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PREFACE

This Memorandum reviews those types of war games
which provide analytic support for military decisions.
It was prepared for publication as a chapter in a

book, Military Operations Research, Bernard O. Koopman,

editor, to be published by the Operations Research Society
of America in its series, Publications in Operations

Research.
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WAR GAMING

INTRODUCTION

Like medieval churchmen, operations research prac-
titioners are prone to debate the meanings of the terms
in their mystique. War gaming is a first-rate example.
Presumably, confusion as to the relative ascendancy of
the terms operational gaming, simulation, and Monte Carlo

is common. This chapter will not contribute to this
particular debate, which has been reviewed and critiqued
by Thomas and Deemer [1]. It seems more to the point to
give examples of these three techniques and to discuss
their values and deficits on the grounds that the reader
is more interested in the craft of the playwright than in
the craftiness of the critic. For editorial convenience,
all three terms are here subsumed under "war gaming" with
the preliminary observations that not all operational
gaming is properly two-sided, and that simulation and
Monte Carlo methods are also generally used for ends other
than war gaming.

A war game is a model of military reality set up by
a judicious process of selection and aggregation, yielding
the results of the interactions of opponents with con-

flicting objectives as these results are developed under

more or less definite rules enforced by a control or
umpire group. A war game should have a clear objective
in mind, such as determining tactics to achieve desired
results at least cost in matériel, or an hypothesis in
view, such as establishing the operational and logistical
feasibility of highly dispersed attack aircraft.

War gaming is used for training, exposition, examina-
tion of tactics and strategy, testing of present and
future postures and the war plans based on them, and to
provide a context for the analysis of proposed weapons
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systems. The position and role of war gaming as part of
analysis in support of military decision is shown in
Figure 1. The various inner feedback loops in this
figure ;fé not included for pictorial effect. They exist,
with varying weights, in the real world.

Prior to the last decade, war games were largely
played for purposes of training military personnel and
examining tactics and strategies. Historical details
need not be rehearsed here because a rather complete
review has been provided by Young [2].

Young's survey quite properly devotes appreciable
space to Livermore's American Kriegsspiel [3]. His game
has three significant technical features: (1) systematic
numerical factors to evaluate engagements based, insofar

as possible, on past military events; (2) an allowance
for psychological factors, such as the diminution in
effective strength of troops who have been under fire or
who are fatigued, or the inability to direct the fire of
troops to a distant target when a dense enemy first line
is inflicting serious damage upon those firing; and (3)
the use of elementary Monte Carlo methods, such as the
throw of dice, to assess the effect of fire, assuming an
underlying probability distribution. Much modern opera-
tional gaming would profit if greater attention were paid
to the first two of these points. However, Livermore is
not concerned with such current fripperies as value of the
game, replications, sensitivity, branchings, or player
learnings, some of which will be discussed later. He
proposes rigid and free versions, also discussed at length
below.

Livermore provides advice of obvious value to the
novice game director in regard to the period of war time
a "move" may represent:*

*See [3], p. 17.
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The length of the move in every case
should be determined by the time that
would elapse before the conduct of one
side would be so modified by that of the
other that a truthful representation of
warfare would make it necessary for the
troop-leaders to know what has trans-
pired before making further indications.*

Since the publication of Young's review, the United
States Army Strategy and Tactics Analysis Group** (STAG)
has prepared a directory of organizations and activities
engaged or interested in war gaming. STAG's survey gives
information on the purpose for which gaming is undertaken
(testing plans, research and development, training) and
continues with a rather detailed description of the work
underway in each organization. This directory now covers
60 organizations of which less than one-half are civilian,
indicating the current importance of war gaming in mili-
tary operations research.

However, STAG's review has not yet exhausted the
field since it is estimated*** that in the United States
alone there are approximately 200 organizations engaged
in analysis in support of military decision, that these
organizations produce close to 3000 reborts per year,
and that operational gaming and simulation techniques or
results are used to some degree in about one-quarter of

all projects undertaken.

This chapter covers the following topics:

(1) Monte Carlo methods as used in war games;
(2) Man-machine games in which massive computer

‘ *See Figure 5-2.
**4815 Rugby Avenue, Bethesda 14, Maryland
***Author's estimate ,
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programs are required; _

(3) Rigid manual games, with detailed rules, which
are largely concerned with the planning of a
military posture and an assessment of the worth
of the planning by an associated campaign game;

(4) Semi-rigid or free games in which the control
group's judgment takes precedence over a detailed
book of rules and which deal largely with mili-
tary campaigns. Each move in these games
demands a host of separate military decisions
and evaluations;

(5) An over-all summary and critique of war gaming.

Much of the above material has been covered recently
in a symposium conducted by the Washington Operations
Research Council [4]. The examples in this chapter will
differ from those sketched in that symposium and will, in
some respects, be examined in greater depth. These
examples, while typical of the game type they illustrate,
are far from being the sole members of their classes.
They are chosen because of the author's personal relations
with them.

The chapter will not discuss the important types of
war games which use real military staffs, troops, and
hardware—-the field exercise, the command post exercise,
the combat development experiment. These deserve far
more atfention from the military operatioms research

community than they now receive.

