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In the modern analytic v/ar ß/me, a military situation ie simulated
by deacribinf; the conflict in a mathematical model and carrying out tho
"play" of the game by computer. Tho traditional methods of tactical
analysis are blended with the relatively new methods of mathematical
simulation.
This thesis has been written with the purpose of familiarizing the
military officer with this new and promising analytic tool.
Internal features of the game, which should be understood and
appreciated by the military beneficiary of war game results, are
examined.

These include mathematical approximations, assumptions, and

simulated decisions using the Monte Carlo technique.

Some guidelines

are suggested to assist the user in determining the meaning and relevancy of war game results.

The objectives, appropriate uses, advan-

tages, and disadvantages of this analytic technique are discussed
from the point of view of the game's usefulness to the military decialonmaker.
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WiKFACE
The analytic war game, usually play«d on a high speed digital
computer, is becoming an accepted, though controversial, aid to the
military decisionmaker.

The purpose of this thesis is to attempt

to collect and condense information about, and aasess the usefulness
of, this relatively new approach to military analysis.
It Is Intended that the treatment of the subject will take the
point of view of looking at the value of this technique to the military planner who must make use of all available methods of analysis,
even though he may not have had an opportunity to tacplore each method
in depth.
The ideas and opinions distilled in this report have been drawn
from current literature in the field, from formal courses in war gaming, and most profitablv,

from conversations with military officers

deeply concerned with uses and misuses of analytic methods, and civilian operations researchers who are involved in the solution of military problems.
The author is indebted to Professor Alvin F. Andrus for his
expert guidance during the preparation of the tliesis and to Professor
Rex H. Shudde for his thoughtful review of the final draft.
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CHAlTKR I
IKTROnUCTIÜh

The purpose of this thesis is to present to the military officer
a critique of analytic war gaming in light of its contribution to the
knowledge of modem military strategy and tactics.

'<hile this subject

has been explored extensively, there does not seem to be much formal
dialogue directed to the military decisionmaker, who must make operational decisions based on results of mathematical analysis.

The under-

standing and appreciation of each analytic method is essential to the
making of better military plans in a volatile world situation.

This

paper is an attempt to partially fill this gap as regards the particular methodology of war game analysis.
2,

Concepts and terms
In any mathematical analysis, it is assumed, or at least believed,

that the relations involved in the real system can somehow be quantified
and abstracted.

This abstraction is called a model, whether it be a

simple addition equation or a series of complex formulae attempting to
describe interactions between nucleons.

The model has been described

as a symbolic representation of the domain of phenomenon under investigation (5).
Simulation.

In military war gaming, this symbolic representation,

or model, is a mathematical image of the military setup that we are
trying to learn more about.

We can vary the quantities in the model

and develop a series of configurations whicii might suggest a picture
of the model in natural motion.

By doing so, we simulate or capture

the appearance of the real system being investigated.

When the con-

flict or engagement is "played out" we say that the action is being
simulated.
There are many types of simulation:

wind tunnels, link trainers,

physical models, euc, but the term as used here will imply a computer
play of a military conflict situation.
A simulation must also be distinguished from a computer solution
to a definite, but lengthy, numerical problem.

I'iany solutions to

linear programming prcblams, for example, are canied out entirely
by computer.

A simulation, on the other hand, implies some complex

entity which is in motion and the results of such motion are not
uniquely determined, as they would be in a solution to a static mathematical problem.

The link trainer, for example, is meant to simulate

a real aircraft, but each time it is used the results are different
and may or may not compare well with the results of an actual flight
by the same pilot.
War games.

Y; en the concept of an opposing force capable of

making decisions is introduced, the simulation becomes a game.

During

the play of the game, decisions made by the enemy may be predetermined
or chosen randomly, but they will still be considered essentially as
actions by a rational enemy.
Unless modified, e.g., manual war game, the phrase war game will
be used synonymously with the term simulation in this thesis.
3.

Types of war games.
The war game has a long history as an aid in planning military

operations and as a method of gaining insight into possible future
military engageanents (32).

'/ar gaming, in general, can be divided

according to the two purposes for which it is employed.

Although

these purposes will overlap in any ^iven C'U'"-'> 2L£ wi^l usually he
ijiven ao tho primary roason for formulating thu eaun«j originally.
One imrpono has buen for tin*, tr.tininc of tJio decisioniiakcr.

This

typo of game could bo playod through, allowing a prospective leader to
make all the decisions necessary to tho success of the campaign, thereby gaining experience that he might never giit until such time when
errors in judgnent woulfi be far more costly.

In recent tiiues, this

use of the game as a training device has becoiue an elaborate and sophisticated method of training executives in industry as well as future
admirals and generals.

I'uny computer assisted business games have

proved beneficial to men who already hold positions as responsible
decisionmakers (2),

In the Navy, the Kaval Electronic '/arfare Simu-

lator (NISWS) at the Naval War College is contributing to the decisionmaking ability of uiany «aval Officers (15).

Those games create an

artificial atmosphere in which decisions can be made which closely
resemble, in form, the actual decisions which must be made in the real
world.

Var games used in this regard are primarily training devices,

or act as a means of examining human factors involved in a conflict
situation.
The other purpose of war games, and the one that this paper will
be concerned with, is the use of war games as an analytic tool, the
results of which may be used to guide military plaruiers.

To qualify

as a method of analysis, the gaming method must go beyond the education and enlightenment of those directly connected with the game model
and it muot produce results upon which future action can be based.
Some analysis has been done in the past using war games, but the action
taken has been limited to tactical changes where the game itself has

I
served as a focuising device to poiiil out faul-:) tu bv cor.'ejcl^d in Li.e
field.

Tlu ß.\aie results liav« solclow dictated «jajor stratogit; u])l. avals

Today the v^ar game is beinc: called upon to perfom a ijnnt^r and more
crucinl sor/ice.

From this typo of analysis manj decisions must be

made, not solely restricted to tactics, but involving weapons syst'sms
procurement, the future of deterrent systems, eraplo^ment of military
resourcas on a world scale, and a host of problems whose solution may
never be tested in the cold light of reality-

Often no nxporience is

available to corroborate analytic results obtained on those subjects.
Analytic war games can be devised in a great variety of forms.
The slmpl«st being the mere thinking out of a conflict situation by
assigning mo/es to the enemy and deterainine counter moves,

Tnirf

primitive mental game has been formalized into games like chess

at

the other extreme, large manual war games are conducted periodically
in the form of fleet exercises with "friendly", but unpr<^fö$ibl»,
enemies.

Although the primary purpose of these workouts is training,

post-exercise analysis is getting increasüd attention.
While it is not imperative in this paper to distinguish between
a machine-played game and a similiary game played by hand, the computerized game will be dealt with since it is becoming the foremoit method
of "playing" large scale war games.

An important distinction to be

made is that the analytic technique to be discussed consists of a
complete model with all rules and decisions built-in, as opposed to
manual war games where human decisions arc? injected during the play
of the game and conflicts are often decided upon by umpires.
The type of war game that will be evaluated in this thesis is
the "paper" game which consists of a mathematical model, and the play

of thü gaju« is perfunu-.'d untiroly by cauiputür.

in t;u3 fii-ill(iue of w.,r

gaming to fuilov, Uio structure and cumpon.nta jf cümpu'-i.'r siiuuiaLc^l
war G^uaeo will bo examined first, followed by sou« discussion of the
overall objectives and advantages of this method of analysis.

i

JIUMJi II
IKTERfmL SmUCTUKE
Ask anyoito to paaa judpiont on war 72.'ae resuli-^ and ii^'id; a-uly
IK;

aaks, "What are tho aasuiaptions of thv ßiu.ia'i"

Tiiore auem to be

more concorn with what goes into simulation than Into any other fora
of analysis.

In this chapter, tho contents of a war j/ime will be

explored with tho hope of discovaring the origin of this apprehension
about assumptions and sooing to what degree thoy differ irom tho
assumptions made in cha solution of any problem containing undetermined quantities.
First of all, it should be noted th-t, in the short history of
operations research of military matters, many results of reports and
studies have been accepted as indisputable mathematical truth, and
some fleet doctrines have been based on these results.

If the mathe-

matics could be verified, the assumptions often went unnoticed.

With

the advent of computer simulation, however, the results are being h3ld
provisional.

It could be the physical form of the results which

causes such reservationa.

The results come out naatly arranged and

explicitly stated, yot one is forced to wonder how they were generated.
No decisionmakor can accept results of this nature without some knowledge of their origin.

Certainly a military strategist must be satis-

fied with the a priori assumptions of a war game before hu can take
action on the results.

It may be a blessing that this type of analysis

has directed attention to assumptions made in all types of analysis,
whether the actual reckoning takes place -.dthin the computwr or is
delineated in pure, but unintelligible, mathematical symbols.

It is

becoming clear that the acceptability of results rests as auch with

wli'iL in pT^suppojJ'ifl \- \,"ith th.; vi,.,ur of w; ; uoluo'lu u;:^,
«»aaiuiii'tiü.'in occur in i./u..;' H;r.ii,.('3 ■u.'1 fj;'.u:j

''.o iijlnrual ^tn •-

turn of the wai' (Kuan will now be exaiain d to s ■.< v/.,ii:jre/ nnd in vliat
fonu, assuiupoiona ariaei, and whfllhar the^ aro n')cus^ary ur justifir.d,
Of special intufest vdll bo tiie obsorvatlon of tl.o.-e aasvu^ptiona widch
appear to be unique to the war gaming Method.
1.

Mathematical annroxlmations.
In the writing of a war game, all phenomena involved must be reduced

to mathematical form«

In this reduction, approximations begin to appear.

Radar and sonar coverage areas might be described as perfect circles.
Navigation is often depicted with straight lines.
given perfect spherical form.

Nuclear bursts are

Equations are formed from extensions

of "best fit" curves to areas where no data are available«

There is

no end to the estimations which must be mads when a physical situation
is being pictured mathematically.
With the necessity of approximations assumed, the problem which
presents Itself to the analyst is the choice between an approximation
consistent with the latest scientific information, possibly unmanageable, or a form more easily handled but amounting to a cruder approximation.

This problen is not unique to simulation.

However, simula-

tion is an attempt to portray all the meaningful features of the real
world whereas much strictly mathematical analysis deals with Idealized
cases and is satisfied with a specific maximization or minimization of
functional relationships-

Therefore, the burden seems to be on the

war gamer to seek the most accurate approximation that he can formulate and program.

The heart of war game theory is the presumption
•
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*

that wliUo Ihn p«rfor;ADOO of the entire iiiilit'.ry complox ia unkno-.vn,
t\m performince of each olement is known («).

If this were not the

case the gaining method would not be feasible.

To "know" in this con-

text is to be able to describe the element mathematically as a numerical parameter or as the root of an equation.
The equations and parameters used are themselves approximations.
They come from two sources: theoretical inquiries and empirical data.
Hopefully, the two will support each other.

Generally, the war game

builder desires to describe an entire event, but information from the
two sources covers only parts of the event.
when nuclear explosions are simulated.

