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PREFPACE
25 Jau 19%6

The point of view exprameed in this paper is that of

the author - not necasssrily that of The Infantry School
or the Department of the Army.



 INTRODUCTION

_ .Tﬁe astimate.of the situaticn 1s a tool providea
cogmmandere of United Stetes military forces toc aselat them
in decision making. It is by definition *... & logical and
orderly examination of all the factors affesting the
acoomplishment of the miasiqn to determine the most sult-
able ccurse of astion in arriving at & deéiﬂion."(ggvs)
The satimates is baeed on enemy capabilities and as such
is conesrvative. While implicit to the system; ne fore
malized methond ia prﬁvided for sxsmining the possible con-
sequencea of deviations from thils conservative appfoach
nor 1s any formalized approach prbvided to insure the coma
pleteness of the estimate,

The eatimate ig based on logle., Mathamatics ip
loglec in its purest form. Here, an attempt will be made
to apply a mathematicel system to the eatimate of the sit.
uatior in order to firet provide a system to aid the
commander to insure the completeness of his estimate, and
gecond to provide gome information on the risks Inwvolved -
ané the gains thet =may be reaiiged from deciaions not as
conservetive ne those resulting froem the estimate of the
gituation.

It is bBelieved that tﬁe methéda sﬁown have =ame
application at all 1evgls-of command but particularly '
at the small unit level, The methods are notﬁébmplole,i.e.,
they are not always applioable nor do thay provide for every
situation. It can be sald thet if'thﬁ methods ﬁo'nbt &DPply,

1nuuffioi-nt information 1o nvailiﬁl.hupon which to hasa s
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deoision, Howersr, such may often be the case,
The -mathematidai-’_tbmdnnlogy used is that of game
theory(5) and the ideas ae to itw application those of

Haywood (4:365).




DISCUSSION

T - THE METHOD

74 introduce some of the termonclogy to be utllized
and the genersl nature of the mathematice involved, con-
pidsr the following highly ideallzed sltuation. A rifle
compeny as a security force for a larger unit mow beginn-
ing orgenization. of an important terrain feature hae been
given the misalon of providing sarly warning of enemy
approach and has been inatructed to orgsnize & delaying
position forward of the main battle position. The
battalion cdmmander has”empﬁasized the importance of
timely warning but has authoiized the uge of only one
squad Torward of the blocking position. The remainder
of the company is to be utilized in the preperation of
the positién. Upen consulting a map (see fig.l}, 1_'.he
company commsnder finds thet only two widely separated
avenues of approach lesd into the b#ttaliau sector and .
that these converge on his hloeking position. He further
gees that the nature of the terrainm dletstes that his
squad be used as e unit. The left approach 1s sultable
for armer and infantry énd is fairly open. The right
approach ia rugged, wooded, snd suitable only for infan-
try. The visibility at present is limited. The S-2 in-
forms him that the approaching enem;y. is of estimated
battalion strength and may be supported ﬁy armor, He
further stal~s that friendly aerisl reconnaissance im
ineffective, The visibilify ip_not'e:paeted to shangs in

the immediate future., The problem - whara to asnd the -
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reconnalssance squad to insure the earliest posslble warn.

ing of enemy approach,

Lo W

=D,

Bfock‘l.ng Position

Fig. 1

The estimate of the situatiom with regard to the
employment of the reconnaissance smquad might loolk some~
thing like thie.

1. MISSION, Provide early warning of enemy approach,

2. Tuf SITUATION AND COURSES OF ACTION

General situstion as given above. Friendly
courses of antion are limitad to two - left route
. or right route for the reconnaissance squad. The
enemy on the other hand has three poselble courses

of emotiom, 1.e., infantry only on the left, infantry

and armor on the left or infantry only to the right,

3. ANALYSIE OF OPPOSING COURSES OF ACTION

¥ith two courees of actlion for the frlendly
mguad and three for the snemy main body, six sutconmes

aTe possible, Figurs 2 showe these and the conse-
quences of esch In Lerms of timz of warning. The
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Friendly

1 -~ sgd. to the left
2 ~ Agd. te the right

A

Eese of travel for fr.
sqd., and ease of loca-
tion of enemy,

1 _hour warning

¥r. course of action
Bn. course of mction

Courses of Action

%1
2
3 -

Tnp,

%

Pr. course of
En, coureges of

action #1
sotion #2

Eare of traval for fr,

eqd. En. not detected
as easily as with armor.