MONTE CARLO

Military events are frequently, if not always,
concatenations of chance subevents. A fighter aircraft
attempting to intercept and shoot down a bomber is a
classic example. The chance that this event is successful
can be modelled as a product of the probabilities that
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(1) ground radar detects, tracks, and correctly identifies
the bomber in time for feasible intercept, (2) the inter-
ceptor is combat ready, (3) it does not abort after launch
(i.e., suffer some malfunction after taking off), (4) it
is vectored (i.e., directed to the vicinity of the target),
(5) a tallyho (i.e., a sighting by sensors in the inter-
ceptor) occurs, (6) the target is acquired (i.e., the

fire control system locks on and tracks the target),

(7) the armament system does not itself abort, and (8)

the ordnance released splashes (i.e., kills or disables)
the bomber.

Field trials, usually supplemented by separate
theoretical studies for new systems, assist in assessing
these component probabilities. The subevents should
properly be described by probability distributions, e.g.,
probability of radar detection at a given range or cir-
cular error of the ordnance, and most are conditional
distributions, e.g., the chance of sighting given that
the vectoring places the interceptor at a given bearing
and distance with respect to the bomber.

The simplest-minded approach is to push aside these
refinements and assign a probability to each subevent
and multiply them under appeal to the theorem of compound
probability. This would result in some such statement
as "In 10 per cent of the cases, an incoming bomber will
be shot down by a given interceptor.”

This procedure, in fact, is very common in practical
work, partly because the parameters of the many subordinate
compound distributions are themselves subject to a distri-
bution which is not precisely definable and partly because
excessive technical fastidiousness is incompatible with
project deadlines. Nonetheless, in war-gaming applications
it can and should be rejected for various reasons.

First, there may be hundreds of aircraft (and missiles)
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involved on both sides. The Siﬁplé“hﬁifibiiéatiﬁe formula-
tion to include recycling of aircraft and multiple attacks
soon becomes unmanageable. Because digital computers are
needed to keep track of the elaborate events in space-time,
it is easy to resort to the Monte Carlo method: the use
of sampling to estimate the answer to a mathematical
problem. That is, at each chance stage of each engage-
ment, a random number should be generated in the computer,
compared with the appropriate distribution, and a specific
outcome selected for that particular stage. Thus the
entire air battle has a particular history, with a state-
ment, if desired, of exactly which interceptors succeed

against which bombers.

Second, the simple mean-value procedure does not
show the spread of results. It is useful to be able to
make such statements as "There is a 90 per cent chance
that at least 30 bombers will be splashed.” The digital
Monte Carlo simulation of the air battle can be repeated
many times with no change in tactics--i.e., in flight
plans for the bombers or commitment policy for the inter-
ceptors--leading to statistical statements of interest.*
In practice, one is frequently content with about ten
such runs, since the pay of computing machines is not
trivial.

Third, even in those cases in which a complete
analytic formulation of interlocking distributions can,
in principle, be written out, the computer program is
more complicated and the computing time much greater than
would be the case with a Monte Carlo approach.

Those interested in the details of formulating air
battle models will find the accounts of Thomas [5],
Taylor [6], Leibowitz and Lieberman [7], Brotman and

*
Cases, perhaps pathological, leading to bimodal
distributions have arisen to discomfit the mean value
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Seid [8], and Adams and Jenkins [9] helpful.

Monte Carlo is an exercise in statistical sampling.
Hence the question of increasing its efficiency by proper
experimental design should be raised. The experimenter
would like to decrease the standard deviation of the
estimate to his problem's solution by means other than
increasing the sample size. This is done not only for
reasons of elegance but, as noted earlier, because of
the cost of compufer time. Such an approach is commonly
used‘by those applying Monte Carlo methods to problems in,
for example, nuclear physics, but these methods do not
seem to have widely permeated operations research applica-
tions, or war gaming in particular.

Seven methods have been discussed by Kahn and Mann [10].
They are

(1) Importance sampling--which increases the

probability that the sample comes from an "interesting

region"”;

(2) Russian roulette and splitting--which kill off

uninteresting samples and break interesting ones

into branches;

(3) Expected values--in which some part of a

problem can be calculated;

(4) Correlation and regression--by which a single

experiment can yield a comparison of two methods;

(5) Systematic sampling--which calculates the first

part of a multi-stage problem;

(6) Stratified sampling--which is a combination of

methods (1) and (5);

(7) Specialized techniques--such as using all

combinations of each choice of a set of random

numbers.

The savings resulting from these methods can be
dramatic, but discussion beyond the above cryptic remarks
would be inappropriate in this chapter. Kahn [11l] has



also indicated how correlation and Weighting can be used
in comparing different bombing strategies.

The Monte Carlo method is a highly useful tool in
maximizing the information potentially available in what
is usually a submodel in a large war game. The larger
assertion, sometimes heard in the land, that gaming in
general is an example of the Monte Carlo approach does not

appeal to the journeyman war gamer.

MAN-MACHINE GAMES

A characteristic feature of war is the day-by-day
or even moment-by-moment allocation of limited resources
by opposing commanders to various competing missions or
tasks. Feedbacks from the results of the interactions
condition the two sequences of decisions. The determina-
tion of optimum allocations, though of clear importance
in its own right, may also contribute to the planning of
a military posture (the numbers and specifications of the
component weapons systems), as well as to logistics and
intelligence problems. Man-machine games are designed
to explore such allocations.