This is often the case

The theory of nuclear effects

is incomplete and the data available to date relate to a few specific
occurrences.

Thus, if one is war gaming an ASW problem using nuclear

depth bombs, he has to account for the effects of these weapons with
very limited knowledge of their actual effects.

Whether his approx-

imation will adversely affect the results will depend largely upon
the objective of the game.

This relationship will be discussed later

in the section on game details«
While the above approximation may be crucial, other approximations
appear to be both harmless and extremely handy.

For example, in many

A3W problems a cxiar search pattern is determined by using the sonar
range as a radius to describe a circle about a transducer.

Undoubted-

ly, the true search pattern is not a constant geometric shape, let
alone circular, but varies continuously with ship motion, water temperature, etc.

Unless it can be shown th t the actual pattern is

markedly different from the circular approximation, an attempt to

Ö

picture it more accurately would mean an inor<?as« in labor /'.rtsatly
out of proportion to the increase in accuracy.
The military war gamer muat not only produce a mathematical approximation for each element of the game, but ho must also hive some feel
for the sensitivity of each parameter in order to balance accuracy
with ease of handling.

On one hand, the data may be so csarse that he

has no choice of degrees of accuracy and ease of handling is not a
problem. In this case, however, the limitation on the simulation does
not necessarily hive to be a fatal flaw as long as those who aspire to
make use of the results are made cognizant of it.

The merits of the

gaming technique should not rest on the fact that knowledge of the
real world is incomplete, but rather on how well it uses this know- ,
ledge to produce meaningful results.
With an abundance of data, on the other hand, accuracy and ease
of handling may both be affected by the limits of the computational
methods. Even if some action can be described mathematically, its
Inclusion in the game may be prohibited by the capacity of the computer
to handle many such extensive calculations and still satisfy the
objective of the game in reasonable time and at reasonable costs.
When there is very little or no Information available on a particular parameter, it is occasionally the practice to either assign
such parameters arbitrary values or ignore them completely.

This

expedient usually breeds dark suspicious in the mind of the user.
There is other recourse.

It may transpire that someone with opera-

tional experience will be able to indicate whether the parameter in
question will be crucial to the objective sought.

If not, the para-

meter can be injected into the game and allowed to tako on a wide
range of values through different plays of thtj game

This, of course,

is a lengthly procedure and may convert the simulation into a parameter sensitivity test.

Such a test is not an unworthy use of the

simulation method since information as to the criticality of
meter may not only provide a spark to further analysis, b'
lead to examination of the associated element in the fleet
These questions concerning the degree and desirability of mathematical approximation lead directly to the problem of how much detail
should be included in the structure of the game.
2.

Detail.
Accuracy of detail.

The accuracy of detail pertains to the assign-

ment of numbers to denote equipment performance or as part of the previously discussed mathematical approximations.
Since a physical situation is being approximated, the detail in
the approximation cannot exceed the know detail of the real situation Any attempt to represent a parameter with a number of six significant
figures when the parameter is only known to three will introduce unnecessary error. A military conflict is simulated by delineating each
component which is of known capability and allowing the components to
interact in a perscribed manner.

Errors introduced in the descrip-

tion of the components may very well become multiple errors as the
interactions occur. It would follow then that if an element or component could be described adaquately by a single number or equation,
it would be preferable to do so, rather than describe its sub-components in detail. Whether this is the better approach will depend
on the purpose of the game,
10

The rule on accuracy seems to be: be as accura;-e as the currant
knowledge of the actual item will allow, provided the data can be mathematically described ;ind programmed within the practical constraints of
the simulation.

No such rule exists when dealing with the «mount of

detail.
Amount of detail.

Those engaged in building and using a war game

must, of necessity, consider every aspect of the situation being simulate
ed.

Part of this consideration is to limit or extend the completeness

of description of each event.

The gamer is torn between two beliefs;

that everything of significance must be included, and that a conglomeration of detail can cause the program to become unwieldly and increase
the difficulty of having the game and its results understood and appreciated.

The urge to program every conceivable detail is fostered

by the apprehension that one cannot know the effect of an omitted
detail.

It seems that a detail included and found unnecessary, can

be removed, but one left out may always provide grounds for declaring
the game "unrealistic".

Elaboration, therefore, is sometimes sought

in order to claim verisimilitude.
While there is presure for detail, there are strong reasons for
limiting it«

The most obvious reason is that the work Involved in

formulating the action mathematically and then programming It seems
to Increase in a non-linear fashion as more sub-systems are described.
This practical consideration places an upper limit on the minutiae,
but it does not provide a working rule with which to sift out the
essentials,

^

How then, in a given game, can the amount of detail be decided
11

upon? In general, the answer to this question can be found only by
considering the objective of the game.

In any game, the effects of

certain systems are to be studied while the rest of the game provides
the proper environment in which to evalulate these systems,
"atmosphora" should be created with a minimum of detail.

The

If tte object

of the game is to examine specific weapons or tactics, one is not only
concerned with the effects of these systems but also with the causes
of their effects. Therefore, the critical element must contain enough
detail to ascertain, if possible, where weaknessess exist and what
components are most sensitive. On the contrsry, elements of the simulation which are merely effects should be progranned as effects, not
only to save labor, but to insure that they are progranned as they
are experienced and not generated erroneously by a complicated routine
containing many approximations.
Suppose, for example, one is interested in testing the effectiveness of shipboard missiles against attacking aircraft.

It would be

appropriate to characterize the missile system in enough detail to
check all phases of its usage; firing, flight path, acquisition, kill,
etc.

Even when this is done there will always be some doubt of the

completeness. Should the weather be considered? How much should the
aircraft be allowed to maneuver? These questions, and many others,
appear to be answerable only with the advice and consent of the ultimate user of the game, who presumably has operational experience in
this area.

It may, however, be possible for the game itself to deter-

mine the significance of some of these factors.
On the other hand, a percentage of the attacking aircraft may
12

■plashed for reasons other than missile hits.

They may go down before

conUct; they .ray get lost; they may be brought down by surface antiaircraft fire of picket ships, or intercepted and destroyed by ccobat
air patrol».

If we are interested only in shipboard missile effective-

ness, these other losses could Just as well be lumped into one attrition factor or "effect" and programned as a single degradation of the
attacking force due to causes other than missiles.

Where the desire

is to account for effects alone, it is often more accurate to program
the total and final effect jjer te rather than construct it from component causes which may be less known*

At the same tine, it should be

noted that if the objective of the game is to study the effectiveness
of the entire task force against attack, these other causes of "lost"
aircraft must be described in detail.
Consider the problsra of detemdning ASW tactics against transiting submarines.
transit.

One connon measure of effectiveness is kills per

In arriving at a kill, many games are set up to include

contact, classification, torpedo firing, chase, acquisition, and kill
with a probability associated with each separate event.
necessary?

Is all this

Presumably, all action takes place after contact.

The

number of kills may depend on a parameter attached to the torpedo or
some other part of the weapon system whose fuction is determined probabilistically.

Yet, if tactics are the prime concern, it may be suf-

ficient to tabulate only the number of contacts.

The forces are usual-

ly arranged with regard to contacting the enemy and therefore the number of contacts per transit may prove a more useful measure of effectiveness, while at the same time the calculations, and resulting errors, of
13

lurpedi motion ccaid be ^v.ici^

Th* inci .:;..,

i ti/r: detail may even

have the effect of hiding the sought after data.
There exist sound reasons for the inclusion of a large amount of
detailed descriptions in an/ simulation, but the gamer and the user
must constantly compare the necessity of this detail with the objective
of the game in order to hold it to a minimum,
3.

Nonouantifiable aaauaptions.
The third coisideration in this area is with assumptions which

may be called nonquantifiable.

It is in this area where gaming en-

counters some unique difficulties.
As a war game is developed, all factors that arise in the field
are examined and some Judgment has to be made as to whether the factor
is to be included, and in what form. The factor? which are measurable
and can be determined empirically have been discussed above. These
include approximations, descriptions, details, and, in general, the
physical characteristics of the system under scrutiny.
Some factors cannot be quantified, yet are of extreme importance
in simulation and must therefore be taken into account when the game
is initially constructed.

For the most part, the nonquantifiable

performance involves the unpredictability of human behavior or the
unknown forces of nature.

Almost every event of a war game is pre-

dicated on the decision of someone in a position to initiate the action,
even though the event description consists only of the physical action
or Just the effects of the action. Inherent in this procedure are
assumptions about human behavior, and such assumptions should always
be made with care.

These assumptions are often called "hidden"
lit

assumptions since thoy are seldom stated explicitly in the game description.

Virtually every element introduced in to the game carries

with it an implicit or hidden assumption.

Three broad areas of im-

plied assumptions are: enemy action and purposes, friendly forces
performance, and the natural environment.
Enemy action.

In a computer simulated war game the enemy units

must be given some courses of action or, in a sense, ..nlmated.

The

assignment of courses of action amounts to a major assumption, and
care must be taken to avoid setting up a "paper tiger" to be destroyed by the proposed forces of the war game user.

The enemy conduct

may be predetermined or arrived at randomly, but it should be as
realistic is the game demands.
For example, in a submarine transit problem, the enemy submarine
must be assigned some track in order to present a threat«

In some

simulations, an initial position is chosen randomly and the submarine
is dead reckoned in a straight path.

Is this realistic?

Probably

not, but is the assumption of a straight track detremental to the
value of the analysis?

Here too, one must look to the objective of

the game for a criterion.
random positions.

It may be preferable to use a series of

In either case, some assumed motion is essential.

The above mentioned assumptions cannot be side-stepped and it is
imperative that the user understand and accept them if he hopes to
profit from the results.
Friendly forces.

Similiar assumptions appear in the account of

one^s own forces, even if it only means assuming that th^y will carry
on in accordance with past performance.
15

More often than not, future

perforaanee must be aaBuiuod.

Lika mathematical appruxiuuttions, the

am is to make assumptions as close to the real roriumance a« feasible.

Often "a fißure of merit," is assigned to the perf jnuance of a

piece of equipment in both actual and sdjnulated usage of the goar.
This represents a more precise, but still only partially correct,
assumption of how the given equipment will perform when needed.
Frequently in war gaming, assumptions have to bo made concerning
coiamunications; an integral part of any military engagement.

Even if

coninunications are not mentioned, the implication may be of one hundred
per cent reliability, which is a supposition worthy of careful study.
It may prove to be justified or even immaterial as regards the purpose
of the simulation, but it should not be overlooked or ignored.
Natural environment.

The third realm of supposition mentioned

above is the portrayal of the natural world.

'Assume a situation"

implies a myriad of "supposes" and they all must be accounted for in
the final formulation of the problem.

Accounting for such items does

not necessarily mean inclusion, but rather inclusion or thoughtful
rejection.
For instance, the underwater environment is of grave concern to
ASW forces and contributes to the headaches of those attempting to
effectively simulate the action against an evading submarine.

