery of enemy fire on varicua positiens.

4. Deoide wiathor tank 4s to mova In any event,

Thus tha proposed scheme of oaloulation fvr coeputing the oulduk: of &
tattle must ba capzbls sf asnswsring questions of the type liated under ine
jeecsding discuasion of ihe elomentary combei actions -king—up FINE and
FANZUYER,

AgEin the sbovs proposal can be kpplisd nod unly to tanks, Gut aleo to
infantry unita, Thus & sgued of infantry cani bs treatsd on tho tvorage as i€
4t too movsa {rom one small arsa A, to some adjscent aro;, By or B2 ... otd,
The infantry unit will probebly have quite different performanice charasteristise
from a tank. Thus an inrantry unit w112 be abla to move over much iwore
difficult t.r{,lh thani & tank, ¥ithough with-& lower top spesd,

Sumsarising, it is poepsssd that the over-all combal aotion can be
conaidered as-aomprising the sum total of a large number of slmmentary oombed
actions of FIKE or VANZINKR. A systamtlo statement 6f the comgjonsnts of
these two elsmlnt-} sotionn has been proposed. Theds statermsiits ralso wpecifig
questions About the-lasels, =riivipants, and progress of the battle whioh -t
ta laken into.aszownt, Thus spsoifilo requirimenis an the types of Tomputer

caloulations which Are naceassry are generated.




Tezratn

25100 both FIRZ and YANZUVER hava twen notad as deponding strongly
spon the torrmin faclor, neithor elozont of s ovsr-ail battlo can be
furthsr digounged until a zmans fof ingerting torrain fectlors intn the
mohine iz coledted.

Althouph there ara various alternate mans of Ineluding :astors of
tarrain we will montion hora briefly cnly ths mathnd selactaq tor this
foagiliiiity latudy,

Zasentiniiy the cholan mdo ir Lo 3izsact ths buitlefisid into tha
largost nunder of evall squarus consistont with the onpecity of the computer
to bo ussd, With the tattlafield undor considoration this resulis fn each
ﬁmr«o being 100 matera on a sids for & total of 576 equarew ovar the
antire tatilofiold o about 2 squara mijen,

Por each square, the avorepe terruin faotors are listed and storsd in
the meizory of the computer. Thoss faotors are avérage elevation, avsrage
goncaalmant -~ in pleps of 1/4 from complotely open fiolds to dense forost,
plus the presingo of sslected rpeolal charweterintics such as swunmp, military
orsat, -stesp wlops, Gnd a road or trail,

The informmbion about the tnrsalti atored in the manins’s mhizory is
ussd by the computar in mnamvering tho questions listed in the pravious
ssotion relating Lo th¢ caicuintion of ol mapersto oumbsb action of FIRE
of HAWEUVEN, .

For exampla, Stap 2 1n-ths floy diegeam for fdring (ps 12L) raquires
that the computer "take note of palantial (a’raobm." One antontial facter
" (but not tha nnly one} ia identifying which (anemy) units are In plain view
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of' the tank attempting to plok up a target. If the elevation of ail squares
ars known, then the ooxpiter can detaramine vhether any square betveen gliooter
snd tarzet 4s so high as to out off the view of the shoster. If thars iz one
such squars, then that partioulur enesy unit could nct possibly Le a potentixl
target, Simtlaxdy, if iba enemy unit 18 in the midst of danue Corest, then
4t onnnot by seen Ly the shooter, oven i€ no intervoning growsd interrupts
the "lins of aight."

Disnscting the tatilefiald into squarea alao merves to mmka sps.sfde

the fundamental motions of movirg, whioh, taken together, oompriss menousor.

Thus, recalling the statement of the prodblem of moving proposed in the lant
ssotion; it my Le restated ae A _tank i op square A on ths battlefleld, It
hae.the capability of poving %o any one of the eight adiscest siares (Pe 136)
du_some brisf intervel of time, (It pay aleo remein in i%s pressnt po )

Thus 1t is seen that, if tho terrain of the battlefield map is put into
the maohinet= mamory in the form of thio average terrain Featuraz of dim.inot
(emall) sgusres, it 1w possible Lo provide epproximits apeoific anavers to the
type of terrzin problems Gio oxpeots in tha oourse of compubing each separats,

elambntary oombut agtinn.
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Bnttlefisld Tire

