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ABSTRACT

\

\

This thesis proposes a hierarchy of documentation
for combat aodels. It begins by examining criticisas
and credibilicty of coabat aodels to establish
underlying causes and 2ffects, and then it addresses
aodel proliferation and ever increasing coaplexity as
they affect ona's ability to understand and transfer
aodels. A methodology for determining vhether or not
a aodel is applicable to a specific problem |is
presented, as are exasples of potential probleas
areas. Current docuaentation practices are exaamined
for coanditions that 1limit the <transferability of
sodels and contribute to the credibility probles.
The apove examinations have lead to a proposed
three-tier hierarchy >¢ documentation, including for
the analyst docuamentation that is presented from the
context of discovery rather than froam the traditional
ccatext of Justification. Recommendations are asade
for supplesental studies to examine related issues.
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I. BRACKGROUND AND LNIR0DUCTION

A. BACKGROUND

qotivation for ¢this thesis was initially provided by
Professor Jaaes G. Taylor, vwho vanted to us@ an existing
fully operating large-scale cosbat aodel as a teaching
vehicle in a coabat-modelling course in the Operations
Analysis Curriculum at tha MNaval Postgraduate School (NPS).
The original plan was to acquire ¢the ATLAS (A Tactical,
Logistical, and Air Sisulation) model from the U. S. Aray's
Concepts Analysis Agency, convert it for use on the NPS 1IBHM
360 coaputer and develop a sanual for the setup and running
of the model as part of the course. Then the attrition and
aovesent routines of the amodel wvere to be anilyzed as a
formal thesis.

The project vas especially appealing ¢to the author
because it conformed vith a fundaseatal belief of his, that
rather than devaloping nev models if an existing model is
appropriate for a given analysis it should be acjuired and
used. The <concept is not original but wvas based on
recosmendations of the Aray Hodels Revievw Comaittee. [1]
Acquisition and use of ATLAS at tha W¥PS wvwduld bDe an
application of the recoammended concept of transferring an
existing model vhenever its use is feasible.

In late Peb. 1979, the ATLAS aodel arrived via a
sagnetic tape, and the author proceeded to execute the above
plan. After the expenditure of about four aan-asonths of




effort by the author and computer center programa2rs and 190
minutes of CPU time, ATIAS wvas successfully cospiled and
linked. This expenditure of effort was greatly in excess
: ; of the expected time to coaplate the task, given that the
' sodel has been in existence for ten or more yaars and is
considered to be "simple® compared with other theatre-level
models. #Why had 4its transfer required such expenditure of
effort?

In reflecting upon the above question, the author
realized that even though a model may have been used for
sany years, its traansfer can still be haapered by limited
docuaentation. This thesis wvill relate the author's
experience with ATLAS and his subsequent investigation of
hov documentation liaits the transfer of existing models

between agencies. It will also exaaine ¢the related
probleas of amsodel coaplexity, proliferation, credibility,
transparency, and transferability. Based on this

examination and the experiences of the author 4during seven
years of operation research related assignments, a nevw
concept of documentation to iaprove the traasferability of
combat aodels is proposel.

B DEPINITIONS

# In research conducted for ¢this thesis the author
discovered that in wmodeling ¢the saame vord can have sany
connotations. Por purposes of clarity the author adopted
the definitions of modeling tarms listed in the jlossary of
Ref. 1. This does not imply that they are the only or best
definitions, they are only usad as a point of departure.

Within the following text there vwill be references ¢to
coabat @aodels, theatre-level, large-scale, and small-scale




models. Por purposes of the remarks, discussions, and
recommendations contained herein, the vords can Dbe
considered synonysous. Since the initial 4impetus for the
thesis concerned vork with a theatre-level msodel this tera
readily crept into the author's dicussion. However, all
these foras of sodels are just subsets of the concept of a
comsbat model. What is addressed throughout the thesis is
coabat wmodeling. Particular ccmaents referring to one of
the subsets are just as applicable to coambat @wsodels as a
vhole.

Although some remsarks are addressed to the DOD, others
to the Departaent of the Army, each is applicable to the
other as vall as the other services. The discussions,
conclusions, and recommendations are equally applicable to
other coamplex aodels as vell as models in general.