The

effect of water temperature on the speed of sound alone causes grey
hairs amoung ASW tacticians, although it may be ignored by some war
gamers.

The ignoring of this factor is itself an assumption that the

true tactical results can be obtained without considering explicitly
the effect of changing water temperature on a sonar search pattern-

16

This aasumption may be valid in som« Individual war games, but the
uacr snould bo aware that it exisr.a
These are some examples of the numerous presiunptions and conjectures which are part of any description of a real world situation,
especially a world as dynamic and complex as tliat of modem military
conflict.

Since a perfect replica of (.he conflict situation is im-

possible to attain, one must settle for an imperfect model built,
not only on known facts and sound theory, but also on assumptions
and personal judgnents.

The user of the war game cannot ask for

absolute reality, but he can ask that models which are far removed
from reality be explained and warranted before the results can be
accepted as reliable and useful data.
In closing, a distinction should be made between internal approximations, details, and assumptions, and inputs to the game itself,

An input parameter may be a fact, an approximation, a figure

of merit, or a plain guess, but it is determined by the user to
describe an element or event as he wishes it to be described.

The

problems explored in this chapter deal with the internal structure
of the game over which the game user very often has little control.
It is upon these features of internal logic that the decline or rise
of war gaming as an analytic device rests
*

Most of the internal description of factors regarding the fickle
ways of nature and tntzy human behavior are handled mathematically
with the use of probability distributions'and Monte Carlo techniques.
These methods will be discussed in the next chapter.
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CHAFTBk III
SIMUUTHD DECISIONS
Thoußhout the long history of war gaming, the practitioner has
buen consistently concerned with one Important process; the decision
process.

The game in its primitive form was used to "try out" tacti-

cal choices against supposad enemy action.

The enemy action could be

entirely predetermined or improvised as the game progressed.

Likewise

the decisions by the game player could be made as the situation evolved,
in which case the game provided decision making experience as well as
analysis.

An entire series of possible decisions could also be laid

out before the game, thus establishing selection rules for action when
the facts called for a tactical decision.

This latter type of setup

was, ir reality, the testing of an entire war plan for a strategic
i

situation or the testing of a battle plan for a tactical situation.
The decision rules were conditional and formed a policy for action.
i

.

The purpose of the game was very oftenj to test the effectivenes? öf
the military policy proposed.
In modem war gaming, these two types of decisioh methods are
similiarly applied.

The first method, utilizing human/decisions

during the play of the game, is the prominent featurs of the present
manual war games and tactical training devices.

The second method,

in which decision rules are preprogrammed, forms ^he basis of current
computer simulated war games.

Present war gaming/analysis is not

restricted to the investigation of policy effectiveness alone, but
is used to examine such problem areas as determination of changing
force levels, need and utilieation of improved weapon systems, and
18
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many other factüro bearing on tha atato of military warfare

How.ver,

tho esannce of airaulation analyaia ia contained in ita decision Jiiaklnß
proceos which allowa for the virtual carrying out of a complex military interaction and the ayatematic following of it to ita completion
In a atrict amae, a deciaion ia a conacioua choice of a course
of action from alternative couraea of action,

The war gamer ia looking

at the conaequencas which come to pasa aa a raault of theae choices
made by different unite in the courae of battle.

In addition to the

above aense, the term "decision" will be uaed in thia paper to aigiify
the outcome of an engagement of forces, as in the case of a prize
fight "deciaion" or the downing of an aircraft.

One appeal of war

gaming aa a method^of analyaia liea in the fact that each event and
interplay of eventa ia "decided upon", or adjudicated, in the play
of the game aa it would, or courae, in the actual conflict.
The almulatcd war game haa the capability of letting the varioua
foroea interact, or generating reactiona, and of deciding conflicts
without definite knowledge of the tactical croaa producta.
worda, it provides a "try it and aee" technique.

In other

For purpoaea of

analyaia, the ingredients of the deciaioraoaking proceaa need not
be known aince one ia intereated in the effecta of the deciaiona on
the tactical aituation,

iiaaentially, there are two kinda of deciaion

proceaaes in a aimulation: the predetermined deciaion and the random
choice event.
1.

Predetermined deciaiona»
Very often in mathematical analyaia the outcon* of an interaction

ia predetermined.

Since the outcome ia forced by the eventa of the
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game, there is no "choice" or uncertainty connoc't«! with Uie result.
A familiar example is a description of radar coverage areas as
circles md any intors^ction of this circle by a represented flight
path of a hostile aircraft is considered to bo a detection which
automatically initiates a tracking event

The decision to be made

here is when detection occurs and this has been determined in the
programming of the game. The play of the game consists of consulting certain formulae or equations to check for geometric intersection.

The procedure, in effect, represents a "docision" of nature

that detection is immediate. A human decision could be simulated
in this ease if the program were to track and interecept the invader, since. In reality, a human decision is required to initiate
such action.

Nevertheless, the decision to track all detected air-

craft has been made by the developer of the game, and is carried
out automatically when certain conditions are fulfilled.
Decisions which are predetermined to produce a definite response
to a definite situation have an analog in actual military policy,
Standard operating procedures are ideally designed to insure a uniform and supposedly optimal response to certain tactical occurrences.
In such cases, the decision is predetermined when and if the event
occurs in a certain manner.
In like manner, the effects of nature may be predetermined with
the utilization of equations based on experience and scientific investigation of the phenomenon involved,

In the simulation of a

^Examples: "track all unidentified blips";"if communications
are lost for five seconds on final, climb to two thousand feet and
hold"; "do not fire until you see the whites of their eyes".
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nuclaar depth bowb burst, danvar« 'nay bo a83e.'is<fd in Hccurd:ui«u »dth *
previoualy discovered rule^ usuaJIy b.i8<»d on mi ^tliuai«d lethnl radiu«
and the distance from target

While thia typo of de-emination iiay

not be a perfect replica of the natural event, it will, if based or»
reasonable accurate data, describe the event in a useful vay

By

"deciding" the outcome of many such events, the game will hopefully
yield results simillar to the actual conflict results while, at the
same time, creating a history of the battle which can be of immense
analytic value.
It can be seen, that if the entire ccnflict were carried out
using formulae and eouations which were completely deterministic
and allowed only this type of decision, the "game" would be only an
analytic solution utilizing the computer as a bookkeeping device
There would be no choice or chance inherent in the interaction and
the Bimulation, as such, could not be properly labeled a war game
2,

Random decisions.
It is obvious that the real world does indeed contain a large

measure of uncertainty especially when considering a clash between
two strong forces, and this is appropriately carried over into a
realistic simulation of the analytic version of the opposition of
these forces.
Before looking at the method of injecting chance into a problf .,
it may be informative to see why it is desirable to do so

Consider,

once again, the aircraft entering the radar search circle

In the

deterministic case contact is made if the two lines intersect, or more
explicitly, if the two equations have a comnon solution
radar contact this certain?

Is actual

Suppose it was a submarine enterin/; a
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sonar range circle, would contact be 100 por cent certain?
caee the answer would most likely be in the negative,

In either

ijcperienc« shows

that each type of search equipment has some probability of contacting
a target at certain ranges.

This probability may be hard to pinpoint

and will usually be estimated from test data or previous analysis.
In war game analysis it is generally preferable to reflect this reduced
reliability than to assume perfect performance.
In the examples mentioned earlier when predetermined human
decisions were simulated, one would naturally contend that standard
policy is not always carried out, and that responses to tactical
confrontations are not, In fact, uniform and predicatable.

Some

mechanism to allow for human choice and human error seems appropriate when describing the real world.

The results of huoan decisions

will always be unoertsin and one aim of war game analysis is to
facilitate the Improvement to tactics, policy, weapons, and military
planning in general to cope with this uncertainty.
Other human decisions of great importance are those whose effects
manifest the action of the enemy.

It may be beneficial in some

analysis to restrict the enemy to a definite course of action, but
more often than not, especially in war gaming, the interesting results
are obtained against an unpredictable enemy.

His freedom of choice

is discernible when his motion is described in a probabilistic fashion.
The Honte Carlo technioue.

The vehicle for injecting choice or

randomness into a war game or any simulation is known as the Monte
Carlo method (24).

Probably the oldest and simplest use of this

method in military affairs consists of throwing the dice.
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This device

ia used today in manual "ar gumos and suino fi et axcrcise»,

A torpedo^

for «xanpio, Is launchod against a aubuiarine., "ithor at sea or in a
"paper" exercise.
kill or damage,

It is desirable to make some lasessment of possible
Aside from usixiß real war head, a dubious peacetime

practice, this determination of djuaage must be arrived at from the
known capabilities of the weapon and the armament of the submarine.
If the role of the dice turns out to be a previously specified value
or greater, a kill might be assessed,

If not, the torpedo is assumed

to have missed or, perhaps, inflicted minor damage.

From the stand-

point of getting on with the exercise, this constitutes a "decision"
as to the outcome of the attack.

However, for analytic purposes,

little information is gained unless the set of kill "rolls" corresponds closely to the actual kill probability.
The Monte Carlo method then is nothing more that sampling from
a probability distribution, which, it will be seen, does not have to
be known explicitly«
In computer simulations, the throw of the dice is replaced by
generation of a random number.

Ir a simple axanpTo, \iharo the probabil-

ity of success is 60 per cent, a number is generated in a programmed
subroutine so that it lies randomly between 1 and 100, then the generated number is compared with 60 to determine success or failure.
There are many elaborate subroutines to transform the random numbers
into an appropriate sample from any one of a number of common frequency
distributions such that generation of random numbers is analo3C/J8 to
stripling of i ii/oa population (10).
It should be noticed that when dealing with a given pre> ability
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diatribution, one is sampling fru:. six artificial populnlion vAich has
a distinctive mean nnd variance already known.
The true usefulness of the tonte Carlo technique is manifest when
the analyst is faced with the situation in which, not one, but larg' c J
number of interactions are to occur,

A brief description of a familiar

tactical problem may illuminate the use and merit of the Monte Carlo
technique.
Consider the contact, tracking, weapon launch, acquisition, and
kill of a submarine by a surface destroyer,

In any defined geometric

configuration, it must be assumed that the probability of auccess of
each of the five aforementioned events is determined as an input to
the game.

This minimum information is essential to the initiation of

the Monte Carlo process.

The final overall kill probability does not

have to be known. Returning to the example, the gome has progressed
to the point where the submarine has entered the sonar range of the
destroyer and has some probability of being detected; say 0.8.

One

could make a drawing from a box containing four white balls and one
red ball and thereby "decide" whether detection takes place or not.
As the submarine proceeds on course, determinations of this nature
could be made at regular intervals, using different probabilities
for different ranges.
lost contact,

This procedure simulates tracking or possibly,

If contact is held long enough to justify an attack,

another sample could be drawn from the "box" population corresponding
to the probability of a successful weapon firing and the success or
failure of the launch could be established. Once again, the geometry
of the model takes over and the two tracks are extended to find the
closest point of approach of the torpedo to the target
24

Fran here

the program goes to tho probability distribution for acqulaitxui»
usu^ly a function of ranre, and hence, if applicable, to the final
determination of kill or miss from still another probability reflecting the lethal power of the warhead.
A computerized war game csn carry out the above interplay for
numerous forces on both sides.