The game model drawn up for the analysis requires
human decisions which, like moves in chess, are few in
number and simple to describe but the consequences of
which require the repeated routine solution of mathe-
matically defined systems. A symbiosis between man and
machine is indicated. The human cortex is used as a
steepest ascent calculator to seek a way up to an optimum
in the vast space of combinations of decision patterns,
while the computer's registers provide the results of
each step in that journey.

Many plays of the game are possible because each
partner, in his fashion, is quick. After experience, it
may happen that the machine can take over and explore,
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unattended, a subébace of decision poséibiiitiéé;~ Or the'
man may produce an analytic solution, with all its advan-
tages. A particular symbiosis has sometimes been broken
in these ways by man or machine. New ones always form.

One must distinguish between simultaneous and con-
secutive man-machine games. In the simultaneous game,
men and machines work in parallel, or rather men are
almost continuously changing machine inputs and the machine
is faithfully showing outcomes. In consecutive games,
access to the machine is restricted, so that changes in
input can be made only occasionally, with rather long
periods of computing intervening. Either type may be
appropriate, and examples of each will be discussed.
Historically, simultaneous games have usually been played
on analogue computers and consecutive games on digital
equipment. Even when it is desirable to play a simultaneous
game on a digital computer, this is rarely possible under
modern computing service management because only the
computermen can be the gods of the machine.

TaGs” [12], [13] is a good example of a simultaneous
man-machine game played on a general analogue computer.
This game emphasizes the allocation problems of tactical
air commanders in a major theater who must assign daily,
in some proportion, their residual stocks of combat-ready
fighters, fighter bombers, and light bombers to the
primary missions of counter-air (against airfields),
interdiction, and close support of ground forces.** In
addition, only fighters can be used for air defense and
escort of attack aircraft. Atomic bombs can be allocated

* .
Tactical Air Ground Study. For an example of a
ground combat machine game, see Hebron in [4], p 39ff.

£
In military operations, the nightly conference of

air and ground commanders to "discuss" this allocation

also has certain game features. =
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to the three primary missions. All of theééAéllocations
are simulated by adjusting potentiometers on command panels
serving as inputs of the desired percentages to the machine.

The daily (in war time) test of these tactical
choices is the to-and-fro movement on the ground of what
may be called, in view of the date of TAGS (1954), the
Main Line of Resistance between two ground armies. This
movement depends on relative remaining strengths, rates
of supply, and air effort. It is given by a formula
derived largely from World War II and comparable experience.
Hence the machine, and not the airman, plays ground forces.
The position of this phase line and one's own current
stocks of aircraft, divisions, supplies, and bombs appear
on meter faces on a status panel. Intelligence play can
be supplied by an umpire or controller.

Additional potentiometers permit adjustment of initial
conditions and parameter values in the model to test for
sensitivity or to introduce degradation factors. Stop-
start switches provide machine dead-time to permit players
to digest information and make decisions. A 'campaign"
of several months' duration can be conducted in a few
minutes.

The model requires about 100 equations, divided
symmetrically between the two sides. These are simple
first-order differential equations,* algebraic equations
of balance, and functions to be evaulated. Because no
hereditary effects or lags are included, ordinary general
purpose analogue equipment is suitable. The preparatory
labor in establishing these equations, fitting them to
combat data, and deducing values for parameters should

not be underestimated.

*For air attrition, Lanchester's square law seems
appropriate; but for movement of a phase line on the
ground, the logarithmic law in which casualty rate per unit
is constant appears more faithful to historical fact..
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Subsequently, Dresher and Berkowitz [14] were able
to formulate analytically and solve by game theory a not
oversimplified version of TAGS. The solution of the
extensive game shows how richly allocation strategies
vary during a campaign, depending on initial force ratios
and on the duration of the campaign.

Among other dangers in game theory, there is one
which should be mentioned here. The optimum solution to
a game may involve extreme strategies, i.e., the principle
of concentration pushed inevitably by the mathematics to
the point where a mission may have no resources applied
to it. The reason is that this is the correct solution
for a model which cannot reflect all the smQothing-out
factors in the real world. 1If the interpretation is
judicious, the value of the model or the game results
based on it is not necessarily lost.

There is an additional subtlety of importance in
this connection. Manual or man-machine games may use
mixed strategies intuitively but they do not calculate
them. Game theory does. In the analytic form of TAGS,
the weaker side is instructed to randomize and concentrate
his efforts in a particular way on different missions,
i.e., he must take a chance on an early payoff. This may
well run counter to all (peacetime) military doctrine [15].
Yet calculation, in the Dresher-Berkowitz analysis, shows
that the expected payoff of the randomized strategy may
be perhaps 40 per cent more than that yielded by military
doctrine.* The matter deserves further airing.