C. MNODELING AND MODELS

What is wmodeling? According to Norris (2) aodeling is
an intuitive process throagh which an analyst arrives at a
aodel. On the other hand, a aodel is an inanimate object,
an abstraction of reality (3], that is used by the analyst
to ansver gquestions about some future state of a process.
This differentiation betveen @sodeling and a aodel is
necessary to understand the implications of the facts
presented and the conclusions dravn in this thesis.

To develop a sodel, the modeler goes through a process
of discovery: This process is the trial and error procedure
in wvhich “he designer tries to abstract the kay elements of
reality. Once he has don2 this and validated his model, the
logical reconstruction oOf events leading to the model are
documented in the context of Justification. This 1logical




reconstruction has little if anything to do with the actual
process folloved in building the model. No attempt is made
to verbalize the actual psychological process, the probleas
encountered, or dead ends pursuad.

Over time the 4initial simple model proceeds through a
process of enrichment or 2laboration. Through this process
the nmodel is wmodified and moved in evolutionary fashion
tovard a more alaborate representation of reality; in the
process the =model becoses 30re complex as it seeks to
reflect the coamplexity of the reality it represents. Each
tiae ¢the 8model 1is enriched the reasons why and how it is
enriched should be documeated. Por a discussion of the
aodeling process see Ref. 2.

D. INTRODUCTION

Since anciernt times ailitary planners have us2d vargames
to investigate various aspects of possible future amilitary
operations. Historical developmsent of wvar games can be
found in Ref. 4 or other histories of war games in the open
literature. The oldest known fora of the wvarjame is a
Hindu chess-like gaame <called "“Chaturanga®. Nodern var
games had their beginning im 1664 thru the games developed
by Christopher Werkmann called ailitary chess. In the
tventieth century the greatest propoment of var James ¢till
the end of WWII wvas the Geraman Aray. Through the
developaent of the digital computer during ¢the wvar a new
facet of wargaming became possible. The use of the computer
greatly reduced the tise and effort required ¢to conduct a
var gaae. Coaputer assistad or cosputer run war games
provide a ameans of gaining insights and experience in
ailicary probleam solutions. (5] These coaputar var games
help evaluate n2v wveapons systess, study current and
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proposed ailitary organizations and investigate the possible
outcomes of future oonflicts given particular wveapons,
organizations, tactics, and eneay forces. The basis of such

computer wargaaes is the combat model. Although there are
many wmilitary applications of combat models, this thesis is
primarily concerned vith those applicable ¢to military
strategy and force planning.

Nilj tary strategy and force planning has wmatured since
dWII. Prior to WWII ailitary technology evolved slowly;
those responsible for strateqy and planning could easily
gain all the necessary knowledge about the ralationship of
ailitary forces and veapon systems to national security from
books or personal experience. Within one lifetime the
aaount of technological change was not sufficiant to render
experience iavalid. The military did not plan on
technological change; it aerely adjusted to it.

During and subseguent to WWII, the rate of change of
ailitary technology be3jan to increase in an almost
exponential a=anner. A lifetime of experience could becaae
obsolete in a fewv years; aov aere adjustaent to change vwas
not sufficient, ¢the military had to plan for change. This
revolution in technology vas incubated and nurtured by the
advent of the digital computer: to keep pace vwith
technology and its impact on strategy and force planning the
digital <computer was 1lopted as a planning tool. With it
the means to assess and adapt technological change and
incorporata it into military strategy and force planniey was
possible. (6]

dodern day force planning has beccae largely an
analytical process that necessarily eaploys the digital
computer. The digital computer has been incorporated into
sany of the ayriad aspects of ailitary planning and decision
saking in order to provide a scientific basis to these

1




activities. In this thesis, the computer is considered only
as a cosmputational aid for coabat models. The outputs of
these models are used as 1ids to decision makers. Strategy
and force planning depend primarily on large-scale combat
models, which due to their complexity reguire the use of
digital coamputers. Modals can be of various types or
classes; there is no agreed upon system of
classification. Discussions of classification of coambat
models are contained in the literature. (3,7 8] This study
is concerned wvith largs scale coaputer simulations and
analytical models as defined in Ref. 3.

B. SUMMNARY

This chapter has discussed the background of this
thesis, and it has provided some basic definitions and a
general history of combat msodeling to the
present. Subsequent chapters vwill nov address the following
iaportant aspects of addels used for defense planning:
criticiss and credibility; proliferation, coamplexity and
transparency, and regquirsments to transfer a aodel. Next
a comaon element of each chapter, lack of adequate
documentation, is identified as a contributing cause to each
of ¢the conditions discussed. rhis is followved by a
proposed concept of documsentation that wvwill alleviate aany
of the probleas discussed in this thesis.