Step 4 in. ths systemmtis treutment propossd for the slemsntsry combat
uotion of £iring, requires that the acozputer "allow tise Lor & loaded gun to
be Inid on targest.® Also compulabiona of the govomnt of tanks and othar
combat unite requira thet the proper time be ailowsd for the cesbtat undt to
resoh its new poaition bLefore the adsputer oonsiders #till wncihor change
of ﬁouiuon. Thua both clsmeniary aombab adtiona reguive reference to ths
passage of time in the simulated battle,

An essentinl differsnce batwesn the similaticn of battle by the method
undar otudy hsre and simlation mchinery long lised by design engineere s
the diffarencs in the treatment of thim mtter of time, In the mora oonmon
simdabing devicer® there is a direct relation Vstusan the relatvive time the
computer givaas to each section of the caloulationa &nd the sctual duration
of the sams procosses. Thus a computer designsd tn aimulate the light of a
guided missile would usually computs-the ourves desoribing the position of the
similated misaile, amoond by mecond, junt am the missile should actimlly
prograsn aiong ifis irajeotory d;}ring the sarw tims interval; that 4a, the
hgomputsr tims" 45 the maing (Withiln o noalo Taotor) s 'resl tima.® This i
not the oamo in the present betilas In the prasent ouse, Battlefleld mctivity
in nusised Lo be completely atopped while the computer determines vhat the

naxt sltuation will be, Jumt as blis 3iouk M, ba sbtonned dundn

dundng » £
samn, A% 5Ph &9 Uhe oonputer has determined the next situation, 1%

imuedintely skips over all tha freal time! matually required fer the change
to taxe pince and "stopi e clookh agais ihile oalowlating the effects of

the most reanant ohange and seleoting the next courss of wotdon, Thie in this

¥ Uswally ANALOGER 5 mature.
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simulation of lattle, there is no oconneotion whatover botwsan "battlefield
time® xnd Wgomputsy timo, ¥

Tha ocompuler kesps the caloulationa of the various elemanta on the tattlew
$351d i 2 poomE Wine soquonce by the ues of vhat we will oanll "alarz elsck
wordn® ar Moloska® for ahorts Ignoring for tliy momenl cartain complisatiens
apdaing from gompromises mude in this 2Ivst 2oding of theé Latilo, the
troatmant of time; uming the Maldags olaslad gn 55 Iolidun.

%ach indepandent elamert on the boltlaflald ia zesigned a memory lusetion
for ita povconal alarm cleok, This olook must have in it the statament of
the time in the futurs st whioh the aspociated slamsiit expects naxt to do
aomothing; to move, or fire, or look fér & target. In order tc sdaleot the
next tank to be prooassed, the computer looks &t ail of thess '"olooks" and
finds the one sst to tho sarliest tims, It than asasimes that tims on the
battlafiald has reachad the valum of this sarlicst olook; it oxamines the
si&mtisn that the selanted oombat olement finds itself in, makes a desision
um to what the élemant doss at this time, how long 4t will tuks, AL
wpinterrupted, and finally resets tho alktm olook to the Yime when tho slemsnt
snouid be oonsidersd again by the compuler, In the proceps of consummting

the aotivity of the unit hatus btrentsd ib @y hiave to rafdjust tho olooke

of other units on the Gabtlefiald, Ae sotn ap the computer in through proges«
sing one unit, it asnrches thrc -gh a1l the olovka and selvots the naxt uplh

%o be processed, 1t continues thia pattern unlll the butile in over,

¥ This sontraut will have to ba tsken into moccunt 1f an atismpl 4s muds to
uss this typs of battle similation for a tralaing ~r ressayoh device where the
oourne of the machine onloulationa is fnterrupted mo that the operatlers ven
inpars oommand dacisions which have maning yelative Lo "real Lims,
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Actually fn the present battls sach unit is provided with Lyo alarm
clooxa, one governing firdng and another movement irom squars to =quara, A
special set of rules is usod to remcve, on tho avsrage, any ambiguity caused
by simultansous moving and firing. A more roasonable bre.ipsnt of thias

faatos axcesds tho oapmolty of the 1101 sammulsy,
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Anaiyais of Finjng

With tho method for caloulation of tho terrain fastor and battlefisld
tiwm established, it is now puoaiblo to somplete tho annlysio of [iring
bagun in a previous zsction., Reoalling thut the firing sotivity hy.a tank
1% rejrassnisd %¥ & systomatda, {ivo-3tap provosm, the caloulation of oach
atop gan now bo outlined for svery fank on the tmtilefield.

ftap 1 davelved a {taotloul) docisdon A8 to whother the partisular
tank wap on & fire misplon. Thia s acoomplishod ip. the prosent stude,
by u deoision meda in advance of tho mtual eomputations.