50 _min, warning

= Inf and armor to friendly laft
= Inf only to friendly left
Inf only to friendly right

Enemy

N4

5

Pr, courss of sotion
En., ¢ourae of action

Fr. eqd, on wrong

route, En. almost on
blocking posltion be-
fore being observed.

10 min., warning

2
1

Fr. ocourse of action
En. course of action

Fr. eqd. on the wrong
route. Bsoause of open
terrain and noise of
tanks, some warning
given by men in block-
ing position,

20 min, warning

T

sourse of action ia
course of aotion #2
sad, on the wrong
route, Besause of open
terrain, some warning
given of en, inf by men
in blocking position

15 min, warning

¥r. course of actlion
En. course of action

8qd. on right route

#2
3
‘but because terrain
diffieult, not so much
warning ss similar
meeting on left flank,

45 min. warnip

Fig. 2
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timenm are relative, They are introduced to
$lluetrate & point, It is not intended to iaply that
the rifle company aommandef would know these times down |
to the minute,
GOMPARISON OF OWK COURSES UF ACTION

In eending out the reconnaimsance patrol, say
to the left, the company coumander sould only sesurs
himself that ome of the outcomes ehowr in the first
row of fig. 2 would take plane., If he sent the patrol
to the right, he conld only assure one of the outcomes
in the second row. Nelther of the opposing commanders
could select the exact outcome, Each could only choose
the get of outcomes that would be most desirsble to
his foree, Our compamy commander would choose the
right patrol route for thers he assures himself at
least fifteen minutes warning, Thie is in accordence
with the terrain, weather and ensmy capsbilities, If
he choose the left route, he might get one hour warne

ing but on the other hand, might get only ten minutes.

A better way to organize the information of fig. 2
would he az shown In fig, 3, The courses of action are

mumberad az showm in fig, 2,

Enemy Courses of Aciion
Friendly Courses #3 _#a 3
of Actiom:

#1 11 hour |80 min, 10 min

#2 20 min,|15 min,}45 min

¥ig, 3
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From the friendly commonder's paint of view, he im in-~

terested in the least or minimum amount of warning time

that each couree of actiom offers him, Then he chooses :
the course of acstion that will give him the most or max-

jmut of these minimumse, He seeka the maximlin - the max-

imum of the minimums. From the encmy conmander's point

of view, he is intereeted in the maximum warning that

can be given of his approach for each of his courses of

action and chooses that course of actionm that will wmine

imize those maximume, He eeeks the minimax ~ the minimum

of the maximums, These concepts are shown in fig. 4 by

the addition of = row and a column to fig, 3.

Enemy Coursar of Action
#1 #2 £3 minimm

1 hour |50 min. | 10 min, | o min, maximin:

Frienidly Courses
of Aotion: #1

#2 | 20 min, |15 min, | 45 mim, | 15 min,| 15 min.

meximm | 1 hour |50 min, | 45 min,

minimax: 4% min,

The maximin is 15 min. Thersfore, the better
course of astion for the friendly commander
1g #2. The minimax 18 45 min. Therefore the
beet course of action for the snemy covmands
er is #3.

Fig. 4

It is to be emphamized that the numbere used in the problem
wers used for purposes of illustratiom, although In such a

situation 1t would not be unremsonable to tack a mumber to

sach possitle outcome,




ERREAE B e T T

The provlem could have been as well handled Yy using
the statements of the peseible outoomes am shown in tig. 2;
ordering them as to their desirsbility, and them comtinte
ing am wap done =bove, For fig. 4, the minimun for friend-
1y course of action #1 would then have been:Friendly Squ ad
on the wrong route., Enemy almost on the blocking poeition
before being observed; and for friendly course of action
#2: Friendly squsd on the wI'ong route. Because of open
terrain, some warning given of enemy infentry bty men in
blocking position.The meximin would be the second of
these and indicate a proper cholce of course of sction #2,

