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ABSTINST

In the modern analytic war gawe, a military situation is simulated
by deacribing the conflict in a mathematical model and carrying out the
"play" of the game by computer. The traditicnal 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 var 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 rele-
vancy 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 deci-

sionmaker.
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Piti"FACE

The analytic war game, usually played on i high speed digital
computer, is becoming an accepted, though controversial, aid to the
military decisionmaker. The purpose of this thesie is to ettempt
to cullect and condense information about, and assess the usafulness
of, this rslatively new approach to military analysis.

It 1s intended that the treatment of the sutject will take the
point of view of looking at the value of this technique to the mil-
itary planner who must make use of all available methods of analysis,
even though he may not have had an’opportunity to explore 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 gam-
ing, and most profitabl, from conversations with wmilitary officers
deeply concerned with uses and misuses of analytic methcds, and civil-
ian operations researchers who are involved in the solution of mili-
tary problems,

The author is indebted to Professor Alvin F, Andrus for his
expert guidance during the preparation of the tiiesis and to Professor

Rex H. Shudde for his thoughtful review of the final draft.
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CHAPTUR I
INTRODUCTION
1. Purpose
The purposc of this thesis is to present to the military officer
a critique of analytic war gauing in light of iis contribution to the
knowledge of modern 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 opera-
tional 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 partic-
ular methodology of war game analysis.
2, cept d te
In any mathematical analysis, it is assumed, or at least believed,
that the relations involved in the real system can samchow 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 betweon nucleons., The model has been described
as a symbolic representation of the domain of phenomenon under invest-
igation (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 which might suggest a picture
of the model in natural motion. By doing so, we simulate or capture

the appearance of the real system being investigatcd. Vhen 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, eic., but the teru as used‘ hiere will imply a computer
play of a military conflict situation.

A simulation must also be distinguished from a camputer solution
to a definite, but lengthy, numerical problem, Many solutions to
lincar programming problems, for example, are cariied out entirely
by computer. A simulation, on the other hand, implies same camplex
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 mathe-
matical 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. Wren the concept of an opposing force capable of
making decisions is introduced, the simulation becomes a gaume. 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
ba used synonymously with the term simu_.tion 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 pussible future
military engagemenis (32). ‘/ar gaming, in general, can be divided

according to the two purposes for which it is emplcyed. although



these purposus will overlap in any given guae, opc will usually be
tiven as the prinury reason for foruwulating the pam: originally.

Onc purpose has boen for the trulning of the decisiomwakcer. This
type of game could he playnd through, allowing a prospective leader to
make all tne decisions necessary to the success of the campaign, there-
by gaining experience that he might never get until such time when
errors in judgment would be far more costly. In recent timss, this
use of the game as a training device has becowe an claborate and soph-
isticated method of training erxecutives in industry as well as future
admirals and generals, Miny computer assistad Lusiness gawes have
proved bencficial to men who already hold positions as responsible
decisionmikers (2)., In the Navy, the Naval llectronic ‘arfare Simu-
lator (N:WS) at the Naval War College is contributing to the decision-
making ability of many iaval Officers (15). These gamss create au
artificial atmosphere in which decisions can be made which closely
resemble, in form, the actual decisions which must be made in the real
world, 'war 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 guidé military plarners. To qualify
as a method of analysis, the gaming method must go beyond the educa-
tion and enlightenment of those directly connected with the game model
and it must produce results upon which future action can be based,
Some analysis has been done in thie past using war games, but the actiion

taken has been limited to tactical changes where the game itself has




servad as a focusing device to poiti cut faul.s to be corcected in Lie
field. Ths guse results lave soldom dictated wajor strategic upli uvals.
Today the war game is being call:d upon to perforu a greitar and more
crucial scrvice, From this type of analysis many decisions must be
made, not solely restricted to tactics, but involving weapons systams
procurenent, the future of deterrent systems, =mployment of military
resourcas on a vorld scale, and a host of problems whose solution may
never be tested in the cold 1light of reality. often no cxperience is
available to corrobora.e analystic results obtained on thuse subjects.

Analytic war games can be devised in a great varicty of forms.
The simplest being the mere thinking out of a conflict situation by
assigning moves to tlie enemy and determining counter moves. ‘Inis
primitive mental game has been formalized into games like chass  at
the other extreme, large manual war games are conducted periodically
in the form ;>f fleet exercises with "frierndly", but uqi)’gbﬁmlc,
enemies, Although the primary purpose of these workouts is iraining,
post-excrcise analysis is getting increascd attention,

While it is not imperative in this paper to distinguish between
a machine-played game and a similiary game played by hand, the comput-
erized game will be dealt with since it is becoming the foremost method
of "playing" large scale war games, An important distinction to be
made is that the analytic techniquc to be discussed consists of a
complete model with all rules and decisions built-in, as opposcd 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 cvaluated in this thesis is

the "paper" game which consists of a wmathematical model, and the play



of the guue 1is performacd ontirely Ly camputer. In tie critique of w.r
gaming to follow, the structure and compon pis of compulcr siwulaled
war games will be examined first, followed by soue discussion of the

overall objectivus and advantages of this melhod of analysis.




SHakFl Uk II
IL TRl STRUCTURYE

Ask anyonc to pas3s judguent on war zame resulis und luuedia.cly
he asks, "Jhat are the assumptions of th: gaue?" There scews to be
more concern with what goes into simulation than iunto any other foram
of anulysis. In this chapter, the contents of a war game will be
explored with the hope of discovering the origin of tiils apprechension
about assumptions and seoing to what degree they differ irom the
assumptions made in the solution of any problem containing undeter-
mined quantities,

First of aXl, it should be noted th-t, in the short history of
operations research of military matters, many resulls of reports and
studies have been accepted as indisputable nathematical truth, and
some fleet doctrines have been based on these resulis, If the mathe-
matics could be verified, the assumptions often went urmoticed, Witlh
the advent of computer simulation, however, the results are being h:ld
provisional. It could be Lhe physical form of the results which
causes such reservations. The results come out neatly arranged and
explicitly s:ta.ted, yet one is forced to wonder how lhey were generated.

No decisionmaker can accept results of this nature without sowe know-
ledge of their origin. Certainly a miliiary strategist must be satis-
fied with the a priori assumptions of a wir game before he can take
action on the results. It may be a blessing thut this type of analysis
has directed attention to assumptions made in all types of analysis,
whether the actual reckoning takes place :rithin the computur or is
delineated in pure, but unintelligible, mathematical symbols. It is

becominz clear that the acceptability of resulls rests as wuch with
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whal L1 presupposed o with Ll vlzor of iy wetaods waed,

angguptions vceur in kg sinpes u foiws “Le dnternal stree-
ture of the war puge will novw be exauin 4 Lo s where, wnd in what
foru, assumpiions arise, and whelher they are nacessary or justificd.
Of spucial interest will be the observation of tloce asswaptions wiiclh
appear to be unique to the war gaming method.

1. Mathematical approximations.

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. Nuclear bursis are
given perfect spherical form. Equations are formed from extensions
of "best fit" curves to areas where no data are available, There is
no end t<_> ths estimations which must be made 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 unanage-
able, or a form more easily handled but amounting to a cruder approx-
imation. This problem is not unique to simulation. However, simla-
tion is an attempt to pcrtray 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 formu-
late and program, The heart of war game theory is the presumption

.
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that while the perforiance of the entire milit.ry complex is unknown,

the performance of each alement is known (8). If this were not the
case the gaming method would not be feasible., To "know" in this con-
text is to be able to describe the element mathematically as a numer-
ical parameter or as thLe 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, This is often the case
when nuclear explosions are simnulated. 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 efilects of these weapons with
very limited knowledge of their actual effects, Whether his approx-
imation will adversely affect the resulis will depend largely upon
the objective of the game, This relationship will be discussed later
in the section on game details,

While the above approximsition may be crucial, other approximations
appear to be both harmlesz and extremely handy. For example, in many
ASY problems a conar search pattern is delermined 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
i alone circular, but varies continuously with ship motion, water tem-
perature, etc. Unless it can be shown th.t the actual pattern is

markedly different from the circular approximation, an attempt to




picture it more accurately would mean an increase in labor preatly
out of proportion to the increase in accuracy.

The military war gamer must not only produce a mathematical approx-
imation for each element of the game, but he must also have 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 cmarse 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 have 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 reasocnable time and at reasonable costs.

When there is very little or no information available on a par-
ticular 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 tuke cn a wide
range of values through different plays of the game This, of course,
is a lengthly procedure and may convert the simulation intcv a para-
meter 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 mathe-
matical 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 pre-
viously discussed mathematical approximations,

Since a physical situation is being approximated, the detail in
the approximation cannot exceed the know detail of the real aituation,
Any attempt to represent a parameter with a number of six significant
figures when the parameter is only known to three will introduce un-
necessary 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 com-
ponent could be described adaquately by a single number or equation,
it would be preferable to do so, rather than describe its sub-com-
ponents in detail. Vhether this is the better approach will depend

on the purpose of the game.
10

.