All tankn will firs, glven & target, ue toon ap physioally possibis
to do noj exoopt®

1. No fiving parmittad by nsssulilng tanks until one of their numbsr
retichos adge of Rad pomition;

2, or uatil tho olapss of 14 (hattlefisld) minutos after start of
battle, whichaver is exrlior,

Step 2 invelvea those oomputationn which 1iet all potentisl enomy
turgetn known at tho time %o the tank commandor undey oonsidsration. As
alrendy indloated, part of thiis aiap involves vetermining which ensmy
widte 1§ 4a_pogaibla for the tank oommander Lo seo by reason of cover
(olavation) and oongealinent {foliaye). Oller frotore fnvelved whilsk ara
troated in varying degrece of complotencid are:

1. Whioa ensmy unite have disolossd their pouition by fre or
mneuver to any member of the opponing side, Logethor with the olunces thab

11 wiite of either alde will share sush Mnowledge through thé radioe net.

Wiliis 1imitation was prinoipally a preotical ona, so am Lo atay wishin
the time limits on ume of the comjuting machine, When Piring wnw permitted
to starb with the onset of the aspault, the oomputer oaloulations wonsumd
an howr por battle, three times too long,
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2. Whioh snemy units have praviousls bean sotually noted ly the tank
vommander .

3, Whioh enemy units sre plaoing fire on the tank in question.

ftap 1 involyes selseting among tha potential targats that ons whioh
haa tho highest priority. The priority syatem used in tho presont battle
is, Crom the highest to the lowsabit

1. The tank whioh 4s firing at the shooter (random cholse if mers
than ons).

2. Tank which waa luat target.

3, Any tank (make random ohoics)

4o The infantry unit which is firing at the shootsr {randonm ohoice
if more than one),

5, The infantry unit last flved at.

6, Any infantry unit (mke rapdom choice).

8tap 4 involves establishing thut the gun has been relowdeé and is
laid on the target. Time has already passed suf{ioient for ths gun to have
besn roloaded and for minor adjuntments of the gun'a aighting before tho
tank was gelnoted by the computer for prooemadng. This hap been dadoribad
in the pravioun saablon on "Batilefisld Time,® iiowaver, if the target
pelnotad In Otep 3 1s » pay terget, then an sdditional tims delsy is required
vhils the Surrst A& tTAversod and tho gun mooupately leid ¢n targste In
the mensnt babtle, & constanb delay of & seconds im allowed for this when
wmoossary. In oane this delay ia requirsd, 8 ssvonds 1s ndded onto the
ipiping olook! of the siigoter and the computer stops computations for the

tank. When the tank is poleated agnin for firing, 44 will then have itw
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gw. ladl un teegot and will be able to fire immedlately, unidgas in the
meantins, the target has disuppearod Crom nlght, been killed, :r if
ppothor terwed of highor priordty has Lscoms knoun to Lhe ohooter.

24Ep 4 1nvolves the astiel Mrdsg, The main problem at this point is
to determine the sosvaot ki1l probability for the purtdcular set of
oirouvmatances, The kill probabilities are atored in the camputerts wemory
zad depand upon tha following 7 Laoctoray

1. Type of shooter (weapon)

2. Bhootsr mGVing or not

3o lypo of tavget (armor -- aize)

he Target moving or not

5. Rangs to target

6. Oover und ooncealmont of target (e.g., hull dafilade, i sdgs of
forest),

7. First or subssquent shot by shoatar,

Tha lant geotion of Stap & ocarrisd it 3 caloulationm:

1. Keers track of whioh targetn are killed.

2, Rendjusts firing oleok for nhooter's next fiving tuen

3. Daterninem whethei shooter han dizolomsd his penilion to enemy.

This oomplutes the gonaral desoription of the anlo Lirlng netion by
tanka, In the ensc Wlore an anlanlry undb 1o doing the firing, the ocompue
tatione are axaotly the mamo, although the intorpretation lo asomewhat
altsred 2a hap alvsady bsen dimounseds In the ovent that an infantry unit
in the target, Step 5 ia altered somevhat, If an infantry unil is vithin

effeotive smll Arma range of ehemy undts (M.O. on tanke or rifles and
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automatlo weapons of opposing infantry) thon the Infentry target is taken
a3 nlmost gortainly suffaring a fow onsunltios Af it le uesn. Thus, the
ey seotabilitino” beooms for infaniry targets, the {sotor by whish tie
affestivensan of thoir st ig deraded, rather than the protabllity of
their unit bedng deatroyed, An axoapblon might Ye Cor the cass when the
Blue infantyy units wre mounted in armorad personnsl oarriars, oXowpt ilat
in the prosent seriss of Yatiles the infantyy dismount befors the shoot ..