In analyzing the enemy courses of action, it is
masuned here that what is good from the friendly point of
visw is egually bad from the enemy point of view, While
this may not alwaya be trus, in general it holds, e.g.,
our capture of a defended hill fs gonsidered good, whila
to the enemy the loss of the hill is considered bad snd
sach to about the seme degree. It 1s of interest to note
that in the lest exauples the enemy's beat couras of
action is the same ap that of the friendly commander's,
i.e.y to proceed along the friendly unit's right flank,.
However, if either commander knew what the other wam go-
ing to do, he could improve upon his situation. Such would
net be true 1f the “number® attached to friendly course
of action #2 and enemy coursc of action #3 (see Tig, 4)
were changed to "15 minutes.® The maximin would then squml
the minimax and we would have wvhat might be called maioh-~
ed coursen of action, When we do have matched aoureer of
action, knuwledge of enemy intentions by either commander

10




would have no effect on hie decision. Usually, howewsr,
knowledge of enemy intentioma will certainly be of walue.
Some conslderations along these linee follow.
II
A Veristion

The eptimate of the situation ms a doctrine, am was -
stated vefore, is based upon enemy capsbilities, not enemy
intentions. In effect, 1t is aswsumed that the enemy will
digsover the friendly decision and mske the wigeat use of
his forces in countering it. Without doubt, if correctly
arrived at, this doctrine will provide for the greatest
seourity for the friendly command in the carrying out of
its mission. It may be, however, that the aituation is
such that if some ricks are taken, grest gain may be real-
ized, In other words, scting upon enemy intentions rather
than ensmy capabilities willl, if correctly done, reap
tenifita in moat situatiomm. Also, it may be that actiom
upon enemy intentione rather than enemy ceapabilities is
required because of the lack of combat strength to meet
ail of the enemy s capabilities, An example of thie type
of eltustion was met in Kerea where friendly forpee weTe
often greatly outnumbered by the enemy. General Michaelis
often of necessity had to leave hisg front manned only by
skelgton forces while he amployed his strength to mest
expooted attsoks to his flanks or resr. Time after time
he was correct in his analysis of ensmy intentions as he

had to be fer his regiment to perform ite misslom. Along
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A Renger Group consiating of the 24 and 5th Ranger
Battalions wee to lznd at Pointe Du Ioe, France some four
miles west of Omaha Beach on D-Day, & June 1944, The group
had a dual mission, the first of which was to neutralize
& battery of 15%mm howitzers which it was expected could
oauge consliderable trouble if allowed to fire on Omzha
Beach. The second mission was to eatablish a block on a
highwey which ran roughly parallel to the shore lime and
iay approximstely five milem in from the sea to deny the
uge of this vital road to the enemy. The initisl landinge
were aocomplished By the 2d Renger Battalion and after
scallng one hundred foot ¢liffs, the rangere set out
to accomplish their miessions. As their training dictated,
the rangere did not welt for organizational units to be
formed, but as soon as three or four men had gathered,
moved out, As & Tesult of thiaz, within a short time after
the landing a heterugeneous group of rangers and un-
believably, thres troopers from the 10lst Division wheo
had miesed thelr drop zones by about fifteen miles, had
gathered to get up the roadblock. This group of about elxty
men wag later reinforced by =« platoon of the Hth Ranger
Battalion. We wlll concern ourselves with their actions
on the night of 6-7 June 1944, The senior officer present
waes & Lt. Arman., While there 1s some doubt as to the actual
leadership of the group, it ie assumed thet thg egfilor
officer commanded and that the decimlions made ;;re hie,.

In particular, the situastion wam me follows,
It. Arman with m total foree of ciglibv fivs men had
12




| a miseion of establishing a road bloeck ¢n the Grandoamp
road. The men were clements of two ranger battalions and
the 101st Div. The terrain was fairly flst with individual
fé1lds bordered by hedge rows .[pee fig. 5). The exmot an-
emy strength wae not known but prebably consigt=d of major ‘
portione of the German 762d Infantry Regi-=nt. It. Armonte
force was not supported by outslde fire gupport. Hle auto-
matic weapona were made up of eight BAR'B and three
captursd enemy machime gunm. Enemy activity had been

noted to the south snd southrsest and also to the north.

1t. sirmon evidently reasoned that his roed block had little
hope of murvival if he attempted to couater all eneuny
capabilities, i.e., attacks from the south, southweet and

from the north. His analyeis of opposing courses of =otion

in arriving et hie decision was probahbly pomething like
that shown In fig. 6.