The ruls on accuracy seems to be: be as accura.e as the current
knowledge of the actual item will allow, provided tie data can be mathe-
matically described and prograumed within the practical constraints of
the simulation. No such rule exists when dealing with the amount of
detail.

Amount of detail. Those engaged in building and using a war game
must, of necessity, consider every aspect of the situation being simulat-
ed, Part of this consideration is to limit or extend the completeness
of description of each event. The gamer is torn between two heliefs;
that everything of significance must be included, and that a conglomer-
“ation of detail can cause the program to becam unwieldly and increase
the difficulir of having the game and its results understood and ap-
preciated, 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 & detail included and found unnecessiry, can
be removed, but one left out may always provide grounds for decliaring
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, e
How then, in a given game, can the amount of detail be decided

1




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. The
"atmosphere" should be created with a minimum of detail, If the object
of the game is to examine specific weapons or tactics, one is not only
concerned with the ef‘ects of these systems but also with the causes
of their effects. Therefore, the critical element must contain enough
detall to ascertain, if possible, where wealnessess exist and what
camponents are most sensitive. On the cont.sry, elements of the sim-
ulation which are merely effects should be programmed as effects, not
only to save labor, but to insure that they are programmed ac they
are experienced and not generated erroneously by a complicated routine
containing many approximations.

Supposs, for example, one is interestei in testing the effective-
ness 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 ulti-
mate user of the game, who presumably has operational experience in
this area, It may, however, be possible for the game itseif to deter- |
mine the significance of some of these factors.

On the other hand, a percentage of the attacking aircraft may

12
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splashed for reasons other than missile hits. They may go down before
contact; they .ay get lost; they msy be brought down by surface anti-
sircraft fire of picket ships, or intercepted and destroyed by combat
dir patrols. If we are interested only in shipboard missile effective-
ness, these other losses could just as well be lumped into one attri-
tion factor or "effect" and programmed 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 per se rather than construct it from com-
ponent causes which may be less known, At the same tinme, 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 problem of determining ASW tactics against transit-
ing submarines. One common measure of effectiveness is kills per
transit., In arriving at a kill, many games are set up to include
contact, classification, torpedo firing, chass, acquisition, and kill
with a probability associated with each separate event. Is all this
necessary? 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 fuct.ior; is determined prob-
abilistically. 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 num-
ber of contacts per transit may prove a more useful measure of effective-

ness, while at the same time the calculations, and resulting errors, of
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Lerpeds motion cculd be avoldad  The inci.oion 3 i detail nay 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 any sirulation, but the gamer and the user
mst constantly compare the necessity of this detail with the objective
of the game in order to hold it to a minimur,

3. Neonguantifiable assumptions.

The third ccasideration 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 factors which are measurable
and can be determined empirically have been discussed above, These
include approximations, descriptions, details, and, in gemeral, the
physical characteristics of th_?‘ayatan under scrutiny.

Some factors cannot be qua.n.t.'.iﬁed, 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 actionm,
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 wiih care. These assumptions are often called "hidden"

1,




assumptions since thoy are seldom stated explicitly in the game des-
cription. Virtually every element introduced in to the game carries
with it an :I.mplicit or hidden assumption. 'I'hreo‘broad areas of im-
plied assumptions are: enemy action a.ncl' purposes, i‘riendly 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, .nimated. The
agsignment of courses of acticn amounts to a major assumption, and
care must be taken to avoid setting up a "paper tiger" to be destroy-
ed 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 1s the game demands.

For example, in a submarine transit problem, the enemy submarine
nust be assigned some track in order to present a threat. In some
similations, 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, It may be preferable to use a series of
random positions., 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 they will carry

on in accordance with past performance. lore often than not, future

15



performance nust be asswuod, Like mathematical approxiwations, the
alw i1s to make assumptions as close to the resl rerforuance as foas-
ible. Often "a figure of merit" is assigned to the perfornance of a
plece of equipnent in both actual and simulated usage of the gear.
This repres:nts a more precise, but still only partially correct,
assumption of how the given equipment will perform when needed,

Frequently in war gauing, assumptions have to be made concerning
comnunications; an integral part of any military engagement. Kven if
cormunications 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 pur;ose
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 siluation"
implies a myriad of "supposes" and they all must be accounted for in
the final fornulation 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 hecadaches 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 aussumption that the
true tactical results can be obtained without considering explicitly

the effect of changing water temperature on a sonar search pattern.
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This asswuption may be valid in some individusl wap games, but the
user siould be aware that it exists

These are some examples of the numerous presumptions and con-
Jectures which are part of any description of a real world situation,
especially a world as dynamic and complex as that of modern military
conflict, Since a perfect replica of Lhe 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 judgments. The user of the war game cannot ask ror
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 ap-
proximations, details, and assurptions, and inputs to the game it-
self. 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 fickI;
ways of nature and fuzzy 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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CHAPTEL ILI
SIMULATFD DECISIONS

Thoughout 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 supposod 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 d}ecision making experience as well as
analysis, An entire series of pdssible decisions could also be laid
out before the game, thus establishing selection rules for action when
the facts called for a tactical decisiqn. This latter type of setup
was, ir reality, the testing of an entf.re war rlan for a strategic '
situation or the testing of a battle pl{l.an for a tactical situation,
The decision rules were conditional and formed a policy for action.
The purpose of the game was very ort.edi to test the efi‘ectivengg; of
the military policy proposed, ‘ '

In modern war gaming, these two t.ype.a of decisioh xg’t:hods are
similiarly applied. The first method, utilizing humal},"'aecisions
during the play of the game, is the prominent teatux)é; of the présent
manual war games and tactical training devices. é second method,
in which decision rules are preprogrammed, forms the basis of current
computer simulated war games, Present war ga.ming/ 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 utilization of improved weapon systems, and
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many other factors bearing on the state of military warfave  low ver,
tho essence of simulation analysis is contained in its decision naking
process which allows for the virtual carrying out of a complex mili-

tary interaction and the systematic following of it to its completion

In a strict s:nse, a decision is a conscious choice of a course
of action from alternative courses of action. The war gamer is looking
at the consequences which come to pass as a result of these choices
made by different units in the course of battle, In addition to the
above sense, the term "deci:sion'" will be used in this paper to signify
the outcome of an engagement of forces, as in the case of a prize
fight "decision" or the downing of an aircraft. One appeal of war
gaming as a methodgof analysis lies in the fact that each event and
interplay of events is "decided upon", or adjudicated, in the play
of the game as it would, or course, in the actnal conflict.

The simulated war game has the capability of letting the various
for:es interact, or generating reactilona, and of decidiné conflicts
without cefinite knowledge of the tactical cross products. In other
words, it provides a "try it and see" technique. For purposes of
analysis, the ingredients of the decisionmaking process need not
be known since one is interested in the effects of the decisions on
the tactical situation. issentially, there are two kinds of decision

processes in a simulation: the predetermined decision and the random

choice event.

1. Predetermined decisjons.

Very often in mathematical analysis the outcone of an interaction

is px;edetérmined. Since the outcome is forced by the events of the
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game, there is no '"choice" ur uncertainty conuoc'ed with the rasult.

A familiar example is a description of radar coverage areas as
circles iind any intersaection of this :ircle by a represented flight
path of a hostile aircraft is considered to be a detection which
automatically initiates a tracking event. The decision to be made
here is when detection occurs and this has been detarmined in the
programming of the game. The play of the game consists of consult-
ing certain formulae or equations to check for geomstric intersect-
ion, The procedure, in effect, represents a "decisicn" of nature
that detection is immediate. A human decision could be simulated
in this case if the program were to track and interecept the in-
vader, 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 gane, and is carried
out automatically when certain conditions are fulfilled.

Decisions which are predetermineql to produce a definite response
tc a definite situation have an analog in actual military policy.
Standard operating procedures are ideally designed to insure a uni-
form and supposedly optimal response to certain tactical occurrences,t
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 in-
vestigation of the phenomenon involved. In the simulation of a

lI'Jx,amples: "track all unidentified blips" M 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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nuclear depth boub burst, damame nay b3 assessed in wecorduie «ith A
previously discovered rule, usually basad on an eatiuated lethal radins
and the distance from target While this type of deerwinatisn nay
not be a perfect replica of the natural event, it will, if based cn
reasonable accurate data, describe the event in a useful way By
"deciding" the outcome of many such events, the game will hopefully
yield results similiar to the actual conflict results whilc, at the
same time, creating a history of the battle which can be of immense
analytic value,

It can be sesn, that if the entire conflict were carried out
using formulae and ecuations which were complately determainistic
and allowed only this type of decision, the "game" would be only an
analytic solution utilizing the computer as a bhookkeeping device
There would be no choice or chance inherent in the interaction and
the simulation, as such, could not be properly labeled a war game
2, Random decisjons.