atartn,

Auaiyeds of Mneuvey

Tho gensral Factore which should influsnca tne movemnt of o tank or
infantry aquad from cquare to aqwire on tho battlefield have already baeen
disousasd, The division of tho batilefield into smail squares, 100 motars
on a olde, has boeh proposed. It remins to deseribs tho specified manner
in which the torrain factora, enemy aotions, and tastionl dsolsions ahall
influsnce the movament of tho armbat elements.

It will be recallad that tho ovor-nll minsuvar 2f {he foroen is to be
aonsidored an resulting from a large number of a oimple move devimionn
mdo repeatedly throughout tho latilo for onch comtat olement. Jumoh
slumentary move dsoision requires thut tha oomputer determing whioh of the
8 nsighboring #quares vnall Vo tho naxb wonitlon of tho corbat olemans in
quantionj alno allowing the oombat olemont the optien of remining in Ate

present positlon.

? ? t
e,
? Y
TAT
g
? ? ?
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To do this, eeoh of the reighboring aquares 18 asored saparately on
ity dosirable characteristice. HFor example, ono neighborirg square might
bs allowad 25 points Af movemant to that square is direotly towsrds the
taryain obleotiva, Another square might o giver a nscors of only 5 poinis
it movemant e thal aquare Ly off t0 ony eide of the ter:nin objestive, and
A aquare which ia oit the opposits alde of Uhe prament pooitlon away from the
tevrain objective would Le acored am zere, or aven nsgaiively, no fur as
aontributed toward reaching the terrain objsative is oonderned,

Thum A paries of #gores -- or ratings -~ is adopted whioh is to he
asagslated with aach aquare on varlous aocoounts of its posmsssing desirable
or undesirable terrain fealuros, or exposure to enemy fire, or any other
factor which 1s thought to nontribute to the desirability of movement to
that square, By totaling up wll thoe individual woores on different acocounts
for sach square, a number is sssooiated with each squere which is the higher,
the more demirable movemsnt Lo that squire at that partioular time appears to
be, at laast insnfar as the tank comnander onn deterinins, At this point it
vould be poaeible to have the compuler zslect as the next posilion fer the
combat undt, thub agivire which haw the higheat vating. It iy of vig smost
bneds sixniCionnse that. thin bas not been dona sn. \hie fenolbadity ptudy.

It ie spmeniial that the reaacning Lehind refsating this possibility receives
the moat oareful attentdon.

There sre sovaral differant resnons for raj=eting the above proposnl,
afd meveral differsni waye of looking gt those reusons. One way of putbing
it ia to sanert that all performengs data to Lo {ngektad inio the baytle puat
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Bub it should bo cleny that, vers a nunber of different tank sdfmspdars pur

in the sure position on tiie babtiefleld, under idunbloal divevnmeisnuse ng
far an they could be dobtermined, all the men would pob ohoosa hs par: zama -
(or oven the same general direction) me thedr next ponliton, Yeg &f v
somputer givays oboosan thab square whloh aoquires the higheak rating,
throughout mny diffarent buttlen, 1t would be naverting that Ll ygr vouldt
de the samee This, the vatinge cowid noi be aompletaly detepmingd by axpmpi=
mant, nob even in prinoiple, since -n the gxpariments there would aursly 1y
soma variation in cholon among diffarent men.