The Monte Carlo technique, by deciding

each Interaction uniquely as it occurs, from given independent probabilities, can lead to an end result through a large number of events
and intervening actions.

This result, average number of kills or

average kill probability per transit, will approximate the mean of
the kill probability distribution which was never uniquely determined.
It must be emphasized again that the single event probabilities
must be introduced as inputs to the game, and that the Monte Carlo
method of sampling is not a computational device for arriving at a
definitive solution to the problem.

The value of the results will

depend upon the assumed initial probabilities.
The problem connected with any situation in which the individual
elements are reasonably well known|is to assess the results when all
these elements are allowed to interact and intermingle.

To try to

locate and separate each cross product distinctly is an immense task
and then each cross product must be related to still other combinations
of actions, the net effect being almost impossible to follow.

The

Monte Carlo method offers a means of permitting each unit to carry on
its purpose and to respond in a manner similiar to its natural function
in its native environment, so that the total effect can be manifest
without being formulated.

To be sure, the method does not define a
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solution, but only "keeps track" of interaction« tnd "d-'oidos" conflicts, but in doinc so it provides a history suitable for study and
analysis
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CHAPTER IV
RESULTS
The most perplexinß and pressing problow facinc a military planner
who is dealing with war games is analysis of results»
is to be a useful .

If the war game

.'.Ij'.i- Uol thw rcssulti: ^uat not only bo «-uiwibtent

and believable, but thej must also contain enough meaning and relevancy to be definite contribution to the decisiomnaker.
Many words have been used to describe war game results; valid,
invalid, true, useful, unrealistic, hogwaah, etc.

It must be admitted

that the war gamer himself is usually most restrained in labeling his
product.

The attempt in this chapter will be to organize a few of

these labels, so that the military reader may defend or attack such
results on relevant grounds and so that he will have some idea of the
worth of the data in his possession.
Before proceeding with analysis of results, one point should be
raised at the outset.

The purpose or objective of the simulation

must be firmly understood before attempting to make sense of the
results.

This may seem obvious, but the easiest way to deceive one-

self is to study war game results as independent data without knowing
how or why they were generated.

Results not directly related to the

objective may be very enlightening.

However, they are better consid-

ered as subjects of further analysis than as end products.

It should

be clear that only results which are direct offsprings of the explicitly stated objective of the game should be given major attention.
This chapter will be confined to looking at results from three
aspects with the main aim being an attempt to aid the reader in making
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better Judeuonto as to the worth of war gano results.

The three

fcjpecca are: Stitiatlcnl Significance, Logical Validity, and Comparaion with experience and intuition,
1,

Statistical significance.
Upon completion of a run of a war game, the computer spews forth

a set of output data.

One may well wonder why this cannot be treated

as the unique solution to the problem as in the case of many other
analytic studies.
one result.

After all, one set of input parameters should yield

It will be recalled that one distinguishing feature of

the war game is the employr.ient of the Monie Carlo method in the decision making process.

Using this method, there is no assurance that the

result of one play of the game is a very likely outcome.

If the game

is run again with the same parameters, a new outcome may well appear
and may vary considerably from the former one.

This is not surprising

when it is remembered that the outcome of the game is a member of a
probability distribution composed from many probabilities and one play
of the game is considered statistically as ono drawing from a population of all possible outcomes of the game. What the analyst is seek-,
ing is some knowledge of the parameters which define this distribution of the outcome, namely, the mean and the variance.

For example,

if the outcome of the game is the number of bomber penetrations, one
is not so much interested in individual plays as he is in the average
number of penetrations over many plays of the gamo.

The obvious

question is how many.
By treating the results as samples from the population of possible outcomes, the problem becomes one of statistical sampling
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theory.

V.Mia thore oxisto a groat body of information on the a'-.b^cd,

this paper will bo concernod only with what careful statistical analysis
can contribute to the comfort of the military plauier confronted with
a myriad of data generated by a war game.

Some aosurance is needed

that the game has been played enough times to give the user a high
degree of confidence that the results adaouately represent the true
model output.

In other words, he wants the answer .0 trie above ques-

tion of how many plays are needed.
The principle of statistical inference states that the parameters
of the parent population can be inferred from a study of the sample
distribution.

The degree of confidence in these parameters will be

determined by the sample size, which in war gaming meana the number
of plays of the game with one set of inputs.

The statistician can

arrive at a confidence 'interval about such a parameter which gets
smaller as the sample size Increases.
For example, in fifty tosses of a fair coin, the proportion of
heads may vary from 0.4 to 0,6, but in 5,000 tosses the proportion
of heads will seldom vary more than from 0,43 to 0.52 (27)

One is

more confident of the mean proportion of 0.5 with 5,000 tosses.

In

war gaming, one is usually interested in some mean number of kills,
or contacts, or penetrations, and the statistician might examine
the results and announce that the mean number is 27 with a 95% confidence interval from 24 to 30, This means that there is an objective probability of 0.95 that the mean will lie within this Interval.
An increase in sample size may rtluc« this interval or produce a
„similiar Interval with 99!^ conf lence.
W

Such an Improveiaent may be

very costly in additional plays roquirod,

The war name MüHT hu» to

make a jud^nent about the size of the smaple doslred.

If the confi-

dence interval is adäquate for his use, he would be well advised to
limit the number of runs for at least two reasons.

First, computer

time is expensive, and secondly, the war gamer is usually desirous
of making parametric changes to the inputs and then examining the
new results. This requires multiple plays of the game for each change
of Inputs, each needing statistical vindication.
Other statistical methods can be of valve Li further analysis of
the game results. A common practice in gaming analysis is to vary
one important parameter and note the effect, if any, on the output.
Suppose increasing sonar ranges were arbitrarily assigned to a surface unit in an ASW exercise, and a linear increase in contacts per
transit was experienced.

The assumption of linearity can be verified

by examination of the data using statistical methods of correlation
and regression analysis (6),
What does ths statistical significance of results mean to the
beneficiary of war game results? It tells him, primarily, when he
has played the game a sufficient number of tines to have a high
degree of confidence that the mean and variance obtained is the true
population parameter of the output. This confidence she aid not be
unrestrained since the statistical methods deal only with the numbers
produced by the model as it stands and the "population" of plays pertains to the model and not necessarily to the real conflict being
simulated.

The statistician is only assuring him that the number

that he is looking at is representative of the average outcoue of
the model and not a fortuitous case where the internal decision
3-

machanlems have prortucöd an unHk«ly rtjault.

üthor mathamai-ical

traatmonta of tho results, i.e., graphical analysis, regresnion
analysis, should be viewed in the same light, as trulsma about the
model, not about what Is being modeled.
Much information about the nature of outputs and the relationships between Inputs and outputs can be extracted from this t/pe of
analysis.

However, the burden is still on the war gamer to relate

this Information to the actual tactical or strategic situation.

Me

must ask not only if the results are valid in the model, but do they
correspond to their image in reality.

In fonnal logic9 a conclusion is considered vali'* if it is
arrived at by rules of reasoning of a definite and consistent form.
Rules governing the subject and predicate of the major and minor premise will determine the validity of the conclusion.

Once the validity

of the conclusion is established, the truth of it will depend on the
truth of the promises.

If the conclusion is valid, meaning it follows

logically from the premises, then one can establish the truth of it if
he can establish the truth of the premises.

An invalid conclusion,

since it does not follow logically from the premises cannot be labeled
true or false from knowledge of the truth of the premises.
sion may, of course, be invalid, but true.

A conclu-

The rules of formal or

mathematical logic can become very involved, but the underlying
principle is to construct the logic in such a way that agreement is
reached on what conclusions can be drawn from known facts and which
conclusions are supported by the facts and which are not.

V.'ir gOiue reaults may bo lookod at 13 concluaiono In tha sons«
that 'Jiey follow from tho internal logic of i.he game.

The (iuwstlon

fucing the analyst la whether they follow by the miles acceptable to
him and does the playing of the game always take the course Intended
by the user.

In any mathematical study, the one who must act on the

results must be satisfied that the outcome follows from the input
according to the laws of logic, or laws of set theory, or of trigonometry, or whatever dlscllpine is being used.

Take, for example,

the elementary trigonometric equation for finding the length of the
third side of a triangle, when two sides and the included angle are
given (The Law of Cosines).

After seeing the "law" developed from

basic geometric and trigonometric postulates, and being satisfied
that the logic is sound, the user will confidently insert Inputs
(the two given sides and angle) and find the value of the third side.
To him, the result is valid, and true if the three original inputs
were true to whatever they represented.
Logical validity of war game results is essentially the same
concept, but much more difficult to achieve in practice. If on a could
trace through the entire program to ascertain the rules used in the
determination of the julccr.o, then he could be assured of the validity
of the results.

He night like to know whether the equations reflect

logically consistencies, like, to take a simple case, are radir cunticts
adjudged only within contact range of the piece of radar?
The value placed on game results by the military- planner will
vary directly with his confidence in the validity of the process.
Since he supplies the inputs and is responsible for their "truth".
3:?

he needs only the aBBurunce that the often elaborate 'ind cüwpLs.x game
logic is giving hliu a logical flo% from input to output.

This assur-

ance is in addition to an awareness of the approximations and as8umr>tions mentioned in chapter two,

Hlxcept in the case where the game user

and the builder are the same person, It will be next to impossible
for the user to trace through the entire game to satisfy himself
with the logical consistency of tha structure. To some degree, he
must rely on the skill and integrity of the individual who built the
tfuae.
^

This confidence may be attained by a fully documented game, or,

more easily perhaps, by a close and informative partnership between
the user and the builder throughout the development of the game*

This

partnership is difficult to attain at present since many war games
are being built primarily by civilian analysts, sometimes working closely with the military, and sometimes working In an academic or nonmilitary atmosphere.^ Some familiarity with gaming technlnues by the
military officer is essential, and a working relationsldp of the
military with the civilian analyst would be very beneficial.
The builder of the game is usually convinced of the logical and
mathematical consistency of the system, but he must transmit this
conviction to the military officer who must act on the results.

In

doing so by the method proposed above, the war gaming technique may
serve as an agent in increasing the rapport between the civilian
analyst and the military tactician.
The degree of association with the military varies. This work
is being done in many places; The Applied Physics Laboratory, The
Rand Corporation, Stanford Research Institute, Systems Development
Corporation, etc.
J3

3.

Cotnparalon with axportenca arri inti^lt^p.
Anothnr definition of validity spooifins thnt 5t;it«ncnt8 or

concluBlons aro valid If thoy can b» supported by facts or empirical
evidence.

It is (his tost of the war #une results which ia most

elusive and controversial.

It is comforting to be confident of the

logical structure of the model, and to know that the results are
statistically significant, but given such a case, the analyst must
now consider how much can be inferred about the real situation from
the use of the model.