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 proble ,
it may be informative to see why it is desirable to do so. Consider,
once again, the aircraft entering the radar search circle 1In the
deterministic case contact is made if the two lines intersect, or more'—'
explicitly, if the two equations have a common solution. Is actual

radar contact this certain? Suppose it was a submarine enterin;; a
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sonar range circle, would contact be 100 por cent certain? In either
case the answer would most 1ikely be in the ncgative., ‘xperience 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 preferablec 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 appropri-
ate when describing the real world. The results of hunan decisions
will always be uncect2in 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 effecis
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, }he interesting results
are obtained against an unpredictable enemy. His freedom of choice
is discernible when his motion is described in a probabilistic fashion,

The Monte Carlo technigue. 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, This device
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is used today in manual war games and some fl ot excrcises. A torpedo,
for exanple, is launched against a subwarine, ~ithor at sea or in a
"paper" exercise. It is desirable to make some 13sassment of possible
kill or damage. Aside from using real war lead, a dubious peacetime
practice, this determination of damage 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 he a previously specified value
or greater, a kill might be assessed, If not, the torpedc is assumed
to have missed or, perhaps, inflicted .sinor damage., From che 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" cor-
respcnds 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 exampl:e, whero the prou:ihil-
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 gen-
erated 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 analozwus to
szapling of 2 sivon population (10).

It should be noticed that when dealing with a given pre*ability
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distribution, one is sampling frci. an artificial population which has
a distinctive mean and variance already known.

The true usefulnsss of the Monte Carlo technique is manifest when
the analyst is faced with the situation in which, not one, but largs ¢ ¢
nurber 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 success of
each of the five aforementioned events is determired as an input to
the game. This minimum information is essantial to the initiation of
the Monte Carlo process. The final overall kill probability does not
have to be known. Heturning to the exampls, the game 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. Une
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, This procedure simulates tracking or possibly,
lost contact, 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. From here
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the program goes to the probability distribution for acquisitic,
usually a function of ransre, and hence, if applicable, to the finel
determination of kill or miss from still another probability refvlect-
ing “he lethal power of the warhead.

A computerized war game can 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 indeperident prob-
abilities, 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 protabilities
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 N
these elemenis 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 interactions and "decides" con-
flicts, but in doing so it provides a history suitable for study and

analysis.



CHAPTER 1V
RESULTS

The most perplexing ard pressing problaw facing a military planner
who is dealing with war games is analysis of results, If the war game
is to be a useful .- :.l;.i. tuol the restlts ..ust not oinly bo cuacistent
and believable, but they must also contain enough meaning and relev-
ancy to be definite contribution to the decisionmaker.

Many words have been used to describe war game results; valid,
invalid, true, useful, unrealistic, hogwash, 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 crganize A few of
these labels, so that the military reader may defend or attlack 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 td deceive one-
self is to atﬁdy 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 explicit-
ly 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

27

_ﬁ



better Jjudgients as to the worth of war gans results. The three
WNspects are: Stitistical Significaace, Logical Validity, and Compar-
sion with experience and intuition.
1, Statistical significance,

Upon completion of a run of & 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. After all, one set of input parameters shculd yield
one result. It will be recalled thiut one distinguishing feature of
the war game is the employrent of the Monte Carlo method in the decis-
ion making process, Using this method, there is no assurance thit 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 ontcome 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 cof a
probability distribution composed from many probabilities and one play
of the game is considered statistically as one drawing from a popula-
tion of all possible outcomes of the game, What the analyst is seek-.
ing is some knowledge of the parameters which define this distribu-
tion 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 game. The obvious
question is how many.

By treating the results as samples from the pepulation of pos-

sible outcomes, the problsm becomes one of statistical sampling
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theory. 'hile thore exists a great hody of information cn the subject,
this paper will be concerned only with what careful statistical analysis
can contribute to the comfort of the military plainer confronted with

a myriad of data generated by a war game, Sowe agsurance is needed

that the game has been played enough times to give ths user a high
degree of confidence that the results adacuately represent the true
model output. In other words, he wants the answer .o tne 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 sauple
distribution. The degree of confidence in these parameters will be
determined by the sample size, which in war gaming means the number
of plays of the game with one set of inputs, The statistician can
arrive at a confidence :interval abcut such a parameter which gets
smaller as the sample size increases,

For exanple, in fifty tosses of a fair coin, the proportion of
heads may vary from 0.4 to 0.6, but in 5,000 tosaes the proportion
of heads will seldom vary more than from 0.48 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 numoer of kills,
or contacts, or penetrations, and the statistician migh! examine
the results and announce thut the mean number is 27 with a 95% con-
fidence interval from 2l. to 30, This means that there is an object-
ive probability of 0.95 that the mean will 1lie within this interval.
An increase in sample size may rciuce this interval or produce a

_similiar interval with 994 conf 1ence., Such an improvement may be
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very costly in adt‘iitionul plays required, The war pame usor lus to
make a jud:ment abcut the size of the samople desired. If the confi-
dence interval is adaquate 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 exanining 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 iL. further analysis of
the game results, A coumon 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 sur-
face 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 the statistical significance of results mean to the
beneficiary of war game results? It tells him, primarily, when he
has played the game & sufficient number of times to have a high
degree of confidence that the mean and variance obtained is the true
population parameter of the output. This confidence shculd not be
unrestrained since the statistical methods deal only with the numbers
produced by the model as it stands and the "population" of plays per-
tains to the model and not necessarily to the real conflict boing
similated. 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

%

——



mechanisms have produced an unlikely result. Uther mathematical
treatmunts of tho results, i.e., graphical analysis, regression
analysis, should be viewed in the same light, as truisms about tie
model, not about what is being modeled,

Much information about the nature of outputs and the relation-
ships 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. He
must ask not only if the results are valid in the model, but do they
correspond to their image in reality.

2. logical validity.

In formal logic, a conclusion is considered vali” if it is
arrived at Ly rules of reasoning of a definite and consistent form.
Rules governing the subject and predicate of the major and minor pre-
mise 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 premises. If the conclusion is valid, meaning it follows
logically from the premises, then one can esta.lish the truth of it ir
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. A conclu-
sion may, of course, be invalid, but true. 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.
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Var guue results may be looked at 1s conclusions in the sense
that Lhey follow from the intarnal logic of vhe gume. The question
facing the analyst is whether they foilow by the rules acceptable to
him and does the playing of the garis 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 outcowme follows from the input
according to the laws of logic, or laws of set theory, or of trigo-
nometry, or whatever disclipine is being used, Tike, for exampl.e,
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 sane
concept, but much more difficult to achieve in practice. If ons conld
trace through the entire program to ascertain the rules used in the
determination of the osutccm, then he could be acsursd of the validity
of the results, He might like to lnow whether the equations reflect
logically consistencies, like, to take a simple case, are rad:.r contacts
adjudged only within contact range of the piece of radsr?

The value placed on game results by the mllitar; planner will
vary directly with his confidence in the validity of the process,

Since he suppliss the inputs and is responsible for their "truth",
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he needs only the assurunce that the often elaborate -nd couplsx ganc
logic 1s giving hiu a logical flow from input to output. This assur-
ance is in addition to an awareness of the approxima.ions and assump-
tions mentioned in chapter two, FRxcept in the case where the gaue 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 ths structure, To some degres, he
rust rely on the skill and integrity of the individual who built the
tame,

\ This confidence may be attained by a fully documented game, or,
more easily perhaps, by a close and informative purtnership between
the user and the builder throughout the development of the game. This
partnorship is difficult to attain at present since many war games

are being built primarily by civilian analysts, sometimes working close-
ly with the military, and sometimes working in an academic or non-

nilitary atmosphere,! Some familiarity with gaming technirues by the
military officer is essential, and a working relationship of the
military with the civilian analyst would be very beneficial.

The builder of the gume 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 sbove, the war gaming technique may
serve as an agent in increasing the rapport between the civilian

analyst and the military tactician,

1The degree of association with the military varies. This work
is belnug done in many placss; The Applied Physics Laboratory, The
Rand Corporation, Stanford Research Institute, Systems Deveclopment
Corporation, etc,
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3. Comparsion with experience amd intuitjon.

Another definition of validity specifims that stutements or
conclusions are valid if thoy can be supported by facts or exipirical
evidence, It is this test of the war pame results which is most
elusive and controversial. It is camforting 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 wust
now consider how much can be inferred abuut 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 simmlated engagement. This
translation of numerical results from an artificial situation to use-
ful 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 f.he game results to the real world by comparaion
with experience and intuit:lon is by nature less formal and requires

continuous study, reappraisals, and subjectlve judgments, together

with whatever data can “e obtiined from similiar fleet exercises.