II. GCRITICISHS ANO CREDIBILITY QF COMBAT YODELING

A. CAUSEs OF CRITICISH

Critics and criticisa >f defense analysis and its tools,
of which modeling is just one, are aver present. Criticisa
has not abated since the early sixtias; it continues to the
present and threatens funding, the life blood of analysis,
in the Department of Defense. Informed private citizens and
activitists groups have i1ttacked the propriety of defense
analysis and DOD decisions based on analysis. The poor
public i1maje was cited as a contributing factor t> the poor
reception of analysis in Congress. Because of seeaing
inconsistencies in analysis, Congress has become skeptical
and disenchanted and has questiored the utility of
analysis. (9]

According to surveys and studies conducted early in this
decade [10] activity 1ad expenditures on jaaing and
siaulation peaked in the middle 1960's and were d5n a slight
decline since then. Thesa2 investigations indicated that
sachine sisulation had generally been oversold and at that
time Operations Research and =sodeling vere undergoing a
critical self-exaaination. [11) The <criticisas vere naay
and encoampassed a vide variety of cause and effect
relationships. Those of relevance ¢to this study revolve
about the inter-related areas of transferabilicty,
complexity, proliferation and documentation.

13
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As the use of combat nmodels increased, so did their
initial acceptance and isportance, and in turn the
coamplexity of these models has also increased. Complexity
has smanifasted itself in various forams: inputs, types of
models, language, detail of actions and conditions
simulated, siaulated decision ma king and computing
machines. ©BEventually the complexity of existing models,
poor transpareacy, and 3ifficulty of transferability caused
aumaerous models t> be developed that aocdeled the same or
very similar coabat phenonema. Unfortunately, at this
juncture in the developament of <coabat aodels (late 60°'s,
@arly 70's) criticisa anl dwindling credibility occurred.
This came about because for reasons not easily recognizable
or understandable to decision asakers, nmodels supposedly
modeling the same coabat process under the "saae" conditioans
produced different and a* time conflicting results.

Apalysis implies rigor and association vith tae
scientific asethod, yet standards seemed to have wvaned;
strict adherance to standards of scientific rigor and
discipline wvere less thaan tenacious. Often anpalyses aad
models produced had methodological flaws. Often these flavs
vere not discovered until after an analysis had Dbdeen
acceptad and decisions msade. In studies involving wmodels,
one of the contributing factors to this situation was lack
of detailed understanding of the model. Other <coantributing
factors vere the pressure of tiae and limited
distribution. In the rush to aeet deadline the gJuality of
the work vas often sacrificed. By aot distributing a study
or model to other agencias the extra set of eyes that can
see a fatal flav through an unbiased view vere never used.

The use of aore than >ne model has often resulted in

decision wmakers being confronted by seeaingly contradictory
results of different analyses usiag differeat sodels

4
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addressing the same probleam. No wonder that they have the
impression that the models and methods usad by analysts nmay
not be very objective guides. Yet most analysts will argue
that a detailed comparison of @aodels, their assuamptions,
inputs and calculations, shovw that the results are not
really contradictory. Differences in outputs are usually
the direct :;sult of differences in assuaptions ind methods
of processing the input 1ata. This in turn presents the

analyst wvith twd> challenges: Pirst, he aust recognize and
anderstand these seeaing contradictions, and <then he aust
: resolve and convey to the decision maker these
differences. Dr. ¥Wilbur B. Payne, foraer Deputy
Undersecretary of the Arsy for Operations Research speaking
froa the point of view of the decision maker vho ¢tries to
drav valid conclusions from analyses that use such models,
has argqued that he has frequently seen such apparently
contradictory results comiang from various amodels addressing
essentially the same problea. Purtheraore, ¢the decision
making process in larje organizations is such that the
detailed comparison , if it is ever done , and resolution of
seeaing conflicts usually does not reach the decision
saker. Hence, the decision aaker is laft vith the
conclusiona that siaulation results are not coasistant and
therefore of dubious reliability. [12]

Contradictory results of combat aodels is a factor cited
by Huber [12] that has caused the very credibility of coabat
modeling to be gquestion2i., Under ideal conditisas a model
should be directly connected with a continuing experimental
program and should reasonably relate to other asodels that
sisulate the sase or siailar processes. The usar aust be
especially wvatchful in ¢this respect because the coabat
process does not easily lend itself ¢to establishing a
continuing experimental progras. NSany coabat sodels are
neither built nor used vwith any forethought given to their
connection to other models. BEach generally turans out to be
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a totally indepenient data generator. This precludes any
seaningful experimental feedback in the on-going prediction
process and results in a 3sass of unrelated and often
contradictory data generated by many aodals.