Building ar. accurate and logical model clears

the first hurdle, but establishing the relevance of the model is the
crucial nurdle to cross.

Unfortunately, there is no sure way to arrive

at the realization that a model of a military conflict is relevant and,
undoubtedly, unanimity of opinion will never transpire.
The model gets its meaning from reality, and the usefulness of
a war game is measured by the quality of the knowledge which can be
inferred about the real world by playing the game.

The proolem is

one of properly making inferences from the simulated engagement. This
translation of numerical results from an artificial situation to useful facts about reality is the ultimate responsibility of the military
decisionmaker.
Two somewhat formal tests of logical validity and statistical
significance have been suggested to tie input values to results.

The

third test of tying the game results to the real world by comparaion
with experience and intuition is by nature less formal and requires
continuous study, reappraisals, and subjective judgments, together
with whatever data can ^e obt lined from similiar fleet exercises.

Somo axamplss may iHuniinate the nature and acopa of decisions
which may be called for when determining the usefulness of war game
results.

Suppose a war game is devised to simulate a hunter-killer

team stationed In somo defined area to prevent transit of enemy submarines. All units have been progranned as having capabilities which
they presently enjoy, many of which will, of necessity, be probabilistic
in form.

The object of the game is to evaluate current tactics against

this threat.

The military planner is satisfied with the structure of

the game, has supplied the input parameters, and has played the game
a sufficient number of timns to arrive at statistically significant
results. Upon examining the results, he discovers that one type of
unit, say for example the ASW helieoptnr, is very seldom involved with
a kill, and almost never credited with an Initial contact. Does one
conclude that the helicopter is really not essential to the hunterkiller team and should bo removed.

If not, where do you look to

explain the outcome which may be in disagreement with the outcome of
simillar exercises run at ssa.
Consider another submarine transit problem, this time using an
SSK barrier.

Once again, the barrier is sst up to prevent enemy

submarine transit through a specified area.

The game is run using

inputs as realistic as available, and the results show on the average
19 kills per 100 transit attempts over ssveral plays of the game. A
simillar fleet exercise is performed with results that 8 out of 10
submarines ars killed.

Here again, there may be a temptation to

declare the model useless, since after all, the criterion for a good
model is the predictive quality. Here an average of 0.19 kills per
transit is predicted and actually 0.8 kills per transit occur.

These are but examples which point out poesi le conflicts which
may arise when war game results are compared with experience and intuition.

While there is no pat procedure to resolve these dilemmas,

some guidelines can be listed to ease the burden of the decisionmaker
faced with the task of making the best use of all sources of information available.

They should be applied whether the gsum results are

appealing or disconcerting.
Do not try to compare two different things.

A model is not the

real thing and was never intended to be even though it may reveal
truth about the real world.

Model results, looked at in absolute

terms, are different in nature than live results, and cemparsions of
the two are difficult.

The environment of the fleet exercise will

probably be different from that simulated, and more important, the
rules of assessing damage or kill are often not the same.
Look for relative Improvement.

The problem of comparing cwo

types of results can be avoided by making compareions «dthin the
game itself.

If the purpose of the game in the second example is to

evaluate tactics, game results should be coj^red ••■1th ot.. i . .■t.alts
from the same model, but produced using different tactics.

K >re a

marked increase in the number of kills or contacts, using the same
input capabilities, may indicate a superior tactic.

If a fleet

exercise demonstrates the same increase with the new tactic, some
good has been realised, regardless of the absolute nujr.b«r of kills or
contacts by each method.

An improvement in the game could lead to an

Improvement at sea even though the numerical results in aach approach
vary considerably.
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^*?r(,l^1n', iniMta first. When attempting to resolve dlecrepancljt,

reexamine inpwt parameters first rather than tinker with the baelc logic
of the game. One of the useful analytic purposes served by fleet exercises is to shet some light on the performance characteristics of the various units. These performance characteristics are important inputs to
the game, and erroneous ones may lead to strange results.

As the game

is continually adjusted to better reflect reality, the major adjustments will be to update the effectiveness parameters of the weapon
systems described. In the first example, fleet experience may show
that the helicopter has a much higher effective sonar range than was
supposed in the model and hence, a greater contact probability. In
which cass, a correction in the model may produce results demonstrating the usefulness of the helicopter in the hunter-killer team. If
not, the simulation may point the way to further critical analysis
of the composition of the team.
Changes in the internal logic should follow only from a new and
genuine understanding of the essence of the physical world which is
being pictured.

This will be more important in future games wfrnre no

operational data is available for comparsion and the best one can do
is to stabilise the model and vary the inputs.
Do not i^dge the fame by the results alone. When the results come
out in close agreement with preconceived views of the user, he may be
tempted to consider the game valid, realistic, and even extremely
astute.

Likewise, results which contradict a pet theory are in danger

of being branded useless and subsequently abandoned.

On the contrary,

the model should be evaluated by itself and not on the believability
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of the results.

As in tho logical sylloßlsw, ono a-rives to construct

a system which will produce valid conclusiona, the truth of which will
depend on the establishment of the truth of the premises.

If validity

of results, in a logical sense, can be obtained, at least with resonable assurance, then there will exist a connection between inputs and
results that will make it easier to examine both.

The model should

be Judged on its internal merit aid the results should be Judged only
in light of the assummed inputs.

ciiamrt v
üDJSCTITTa
Having reviewed the moro Importwit features of «lodorn computor
simulated war games, the remainder of this thesis will be arldreascd to
the problem of the usage of gaiainß techniques to further aiiitary objectives,

Thrt present chapter will bo concerned with objectives to be sought

by the employment of the war came.
The military officer is continuously aware of the neeessity of
making the most efficient use of his resources in hand, of planning for
new weapon systems, and of devising means of evaluating the nor systems
as they evolve.

The theoretical side of this day-to-day appraisal is

in the domain of operations analysis, and the objectives of war gaioing
do not differ appreciably from the routine objectives of operations
analysis.

The simulated war game is another tool of analysis v/hich is

still developing, and, like all new methods, can be of great value whan
used effectively and applied to problems v/hich are amenable to this
type of discipline,

'while discussing war game objectives, it uay be

observed that the classical purposes of war gaming and the post World
l.'ar II purposes of operations analysis blend together in analytic war
gaming and could bring to military decisionmakers a now appreciation
of oach method.
It has been emphasiaod throughout this papsr that the objective
of the game must be understood by the ussr (and, of course, Ihn builder)
in order to appreciate and, perhaps, tolerate the assijaptinn or one end
and the result» on the other.

This chapter will outline somx of the

feasible objectives of simulated war games and, where appropriate, point
out their influence on internal structure.

?9

1.

Tonlln/T «pf w.«Ljp yj^pw
Tho teaiing of war piann laa buer» on-j of UK hiotoric usoa oi' t.io

war cma,

Vhe idea wua to dr.viso a eowplito piaii of aLtask to ach'sivö

aüwe desired military end, and then to "play it" a^inat auppos «l ou.awy
responees, while takin;: into account, if poaoibl«, chance happcninea
which occur in any conflict situation.

Weak points in the plan were

corrected as they became apparent, and often, as a aide product, insight
waa gained into a now tactical approach,

Tho war game offered an oppor-

tunity to "try out" proposod plans prior to the time when they must be
used for "keeps".

The evolution of military tactics parallels, in some

ways, the development of philosophy, in that heavy reliance was placed
on the accumulated wisdom of

.

<aat and th* insight of a few geniuses

who crystallised concepts into workable rulss.

There was no method,

outside of war gaming, to continuously ovaiwite and revise tactl; -,• iu
times of peace.

The analytic war game, as a tcst.r of plans, continues

to assist in this area.
The modern computer simulated war gaiue can and doos serve this
classical purpose; namely, tho evaluation of various tactical proposals
for handling and array of threatening situations,

'.«ith this objective

in mind, the game should be built with a serious intent of describing
the military capabilities, er».y and friendly, as accurataly as they
are knov/n to date.

When the stated purpose is such a general ^valuation,

tho assumptions, approximations, and internal structure must bo geared
to servo this purpose.

This requires a true reflection of thn real

situation if coapar.?ion of plans is to be meaningful.

It can be seen

that by taking as one's objective the determination of the best master

UO

pLiii, thti t;.-un3 uusL bo mud. not wily larc.j, but accuratr ir. jaatntlai
detail.

This roqulrcutmt for accuracy of d«Bcri|;tlon of at, --nLir« mod .rn

war plan moans that thio obj^cLivh aim bu achlev .d only wit. u ijreat
oxponditur<» of time and effort, evw . ith tlu; Mid of nißh sp.^d Computers.
It may bs advisable to scsek a aaallur obj'-ctivo on oom.i occasions to
avoid paving to describe too large a conflict in minute d«tail.
2,

.^ffectivonese of tactics.
The difficultly mentioned above can b« re'ueed somuv.hat by consider-

ing only subelements of the overall strategic picture, thereby conctntrating on local, relatively independent, tactical situations resulting
from throats less than world wide.

In this way, th" war ramer can

ignore or hold static many aspects of the environmental backdrop against
which the engagement is played and thus reduce the detail required and
make assumptions less demanding in verisimilitude.
Consider, lor example, the defense of a mercantile convoy against
hostile submarines.

It may be the case that only two methods of defense

are proposed: excort destroyers, together with A3W helicopters placed
aboard the merchant ships, or a supporting hunter-killer team steaming
in the vicinity of tho convoy.

The objective is to compare the effective-

ness of the two teams against the same throat«

This can be simulated

with less detail than one would suppose at first glance.

The convoy,

in each case, can be prograamed as a unit with little detail other than
course, speech and limited maneuvering ability.

The enemy action can

consist of attacking submarines of given capabilities, but the attention to detail in describing thesa capabilitiea can be relnxed as long
as the saiae throat is presented to each proposed team.

U

The description

of Uli t'.niiy threat uu^t b; r^aonibiy icoura .<, but t'.^ iufoit^.t 'Muti
is to makß it similiar

fur --oli ^v.iluuLloi..

?<jr t.-.la iiul--d obj-ctlve,

tho tinviromunt can bo assuiurd to b»? mid-ocuou, reuc/in,; Uh- n H for
conoidorable geographic detüii.

If, ou tho othsr ha::(?., tho convoy frob-

lea was to be ptrt of a test of a gonoral w.r plan, it would uoöt likflV
luve to be progrwamed froui start to finish in accurato detail
less ^oueral objective, th<; labor of buildi;^: ihe uodul

IOOJ

• ith a

bj redueod

considerably iaore than tiic corris^cndLiiT iosa in ^mei'ality.
A point can b« made her« conc';rr.ing the relitione..ip uüU/een objectives and results.

In th^ case of the ILuitoc objuctivo, llu gms nuy .

"find" one aothod of convoy dofsns« oore effective tactically than tho
other against a given threat, but this dons not imply that it should
necessarily bo chosen.