Some examplss may illuminate the nature and scops of decisions
which may be called for when determining the usefulness of war game
results. Suppose a war game is dovised to simulate a hunter-killer
team stationed in somo defined area to prevent transit of Ememy sub-
marines., All units have been programmed 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 times to arrive at statistically significant
results, Upon examining the results, he discovers that one type of
unit, say for example the ASW helicopter, is very seldom involved with
a kill, ard almost never credited with an initial contict. Does one
conclude that the helicopter is really not essential to the hunter-
killer team and should be removed, If not, where do you look to
explain the outcome which may be in disagreement with the outcome of
similiar exercises run at sea.

Consider another submarine transit problem, this time using an
SSK barrier. Once again, the barrier is set 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 several plays of the game. A
similiar fleet exercise is performed with results that 8 out of 10
submarines are ld.ilod. 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.
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These are but examples which point out possi.le conflicts which
may arise when war game results are compared with experience and in-
tuition, While there is no pat procedure to resolve thess dilemmas,
some guidelines can be listed tn easec the burden of the decisionmaker
faced with the task of making the best use of all sources of informa-
tion available, They should be applied whether the ga\ reaults are
appealing or disconcerting,

Do no to ¢ two fer 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 comparsions of
the two are difficult. The environment of the fleet exercise will
probably be different from that simulated, and more importunt, the
rules of assessing damage or kill are often not the same.

look for relative improvement. The problem of comparing two
types of results can be avoided by making comparsions ~ithin the
game iteelf, If the purpose of the game in the second exampls is to
evaluate tactics, game results shculd be cdispured ilh o‘ui.\;x Jooles
from the same model, but produced using different tactics. FH: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 realized, regardless of the absolute nwiber 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 ocach approach

vary considerably.

36




Reexamino inpyts first. When attempting to resolve discrepencius,

reexamine input parameters first rather than tinker with the baeic logic
of the game, One of the useful analytic purposes served by fleet exercis-
es is to shel some light on the performance characteristics of the var-
ious units. These performance characteristics are important inputs to
the game, and erronsous ones may lead to strange results, As the gace
is continually adjusted to better reflect reality, the major adjust-
ments will be to update the effectiveness parameters of the weapon‘
systems described, In the first example, fleet experience may ;how
that the helicopter has a much higher effective sonar range than was
supposed in the model and honce, a greater contact pr‘obability. In
which case, a correction in the model may produce results demonstrat-
ing the usefulness of the helicopter in the hunter-killer team. I
not, the simulation may point the way to further critical analysis

of the composition of the team.

Changes in the internal logic should follow unly from a new and
genuine understanding of thes essence of the physical world which is
being pictured, This will be more important in iIu.ture games whare no
operational data is available for comparsion and the best one can do

is to stabilize the modsl and vary the inputs.

Do not judge the game by the results alone. When the ;223'9;;,._ come -

ocut in close agreement with precot;ce;ygd_ views of the user, he may be
tempted to consider the me"iiii;;, realistic, and even extremely.
astute, Likewiss, ;;sult.a 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 thv logical syllogisu, onc s.rives to construct
a system which will produce valid conclusions, 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 reson-
able 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 ard the results should be judged only
in light of the assummed inputs,




ChaPTR V
UDJECTIVES

Having reviewecd tho wore lmportant feutures of modern computoer
simulatcd war games, the remainder of this thesis will be addrecuscd to
the problem of the usage of gauing techniqu=s to furthor militury objuct-
ives. The present chapter will be councerned with objectives to be sought
by the employment of the war game,

The military officcr is continuously aware of the necessity of
making the most efficient use of his resources in hand, of plunning for
new weapon systems, and of devising means of cvaluating the ncv systems
as they evolve, The theorctical side of this day-to-day appraisal is
in the domain of operations analysis, and the objcctives of war gaaing
do not differ appreciably from the routine objectives of operations
analysis., The simlated war game is another tool of analysis vhich is
still developing, and, like all new methods, can be of great value when
usud effectively and applicd to problems vhich are amenable to tils
type of discipline, '/hile discussing war game objxctives, it uay ve
observed that the clussical purpos:s of war paming and the post World
Viar IT purposes of operations analysis blend together in znalytic war
gaming and could bring to militury decisionmakcrs a now appycciation
of »ach method,

It has been emphasizcd throughout this paper thub the objoctive
of the gams must be understood by the user (and, of course, ihe builder)
in order to appreciate and, perhaps, tolerate the ascimption on one end
and the results on the other. This chapter will outline soms of the
fcasible objectives of simulated war games and, where appropriate, point

out their influence on intcrnal structure.
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1. leating of war pluns.

The testing of war plans Las Lucn one 0 Uhe bdstoric uses of tu
wur game, ‘he idea wus to devlsu a compl:Ae plan of attack to achelve
some desired military end, and then to "play it" u uinst suppos:d cLowy
responses, while takin; into account, if possible, chance happanings
which occur in uny conflict situation. Weak points in the pluw were
corrected as they becuwe apparent, and often, as u side product, insight
was gained into & new tactical approach, The war game offered an oppor-
tunity to "try out" proposcd plans prior to the time whon they must be
used for "keeps", The evolution of military tactics parallels, in some
ways, the development of philosoply, in thet heuvy reliance was placed
on the accumulated wisdom of .. st and tie insight of a few geniuses
who crystallized concepts into workable rulss. There was no method,
outside of war geming, to continuously cviiu.te and revise tacti: o an
times of peace, The analytic war game, as a test:r of plans, continucs
to assist in this area,

The modern computer simulatcd war gawe can and does serve this
classical purpose; nuumely, the cvaluation of various tactical proposals
for: handling and array of threatening situations, ‘iith thls objcctiv;
.in mind, the game should be built with a serious intent of describing
the military capabilitics, ey and friendly, as accuratzly as they
are known to date, VWhen the stated purpose is such a gencral :valuation,
the assumptions, approximations, and internal structure must be geared

to serve this purpore. This requires a true reflection of th» real
situation if comparsion of plans is to bs meuningful. It cau be seen

that by’ taking as one's objective the deterwination of the best master
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pla, the gams wust be made not only largz, bub accurate ln casential

detuil. Thie requireuent for accuracy of description of an :nlire mod.rn
war plan means thut this objeelive cun bo uchiev:d only wit. a great
oxpenditura of time and :ffort, even with the aid of udgh spued cowjuters.
It may be advisable to scek a smallur objzctive on som: occasions to
avoid having to descrive too large o conflict in minute detail.

2, ZIffsctiveness of tactjcs,

The difficultly mentioned above can be re’uced somcvhat by consider-
ing only subelecments of the overall stratcgic picture, thercty concen-
trating on local, relatively indcpendent, tactical situations resulting
frow threats less than world wide. In this way, the wor gamer can
ignore or hold static many aspoects of the environuental backdrop against
which the engagement is played and thus reduce ths detail recuired and
make assunptions less demanding in verisiidilitude,

Consider, for example, the defense of a mercantile convoy against
hostile submarines. It wmay b\o the casc that only two mcthods of defsnsc
are proposcd: excort destroyers, together with ASW helicopturs placad
aboard the merchant ships, or a supporting hunter-killer team stcaming
in the vicinity of the convoy. The objective is to campare the offective-
ness of the two teams against the same throat. This can be slaulated
with less detail than one would supposc at first glance, The couvoy,
in exch case, can be programmed as a unit with little detail other than
courss, speed, and limited maneuvering ability. The enemy actievn can
consist of attacking submarines of given capabllitics, but the atien-
tion to detail in describing thes: capabilitiss can be relaxed as long

as the same threat is presented to each propossd team, The description



of th ensy threat wust U reascinbly sceura .o, tut the loportat @ lug
is to make it siwillar for ~.chi ovaluatlon. Tor tids liui.-d obj-ctive,
tho enviroruent can be assuwcd to be addeoccuwr, rewcving Lo n.t for
considurable geographic detuil. If, ou tuc other hand, the convoy prob-
lem was to be part of a test of a gencral w.r plan, it would wost likely
huve to Le programmed from start to finish in accurstc detail. ..ith a
less general objective, the lavor of buildii the nodel way %@ ceduced
considerably wore than tie corr:spounding luss in enerality.

A point can be made liers concurrning the relations.ip belireen odj:cte
lves and results. In tac case of the lluited objuctive, the juae may .
"£ind" one mothod of cunvoy defense more eflcciive tactically ihan the
other against a given threat, but this does not imply that it should
necessarily bo chosen. Th: objective wis to determin- tactical superior-
ity, while other considerations such as cost, maintenance, nwed for
defense, probability of threat, etc., remain for further analysis. The
overall war plan, if it could be modeled, might .ry to cover these items,
but it should be remembeored that the war game may sccomplish its objectlive
and still not answer all the pertinent cuc-stions on the subjzct.

3. Development of new tactics.

Yhile discovery of new tactics is often & happy outcome of analysis
designed to examine current tactics, it cun also ©e a prop-r objective
itscif. As a matter of fact, the creation of new tactics to meet the
rupidly changing threats of the cold war iz a paramcunt importance in
modern wilitary planing.

Original tactics very often cowec aoout s a r-sult of samc mutation

or reordering of curront tactics us they are carried out in the batile.