Turn now to an example of a consecutive man-machine

game. The problem is to analyze force requirements for a

*There is a theme here for the military historian.
Captains in battle (and in war games) frequently violate
principles and doctrine spectacularly. Are their appraisals
based on special circumstances or is this an intuitive use
of randomized strategies?
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major atomic attack with gravity bombs on a large enemy
air complex. As in most operational gaming, there is no
clearly defined payoff or criterion. One does have in
mind some such notion as determining campaign tactics
which will leave the enemy with a prescribed residual
offensive capability, accomplishing this at the least cost
in bombers lost. But this is specious. By concentrating
ajrcraft in successive waves, it is conceivable that a
longer campaign may achieve the same results at lower

cost in lost aircraft. But then the enemy has more time )
to hit back during the campaign. Again, what level of
residual capability should be set?--the marginal cost of
killing the last few enemy bombers may be very great
indeed. These difficulties are characteristic of realistic
operational gaming. Hence a sequence of games is designed
which will contribute numerically to these and other
questions by examining various tactics and determining
their results. Command decisions must always be made
using contextual factors not included in any particular
war game.

As in experiments in physics, the time to get the
apparatus ready very greatly exceeds the time spent on
the experiment itself. First, a major compilation of
intelligence data on enemy order of battle is required,
giving his airbase and support structure, his communica-
tions and tracking nets, and his defense alignment.
Second, operational assessments of his capabilities are
needed to provide planning factors for such matters as
in~commission rates, detection probabilities, lags in
hand~over of control from one sector to another, and the
like. This is a job for an A-2.5 section, midway between
conventional Air Intelligence and Air Operations. Third,
corresponding planning factors must be refurbished for
own forces. Fourth, computer programs must be produced
and debugged for (1) the air battles during the campaign;
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(2) the damage done to elements of the air complex,
depending on weapon used, circular probable error of the
bomb drop, and the vulnerable subcomponents of the air-
complex elements; (3) the residual and recuperative
sortie potential of aircraft on a damaged base; and

(4) the fallout effects over a wide area. If lucky, the
agency designing the game can use or adapt programs or '
flowcharts existing in the organization or available to
it, because new programs of these types may take six or
more months to produce.

Procedure is now routine. Control establishes over-
all restrictions such as (1) bases available to the attacker
for staging (both strike and poststrike), (2) size of force
available, (3) rate of commitment (campaign tempo), and
(4) weapons available.

The attack commander plans (1) the deployment
schedule to reach his launch bases, (2) what targets will
be taken on and in what order (e.g., sweeping to take
out radar and fighters on the way to bomber bases),

(3) the balance between strike and reconnaissance effort,
(4) tracks and profiles, including coordination and
timing, and (5) weapon selection.

The defené;'cbmﬁéhder decides on his rules of
engagement (rate ahd direction of defense force commit-
ment) .

The campaign is now fought by waves (successive air
battles), each evaluated by the first computer program.
Control then supplies appropriate combat intelligence on
results to the two sides (as determined by the first two
programs). The defense commander redeploys his residual
forces (determined by the third program), the attack
commander plans a new wave based on his reconnaissance
information, and the campaign continues.

In man-machine games of this nature, as in war games
in general, perhaps a hundred or more separate numerical



planning factors must be estimated éndmébmpouﬁ&éd in thé
models. A systematic and complete evaluation of the
sensitivity of the over-all results to changes in these
values is not feasible. Reflection will usually isolate
key factors (e.g., the number of hours before a base,
evacuated under warning or attack, returns to operational
status). After experience with several games, relatively
simple hand computation usually shows the effect of
perturbations in such factors.

War gamers are invariably serendipitists. In a
particular example of a game of this type, it was found
that rudimentary intelligence would establish a good feel
for the attacker's deployment schedule, permitting an
estimate of high occupation densities at strike-staging
bases and so a determination of periods of their greatest

vulnerability.

SIMULATION

The temptation is strong to discuss large-scale
experiments simulating organizations under the heading

of "man-machine games." Applications to military logistics

and to air defense centers and nets have proved highly
profitable. Yet, these simulations are not rigorously in
the spirit of war gaming, because the opposition is a
laboratory staff whose play of enemy action and nature

is "canned," serving to supply suitably timed inputs to
the organization being modelled.

It is also essential in these experiments that there
be roughly a one-to-one relationship between the echelons
or functions of the real world organization and its
laboratory representation, and a precise relation between
real time and laboratory time, which may be one to one
for operational organizations or many to one for adminis-
trative structures. In war games designed for analytic
ends these relationships are quite flexible.
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These techniques deserve a full éipdsi¥idﬁ‘which will
not be attempted here. But they should not be dismissed
without a précis of certain of their principles.

In operational organizations such as an air defense
center, the standard operating procedures of the experi-
mental group can be pushed to error or complete breakdown
by overload of input to be processed. It is psychologically
of first importance to conduct an immediate debriefing and
indicate to the group exactly what mistakes were made.

It is precisely because the input is canned and is known
in all detail that this is possible [16], [17]. Next,
the experimental group can be asked to revise its
procedures to deal with what was previously considered
an overload. In war gaming a similar type of learning
and revision occurs. In a measure, this presents the
director of the game with a problem. Does he have a
"faithful" representation of future warfare? 1Is the
effect of the players' learning an invalidation of his
game? Or should he view this learning as one of the
values of his synthetic war experience? The latter
position seems best, provided the project involves a
sequence of games.