Anothor way of looking al the eas probiom in to asnalder ¥lisl waulg
happon Lf there waire 2 squarva in quits differsnt direations whioh het
nearly the samo totul rating, s.g-, dilferad by only 1%. I the guoipates
always chotia the aquare with the highost rating, then this la tustameint to
aseeeling that the rabing numbers nfe_we-dgzutatady known tmb.ih 44
reagouably certaln whioh is iha mors dypirable. T% wiild peer to L warly
optinistdc to azssrt ihat experimsnt dn (or hiaaarg of) uiwh & eomplee
matter sould uver produce ansusba wiih auoh Gertaintys

& -third way of 1ogking At tils mmtter in to conday whatlisy 1L Wy Le
1m w.i bo-dalarming the luflusncs- on the milaoie of i WWebls of o aoun
andumd degraos of variabllity in the poppensa of 145 32 Wild EATd RILRELN.
Thus 1t might ba argued that wenpen system A in betler thnn wanpon -y rei I
booatine A funstiona baiter with mop who have veceivad only 6 wonths « * tradibing
than dosa B, #lthough 40 all men could vessive G yasrs <f Ysatuing | wand
the bettsy oholoe, In other words, tho extent of the wariation in tin
paspopee of ddfferant vehisdss Lo the som afvwation might by coutddpiad na
related jp pivt to the horcughness of tyaining.

t
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Zach of the ihree points of visw presentsd abors points towards ths
1t; 23wicy of <he system vhere the ccasuter alv=yc chensas that sqimre
) sh ssapives tha hishast ppiins, The sizplest 2lizrmative to such a ;ale
S 0 SANBAES camGer Yo ARISTIEYS. Wi TAMMAC nucbers a2 the relative
o meAMEisE il Vilsh o5 SoWRs WAtRenc. () Shozes JEs Dagl coaiticn
Siv i lia Adliaapk pauares. Thie 1s viai is dore in tie preieul =tudy,

i the Giuer hand, there will undoubledly te some situktions vhers It
1s dasirabls to resove sven a slight chance of #5ving into sove fart’s.lar
#ara.  This 1» acoomrlished in the present tattle by allewiny pagaiize
ravings Lo te aisiqoed for certain specisl situations. 1f thuszo negative
wrlpas ave made 12vge enstgh they can certainly cansel out gny pzsgible
peitive score the square might acquirs f{ros other ccnsideraticnn. The
oumputer then is insiructsd to consider only posjtiye ratings as a valid
relative probability, hencs thers is no chance of seleoting that (negative
walus) squsrse. ‘

There is also the possibilily of suspending ihe 36&,!..:-0 rating process
in emerganyy vassa and mking seleation of a particwlar zquu'-o‘a certainty,
75nis han bean done in the present tattle for the u;'fec;ai or8s “hers & infx .
146 Aupl ioved from s covered (or concealed) powition and has besn firud cn.
.a "#i# Sass the tank glwayp returns to the covered ponition.

Thun the methodology im Zlavibily enough to perait considerable modiri-
vadlar af the mavauver calculations should that prove desirable for apsolsi
' RA0R:
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Sapprizing, ¢ x{litary situatios has beea dascrited vhick results 4n
2 zzall coctal action mraling the requlremsnls developod in the introdustion.
The ccadat soticn 1tself hap beeu disssciad® into samll ploces of terrein end
coxlat actixnn, A& sories of [recles caleuiaticas end decis®nns heve bzou
proposed vhick, iakss Opetner, arse & systomtic meana for calculading Ui
outcous 4F aszh acparate slosentar, sonint aotion of ¥FIFL and MANEUVIR,
Fioally, & syaisa for !Ssping 4razE +f ke pmgssgs of latblafjeld tize has
tasn descriiss visoh will psrmit the cosputer to Xeep a sensible saqustice

in the ordsr in which the sofarate elessntary contat sotions ars cozputed,
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RETILTS OF TE:T BATIES

SeEviils ui Ui Leial caicalaijons sre requirsa feor twe pirpIssci

(a) 75 ostabiish the coread® of battlo cutcomes deriving from thae
natare ¢f the motel of battle, and free: the sprony ¢f rosulls tn agsess
tha atacfaricesl reliability of svsrard battle rezuits,

(k) To estebiish ihe conpitivily of the average Letils cutcnw o a
signifizant aiwration i ths jeifumnatics characterisiice or tne Hlus ¢.ndb<
only.

Sz Lhasa tun ngranstars acs 4oiorained it is cessiblz to apscify ths
nurdior of repotitions «f the bet. lo that are requirsd to indicate, for In-
atance; liw bettar of tha tuo tank dosigns.

Tha principal rosults of the trial calculations are applied in thio
section %o this detornination.