The experience gain:d from ~uwploying raulty maneuvers in the field will
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be wisely used to contribute to diffar=nt and batter tucii.s in the
future. This expericnce, cowvined with profession.l wisdow wd insight,
has baen the wain ingredient of nsw taculeal theory.

The war guming method, hi:n give. posuibilitis of wmultitudinous
plays of a singls battle by the carpuisr, can investigats wany cowbinations
of available tactical forces to serscn for a better approich to th: probe
lew.  Onc no longer has to rely on happenstancs couwbirations which arise
in buttle to sse fortunate tuctical employuenis, Lik nrlsc, propossd
tactical innovations by militury theorists can be wvaluat:d in a siumlated
field enviromaent in the same manner as curront ilactics, and thi: world
do2s not have to wait for war to test the fousiuility of new and revolu-
tionary approaches to a conflict situation,

4. Determination of fyture needs.

The post ‘orld War II philosoply in national defens- is bds:d not
only on having sufficient forces in beings to cope with any threat, but
also to be continuously developing new weapons and tactics to def:nd
against all conveiveable weapon systems which the enemy hus prospects
of possessing.

In this regard, it is a logical obje:tive of war gaming .nalysis to

aid in this critical determination of future nesds., In a given war game,
the gaumer has the privilege of setting forth the cnsumy capabilities,
against which he will attack sr defend, It is possible to increase the
enemy capability by simply iwproving the input parametors vhich deseriba
his action. The game is then run using osxisiing lulents of one's own '
fleat to discover how bad thin;s will be and what units are going to
particularly vulnerable, 3y then waking inerement.l parwa.lor changes

to cormspead to lmprovaaents in hr flest copubilitins, ancther dotor-
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minatlon cun by made 28 to the degroe of luprovemsnt nsce: sury to m ot
futurs threats.

It is often easy to see intuitivsly just where one's own flost will
suffor 2 dlsudvantage if the =nemy inh.ri.s impro?sd capabilities, but
the degree or quantitative mrasure of sclf improvemcut neednd and the
exiact nature of the weupon to encowpass this improvousent arc not simply
visuilizad,

5. LSorre bastwee its,

7Tho Nuvy is in possession of uany different, sometimes conflicting,

fl:et units with which to do the job of controlling the seas, In all
alone, thore are three typ:s of flx:d wing alrcraft, helicopters,
destroyers, subwarines, and numerous cther systems with ovarlapping
capabilitiss of detecting, tracking and killing enemy subuarines. Cne
of the challangess of naval leadzvship is to mold these diverse units
into an efficiont and mutually complem:ntary tsam having the highest
probability of accomplisliing th~ mission. This problem is no different
in concept than the ancient problem of deploying ths cavalry, infaniry,
and artillery is such a way so as to achieva the maximum coordin:tion
and dsstructive power,

kiodurn tactical tfmory is often blocked because of vhe inability
to identify and quantify the eZfect of ons unit on the others when they
are supposcdly working toward the same end, Thsre exists, whether it
is oxplicitly stated or not, mutual interferenc:, not all of which is
involuntary. Une way to attack this proulew is lo physicully try the
various frasible caubinations cnough times to appraise the different

prurforuance. For exampl:, can desiruyers irack and atiuck a submarine
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betber dn conjunction with pitrol ulieraft, b Licop. rs, or alons? ‘Tuure
is 10 shortup: of opinions on thio qu*stlon, tut 1t is difficult to gat
sufficient date from at-seq trials Lo w:asure th: correlation b ween
units, mainly because such trial is different and couparsions los:. their
weaning.

This type of camparsion is not impractical in computer war guue
analysis, vhere the eusc of ropeating plays makes the deterwinution of
this correlatlion an attainable and worthwhile objsctive, 'ith this
mod:ra analytic tool, it is possible to arrive at & quantative msasure
of the interaction among units comprising a lurgo> miliiary coummand .,

6., Uther objsctivss.

The objectivaes listed in this s=ction are typical of the ounes soupght
in current war gaming and, for that ma.ter, are similliar to the objcctives
of all forus of analysis contributin: to military planning., [hoss uen-
tioned are ones particularly suited to war gaue analysis, and many cowmbin-
nations of these objectives are found in current military .~odels,

There are many variations of the above purposes. To suggest a fow:
a war plan may be a defsnss plan, i.e. the establishment of thz SAGE
system or an equivalent system; future needs may be logistic rather than
tactical as in a simulition analysis of ths sea lift or air lift capa-
bility. Finally, in the area of tactics and correlation effects, the
numb=r of possible objectives to be pursued are increasing faster with

each new complexity in modern warfare.
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ChinpPi"R V1
MILIT.RY T.0BLOGS SUTGGWBLT TV STaULaTIOK

Very often in militiry affairs today, hen the decisiommal:r in

faced with a threat which cun bes wet with a varisty of usans ai uis
disposal, he will look to the wir game for a clarification or ultimate
solution of the problam. Vhatl is thers about wir gume analysis th.t
makes it & wise choice in uny given problem? In this chapt-r, the
conditions geruwans to a problem which wake it amenable to wer gaus
analysis will b= discussed, with the purpose of giving the decisionwmak:r
a better base on which to cheose the means of analysis best suited to
assist him., ‘The format will be in ihe form of cu:stions which should
be asked and answered about each problewm recommand:d for solution by
this method,

1. Is the b actorable?

When experimenting in the physical scicnces, tiis exporimenter ate-
tempts to hold as many conditions as possible constant that are not
subjscts of his study, He is, in a sense, factoring out on: charactor-
istic of the physical situation and examining it independently. liis
success may depend on whethor the obsmr'vled effect is, in fact, indcpen-
dent of the environment,

A military exercise may be considered as an sxp:riment; on: in
which there is very 1little coutrol of Lhe environment. In military
analysis, howsv:r, it is desirable to look at one event or intoraction
at a time in an at.empt to do a finits mathematical study and thereby
find an optial or effecient way in which the event siould take place.

Unfortunatsly, vhen dealing with u conflict situation in thz real world,
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govurned by humu action, 1t s viury awlwurd to hotd t = enviroma mt
constant to perforw an anulysis on one event. It is in this axis ey,
where factoring is impracticul, that one might turn to th. war gaus.

A factorible ev-nt can be removed from its environment and studi:d
separately, whercas a nonfactorable ev-nt cannot(1l6), For example, the
determination of the most e!-~'sctive size of a depth bomb miy be made
without considering th: tactical atmosphere in +hich it is to be dropped.
Once a crit~rion is decided upon (explosive powcr per pound, lethal
radius, ship mounting convc:Lcnce, cte, ), reasonabls results can be
ouglined. On the other hand, the problem of the most affective use of
destroyers in &4 hunter-killer ieam cannot be aostract=d from the con-
text of the local tactical situation., The deployment of destroysrs
is not independent of such items as; the exp:cted threat, aircraft
availability, and the number and makeup of all th: unité in tho area.

Thus, the AS! picture, on a tactical level, appears to be nonfactor-
able, Weapon capability, sonar and radar equipmont, flight operations,
and other facets of the problem may be improvsd indepandenily, but when

it comes to the best use of units or weapons in a unified plan, the
analysis bacomes muddled, The most efficicut use of destroyers cannoi
be added to the most efficient use of helicopters in the saue area with
the hope of getting the most ef’icient combinatior. You may, in fact,
get chaos. The helicopter search rlan isay be based on covering the
waximun area of ocean space in scme definsd contact arca, while the
destroyers may be striving for containment. Both plans could be inde-
pandently optimal, but the combined effort may be ineffici:nt. The
operation planner must now beceme concerned with a new situation and

try to devins tha corrclation between the units.
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Tuking th cvroup s o shol:, L.e,, nonfuctor -4, seriously couplic.tes
the wathuutical analysis, u situction which -l wors. as wore .ud wore
units arrive on the scene, fvou Lo an wip:rimced operatlonal couward:r,
the nonfactored tactlical problum is a daily sourcs of stud; and reappral-
sal.

From the analytic point of vi:w, tue nonfactored probl.uu can be
handled with more assurance by th: war guming method. In ths gamc, as
mentioned sarlisr, euch unit and its effccts are described independently
and thrown lLogsther in an artificial vorld to cxamine their interwtions.
The success of sach cambinition against a given threat can bs measured,
an! better caubinations may became obvious when the data is assembled.
The war game 1s doing, in effect, what cannot be done in the fleet; try-
ing a large number of procedurss and tactical configurations against

similiar enemy actions,

2., Doos a definite ap:lytic sglgtiog exist?

Even when an event can be factorad, it may be troublesome to analyze.
One must choose & criterion by which to judge the rusults, .hen conduct-
ing ASW 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 fucl consumption? For a definite mathe-
matical analysis, some measure must be chosen, and it may not be adaquate
when the entire situation is considsred.