An essential feature of organizational simulation of
administrative structures [ 18 ] is their telescoping of
real time, so that the life history of a weapons system
under different supply policies, which in the real world
might cover many years, consumes only a few weeks of
laboratory time. War games are not normally so fortunate.
In gaming a complicated engagement, it is not at all
unusual for game time to be a healthy multiple of real
time. Hence, if an entire campaign is being gamed, the
project leader can only hope for relatively quiet war
periods--which must and do occur--so that he can get
through a relatively long period in one tactical bound



-17-~

without violating Livermore's precept.* Prdject leaders
like to claim that they have gamed complete campaigns.

RIGID MANUAL GAMES

Manual war games require the players to make a very
large number of major and minor decisions per move. To
assess the consequences of these decisions, relatively
little and hand calculation is normally needed. Many
games of this genus have the additional feature that the
moves, relatively few in number, can be evaluated by the
application of a complete set of rigidly prescribed and
applied rules, available to the players in all detail.
Because of their associated apparatus, rigid manual games
are sometimes called board or bookkeeping games. These
qualifiers seem irrelevant.

SAFE (Strategy and Force Evaluation) [19], a current,
game, is a good example of the rigid manual family. It
is concerned with stratégic air war planning and is
rigorously two sided. It examines alternatives in procure-
ment strategies, research and development planning,
strategic intelligence, force composition, and operational
strategies (to test the preceding planning) for a possible
central strategic air war toward the end of the 1960's.

SAFE provides a conc%ptual framework within which to

generate and examine new ideas. It helps to systematize
issues and supply gross evaluation of alternative
strategies. It keeps the outlines of all components in
two interacting "big pictures”™ in balance and in focus.
In an instruction version, it is currently (1962) part of
the curriculum for the first class at the U.S. Air Force
Academy.

One complete play of SAFE takes four days, starting

*See p. 4
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with orientation and grand-strategy planning sessions
and terminating with a systeﬁatic postmortem. Successful
play can involve as few as two players on each team, plus
a game director and two assistants, one assigned to each
team room.

The procurement phase has three moves, each concerned
with procurement and R & D planning for a three-year
period. Decisions involve budget allocation, the phasing
in and out of weapon Systems, and construction. Players
must make about 40 such decisions for each period. The
success of R & D and intelligence programs, as well as
the budget available, is partly determined by chance.

It is not known to the players whether the operational
phase will occur at the beginning or at the end of the
third procurement period. This tempers extreme strategies.
During this phase, decisions on a gross war plan and on
the details of missile and aircraft strikes must be made.
The outcome is assessed in terms of militafy losses, urban
destruction, and mortalities.

Who wins or loses a war game is not clear. In fact,
it is unwise to set a criterion because play is apt to
be distorted toward this special end. SAFE illustrates
the flexibility of ideas which arise when a criterion is
not prescribed.

A player must, however, have some underlying strategic
principle in mind to guide him through the game. For
example, he may decide to minimize his urban casualties
by a massive shelter or dispersal program. Or he may
draw fire from his cities by locating the bases for his
weapons in remote parts of his country. Or he may try
to have the largest possible residual stack of missiles
when the war is declared "ended.” This flekibility justi~-
fies SAFE's research orientation.

It is curiously difficult to devise a "stable™ set
of rules for a game such as SAFE, i.e., rules without
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soft spots which the géﬁester in‘évéfi“éame;wééﬁ ékpioit.
Each postmortem of a SAFE game serves to refine the stock,
indicating what may be oversensitivity of outcome to
certain rules or assumptions, or which rules seem to
dominate. Of course, a game is to be treasured if it

can turn up "rules" which are, with likelihood, dominant
or representative of soft spots in the real world.

The latter point has a technical aspect. Games are
frequently censured on the grounds that they involve use-
less detail, serving only to cloud the true issues, and
also on the opposite grounds that in some major respect
they are overaggregated. In fact, after his first quick
survey of the rules of SAFE, the analytically minded
novitiate persuades himself that he can structure the
game quite simply in order to block out an over-all
strategy and assess its consequences before he initiates
play. Try it. Each such attempt fails to include a key
feature and so requires successive expansion of the
structure. This is a measure of the skill in the con-
structor's choice of game detail and perhaps the complexity
of the phenomena it purports to mirror. 1In any event, no
abstract theory of war game aggregation seems to have been
proposed in the literature or even thoughtfully discussed.

FREE GAMES

It sometimes seems that as many people are currently
studying limited wars as are fighting them. A popular
study method is the semirigid or free game, replete with
pPlanning factors, but the events of which are generally
adjudicated rather than evaluated by completely prescribed
rules. The SIERRA® series of limited war studies is a

x
Name chosen solely to popularize what was at the time
of the project's initiation a relatively new phonetic alpha-
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full-blown example whdse researéhwmbtivatidﬁ éﬂdbmethodé
ology will illustrate the category. Weiner [20] has given
a rather complete discussion of the techniques developed,
which will consequently only be briefed here.

The research objectives are to uncover possible
deficiencies in military capabilities, in doctrine, and
in weapons systems for the prosecution of limited wars
which might confront us, and to suggest for consideration
feasible improvement in capabilities, changes in doctrine,
and more appropriate weapon systems, particularly as these
apply to the U.S. Air Force.