Ths objective wis to determin--? tactical ouporior-

ity, while other considerations such as co^t, mairitanincij, n-jod for
defense, probability of threat, etc., rfiiuain for furthor analysis.

The

overall war plan, if it could be modeled, oight >.xy to cover these items,
but it should be reueobired that the war game may accomplish its objective
and still not answer all the pertinent questions on the subject.
3-

Development of new tactics»
While discovery of now tactics is oftan a happy outcome of analysis

designed to exaaine current tactics, it can also bo a prop-n* objective:
itself.

As a matter of fact, the creation of new tactics to moet the

rapidly changing thrsats of the cold war i3 a paramount importHncs in
modern military planing,
Original tactics very often come about as a result of aoaxz mutation
or reordering of current tactics us they are carried out in tho battle.
The experience gained from iiuployiiii: raulty maneuvs.ra in the fiold will

be: wisely usud to contribut« to difr^nt cuvi batt«;r tuct-i.s in the
futurn.

This oxpcri^nc.i, cuubinud wiL!i profoaslonil vd.i<5owi .aid Insight,

1ms b-sen th-i aain ingmdiftnt of n-sw täOwioal theory.
The war guming mathod,

hm give i p0iulb.UiU.3s of lAuititudiuouu

plays of a. singlfl battlrs by the ooir.po«5r, Cuji iir'tistigat« uany combinations
of avail ibl»» tactical forzva to screen for a bettor approach to th. problou.

One no longer has to rely on happ«nr.tancv^ coiiibii.itiüiis which ari3'r,

in battle to a so fortunate tactical emplo/uiuti^s.

ük i'.fiao, propossd

tactical innovations by military theorists can bt.« ;;valuat ;d in a siiuulatcd
fi«ld envlronwont in th« same waimt-r as current tactics, and th.) ■. orld
does not have to wait for v/ar to t^st th« foasijility of new md revolutionary approaches to a conflict situation.
h.

Dqtenqfoation of future needs.
The post '.'orld War II philosophy in national dofens' is baa sd not

only on having sufficient forces in b«in^ to cope with any threat, but
also to bo continuously developing new weapons and tactics to defend
against all conveiveable weapon systems which the enemy has prospects
of possessing.
In this regard, it is a logical objektiv« of war gamine -nalysis to
aid in this critical determination of future needs.

In a givon war game,

the gamer has the privilege of setting forth tho criewy capabilities,
against which he will attack or defend.

It is possible to increase the

eneay capability by simply improving th« input parumetors vmich dsscribfl
his action,

Tho game is then run usine; existing talents of one's own

fleet to discover hov; bad things will be arid „hat units are going to
particularly vulnerable,

Jy th-ja uialcini, increments paraiu.L

T

changas

to coriviEpo.id to improv-jmentti in uhr, fl-:it ccpvibllill^s, ajioth^.r d^tcr-

U

Hiirutlon can bv awdn a.8 to th' cie/jrrt« of Improvement nee; aary to m nt
futun» thr«Ata.
It ia oft«?n easy to see intuitively Just whflr« one's

OV/JJ

float will

suffor a disadvantage if the wmy inhirl-s impi-o^'jd capabilitioa, but
the degrue or quantitativ« iiiea»ure of self iiuprovaonnt needful and the
exact riaturc of t he weapon to encojupass this improv juiont ar« not siaply
vlsu-xlizsd.
5.

Correlation between ly^ita.
Tho havy ia in possüsaiuu of man;/ differ«nt, aomctimea conflicting,

fluet units with which to do the job of controiling the a^as.

In

A3'>'

alone, there are three typ^a of fixid tdnji aircraft, helicopters,
deatroyers, aubwarlnes, and numcioua ether ayatems with overlapping
capabiliti«a of detecting, tracldnp; and killing en«iay subiaarinos,

Gne

of the challangea of naval lead^ahip ia to mold these divorsj units
into an efficient and mutually complcuijntary tsam having the higheat
probability of accompllahing th^ mission.

This problem is no different

in concept than tho ancient problem of deploying the cavalry, infantry,
and artillery is such a way so as to achitsv.T the maximum coordinition
and destructive power,
kodjrn tactical theory is often blocked becauür; of uh^ inability
to identify and quantify the effect of one unit on tho others when they
are supposedly working toward the same t;nd,

Th«ro «xiots, whether it

ia oxplioitly stated or not, mutual int'.?rfcrenc ;, not all of which ia
involuntary.

Uns way to attack this problem ia to physocuily try the

various foaaible combinations «nough tim^s to appraise the different
purfor.uance.

For example, can destroyers track and attack a submarine
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b-.'U«« in conJunuUon vdih pitrul aiv-r.ift, h Ucop^rs, ur alone?

'thu-r.

is no ahortug.j of opinions on thlo question, but it is difficult to z-.i
sufficient data from at-stu trials Lo »jasuro th s correlation bo w«jen
units, mainly b^caus« »uch trial ia different and coiaparsions los-, thwir
meaning.
This type of cemparsion is not inpractioal in computer wir game
analysis, v.-hers the ease of repeating plays makes the doterminution of
this correlation an attainable and worthwhile objsctiv«.

Viith this

modern analytic tool, it is possible to arrive at a quantative measure
of the interaction among units comprising; a larg) military command..
6, Othsr ob.^ctiv^s.
The objnetivas listed in this section are typical of the ones oouyht
in current war gaming and, for tint master, arc similiar to the objectives
of all forms of analysis contributing to military planning.

Those men-

tioned are ones particularly suited to war game analysis, und many combinations of these objectives are found in current military models.
There are many variations of the above purposes.

To suggest a few:

a war plan may be a defsnse plan, i.e. the establishment of the SAGE
system or an equivalont system; future needs may be logistic rather than
tactical as in a simulttion analysis of the sea lift or air lift capability.

Finally, in the area of tactics and correlation effects, the

number of possible objectives to bo pursued are Increasing faster with
each new complojcity in aodern warfare.
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/nry of ton in oillt.ir/ affairs today, dim the. dccisiommk :r io
facnd with a thraat which can bs ast with a variety of means at his
dispoaal, ho will look to the wir gam« for a clarification or ultimatf!
solution of the problom.

Uhat is th^rs .ibout wir ß'-jao ^nalysia Uut

makes it a wise choice in uny tiivw problem?

In this chapter, the

conditions gormano to a problem v;hlch make it amenable to w..r (jama
analysis will be discussed, idth the purpose of giving the decisionmakar
a better base on which to choose the means of analysis best suited to
assist him,

'Ihe format vdll be in the form of questions which should

be asked and answered about each problem recou>iuand.;d for solution by
this method,
1,

Is the problam factorable?
When experimenting in tho physical sciiyices, tliJ experiment er at-

tempts to hold as many conditions as possible constant that are not
subjects of his ütudy.

Ho is, in a sense, factoring out onos charactor-

istic of the physical situation and examining it independently,

liis

succoss tnay depend on whethar th? observed effect is, in fact. Independent of the environment.
A military exercise may be considered as an experiment; on-: in
which there is very little control of the environment.

In military

analysis, howevjr, it is desirable to look at one event or intoraction
at a tlm« in an attempt to do a finits mathematical study and thereby
find an optical or effociont way in which the event should take place.
Unforturmtruy, when dealing with a conflict situation in th^ real world.

^6

, *t'.;

governed by hunuui action, it is v ;ry awbvurd to hold t : unviruxi«i-mt
constant to purfom an anaiyaio on on.'- ovrnl.

II ia in this nxhs ucy,

whore factorinc is Impractical, U»at une might tun-, to th . v/:.r ßa^ö.
A factoriibln ev';nt can bn reaovod from its environmnnt and studi-.d
separately, wheraas a nonfactorablf; ev^nt cannot(l6).

For exawplo, th«

detorraination of the most «; •".sctivo size of a depth bomb nuy b* made
without considering th.j tactical atmosphera in vhich it is to be dropped.
Once a crit-srion is decidfld upon (exploaivs power per pouni, lethal
radius, ship mounting convenience, etc.), reasouabla results can be
obtained.

On the other hand, i.he problem of the most affective use of

destroyers in a hunter-killer team oannot be abstractsd from the context of the local tactical situation*

The deployment of dtat-royera

is not independent of such items as; the expected threat, aircraft
availability, and the number and makeup of all tha units in tho area.
Thus, the AS'J picture, on a tactical lovel, appears to bs nonfactorable, Weapon capability, sonar and radar isquipunnt, flight operations,
and other facets of the problem may be improved indepandenLly, but when
it comes to the beat uoe of units or weapons in a unified plan, the
analysis becomes muddled.

The moat efficient use of destroyers cannot

be added to the most efficient use of helicopters in the stuue area with
the hope of getting th« most efficient combinatioi , You may, in fact,
get chaos.

The helicopter search rlan may be based on cov-ring the

tnaximuni area of ocean space in aome defined contüct aroa, while the
destroyers may be striving for containment. Both plans could be independently optimal, but the combined effort may be inefficient.

The

operation planner must now become concerned with a new situation and
try to devine thi correlation between the units.
K7

[Uiiminnn--J -^

Tuklnt th'i -roup is a .'hüi:, L.«., nohfuctor/l, s«riouoiy aakplic-tsa
thv« iiwth'iutttical amd^ais, ä sllu.iLlou .-hicli -^U worao UB lucre ^art wor«
uiiita airivo on the acaie.

Kvu Lo an o.tp «ri «iced operaulonal cowjwtfjdsr,

tho nonfactürcjd tactical probim is a inilj sourc« of atudy and reappraisal.
From the analytic point of vi JW, tii« nonfactorcd probljja can be
hundlftd v/ith more aoaurance by tho war gaainß method.

In tha game, aa

mentioned earlitr, «ach unit and its effects are described independently
and thrown Logosther in an artificial v.orld to examine thoir interationo.
The success of each combiriition against a given threat can b» measured,
an1 better combinations may become obvious when the data is assembled.
The war game is doing, in effect, what cannot be done in the fleet; trying a large number of procedures and tactical configurations against
slmiliar enemy actions,
2.

Does a definirte anvOytic solution exist?
Even when an event can be factor ad, it may be troublesome to analyze.

Gne must choose a criterion by which to Judge the r«sults,

'.»"hen conduct-

ing ASVT search, does one choose to maximize the ocean area covered in a
given time, maximize the probability of containment, minimize the time to
regain contact, or oven minimize fuel consumption?

For a definite mathe-

matical analysis, some measure must be chosen, and it may not be adäquate
when the entire situation is considered.
In ^ar gaming, it is possible to hold the selection of this mwasure
in abe/ancs, md examine the results as one would examine the results of
an at-sea exercise,

Soms of the above measures may be within reasonable

constraints already and not in need of specialized attention.