In var guming, it is possible to hold the selection of this measure
in abeyanc:, :nd examine the results as one would examine the results of
an at-sea cxercise. Some of the above measures may be within reascnabic
constraints already and not in need of specialized attention, Thi game
may sufficiently illuminate the interactions involved to uhi. polal Wit
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more weaninsful factored anilytic studi=s can be initiated,

In 3till other cases, the curr:nt wathrmatical metiodology is not
capable of dissecting certain tuctical arraugsments, or conceivcably,
the circumstances huve not been consid:red from a mathematical viewpoint.
In either case, the war game way prove to b: the only curreut approuch,
and its usefulness can be justified by the fact thut it can produce
results when they are needed and not forthcoming from other analytic
methods in Lhe forsecable future, ‘h-2n a definite analytic solution to
a pressin: protlam is not likely, it is suggested that ths wir gaming
tachnique be consider:d, provided it fits the needs of ihs probleu,
Nevertheless, as pointad out in chapt-r four, the results must mest
certain standards to be given credence, and should not be clutched too
lovingly simply bscauss they are the only answers available.

3. Is flect evaluatiop practical?

An analytic wur game 1is by uature closely relatsd to the manual
or actual war gaws, They both seeck the same objwctives. The "paper"
game is censidered hen iy is impossible or impractical to make the
desirad evaluation in tha flsct with actual combat units, and, quite
reasonably, the real lifs gume should be utilizcd when iy is feasible.

It may turn out that the most profitable arrangemcut will ke fl-et
exercises run in conjunction with simultaneous simulation.

Couputer war gaming is not an inexp:nsive passtime, wnd way not
be justified if the sam~ data can be obtained frcm fleoet exercises
whizh must be conductsd anyway for training purpos=s, 3detter data
processing in presant operations could reduce the ne=ed for ai consider-

abie amount of artificiul investigations. On the other hand, if the
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cost of certain fleet exercises is pro.ibitive, the simmlation metiod
nay becon.c economically attractive
L. Is the use of nyclear weapons anticipated?

This queation is related directly to the previous one » but is asked
separately because of the distinctive nature of evalnition of tactics
involving nuclear weapons, These events cannot be rroperly eviluated
at sea, This realization, coupled with the fact that many modern
weapons have never been tcsted in their pr:zont form, forces the mil-
itary analyst to rely heavily on scientific studies ind simulation.

The Navy today is faced with a growing arscnal of weapons wlose
capabilities are not fully known. These weapons are becoming the core
of our attack ensemble, and tactics must be designed to use them effec-
tively. In a war gaue model, the nuclear effccts can be given a wide
range of values and various attack plans may be tesled over this range.
Hopefully, one plan will prove effective in that part of the range gener-
ally believed to be the truec measure of the weajon capability. In this
area, simulation may prove to be of exceptional value,

5. Does the ged tactic deperd on enemy action?

This question may seem trivial since the answer will be in the af-
firmative in every case, levertheless, a great bulk of the military
analysis is done without considering specific enemy action, or else onc
definite action is assumed for a particular study. The response of the
enemy is "factored out", This is often the cass in studics 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.) with-
out regard to the specific action of the enamy. If the weupon is properly

delivered, the as:umrtion is that eneiny resronse is linited to d inc
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apor. delivery, it way b odee dviic to inor:, or -roitririly .ssig.,
Lie =newy action,

anti-subuaring s=urch pluns, for ecwupls, .r2 sawtiu-s beed o
the principle of maximizin, th: awount of oc:un s-urched in « siven
time assumlng thit the =remy is or will be in the «row search.d.  Tuis
is often the most profitabl~ approich wh-n intellig.ncs is spurse or
completely lacking as to nls upprosiiimace wh:r=abouts. If, how.v:o,

a datum had be=n egstanlishi 4, = soure. o:sed on ocaun cov:rare, whils
maximizing the amount of high ;roi: bility urea scarch:d, may not mexe
imize the probability of dstoction., "% such doudbt wris. s, one tri:s
the plan apainst same rupresentitive enemy -vasiv- iaclnicuss to obtain
a w.asure of succcss of the tactic, Thess tests may b2 run <t s .u or
on paper, If the results ar~ not satlsfying, than the w.r gauing
techniqu- may be nelpful, The search plan cen b2 wod:@l:l, pro ruw.~d,
and iried against a great variety of individual subiarine mansuv .rs.
Us=d in this way, as a tesier of weclicul pluns, th. Jar gaue often
proves {0 ve an cxcsllni complewcnt to definitive studles,

Consider ths case of auir defenss., Uften & likely encuy air attuck
plan is suz-ested and thn decisiomuslier szcls 1 quantity of weipeons and
wn arrangsa et of forces suf’lcioul tu et and def oo Lhis typs of
assault. after the study has provided for un optiu.l deployusnt of
forces, Lt may coae to pass thit this "optimal" solution is v-ry
inafficient if the encuwy choos:s an unorthodox or unthoughlof w=the!

of «ttuck., Rather tihan do a new study for -~ach imigin ols -1my action,
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Toae principle cf allerin_ v sy 0 <dow of acllun Wy i pl.n-
ning d=fens= go<3 back to the first gewing, “i:rec the furduw .nil qu s-
tion wa<; "If he dous tals, tien hat welicn do we take?", and viis
au stion was asked throuchout tu« pizy of che gawe., This principle is
still applicable today, bul is often ur .rlucked in the ag: of ullimste
weapons, hare th cuphasls is on tobul d-fmse roth r than dofass

apeinat sprcific and probuble cucwy actious,
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“hile it ie hoped taat ti~ revder will have, .t tiis tine, a

g ucral notion as to the advintaies and pitfalls to us expect-d in i~
us: of the war gaadng t-chnicus, it s ews appro;riate tu clos. - .is
thsis with a specific d-lin-ation of Lh. wss~ts wrd liuanili.ies that
the praciition=r can anlicipute. It way vranspir that, in uwtity,
Lh: advaniag s outwrigh iz disudvuntages wirwn o« 1ist of :ach is
cusposed.  Eowever, ou: should remewb-r that with sy btochnigque i its
eurly developa:nt the advuantuges teid .o ve alliged advanta;.s, while
thz drawoacks dre thouse which have actuilly Lnen :xpsri@:uced, .
scrious Arawback, diascovered at the caapl-tion of wn ~laborit: -nd
coslly wur gome can nullify a sreat 1 al of hard labor, und ovutw.ignt
sany suppossd advantagss. o checklist, while net oxhuustiv:, «ill be
set forth heare with the hops thait by usinz it one may aveid such pro-
sprctive disastors.

On~ judgment wiil never b~ sniiraly applicable to 2 sp:cific
problem consid-red for solution by war mamirg, but it is envisiocnad
thit the description of ;-n~ral advantugss aud disudvuntarg+s of the
method will assist ths militiry planner in consigning his pu.rticular
problem to the proper «nalytic technigue,

Thera are wany ways of attacking & problem, all of .nici wey
have mutual advaniages. The conenrn hsre, howsver, will be with the
particular features of ihe war gawms which sufficlently distinguish
it as huving unique advantaiges and disadvantages.

T citing of these z-lzction criteria is weint Lo wid the wili-
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actisg on tha results,

1 advant-y:-s,

4 soiution may be found ~divre no uuhnr sxist:d., It cunot b

denied th't &« system which produces a wusw r hsre noas prosicusly

existed his an advanlag: over othr systeas trying to solve .a: s.ac
problem, Indeed, this has been ons of the primury "s~iling peiuts" of
computsr simuiat:d war guass. In o cowplex ndlitury werld today,
only a method which cun cop: with adl the probabilistic evenis aud
unknown corr:lations can suitully descrive tho conflict in terms cou-
plete =nough to yleld valid resulis, The gaming tochnique is propos:d
to get a gross ided of the magnitude ¢f wn cutcoms wunen no concept of
this outccas is in being. As they suy in the irade, "to get a haindle
on the problen",

This advantag-+ 1s b caning aore and more douirant as un attoempt
is made to anaiyze the currcnt defsnse posture in the atmospi«r: of
possible nuclear exchanuge, «ith the offers: ind def-rnse srringing
to action imnrdiztely od with one d-pending on the other, 1o an wi-
knuwm Aegraz, and both dep:nding on the Luny wppresch and cupaoility,
the s=arch for & "solution" to ths globul ecuation is t-:dious nd
unending. The wur gaus is gruspsd in hop<s of generating soms Luiilal
id=: of the quontity and quality of furces n:eded in ootn cur offensive

and d=fengive systous




The eynic way ask, "Is = gross (or vrgug) answsr battsr then no
answer bt all?" A good question 1f resulis obb.in-d frau poor war
Gidacs are paraded as the only truth becauss they constitute the only
existing solution to the protlem. Iu ihis dsceptive und d.ngercus
situsiion tetal ignorance uay be proferable, but a Qiscernine decision-
aaker will avold Lhis trap by curcful analysis of ihe saue results as
susgestod in chapter four. Indsed, if (h» wethod 1s us+d in un area
of analytic virginity, the rosults, while valuable, must be car-fully
validated least they be illspitiwate,

2 given weupon system hus a 402 VAll probability uwgeinst o pgiven threat,
"hat does this mean? Is it & wcasure of pasi reliubility, weuning that
it killcd LOE of the target nttacked? Or is it a guess st the future
reliability, bLas~d on the known performcnce of the componentis and an
esttaste of Lhe eneyy defense? ODom-tlmes these probabilistic results
l=ave the militury plainer in a quandary, ilow does he dcploy a LOs
effective systen?