The maximin ie; some reslstance offered but road-
bleek overrun. The minimsx on the other hand is; road-
vlock may survive. The maximin is not equal to the minimax.
This difference inuicates that the friendly commander can
improve his sltuation by either defending only to the noerth
oT Lo the south and mouthwest, Lt. Armon choose to defend
to the south and southwest (fig. 3). A¢ & metter of intera
est, the enemy did attaok from the southwest., The ranger
forge held for a time Tut finglly was forsed to with-
draw to the morth to Join friendly elements at Polnte
Pu Yge, The point here is this: it the maximin is lesa
sssirable “rom ths friendly point of view than the minimax,

13
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Enemy Courses of Action

(iv"“:. A 3
D b /
A
#1{North) #2(3 or 8W) minimam :
ome resistance Some resistance Roadblocﬁg_
#1 pffered but rosd-| offered but rosd-| overrun Maximins
lock overrun block overrun BOME Te
foadblioak Roadblock may KoadbIGSR eistance
:zizggiy #2 rverrun surviva OVerrun |y ¢ road-
f Action Foadblock may Roadblock Roadbloc Bigiﬁun
#3 jeurvive overrun overrun
cadblock may Roadblock may
maximum |[survive purrive

Miniomax; readblock may survive

Friendly Courses of Action;
1, Prepare to mest attacks fTom ¥y 83, and Sw
2. Prspare to meet attacks from S or oW
3. Prepare to meet atteok from X

Pig, 6
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then & course of action based on enemy intentiona rather
than ensmy capabilitiés may offer greater rewards than the
course indicsted by the meximin., of course, & risk ls takean
tnet tne result may be lese depirable than the safe course
would offer. In the example just analyzed, this conclusion
is obvious. This is not always the ocase and without act-
ually determining the meximin enéd the minimax, the bent
solution may be overlooked,
IiI
Further Vailatlons

In the lmst section it was shown hovw ths minimax-
maximin concept may have value in a aituation where
frisndly combat strength is insufficient to counter all
enemy capebilitles, Here, through mnother example, it
will be shown that for a glven aituation, the risks ine
yolved in deviations from the congervative solutlon can
be analyzed, The example deals with a battalion but the
situation deplcted is basically that that faced Bradley
1n 1044 and is desorided by him in A goldier's Story (aisvg);

Haywood {4) hap enalyzed predley's situation and the
mathods used helow are based an hie with some modification,

gituation: Friendly forcer have achieved a penetra-
tion of the enemy MIR snd the reglmental Temerve {2d Bn.
olus the Tank Co.) has been committed to explolt the
socens, For the gensral situstion - see eketch,figs 7.
The lst Battallon commander has been given the mission
of protecting ths pap ghould it be attack or ef -
flioting maximm damags on the enemy Pattalion should

15




Flg. 7

that battalion wtthdrgw. It is considered that the enemy
battalionts praaeng??t¥:zlenable. The lst Battalion comman-
der 1k faced with the problem of positioning his company
now in reserve, Hle courses of action are the following:
{see fig. 7)
. 1. Move his reserve to position 1

2+ Move hlis reserve to position 2

5. Move his reserve to position 3
The enemy battalion commander's courses of action are
limited to two:

i. Attrok the gap to cut the supply line

¢f the explniting foroe

2. Withdrsw

The six possible suicomem are shown in fig, 8. It i= seen

that gourde of &¢.ion #2 is best for the friendly commenda

or and that ensay cource of action #2 1g the better for
16 '




#1

Friendly Courses #2
of Actlon

#3

maximmm

Enemy Coursaes of Actlon

#1{atk. gap) #2(yithdrew) minimom
ap Bolds. PoOT | Pr. forces da- |gap ho
pen, for pursuit; pleyed for atk.|poer psn
when atk, fails,| on gap - weak
pressure on el. mximin:
withdravwal. gap
fap nolds, Dood | Moderaie prese | Gap fo olds -
ipan, for pursuit, sure on en. good pandfr.
when atk. fails,.| withdrawal, elma, in
gaod
_ psn. for
Fap cut. Ree Heavy pressure Gap cutJpursnpit.

opened after
etiff fight.

on en, with-
drawal.

ap hoeldB. ET.
unites in good
men, %0 pursue,

Heavy proBpsurse
onn en, with~
drawval.

minimax: hesvy pressure on enemy withdrawal.