The Aray Models Reviev Comaittee report vas the seminal
publication on theatre-level coabat nodels for the
seventies. Proam it sprang a decade of proposals ind counter
proposals concerning theatre-level combat models. However,
if one scrutenizes the literature of the previous decade a
feeling of deja vu surfaces. Many of the ideas and
argusents sounded in the seventies are in the literature of
the sixtiss. Por an example of the probleas foreseen and
varnings given, see Ref. 13.

8. INMPORTANCE OF ASSUMPTIONS

One of the key facets of any model is the assuaptions

that go into its developaent. The iaportance of
assuaptions whether in aodels or othervise vas recognized
early in the development of systeas analysis. When Nc

Namara was Secretary of Defensa, 1 continuing effort wvas
sade to insure assuaptions incorporated into =models vwvere
both explicit and consistent. Whether <comparing force
structure or strategy, Nc Nasara considered it possible to
select assuamptions that vill msake any proposed veapon systes
or organization look optimal. (6] Likevise, experience has
showvn that thare is no siagle "right" set of
assuaptions. There exists an almost infinite set of
assuaptions each more or less defensible. What is important
is that the assumptions used in various subaodels of a model
are consistent. A model should not operate with one set orf
underlying assuaptions in one subasodel, vwhile another
subsodel operates vwith a fundamentally different set.

16




Because there is no esperical data concerning sodern
large scale cosbat, anilysis is rcelied upon to produce
insights into the effects of existing or proposed veapons,
force structures, and strategies. Using theatre-level
combat models, the analyst can examine proposed waapons and
force structures and possible outcomes can be forcast.
Studies in the DOD (6] have shown that wvhen alternative
force structures and veapons are exaained usinjy differeat
aodels, it is difficult to determine wvhether differences in
outcomes are due to differences in weapons and organizations
or assumptions and asodels used. Confusion can be reduced
if each alternative is exasined in a consistent manner by
using the same model anil assuaptions. Differences that
occur can then be attributed to the basic structure of the
force options. The results can then be analyzed and
undarstood in 1light of the method of calculatioa (i.e. the
3odel) used and its inherent assumptions. Greater insights
into the effects of veapon and force structure alternatives
on combat outcomes can be gained by repeating the experiaenmt
using an alternative sodel.

dhen more than one model is used for th2a same force
structure analysis often different results are obtained.
These differeat rasults air2 caused by the different inherent
assuaptions of each model. If these assumptions are knowa
informed discussion can take place because differences can
be resolved through evaluation of the assuaptions. If the
assuaptions are valid ani acceptable, then the results asust
be accepted as the logical consequence of the assuamptions.
Assuaptions considered to be unacceptable by decision sakers
can bDe eliminated by s0difying the model. #hat quickly
becoses evident is that a sodel produces a result based on
its inherent assuaptions; an egqually defeasible but
different set of assuaptions used in 2 model will produce
another result, vhich msay or say not be the sanme.

17




The DOD is quite avare of this aspect of wmodeling and
has eaphasized that there is wmore than one set of
assuaptions that can be used vwvwith a given adodel. It
reguires that all parties to the dacision amsaking process be
avare of all assusptions leading to a result. To achieve
this goal the D0OD has required that all assumptions be
explicite, reasonable, and consistent. This requires

E ferreting out hidden assusptions in models and insuring that
the model indeed models wvhat it claims to model. Por
interesting examples of the iaportance of assuaptions see
Ref. 6.

C. HODEL BVALUATION

Nany solutions to the problea of aodel evaluation have
been recomamended; one concept suggests the use of full tiame
dedicated independent reviewers as a way of iaproving tae
sechanics of guality «control. [1] A reviewer provides a
means through wvhich the analyst's aodel is scrutinized; the
assuaptions and wmethodology are checked for internal
consistency, unvarranted inferences, and clarity of
presentation so that a determination can be made vhether or
not the aodel is a plausible representation 5f the real
vorld. If it is a large coamplex 1aodel, the asethodology
should be clear, 2ven to the point of sample calculations to
‘ guide the reviewer and analyst ¢through the 1lgorithas.
Bqually 1iaportant is that input data and assuaptions be
explicit. If unnecessary proliferation is ¢to be avoided,
existing 130dels aust be aade understandable to potential
users and evaluated in somse @manner. It should not be
necessary to create a nev aodel just because an existing
model could not be transferred or understood due to
inedquate documentation.