The war guming method nuy rowove this dilemma (widle probably
creating new ones) by maki, a determination of ~ach ev:nt, using,
most likely, the sawe lmown component capabilitics. In the courss of
the battle, the gume will undoubiedly show ihat th- we.pon system in
cuestion is approxiuulsly LG effective, but by "playing out" each
event, it way show where the kills occur and in what situations the
esystem s usel:ss. The Listory of the game will pive Lhe ailitary
dacisiomuaker a better pieture of the part play-d by saci weapon
system than an analytic sclution hich states only the overall prcbe

ability of success,



ihls advantagy of conput » siumleio@
was games 13, culte naturally, dorived frog its sLdliariiy to actuul

or manual war gswes, In oth r words, it is a analytic or “pop r" wethod
which retains the featur: of actuul at-sca practice, thc "try it wnd see"
approach, an approach ¢ proven awilit.ry vorth., This, of cours:c, is the
rationale behind claesical war gaulcg and is wonitioned here as a curront
advantage only in the extent that the current counterp.rt rctalus this
characteristic.

7 oul . This trait

wi.s wentionoed carlier .s an objoctive of war guaing, but iz listed is «n
advantape becanse 1t sccus to be one of the aspects of Lhe guaing toch-
uique most relevant and useful in modorn awililery analysis, The method-
fcal approach of operations reseurch hais boesn to breck dow. o compl.x
probles and oxasine ceeh nliby in lts fictored foru, Thic proc.dure,
libeled sub-optiadzation, trics Lo optlaize b compoicul and arrive
at an cptimal overall sysien.

This process, while productivs, loses sow: of ilu power Wi s e
kno n inieractions ccecur in the overall problew, snd ths factorsd purts
cannot be rejoined in a loglical way with assurance of efficiency in the
composition. Recull the example in chapter six in which the helicopter
search plan wes suporimposed on ih~ destroyer szarch plan with no
guarantee of an cfficiont combined scarch plas.

Th» war gawing method will mot defire the corrslution b.twosn
units in thes: case, Juch & Afinition would be an inpul o the guwe
and the advantage of suming would e Jost if Lhey could Le definad,

What the gewe will do, with its ability of repetition, is chiow wideh
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coubination Qispliys o warsiral lncrcase in ffiel ey O proc-ellity
of success. Ths bust tactic.l coubln tion of nuwereus unibs sy be:
discov.red by "brylug" thaw o1l, evon bhoud the naturs of the futere-
action leading to the best outcow: is uct discernible. The exuct
interdependencs betuscu units suvekin_ Lhe sawe objochive way o main
4 uwystery, but if the wost ef ectivs wethod of dsploying these uuliis
can b: found, Lhe mystery does not rem.in a stuwbling bluck.

3 s e rei . To supgrest reoalism as an
advantags to camputer simulated wur sawing may rais: a guffaw frow
those oxposed to the teclnicuc. liore often than not, th+ priwe con-
demning adjective applied to war games is "unrocalistic". It is true
that the simulation methed does not purport to accuraiely photograph
the real world. Oince this is Lrue of all wodeling, to coupare the
realisu of various models do=s not szam profituble. To clalim reslisw
as an advantuge of war gaming it will have teo be conirast:d with liae
actual war game or fleet axercise wethod of obtaining inforuwatioc:.
Since all a priori military analycis is "unreal" in a sirict s:use,
thes question tc be askos? is whieh approach will le.d to im"ormation
wost true to the rcal conflict.

It may be aigued that the war gaming approach will never be
more realistic than an actual fleoet ex:roise of similiar content,
Is this always true? It may be thet anlytic war guming will fit the
criterion in suwac case., Iu many flest "confliects", the kill detor-
minition is made by the throw of thr: dice or is decid.d upen oy an
uapire, The uuwpire may be interest-d in extracling the mest at-s=a

training from the exsrciss und the €ice rulio may dbe designd to
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favor a prolonr.d engaguat L for thls rouson, Tuis proczturs uay be
wdvaitagous for trairing purpes-e, bt 1..4s to resulls nadeh are
unr=liible for critical tuctical analysis. For such cos Gg 4t cun be

more desirable Lo mod:l the exsrciss wid design thie dontc Curlo t.ch-
niques in such a way so as to refleclt the unit cupubllitics as accu-
rately as they ave known., In offect, if the purpozes of the floet
exercises (training and analysis) caunot b separeicd at s.a, it way

be mere advantageus to resort to an analytic method which can mik:

the separation and describe the iniurplay with a single purpose in

mind.

The gawe cap bes replayed. The analytic war gaus, as has been
sugnested, lies somewhere between pure mathemstical studirs and opera-
tional gam*s or exercises, Its replayability is un asset not gonerally
enjoyed by the other two methods. In th- £1eld, it would b~ sxtrewcly
enlightening to replay muny of the actual epeorutional =ncounters under
the exact same conditions, thereby allowing for a meaningful compursion
between two different tactical approaches. Uhis is scldem possible,
and all toc often there remuins the suspicion that one systewm or ‘actic
appears superior because of Lhe fortunate conditions in which it perforu-d.

The ability of replaying & situation is not absent from muthew:tical
studi«s, which have soue repetitive capabilities, It is often possible
to change one paramet=sr whil- holding the eother i.puls consiunt, «nd
thus approximsiie a new system oporating agaiust the sauwe threat., In
this respact, the d+finite mathematical wethod dozs not campare un-
favorably to the war gaming wethod., The advaniages of war caming in

this asp=ct r=st mainly on ihe fact that ths gaws is built with the
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exprassc@ characieristic of euse of repiay an® this uakes 1t & battsr
vehicle to wttain the gerils of nusrous pleye unfd jekes its results
mor= a.mcnabie to stutistical unalysis.

2. Bonus sdvantages.

The two advantages list- below do not pertain directly tc the
analytic method itself, bul rather to advautages frow '.n;ic;h the decision=-
ak=r benefits by employing the war gawing method, regardlsss of the
ultimite results or the lick Lhereof. It should be noticed, however,
that these advantages only accrus in Lue case whers the decisiocmuaker
associates himself closely with the gume and lts builder.

, situat i ' = : & :
basic structure of the problem. This advantage of mod=ling, whether

the model be mathematical or phy+ical, lies in the fact that the process

Cc

of constructien, by itself, can oftsn l=ad tc th2 discovery of many
und~rlying and hitherto unknown causes and effects hich «ct in the real
world, 4&s the analyst asscubles the war game and triss to describe
mathematically the2 actien *aking place, he is forced to scrutinize Lhe
relationships bstween events and participants in minule detzil, He
mast painstakingly 2+tail cach svent and intericiion. In deing this,
he may look at the particulir evant in « new and critical manner, a
look which often bresds fortultous changes in the way of doing things.
While setting fortih the logic of the game, thc gumer may notice
illogical arrangzasnts of forces or inconsistont procedurés viiiich have
never been illuminated before, Tven if the gamec cannot solve these
inconsistencies, the experience may lead to a necessury reapprusial and

constructive future action. although ih= true naturc of ith=se discover-
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1es way Le vaiuable frow w Aueniiwnl polut of vie:, Lhe analyiic
gair should not be overloon:? sLu ly Decaus: L is ool imwediately
useful. 4 wetuodology vhich does no wore Jaan :gpose errors can be
considered as analytically advaniagous.,

Analytic war raming may provide a noodad link between the civilian
analyst and the operational commander. ‘ar guming is a wethod of tac-

tical and stretegic evaluation quite natural to the military officnr,

In tlae of peace, or, to L2 wore sophlsticatad, in tiwe of minimum
militiry involvement, the operational conmaand-r employs various tech-
niquzs to maintain and improve his fighting unite, ‘hilc these tech-
niques have different labels, 1 they may be generally considered s
war games in the traditional suuse. L has also developsd amany proced-
ures for planning future action frow artificial wod~ls, such as; drawing
lines on maps, using maneuvering boards, maintainiig tactical trainers,
canued problems, and othrslmulalion devices,

Concurrently witi the renewsd effort in the manual war gauing
area, there has been an increasing use of wathewatical techinicues for
attacking military probiems and clarifying military complexilies.
5ince World ar 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 io be extolled here

is that it may provide the link between these two approachas to mildtary

1r1~et exercisaes, bivouacs, guues, training cruises, and nuwerous
Jjoint engagements.
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analysis; on: of which Is nitural ‘o the military officer and in viich

V.. ok Ao . R — - : : .
1o can comforiibly duprove his operalional competance, and the otuer

approach taken primerily by clvilian analysts, rescarchers , and :con-
anists, who are lrylug to pass on to ke wilitary the benefits of their
fortes. llather than have thesa two avenues to betier strategy and
tactics at odds with each other, or at best unaligned, the wodern anal-
ytic war game may provide the best setting in hich to oring together
those two sciences to tie increased good of the entire nation:l defense
effort,

3. Disadvantages.

Before discussing the disadvautages of using the computer war gaa-
ing technique to solve miliuairy problzis, it way Le inforwztive to
decide what is meant by a disadvantage or drawbick to a methodology.