This is a broad canvas, necessarily broad if limited
wars are to be examined. The role of no one service can
be looked at independently of the operations of the others.
Characteristically, limited wars are strongly conditioned
by the interaction of military, economic, and political
considerations. Political considerations determine the
war objective, the vigor with which it is pursued, and
hence constrain military operations in regard to sanctuary
areas, base availability, weapons that can be employed,
and target systems that can be selected. The analysis
will also have to examine campaigns of appreciable duration,
will necessarily deal with many different geographical
areas, and above all must consider the implications of
each of a set of possible policy decisions for each type
of event. Finally, if new weapons systems are to be
studied, a major time dimension is introduced. Administra-
tively, these games are not cheap. A continuing investment
in time and men is required.

Preceding any game of a series is a sequence of
preparatory actions. These are (1) deciding on game
objectives and hypotheses to be tested, (2) data collecting,
(3) writing a scenario for events leading up to the war,
and (4) preparing the game context.
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Obviously, background~informatioﬂ"ié“ﬂé;déd on all
the characteristics of the area of operations that affect
military operations. The public library is no substitute
for experienced people with access to the appropriate
documents. Planning factors must be collected. and codified.
These may deal with the operational characteristics of
weapons systems, with thé weather, with attrition rates,
and with logistics capabilities. To generate these factors
may call for substudies. The planning manuals of the
military services do not seem to discuss the in-commission
rate of elephants or combat between armed sampans and
junks, Not all planning factors needed can be anticipated.
In fact some are generated during the course of play of
many games in which evaluation of many like events
ultimately leads to a new planning factor.

The SIERRA pregame scenario requires RED to prepare
a build-up plan giving time and place of attack, objectives,
and forces required and where deployed. Appropriate stra-
tegic intelligence is given to BLUE. War game planning
emphasizes equally estimates of capabilities and intentions.
The game context is the set of over-all ground rules under
which that particular game will be played. The components
of the context, primarily policy comnstraints, are defined
on the basis of "relevance"” (will they help achieve the
purpose of the particular game?), "credibility" (are they
plausible though not necessarily probable?), and
"materiality" (are they absolutely essential?).

A synthetic campaign is fought by RED and BLUE
teams, occupying separate rooms, and interacting only
through a CONTROL team. Interactions are systematized
and simplified through the exchange of various forms and
map overlays. Coordination of the interactions is
achieved by three war clocks whose jumps (rather than
continuous operation) are under CONTROL's hand.
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The primary function of éééh téiﬁ‘ié-dﬁé}étions.
They prepare phased campaign plans, detail move plans,
and readjust actions interior to a move. They have access
to political, techmological, and logistics advice. Each
military service should have an experienced representative
whose changes of insignia of rank will be rapid as he
plays many different command roles during the game.

CONTROL has the functions of (1) highest echelon
political control of each team (and so of the game);

(2) adjudication of the credibility, relevance, and
materiality of the plans submitted by the teams;

(3) evaluation of operational and logistics feasibility

of plans and moves; (4) evaluation of move outcomes;

(5) supply of the finished end-product of combat intelli-
gence to the teams, based partly on team collection
activities, at the appropriate suspense times; (6) mainten-
ance of the "pacing" (realistic time, space, and decision
scaling) of the game;.and (7) maintenance of the "integrity”
of the game (e.g., so that destroyed bridges are not
crossed immediately).

Players have the right of reclama* during the
evaluation of plan or move outcomes, not for reasons of
morale, but to produce as many partisan pros and cons
as possible to assist CONTROL in balanced rulings.

The general course of events during a move cycle is
given in Figure 2. Not much more will be said here in
regard to move technique, since war gaming, like other
emotion-charged activities of man, can only be learmned
through participation.

There are certain over-all aspects of the play which
should be brought out. Decision or branch points frequently

arise representing choices among truly major courses of

*
A Filipino word meaning anguished protest.
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action for a team, such as escaiating (é.g.;>¢6mmitting
strategic forces) or pressing for a peace conference.
Here, CONTROL quite deliberately proceeds on the basis

of relevancy rather than credibility. That branch is
selected which is most relevant to the purpose of the
game, e.g., full implications of a policy decision [21]
or full examination of the capability of a weapon system.
An alternative method of choice is to select that branch
leading to the most complex situation. This provides
more material for analysis and may even permit estimating
the outcome of a less complicated branch as a lesser
included event. Branches involving catastrophic "unique"”
events, such as the death of a political leader, are
excluded.

The method of free gaming sketched above, which
sometimes bears the ponderous name of a closed-information
predetermined form game, involves directly about 20 people
and may require a game duration equal to that of the war
it tries to model. After appreciable experience, a group
inevitably finds ways to telescope the effort and
essentially to maximize the number of plays for a given
project period. These procedures illustrate the dominance
of integrated team planning over the strict planning
factor and computing approach. These methods are

) Projection. The subsequent course of events
is spelled out without detailed gaming.

2) Meshing. A subsequent game may return to a
major decision point and explore that branch,
thus meshing with the original game.

(3) Series. A sequence of games may change only
some initial assumptions, such as weapon type
that can be used.b

(4) Joint Adjudication. Opposing teams plan their

tactical moves separately but assess the results
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and resolve'ihtefplays ﬁoihflj with CONTROL.
Detail, particularly in regard to intelligence
play, is sacrificed, but speed is unquestionably
gained.

(5) Seminar. RED, BLUE, and CONTROL work together
around a war map* for the entire duration of
thev"game." Operations are proposed, feasibility
determined, and results assessed, all in the open.