Spraad of Battle Results

The woat basic characteristic of the model of battls dascribed in this
momorandun 1s the influonce of the play of chancs that is included. Fipgurs
3 shows the variation in the nurboer of tank casuasltiss suffsred by the Bluw
oide, aguippod with msdium tanks, in 50 battls ealculations that differod
only Wy virtua of s play of chaneé, This fieire almo ohows the variation
in Rod TanK losses (T-)4's and SU-32S'2Y during thoe game 50 battles. Ale
thoughi on the average RNed sufforad 7.1 tank oasualtiss por tattle sompurod
to Dlug's avorapgs losses of 10.h, 4t 43 svidant there wore many departurec
* "gpread" an uacd here 1o equivalent to tiho stardard daviation of wne
diztritution, For normal distiributlonu thia 13 ths intarval about tho mean

which includes &3 raroant of the cases. Tablo 1 give the sproad of all the
vanuslty distrihutions presentod,
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frim this averagd. Figure 5 snms 3hml 3n f of tha 50 baiileg tho Red locses .
ware actuslly larger than the Blu¢ losmios. This fact iz indfcated in Figuie
S by tha & pointe above tha dasted line, along which .9 losces on hoth sides
aro {dontizal,

the nuawor of Fotliad wers IntGroased beyond 50, tie sprosd in Lank
Y5595 Lmideaied my Fipure J woald 4n all Jikelihoed not Ye changed signie
ficantly. Thuro 3z only ) echance in 100D that it should sary by mups than
plus or »inus 30 parcents Monco ihs dopree of aproad in tho romuelte is malaly
characteristic of tho batile nodel and tho rorforsmanco Jharastoriaties of the

man-weapon toarms alane,

Testinpg Compating Tank Designs

Tho important corollsry to the spresd in resulis sffscted by any rdven
vwoGpon dosign 4s the conocomitant nurbor of timas tha battle computations must
bo rapsated tu reveal differencus among cuipelisy lonk dosigns.
To investiynte Lhis Ceatursz of the motliodolopy; 50 additional battlec
wore computed for the cass-whave the Dlue madiws Lanbs usre ssplacsd by the »
saxe numbg) ef hypothotical light tanks. A1l othor fsatures of iiis battle
situation remained as holore., ¥igurs 6 shows the giatribeiizs <7 4e gumhgy
of tank ocaswtalties oxpsrioncdad by both sides in this seuosd geidas of Latiles,
On the average, Red lost 8. tapks 3n saoh battle, whereas Dlue lout an . ‘orage

of A,5 1ight tenks pev betilds. Thus, uaesd ¢h 4.6 avsTage numuer of tank

=

oazualbine glond, the Dlue hypothotdeal light Lank was more offosbive than

tho -Blue medium tank. I parbdovlar the averape offectivenosa vatdo™ for the

* A Gimpla dafinition of twik effealivanoss hay been used by V. Moltas and 4,

foox in ORO=T«Z78, "Tank-vauTank Combat in Kerea." Thare, tank efloectivenesa

vas dafinad an the ratic of the averara numbher of anemy tanks killed Ly each E
friandly tonk to tho averspe numbar of friendly tanks killed by oash aenemy

tank, Othor dofinitions of offectivensss nave boen Fropsssd, including oost
affaobivonans, v'-ol inocludey the elemonts of production and logistieal vosta. .

1.8
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Blue modium $ank battlea was 0.6 (to the dipadvantaps of Blue) wharess for
Lhe liypethatical Dlue 1dght tank tho effscliveness rxziic was 2.1 (to the
advantage of Blua),

It is av this point that tho dogree of sprosd in the numbur of tank
czsualbies In tie various buttles must Lo conaldursd. The two offontivancus
vatlos 0,61 and 1.1i caleslatud aliove are statdsztical agnrovisuations to the
lgorrecl” valuaa that would have boﬂn"p'roduc-d had the babtle compuistions
baan repeated an "infinita"™ numbor of $imss. Thua ihwis 15 always the
chance, howaver remote, thai hoth thege numbers are so much in srror that,
in fact, the Blue lipght tank is actually less effective than the DBluo moddum
tank, It 3z posaible to reduce the risk that such an errciscus concluaion
would be drawn to any siZe howsver small, at the oxpense of incroasing the
aumhar of tost battles,

Application of standard statistical tests on the reliability of theseo

 +=Lunt reyuit shows that tia odda ara overwhelming against (bettor than

360,000:1) the posiibility that eithar one of the two seriss of 50 battles
ingorrectiy idenbified ihe winning aide.