In this paper, a disadvantage will be taken to be an identification of
a problem eacountered while using this method, which mignt nol arise if
another approach to the problea ere used, If tie gamin. actiiod cannot
solve a given problem, this will not be considered a disadvantage, but
rather a liuitation. If the gamé is oi“ such a nature so as to appear
to solve a problem when iu really does not, this is a disadvantage.
This chapter will not be explicitly concerned with limitations of the
wethod since many of Lhese lave been alluded to previously. .ather,
an attempt will be wade to point out sovwe of the reasons for the con-
sternation that often arises when the technique is employ:d to ald tie

military decisionwaker.

The avera e is easy to follow. It nas been suggested in

chapter four that the user should read, check, and throughly understand
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the internal logie of 'he ir fuas o Lhiatl L ean b salisfied vith Ul.e
consistuncy of Jhe rosults.  Tals 15 wusice Lo sur ost tlan wo ecuwpiish
If the uscr hus bean prsonaliy in-olves ~ith Ui consiruction of the
model, he may be reasonably content, If not, by fur tle wost cowmon 3ite-
uation, he may find it difficult, time cousuuming, or even iwpossible to
fully understund all the internal acclanisms by which e gaue proceeds.
In this state of affairs, how is L= Lo wake good use of Lhe gawe's
revelations? lie provably cannot.

Before going further, it is imp.rative that tie gravity of Lhe
need for logical validity, to the satisfaction cf ihe decisionuakoer,
be established, (he problem of impressing upon Lhe exaecutive the use-
fulness of an operatlions rescarch study is not a naw une. The decision-
maker has many justifiable wisgivings about wathematical solutions which
are, of necessity, absiractions frow Lihie actual setting, In wany cases,

howevar, when the study is completcd, Lhe solution is "obvious", or
easily checked and accepted.

Consider two famous operations resecarch studies of %orld ‘ar II
vintage: one involving a new procedure foir w.ching mess kits, and the
other pointing to a change in the depth setting of a depth charge(17).
In cach case, the solution could be checked at 1little risk.

As the operations rescarcher tackles problems on a higher tactical
or strategic scale, he must give the decisionmaker more and more assurance
before a chunge will be mad~, In .ar gaalng there the woethod is most
promisinz when dealing «wilh large nnd casplex military arraneoacnts,
sugrested changes aie not cainless to try, nd the decisicnmalir must

act with conviction., & war gaae in uids ora may imgly that an entire
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as the solww.ity of Lio declis
becone more difficull, tle nced for valldation of rosults becoaes wandi-
Lory. If tiuis camnnot be done, the techainue may not be 4 sutisfacicry
arproach to military problews. If the tuilder works in conditicus ~caw.z
frow daily co.sultation with military opinion, he may fiil to cunstruct
his iniernal logic in conforwance with the esscnce of ihic :eal wourld
situation, or with the currcut opsratiocnal judgment.

One vay to beat this drawbuck is Lo fu:ly document _he jawe so that
the user can irauce Llhe loglc easier. Unfortunately,, expericice vo dale
indicates that tiils way double the tiae and cffort nced.d Lo wuild tle
gaiic, or requ .re excessive Loll afier the game nas Luen cuupazt~d and

. presented to the user.

-

tion can effcet tl.e encire outcome dispro-

ded ass

portionately. The war gaming metliod has heen clited aus advanta jous in

that it can be used to seek the solution Lo an zntire series of com-
plicated Liuteractions, rathor than obtain the result frow a sumsation
of factored-out subproblems. %ith this qualily go:s an obvivus draw-
back, ‘/hen going for all or nothing in a solutior, onc misiaken as-
swaption can result in nothing, and more offort is wist-d tian if the
mistake were made in a small sudproblew.

The ?-:licacy necded in choosing asswaptions was siresced in

4

chapter two and it may nox be cliar il e w.azee,table isswaption

anyvhiere in fio Cade wdy zausc Lhe snblve propome oo e, aeied re-
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the end, so many ovjections, reasc. - Li: ci o. . L, , ¢

p oo el et leus
wa Ll b ey L G [l L woy wont oL LofL Lo 2 werre cuaoorvative
and wedl tesicd wethod.

kany of lu:se ovjrctlons arice Lscause, ib will e recailed, tieo
war cmue 1o distinclive In thal 16 ullugpls to put do m all the rclevant
ha; perdncs and their offsots, ovon wnes: causzd by natu-al and Lasan
forces, In doing so, the gawer has oxposcd bls product to =n ondless
stream of criticlisw, zince very few poople will agree on a given interp-
retion of human bsohavior,

The above disadvaniage can be redaced sowe lab in scop: if ihe
builder consulis oftiun /ilh tue user, aid obhers kuoia:dgeavae In the

field, during the construction of Liie gage

ilie analztic inz wethod confiicts .dth the "judmazit of -experts!

concept. as stat d 2arlicr, the war guwe is a olend, bringing togellier
contributions frow Luc civilian anal st and the ficld couwwwind.r, This
characteristic, wantioncd before ac u virtue, way turr out Lo be a vice
if the blending never takes placc. The military comuander, . no uuct

wake the final decision, uas found th:ut he hus to rely heavily on per-

sonial judguent and exporience; whereas the clvillan analyst nay scuctiu:s
feel that all problems, military or otherwise, can be solved by ie ap-
plication of the scisntific method, If the proper teclnicuzs arc developed.
The war game provides "experience" in w artifical s:ns: and often
provides it wherc il is not usttainable in any other way, Is ihis experi-
ence camparable to aclusl militar; expericnce? how can it bust Le used?
Answers to questions of this nature help to decide the proper use of e

game method, and whelher its caployment will ultiwutcly aid or Linter

(.u'p




tie declsionawier,

IV is conceivable Uit w oo swdng we, Lo vsed Lo cubsoituls for
actual excreisces anf Lecuan o selicle fur Lo i - hgm 1§20 LN ey
decisions by nomawilitary pirsocel. Ihis wousd appear to be an un-
fortunzle use of a potentialiy boocficial bechricue. fhe pawing
isetlod, Jhen used in proper prrojpeclive, should Lo cowplemcniary to
actual willlary experionce und sujplogent the "judmcni of experte",
rathcr than replace it,

The product way never "sell". This last objection is aiwms? pri-
marily at the practice of building "all jurpose" or ;-neral wur awe
models. It has bsen cmphasirad throughout inis thosis trat the . objec-
tive of “he game munt be fimidy esiablishcd in corder to make logical
assuwptions, and to make bust use of “he resulls, It may be poscible
to medlfy 4+ gawme, built for one purpose, tc waks iv useful for anotusr
purpose, but this auounts to a4 now wir gawe using coae of Jhe old wodci-
ing technicques,

liost operaticus rosearch studizs 4ce constructed around tine prodblem
to vc solved and this is ypenerally tru: of studies utilizing thc siumula-
tion device. ilowevir, there szems tov be an urge on .he part of soue
cupulsive medel builders to put togeliicr gwaes and chen s=2h a u . for
thewm, This does not ssaum to be the wost effcetive wam.er of applying
the technique to military situitions.

Rather than deseribing reulity in wathcwatical form, the pursucrs
of this 14 proacii are trying to make reality fit a preconceived wedcl
wvith winimum chanrce in the wodel. This tactic cur not only l:d to
gtrained assumptione, “ul could also hive Lhz e’fect of sclving |rob-

lems whici. the decisiorguker do:s not L, »hile neglecting the outs

05



that Lie Is grappling with,

Conversations with military plancors, fated vith problems which
uay be solved by the use of war jaming, indicate that they prefer ito
develop their own models rathor than adapt to a wodel slready in exis-
tence, If this a universial fueling, then gawes constructed for goncral
usage an’ not related to a specific military problea way be cousipned
to Lhe shelf. Tie talents consuwm:d in such efforts way never yicld the
potenti:l benef?is to the decisionmaker,

The military sorvices, if they are to reap the benefiis of tnis
new and powerful analytic technioue, must invade the priviacy of the
civilian model bhuilders and suggest objsctives, while at the sawe time
providing accurate data with which the researcher ean cha ..el his
efforts toward a rcalizable end and then "sell" his product ic an

appreciative customer,
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