Fig. 8

the enemy commender. Here agaln, as in the last example,

the minimex is not as desirsble to the friendly command-

er as the maximin; sro the friendly commander can do better

17 he

3 ERw

risk would be as followss

1s willing to take a riek., One wey to examine the

If the ensmy knows our cepabilitlee, he will

withdraw. The enemy is intelligent; therefore

he will withdraw, and the friendly course of

sction should be bamed upen that premise.

UrTortunately the enemy may not cooperate. There is a

petter wey to investigate risks. First 1t is necensery

to order the possible outcomes as to their desirabllity,

This ordering for the abtove example remults in the
b




followling:
1. Heavy pressure on enemy withdrawal
2. Moderate pressure on enemy withdrawel
5. Gap holds, Good poeition for pursuit when attask
failse
4. Veak prevsure on enemy withdrawal
B. Gap holds. Poor position for pursult when attack
falls
6. Gap cut. Reopened after stiff fight
With this in mind, consider fig. 9.

Hesavy preasure un.
enemy withdrawal

Moderates pressure on enemy
withdrawal

Gap holds, Good pen,
for pursuit

Weak preseure on
enemy withdrawal

Gap holds. Poor pan.
for pursuit

Gap cut. Reopened
after fight .

Fis. g

Pig. 9 contains the ssme information as fig. 8, The
vertical lines represent the friendly courses of action
and the "blocka® (w) the outoomes far sach of the twa
snemy courees of action. The bottom blook on sny of the
vertical lines represents the minimum that can be expecte
#d from thai course of action and the top dblock, the

is




the maximum, e,.g., for course of astion #1, the minimmm
is ®"Gap holds., Poor psn. for pursuit® and the maximum
*Weak presaure on enemy withdrawal.* It ie obvioum fTom
the figure that course of sction #1 offers no interest

if a risk is to teken for there is mothing to offer here
that is better than the sefe course of action, #2. Course
of action #3 doep offer poselbilities fer gain over that
of #2. It would seem desirabls if some course betwsen that
of #2 and #3 gould be found, say at position *X" aa

ghown in fig. 9, Thie in effect could he done if a flip

of a coin were allowed to decide between courses of action
#2 and #3. If thls were done in a great number of combat
pituationms, 50% of the time an outcome would result no
worse than the minimum outcome for the safe decision. Part
of the other 504 of the time, an outcome would result that
would be better than the meximum of the safe decislon,
This means that in the long run more successes would dbe
realized tham if the sBafe approasch were alwgys taken., How-
ever, lospges would also occur that would not if the mafe
approach were always adopted. Probabllity-wise, more

extra successes would be realized than extra lossem, For
the exampls above, allowing fate to declde between sourses
of aetion #2 and #3 would result in a probabillity of .5
that a result no worse than "gep holds. Good psn, for
pursuit® would occur snd a probabllity greater than .5

that a more desirable result would occur.
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CONCLUBION

The Khtimate of the situation ie a valusble tool
provided & cormander to aspist him in decision meking,
flowever, withnout further formaslizatlon there 18 no assur-
erice of completeness of the estimate nor is any method
yrovided to investigate the nature of rlsks it may bveo
desired to take. The methods of game theory provide
the needed formalizetion and alse provide a scheme to
{geure that if a risk is to'taken, tiat the greatest
ghanece for success is not gverlooked nor the true nature
of the risk ignored. .

In partioular, the minimpx-maximin concept provides
the formslization., Thle concept points out the best course
of action based on the terrain, the weather and enemy ORP=-
abilities. Further, the conoept combined with an ordering
of probable cutcomes as to their desirability provides
& method to select & course of actlon other than the most
conseryative and yet that offers the highest provability
for sucoesB.

The author wishee to go on recerd as not favoring the
making of decisione based on the fiip of a coin, Yet he
realizes that necessity or other reason will often dictete
the taking of a risk and sees & need for a formal method
of amnalyzing theese ricks, The method used in thie paper
to introduce certain ideas wae that of example. Howewer,

mathematical proefe of these are available,
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