(6) Building Blocks. When numerous game histories
are accumulated for a given area under series

play, it may be possible to take various blocks
of results from some games and use these to
compose variations, For example, wings of
tactical and strategic bombers, separated in
two games, may be combined to assess a third.

With suitable record-keeping discipline, these games
accumulate detailed histories of air, ground, and sea
operations and logistics, and other events. These can be
viewed as synthetic war histories and examined for lessons
(and mistakes). At this stage of analysis of the game
output, however, one is much more concerned with gross
conclusions, which seem to stand out clearly and which
must make sense in their own right. The whole game
sequence is then viewed as an impartial structure which
has turned up deficiencies and dominating factors, perhaps
largely unexpected, whose acceptance does not depend
critically on the fine grain of the games. This is not
to say that the fine structure is then discarded. 1t
can be mined for planning factors and can be used as a
test bed for concepts not in the original experimental
happenstances. For example, such games can supply a

€x*
This is the Napoleonic method, which required only
map boards, map pins, a carriage, and ability.
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check list with which to confront, say, proposals for
weapons systems calling for highly dispersed operations,
which may be logistically self-defeating in detail.

Some philosophical points on over-all game manage-
ment may perhaps be briefed. A major problem in the art
of running a free war game is how to cause events to
happen at a realistic rate. Working on paper, with
aggregated representations, one may soon find that actions
are occurring much too fast and with a high precision
which would not occur in the real world. In war both
sides intermittently set objectives and deploy their
resources to achieve them. During the deployment time
the enemy is achieving his objectives in part through his
deployment. This causes a further time-consuming change
in decision and deployment.

The timing problem within the game mechanism is
partly met by paying proper attention to logistics move-
ments, to the effect of losses, to delays and lags in
intelligence, and to allowances for command lag time.

The latter lag may exercise overriding control. For
example, a military formation which may deploy or recycle
at relative leisure when events appear to be ominous has
quite a different character from one which must await a
last-minute decision to leap globally.

There is a more subtle aspect to the war game pacing
problem which has received insufficient attention from
the theoreticians. In any military world there are many
command and control levels and decision echelons. To
each echelon is attached a span of control and a scale
of time of interest to it, proportioned to its level in
the hierarchy. Each echelon also has its own intelligence
level in regard to detail and staleness. There is no such
thing as complete knowledge of the war at any one place,
such as CONTROL has in war games. The interaction of
these spans and scales generate unknown lags and
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nonbenevolent feedbacké. A man-mach1ne game us1ng free
game scenarios as fodder may be an appropriate analytic
tool with which to investigate this question. In fact,
its program may contribute to solution of the real world's
command and control problems.

In a curious way, sometimes painful to the game's
director, exactly the same problem arises when he tries
to organize the interlocking tasks of his people. Figure
3 schematizes the work required of the ground player
on either team during the planning portion of one move.
Each team member, each member of CONTROL, and each member
of the supporting cast has a similar pattern of activities.
The actions are partly in parallel and partly staggered.
Information inputs are needed to keep various chains of
work alive. It can easily happen that A is waiting for
B who is waiting for C who is waiting for A to complete
a task. Is the organization properly designed when the
director does not spend all of his time on the override
button? This is a grand arena for the group-minded

psychologist.

CRITIQUE

So that the conventions may be observed, something
must be said about the strengths and weaknesses of war
gaming. We are, of course, concerned only with gaming
as a research tool. Consider first the advantages.

Gaming gives full scope to the enemy's actions and
reactions, to his capability and his persistence. No
staff planner writes a paper showing how his plan will
fail and no engineer points out how the weapon system he
has designed can be circumvented.* These one-sided

*In all fairness, in preparing his Estimate of the
Situation the wise Commander may foster interaction
between his intelligence and operations sections to beget
opposing points of view. ... ... : - S ce e e -
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analyses, replete with detailed gaiéuiafidnériésSume a
somewhat chuckleheaded and rather friendly enemy whose
course of action is transparently clear and rigid and who
seems quite vague about what he will do later on as the
plan or weapon system moves smoothly to success. Gaming,
on the contrary, supplies the most hostile of reviews.

Gaming provides a framework within which experts in
the relevant fields can systematically apply and pool
their ideas and technique$S. This framework requires all
relevant fieids to be represented so that the logistician
can tether the weapon designer, and the political scientist
frustrate the operational planner. Each expert is forced
to see a context which may modify his dogmatism and in
fact stimulate his ingenuity.

By definition, a play of a war game is a sequence of
moves each involving a concrete situation. Generalities
and pontifications must show their applicability. Doctrine
and belief are explicitly tested. The sequence of events
forces a "thinking through" of an operation or campaign
to the end.

Like Chinese medicine, the military profession is
most successful if the client does not become a patient.
War gaming can assist in designing a balanced deterrent
posture, because we make our mistakes on paper and we can
check plans and force structures for feasibility and
balance. Since there is little secret about our military
posture, one can hope that the enemy will conduct his own
war games based on the inherent capabilities of that
posture--not on its intentions--and detect no soft spots.*

But now it is the critics' turn. There are many of
these people. Polemics, as well as semantics, is a

x
Unlike Admiral Yamamoto's war gaming of Pearl
Harbor.
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characteristic of operations research. A discussion of
their strictures may bring out aspects of war gaming

other than those reviewed above.