The conclumion 4iF that a sumple sixe of £0 battless wer aullicient to
denonstrate the superior killing powers of tho Red tanks in this serdes of
battlen, Indssd, & subatantially reduved numler of yapetitions would probably
have. baen aneaptabls, Plias i atows what Lhie average logses for tho Dlue

rediuid tanks would hiiva baan had the battloe calculations boon atopped aftoy
anch of the 50 battlan in turn, From this figure 4t 4s found that the

® For practical purpomas, "infinite" oan be taken Lo maar & very lavgs
n'\lmeX‘, 30“0, 1,000,0%0
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computed offactivenos= ratio varies by msly atout 33 poresnt so the nusber of
hattls sammutatiens s dntrsassd Geyond 0. To ig oviooni that sequantasl
sazpling techniques may bo applied to minimize the guantity of esleulubions,
Tiha pravicus disousnicn dees not rejuive that the distributiona of tank
Joeze  ghgwn in #aeros 3 and 6 Lo normal, However, in view of iic nnesued

aEssier of the distritubdon aof Ked cagwaitden aliown dm Fipurn 3, = Loat on

gives thid cesulty shown in Tabia 1. Tha rasulis shew that 23) foup ddstels

* o1 tiGTe Were

butions are well within tha 0.0% lavel of algnificanva.
sorious voncern rogarding whather those diatribubions may btu approximated
by normal orrer curves, thon sn appeal to statistical rigor could only ba
oupported by the reswlts af sdditisnal somputor caloulations.
TABLE 1.
STATISTICAL TESET off THR SIGHIFICANOEZ OF GBSERYAD

DEVIATIONS FROM NORMAL ERRUKL CURVE FOR FOUR
DISTRIEUTIONS COF TANK CASUALTIES

Frobability of observed
Mesn Standard  doparture from normal

Catogory lossas Qevinbion curve by chanoo eloqg_w_
Blus madium m.hzg/ 2,32 0.95

tank batblos  7.08% 2.7k 0,36
Blue Light o.hag .5 0,21

tank batsiss 8,16 1,64 0,29
8/ple (Pig. 3) Y Mug (Mg, 6)
Yhed (Pig, ) Vnp3 1714, &)

Pouptnon additional Lattles were compuled for the cnne wharo ths filue

foresn wors equipped with & hypobthsbical hoavy tank. The Blue foroea wore

¥ 80 long us the probabilities are preatar than 0,05 that the obsorved dovias
tion from a normu& curve could be due Lo cliuncy alona, tho masumption that
biio distrdbutions ave norani lo tenable

s ar et
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the winners in terms of cesusliies in this sories of bLattlsa, iosing an
average of 5. tanke poF batils compared to the average Mod lonsss of 8.8
tanks por vattle. The sample aivs of 1k is so amall as Lo onst doubt -on
tha valiabiiity of the resuits howover. \

The osneluadon 4g thah & serdes of 50 battle calcvlations for each tank
design may ba axpeated to be sufficisnd to ddentily tha superior tank design
features in the prasent instance when signifieant variasdons in rn.jor tank
dagdgn faaturen are uznuped,

Discussion of Hesults

It must bo emphasived that the superiority is stuted only in terms of
some buttle result ihat it has bYesn agreed will ‘Indicate superisritys Clearly

there are differsnt wspecta of superics performanca, For exampls, in the

_preceding calculations, relative tank killing powsr hag Leén uaed as indicating

superdority. Other factors aculd have:bason naod in its place., Thus, superior
Blue. porformunes could have bean riassured solely in terms of tha-destruction

of ihs»Rad forcen regardless of the Dlue lossss sustained in Lhe abttack. Or

aupapior Blus tank perfcrmance oould have hmon taken ua being indicated solaly

in torms of the number of Dlus tanks that we,: obi. to reach the terrain obe
Jeotive, v any combination of thesa features Seur,i have Desn wi2d Lo mesdine
aiparior parfornances The purposs of this femaibility atudy 48 nob to fois.. -~
the oriteria of superior perfer«anis bubt *o T8, 9 wedls for admulating
battle -s0 as to-peimit ddentiCicatdon of superior parformancs onao &b R&. ~.s
defined,
flondluaion

Tho Monte Osxrlo teolnique enablea a vary layes numser of Liattls Luotora
to Le Jptroduced dnto a faasibile analyaln of the porformance of altarnative
weapons and waapona systems. The number of bathla favtors warrante trsignss
tion of the computing aystam as a battle simulater,
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