Th: iiomc

may sufficiently illuminate the interactions involved to ü.. puint v.'h.;V"

■■■MBMMWW

inoro wanln.'ful factored aiul^tic studiis Cim be iriitiatftd.
In Jtill gther cases, tlw current mathnmaticül awtuodoluQr is not
capable of dissecting certain Uctical arranöefflents, or concfdvcably,
the ciicuastances h*ive not been considered from a mathcmalical viewpoint.
In either case, the war gwae way prove to b^ the only current approach,
and its usefulness can be justified by the fact that it can produce
results when they are needed and not forthcoming from other analytic
methods in the forseoabls futur«.

..'hin a definite analytic solution to

a pressin; proi:lim is not likely, it is suggested that the wir gaming
technique be considerrd, provided it fits the needs of the problem.
Nevertheless, as point ad out in -hapt-.r four, the results must meat
certain standards to be given credence, and should not be clutched too
lovingly simply because they are the only answers avaiLible.
3.

Is fleet evaluation practical?
An analytic war game is by nature closely related to the manual

or actual war game.

They both seek ths same objactives.

The "paper"

game is considered rhon it is impossible or impractical to make the
desired evaluation in the fleet with actual combat units, and, quite
reasonably, the real life gume should bo utilized when iL is feasible.
It may turn out that the most profitable arrangeuant will be fl .et
exercises run in conjunction with simultaneous simulation.
Computer war gaming is not an inexpensive paastlmc, and iaay not
be justified If the samo data can be obtalnad frwa fleet exercisrjs
whiih must be conducted anyway for training purposes.

Better data

processing in present operations could reduce the need for a considerable amount of artificial investigations.
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On the other hand, if the

cost of certain fleet exorciaos ia proi.ibitivo, the siiailation method
may becoi; e economically attractive
U>

Is the use of nuclear weapons ?mticicated?
This question is related directly to the previous one, bnt is asked

separately because of the distinctive nature of evalnition of tactics
involving nuclear weapons.
at sea.

These events cannot be properly evaluated

This realization, coupled with tin fact that many modem

weapons have never been tosted in their j.riccnt fom, forces the military analyst to rely heavily on scientific studies md simulation.
The Navy today is faced with a growing arsenal of weapons whose
capabilities are not fully known.

These weapons are becoming the core

of our attack ensemble, and tactics must be designed to use them effectively.

In a war game model, the nuclear effects can be given a wide

range of values and various attack plans may be tested over this range.
Hopefully, one plan will prove effective in that part of the range generally believed to be the true measure of the weej.on capability.

In this

area, simulation may prove to be of exceptional value.
5.

Does the proposed tactic depend on enemy action?
Tliis question may seem trivial since the answer will be in the af-

firmative in every case.

Nevertheless, a great bulk of the military

analysis is done without considering specific enemy action, or else one
definite action is assumed for a particular study.
enemy is "factored out".

The response of the

This is often the case in studios of effective-

ness of weapons, where the design of the weapon is such as to optimize
certain fuctions (power vs. weight, convenience of delivery, etc.) without regard to the specific action of the enemy.
delivered, the

AS

If the weapon is properly

;umrtion is that enemy rnsponso is lijuiLed to dyinr

gracefully
5ü

— I^'"

In a larc

■■

ar-^a of ^illury stuii-.s, ■ h-r: t*cLlca r^./;^ : .Lions

iuvolv» trackL.,:, ü,v.rc;iiiL>
v.'-apoi. delivery, it üuy u

L.L r: ^AJ l_,

.a^ j^jillu.!; - u- U ^ fW

rfc i/ii.r to i.nor-, or ..rbitr-rii/ .^sigri,

the rnciü/ action.
i^nti-sutoii«rins search pliir.s, for «xaiupl-;, ar« scjw.-tiws b*.t;d on
thfl principl« of nuximizin.., th-J üwouiit of oc ^in 3;arohrri hi * jivsn
tiun asaiming th'.t the ^nemy ia or will be in the a-^k s^rch.d,

Tuis

ia often the most px-ofitabl- appro ich wh-n inteHigsnc« Is s]ars'; or
completely l-icking «is to his approjciiiuue wh sreibouts.

If, however-,

a datura had ba^n eatablish i, u act-rc;; bi5';d on oc^un '.'07 Ta^-., while
iaaximizing the amount of high ;ro'' bility
imi'/.« tho probability of detootion,

JTUH

asarch-d, may not mtx-

' h ;n such doubt aris-.s, on- tri.s

the plan against sone rvprTsentative «nmy -.v-iaiv:. t^clmiquis to obtain
a m'.usure of öuecesa of th^ tactic.
on paper.

Th';s^ t^sts may b'i run -t s .-u or

If the results ar« not satisfying, thsn th" w r gaming

tcehrdqu:- iaay b« helpful.

Th; ararch plan c*,n bo moddrl, pro^r^u^ed,

and «risd against a great variety of individual submarine man«uv .rs.
Us'jd in this way, us a tester of u*ctical plan;;, th- ./ar ciaua often
prov-rs to be an excellent cowplemöut to definitive studies.
Considar the case of ^ir defenss.

Often a likely e,n:;my air itt^ck

plari ia su(3 -estsd and th^i deciuionmaker s««!« i f^uantity of weapons and
in arrang'SB'snt of forces sufici-:.it to ^.set and d-sf at. li.ls iyp-; of
assault.

After the study has provided for un optw.l dcployiusnt of

forces, it may com« to pass th-t this "optimal" solution is vry
inefficient if the «n«4y choot; ^s an unoi thodox or unthoughtof m-thod
of *tta3k.

Rather than do a no.* study for -ach imiigin .ble n my action.
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it ma/ b- d^slnbl* to ^.v -^ L!.

^ J* ,,-

,,/! run siMul-i. •' J.- a-

t.:c-;.i u^in/ uxl sor-i:; uf Uvtijk pitt ri;.-,.
Tiifi priucijü.'-; cf allc.'ln^

L;.

■

'ü-.^

fr-'.ioik uf aciiut» w.j n plan-

ning d^fens-; go-'.a b*ck to th« fir&t ^»aäiig, ;.''i.-rc the fur.diw-r.v-i c^u stiun war;; "If he do'-s Uils, t'n'm '.'hit wctiun do '..x lake?", -aid uii«
qu stion was aaked throughout tii*. pla^ of uh? c-**4»-'«
still applicablf? today, but is oft'-.n

üV

Tliis pxiiicipl^ in

.rluokud in th« i^;- of ulLiuute

W'j«ipons, ■. h';r« th? (aaphasia is or* lotil d f uis»'* r.ith r tli^n d.;f.iiEi^iinst specific arid probable einitny actions.

.J)f..:.:.:.: r, ...

M

"ir.vj.j.i&.i'c,

'.hile it iR hop^d that t'w i -«.drr will ha'/u, ^t tl.is tiOiC, a
g-iioral notion as to t5i« advimta<;e8 .ird pitfalls to je rxpect"d in ti*
ub- of the war gaminß t-ohnicu-, it 3 ^us appro;.riate tu cioo , L his
thesis with a specific dviin-^tioa of Ih . tas-ts «uid li^biiiwi'js tli-t
the practitloiisr can ^nLicipute.

It uuy trarispir.. that, iji c^uaj.tity,

th-; adv^ntag'3 outw-igh t!;c diaadvantagoa v.'h m a lijt of ■ u;h is
■;uiipo3ed,

liowevor, oa; should rwmb-:r that v/ith -.n/ tcor-nique in its

pirly d«velopaf:nt the advajitagtis tei:d .0 o* ail-grtd ^dvu,nl^'.3. ••.•hilc
the drawbacks are tho:;'« which have, actu-lly h';«n ^xperiinccd,

un .

s-.rious drawback, discovered at ti»e completion of iin -rlaborut;' -nd
costly v^ur gr'ja« can nullify a great d'.al of hard laboi", u.nd outw .igiit
j^any supix>sed ad7antag.;s.

a checklist, while not jxhxustivj, ■•'ill bt;

set forth here with the ho;,^ thit by usinj it one muy avoid such prospective disasters.
Oxin judgaent will never be entir^l^' applicable to a sp-iciflc
problem considered for solution by ^ar gaming, but it. is envisionjd
that the description of general advantugss and dis^dvuntar/vs of the
method will assist the miiitiry pla;iner in consigning his particular
problem bo the proper nnalytic technique.
'iliere are «iany ways of attacking a p; obleia, all of ""ich i*:y
have mutual advantages.

Th'; concern here, however, will b« vita the

particular features of ihr. w^r game which sufficient!/ distinguish
it as huving unique advantages and disüdvantüß'-S.
Tli; citinr of these 3-'lection criteria is w-iut to >iid the aili-
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^T..^

>y -rpo • ri' r r
,ck3 b

;,SJ:.S

fu- .v.

uc d tu rar.d iuf, .

... lhw.d

but that both b« und rstood «md a;.;r oiit d v.-h.-n 'lol-.r, th- I chniqu-: ...d
icti:.': on th? results,
1

/tdvantw-a.
A solution

JUJ

be fcu:^ .'hir-; no j.h-r txlst-d.

It c.;n..t b-

denied th it « syatftia vrfiich px-ortuc^j, :ui •-nsv; r 'h-r» non- prcviousl/
existed h*5 iin adv-int«.ß
problcui.

uv^r othir .jyytciis trying to eolvc ..n. s.auo

Indeed, thiu has been oas of tKj prinuay "s'ii.xii.j pc-ijito" of

coapui/.^r skiuiat-.d war giuuos.

In uh'3 couiplex ndlitury v/orld todü./,

only a nethod which ca-n copo with uii th^ probabilistic events and
unknown corr-;latiuns can suit-iuly describe tJ.o conflict in terms complete enough to /ield valid results,

Tha ^amir.^ teclmique i:; propoc ^d

to get a gross idea of the magnitude of an outcom? when no concept of
this outcoafl is in being.

Aa they say in the trade, "to get a handle

on the problcia".
This ad/antage is b -coailnn aom -.ind more do^iri-üit as in ütt'aapt
is made to analyze thn current defense posture in the atmospher; of
possible nuclear exchange.

V.ith th« offers; and def'nse springing

to action inix-jdlit'^ly -rid with oni; dr-pendini" on the othr-r, to an un~
known ''egr^c, and both dep srjdtng on th'; •uwy approach iind capability,
the search for a "solution" to ths giobül eruation is tedious -nd
unending.

The war game is gr-*sp'jd in hopes of generating 'jo^t initial

idea of ths quantity and quality of foro';3 n jed.jd in joth uur offensive
and defensive sy3t<iiu8
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n~ces:J~r.Y

true fl<itUrc of

sol•1e

h~:Je

rc•ppr•ai•l and
'f..h~tH!

di::;cover-

mm

ins uay be vaiuabla fruu .1;. .Hucutiwnul puint of vie ., v..n aridl/Lic
2air. siiould not be ov-irluoLH ,3^;;!^' "j-cauö-i it ia ;.ot iiauodiauoi,/
useful.