Critic: Because of the enthusiasm and conviction
war games engender in the participants, they lose all
sense of ldgic, they confuse their model with reality.

Protagonist: Gaming is hard work. The gamers I

know were either cynical when they started or lost their
glow in a few weeks and never found it again.* They are
well aware that the game is only a model; albeit suffi-
ciently close to operations in the real world so that
some guidance and insight are provided. If they are
Players, they argue with Control about the validity of
the assumptions and the assessments. They continually
find branches that should be explored. If they are
Controllers, they may beg the Players to put on their
old uniforms in order to reproduce lags arising from
interservice "considerations."

Crit: Your players are completely persuaded by the
elaborate detail and work put into one play.

Pro: You are repeating yourself. Some of the
players are not persuaded after ten plays. War gaming
is not an exercise in mass self-hypnosis. But the
Players do become convinced that a war game is an experi-
ment, undoubtedly imperfect. They know that intuition
and judgment intervene. This is equally true in any
scientific endeavor. Any conclusions from the game or
games must be subject to critical review, independent of
the details of the game. The important point is that the
game produces new ideas or phrases alternative concepts

sharply and sketches explicitly possible consequences.

»
(Sotto voce) Some are hard losers.
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wézizzw>ﬁ;;ﬁféa; you;mpeople are assuming rolesvgﬂé§_
never approximated in the real world. Hence they will
"learn" in unpredictable ways during the game seqQuence.

Pro: What kind of people do you hire to do respon-
sible gaming? As for "learning,” this is precisely the
feature desired in gaming, although it should be called
generating new research ideas and finding out what
mistakes could be made. Out-and-out strategic or tactical
errors must of course be located and the game re-assessed.
Although a game may be finished, the gamers are not finished
with the game.

Crit: You simply cannot produce a set of realistic
rules. Your people will exploit them, they will "play
the game'" against itself.

Pro: Negative. You are dealing with a group which
is not only research minded but which has (or should have)
an appreciable continuity. When one side does not point
out flagrant unrealities, the other certainly will. 1In
the course of time, refinement of rules and procedures
.is inevitable.

Crit: Your games are larded with deceptive detail.
Each detail is a parameter and each must have a value.
You don't know these values and even worse, in the
ensemble, you have a hopelessly uncontrolled situation
in the statistical sense, because you can't possibly have
enough plays. You should stick to analytic methods. Or
if you insist on games, strip away all your ornaments and
find a simpler formulation which will give you a precise
statement of problems and results, and which will let you
understand what is going on.

Pro: You are talking as emotionally as a war gamer.
But your points are all worth attention. In fact, you
have arrived at the right conclusion by the wrong course
of argument.
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“wfif§¥;mih;féw£§ a loémbf detail in war games. TﬂéM
reason is that the designer does not know in advance what
factors may prove c¢ritical. He strives instead to cover
what must be the range of contextual factors more or less
clearly relevant to the game's objective. Reasoning by
imperfect analogy is one of the thirty-four dishonest ways
to win an argument, but here, comparing this phase of war
gaming with dimensional analysis in physics is not grossly
unfair. Dimensional analysis fails utterly if one essential
physical quantity is omitted. Systems analysis may produce
a completely worked-out and "optimum” system which may also
be completely wide of the mark because of operational fac~-
tors not considered.

Second, each parameter must be assigned a value, or
even better, a range of values. Choosing this value is
a matter of workmanship, and exactly the same problem
arises in the study of any problem in military operations
research by any method whatsoever.

Third, the conscientious war gamer must always be
conscious of his tolerances. He must calculate or
assess, if only by seminaring, the sensitivity of his
over-all conclusions to variation in parameter values.
0f course, he is never satisfied that he has completed
this job.

Fourth, the number of plays of any one game that
should be made is usually grossly overexaggerated by
appeal to superficial combinatorial arguments. Once the
main assumptions for a given branch of a game are set out,
the flexibility in strategy and tactics is not nearly so
rich as is presupposed, if only the main lines of the
over-all course of events are to be made out. Perturbations
of the main line can usually be assessed satisfactorily by
those experienced in the game. A war game 1S no more chess
than chess is a war game--in regard to the criticality of
.the fine structure. ... . . . .
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‘”fiffh;w§8£“;;é”Egﬁpletely correct in saying th#%w£ﬂé
real problem is to understand what is going on. Analysis
of a sequence of war games is performed to deduce those
few dominant key factors, assumptions, and general results
_whose relative weights and interactions are actually per-
tinent to the conclusions drawn. Most of the detail of
the game now seems irrelevant.

Finally, war gaming is only one tool of military
operations research. But there are many problems which
“must be tackled for which no other tool is yet available.
Above all, gaming is a preresearch technique, generating
ideas and sketching their outlines. Military operations
research of necessity must be conducted with suspense
dates in view. Gaming can make a major contribution to
pressing questions which cannot await refinements in
- methodology.

Crit: Yes, but look at the cost and inefficienecy--
Pro: Enough! You will like the next chapter.
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    /DEU <>
    /PTB <>
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    /NLD <>
    /ESP <>
    /SUO <>
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    /NOR <>
    /SVE <>
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  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