.1 iaetuodolo^ '..'hich dons jio juox'O -aari .'^od.i nrrors can b«

considured as aiial/tlcally advauta^jous.
Analytic vrar raaiti/: my provide a no^d^d link bstweon tlw civilian
analyat and the ppgratlonal cQnyaanddr«

T f

.. ar gaiaing is a method of tac-

tical and stretegic evaluation nuite natural to the üiilitary officer.
In thac of peace, or, to bo wore sophisticated, hi llaie of minimuro
miiitiry involvement, the operational corawar.djr eiupio/s various techniques to maintain and iaprovo hio fighting units.

»Iillc those tech-

niques have different labels, ^ they may be generally considered as
war gaai^s in the traditional sen^p,

Ha has also developed many proced-

ures for planning future action from artificial models, such as; drav^ing
lines on maps, using maneuvering boards, aalntaining tactical trainers,
canned problems, and ot!i rSlmulation devices.
Concurrently with the renewrtd effort in the manual war gaming
area, there has been an increasing use of wathewatical techniques for
attacking military problems and clarifying military complexities,
oince World Ur II, the application of operations research methods to
military problems has grown continuously, and has become an essential
part of all military planning.
The advantage of computer simulated war games to be extolled here
is that it may provide the link between these two approaches to military

^leet exercises, bivouacs, games, training cruises, and numerous
joint engag<unents.
(0

analysisj one of which is rntural lo the uiliLar/ officer and in which
hr cjui comfortibly iwprüYo his oparatlunal ccaa^Jtunc«, md thu other
approach taken pria^rily by civilian analysts, res^archors, and jconomiats, who ara Lrylng to pass on to Liu; military the benefits of their
foi'tcs.

hather than have thesa tv/o avesmea to beti.or strategy and

tactics at odds with each othor, or at best unaligned, the luodem analytic war game may provide the bost sotting in which to bring together
those two sciences to the increased good of ehe entire national defense
effort.
3.

DisadvantaF.es.
Before discussing the disadvanta^us of using the Computer war gam-

ing toclmiquo to solva milioary problems, it aay bo infomative to
decide what is meant by a disadvantage or drawback to a methodology.
In this paper, a disadvantage will bo taken to be an identification of
a problem encountered while using this mothod, which might not arise if
another approach to the problem vere used.

If the gamin., method cannot

solve a given problem, this will not be considered a disadvantage, but
rather a limitation.

If the game is of such a nature so as to appear

to solve a problem when it. really does not, this is a disadvantage.
This chapter will not be explicitly concerned with limitations of the
method since many of these have been alluded to previously,

father,

an attempt will be wade to point out sume of the reasons for the consternation that often arises wh«n thn technique is employed to aid the
military docisionmaker.
The average /tame is not easy to follow.

It nas been auggestod in

chapter four that the user should read, check, and througjily understand
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i/j cm h., aaLisfiürl vith tl.e

Ihls is •■rusicr lu Mur;. ost t;.aii

Uü

accuüpiish,

If the user h-s been p'roonully in-ülvor! 'dth Lrr; concLruction uf the
mouol, he may be reasonably contunt.

If not, by far V.-.o uoab common sit-

uation, lie may find it difficult, time consuming, or even impossible to
fully understand all the internal iuecl.anisms by which '-he gaue proceeds.
In this state of affairs, how is he to luike ^oori use of ohe game's
revelations?

He probably cannot.

Before goinc further, it is imperative that the gravity of the
need for logical validity, to the satisfaction cf tha decisionmakor,
be established,

Tlrio problem of impressing upon the executive the use-

fulness of an operations research tstudy is not a n3w one.

The dcoision-

maker has many justifiable misgivings about mathematical solutions which
are, of necessity, abstractions from the actual sotting.

In uiany cases,

however, when the study is complwtod, the solution is "obvious", or
easily checked and accepted.
Consider two famous operations research studies uf '..'orld '..ar II
vintage: one involving a new procedure for w.shing mess kits, and the
other pointing to a change in the depth setting of a depth charge (17).
In each case, the solution could be checked at little risk.
As the operations researcher tackles problems on a higher tactical
or strategic scale, he must give the decisionmaker more and more assurance
before a change vdll bo made.

In ■ar gaming^.here the method is moat

promising when dealing -.dth large -md complex military arrangements,
suggested changes are not painless to try, an^ the decisicnraak?r muöt
act vith conviction.

A '„-ar gamu in this era may imply that an entire

f.:

mm

weapon syaLom Lc i.ur, v^rt:. Its <■..;, cr J.it ^ ^o.i -'.cfonu- jwr;L^i

As thh soi:.^i.it; uf .1,0 daaiaioiis lu^rnaauss iu.d operauional ch
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becojie acre difficult, th« need for validation of results becooips tiandatory,

If this cannot bo done, Lhe technique may not be d satisfacoor^

approach to ndlitary probieas.

If the builder works in conditions --.^u.e

froiu daily co .sultation v.lth ctilitary opinion, ho laay fill to construct
his Internal logic in conforiuance v.lth the essence of iho ^oal world
situation, or with the current operational Judgment.
Oni3 way to beat this drawback is to fuly docuflierit .he j^auuc so that
the user can trace the logic aasler.

Unfortunately, axptn-icace 10 da-e

indicates ^hat tiiis iiay double tho tLne and effort n:ed;d to build the
gaiic, or requ .re excessi/o toil after the

^HILO

has been cuupl^t'id

HUA

presented to the user.
One adsoiided assumption can effect the
portionately.

QI^LTC

outcoatj dist;ro-

The war gaaing motliod has been citud as a^vanta joub in

that it can be used to seek the solution to an entire series of complicated interactions, rather than obtain the result from a summation
of factored-out sub problems,
back,

'ath this quali-y go.is an obvious draw-

'/hen going for all or nothing in a solutioi , ono mistalcon as-

sumption can result in nothing, and more effort is wist ;d than if the
mistake ware made in a small subproblnu.
The delicacy neod^d in choosing assumptions was strcsüed in
chapter tvo and it may no* bo cloar vhat :in uz.-icc.j-tabie ^sc^aption
aiiywhorc in t]./: r.i&'j ^ay cauüc U'.ß ijntire program t. '■-■■■ i-yj.jciud re7irdlof>s of !>;;o

T:O«;11

■iV„ ...y

the end, so «any objections, rtano. ; 1
ua-,

ui- o...-r I, , '^ ...-

- ■.•^ii>l.lü;.3

u. U. • ^-4.. ■, lli;t ■.; : ^-u *-u !__./ - lot ü- left l^ a uore Cv>.i.;^rvativG

ai1.^ well tested iuethod.
i'iany of tU-=.-!e objections ai'iro bjcausc, it will b*, r'scallod, ti/:
war '^aiutt i., rtlstincilvc in tl.ut it .ill-^ls to put do .71

H11

th-; rc-levant

ha; per.in.-s and their uff^ts, won u:gHj oaussd by n'-.tu-il and
force's.

IHUJüH

In doins so, thö gmair has xq;o3^d his product to -n endless

stream of criticism, sincu v^r/ fev; poopio vlil agree on a ji7';n interpretion of human behavior#
The above disadvani-age can be rodaeed soaa'.'lat in scop- if the
builder conK-.iliii oft;:n '.'itli

LUJ

user, aid others knüi.u,v*dgf3able In th«

field, during tiie conotruotion of the gawe
The analytic Rautinr: toethod conflicts .;ith tho ".vddmnit of-experts"
concent,

nc stat d jarlier, the war giwe i^ a blend, bringing toßothor

contributions from the civilian analyst and the field couiuaud;r.

This

characteristic, jaentionod before as a virtue, uay turn out to be a vice
if the blünding nev&r takes place,

Tho military coiiuiiander,

ho uu^t

wake the final decision, has found th:-t he has to rely heavily on personal judguent and experience; vrher-mo the civilian analyst üay ücitt^tiu ;a
feel that all problems, military or othorviae, can bo aolvod by the application of tho scientific method, if the proper t^chniru^s ire- developed.
The war game provides "experience" in u<. 'irtifical li^nn.- and often
provides it where it is not attainable in any other way.
ence ccmparable to actu.il military experience?

1» this ejtpori-

hov/ can it b- st be used?

answers to questions of this nature help to decide the proper u^fc of the
game method, and whether its employmönt will ultimately aid ur hinder

tUo dccir.ioi)ui'..';er.

It la concei/abl-j ll-A v. .- r:-u>iu>z ^ h-. u^.ci lu cuusuitui'B fur
actual oxcrc-Iaca ^r' l-;;^^ a /';hicl.; for Urj .*/>■..;.:.;; üf üdlUary
decisions by notiailltary p.irsoiu.el,

ILis '..-ouid upbear tu be an un-

fortunate use of a potentiaH/ b.:in.-ficlal Uclxioue.

llie gum rig

method, .dien us«d in proper porspcativu, should be juupleac-ntary tc
actual Uilll'ary experlnice und suipl^oit the "jud^ont of experts",
rather than replace it.
The product gay never "sell".

This last objection is aiiuv' pri-

marily at the practice of bulldln«; "all j?urpose" or ■■-neral w^r
laodcls.

ame

It has been emphasi?^! throughout this thosia that th-i.objec-

tive of the game mu"t be fimly eslabliohcd In order to make logical
assumptionr-, and to make b'.ist use of .he results.

It may be poösible

to modify i ^ame, built for one purpose, to mak^ it useful for another
purpose, but this amounts to a n-w wa.- game usln^; .■omc of Jio old luodcj.ing techniques.
i'iopt operations research ritudies a •« conatructed around the probl««i
to bo sol/ed and this 1c gerieially truj of studies utillziuc the- simulation device,

ilc'ev'-r, there seems to be an urge on ^he part of soue

coiajailsive model builders to put together gamas und -hen seek a u •■■ for
thorn.

This does not se^au to bo the mot;c effective manner of applyixig

the technique to military situations.
Rather than describing reality in mathematical form, the pursuors
of this aiproach are tryine to rnxke reality fit a preconceived model
^/ith minimum chanre in the mo'lel.
strained assumption?:,

This tactic car. not only l-sad to

ut could also have the erfact of scl/ini.' i rob-

lems which the decisionmakcr do-'G not h.v.', vhilo neglecting th.e o:r3s
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teuce.

If thie a WliVP.rtJ5.al f ·Je li .f:, th~n g~tJS constructed for t;·"r.r.r!ll

usat;e unft not related to a
to

Lh~

sheJ..f ,

TLe talents

'll.e militacy

s~rvice:J,

SJ::c c i~ic

1ailitacy problelll

con::n.wo ~ d

in !JUCh e ffo L·ts &Ila:J n·!V>r ;jit!l' U .e

if t

~e:~

nm·r and po'mrt'ul analytic technique.,
civi .1•'-', L:.orlel

l,ull~cra

and

5Ug~est

~Y

be ,:owJi Gnc c

a :·e to rc.s.p the b ene fL.s of
~aust

tnl~

invade the priv3.CJ tJf t' e

obj 3ctives, ..,rhile at t!tc

s~e

providine accurate data \lith .,.hich ihe . csea.rchrJr c3.n chJ. .el hin
efforts toward a

r r;a.li~a.bl•J

end.

~d
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