18
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In his study, Gass [14] proposes an elaborate approach
to evaluation of coaplex models. Therein he highlights the
need for model implementation and maintenance procedures as
vell as documentation of the model and the total modeling
process. Suggested docusentation of the process includes
describing model objectives, assuamptions, results, data
sources, recoameniations, etc. With such documentation the
model can hopefully be evaluated and analysts can determine
vhether or not the =mod2l is valid for the problea at
hand. Howvever, Gass found that for most coaplex cosputer
models, organizational exigencies and real-vorld pressures
do not enable modelers to davelop the necessary
documentation.

Gass has stressed the need to validate aodels at three
distinct levels, technical, operational, and
dynaaic. Technical wvalility is aa assessaent of asodel,
data, logical, mathenmatical and predictive
validity. Operational wvalidity is an assessaent of errors
and divergences found under technical validity and ¢the
robustness of ¢the model (i.e. vhether or not the model can
produce bad answecrs for proper ranges of parameter values).
Dynamic wvalidity is the method by waich the aodel will be
saintained during its life cycle so that it continues to be
an acceptable representation of the real systes. It
includes the process throagh vhich tha aodel structure is
changed and validated. The ability to accosplish such
validation will facilitata and enhance the use of aodels by
anaylsts and decision aakers other than those directly
responsible for the development of the amodel. Pundasental
to this process is detailed understandiag of the aodel.

19




D. SUMNARY

If a model is to be of value it must be accepted by the
decision maker. It is incumbent upon the analyst to provide
the means of acceptance. Sufficient documentation must be
provided by the w=sodel designer to enable the analyst to
understand its @msethodology and structure. Key to
credibility is objective evaluation. Documentation must
provide insights into the assumptions and functioning of a
model, so that it can be evaluated. Understanding and
evaluation are complicated by cosplexity. Coaplexity and
insufficient documentation can cause analysts to design new
models rather than use an existing model. The 2xistence of
inadequately documented aodels describing the same reality
is the basic cause of the criticisa and lack of credibility
of coambat models. The next chapter vwill discuss complexity
and hov and wvhy it contributes to unnecessary proliferation.
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III. PRROLIPERATION, GONPLEXITIY, AND TRANSPARENCY

Unnecessay proliferation is the cause of some of the
criticisas of coabat =aodeling. Unnecessary proliferation
seans that a nev aodel is created because inadegquate
documentation precludes the use of an existing aodel which
othervise would be adegquate for the task at
hand. Inadegquate documentation either prevents
understanding of the methodclogy and structure of the model
or prevents the cost-effective transfer and coaversion of
the model froa one agency and coaputing systema to
another. The latter condition is the one encountsred by the
author during the conversion of ATLAS. Better documentation
vould have significantly reduced the resources expended on
the projecet. Futheraore, in a non-acadeaic environment the
demands of proceeding with an iapending study would have
encouraged analysts to develop a rpew aodel rather than
struggle vith poor or non-existing documentatioan.

Development of a nev 3odel can cause analysts to remodal
a combat process using techniques and asethodology that
already exists; consequently fuaods are expenied wvithout
advanciag modeliny. Irrespective of any advanceaments in
technigques or iaprovements in @methodology developed in
remodeling an existing process, a aajor portion of the
effort is devoted to redoing the basics. Time and aoney
spent in redoing the basics are lost as far as iasproving
models and sodeling is concerned. In the DOD (especially
the Departaent of the Aray) there has been and continues to
be a shortage of trained analysts. An obvious approach to
alleviate this probles would be to eliainatec any projects to
develop @aodels that vwould be redundant and share existing
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models. Howvever, the ability to share a modael is greatly
influenced by its coamplexity.

When examining the practicality and feasibility of modal
sharing aost eaphasis has been placed on
documentation. Huber [8] lists poor documentation and high
personnel turnover as a prime reasons vhy aodels are not
exchanged. The criterion used to deteraine vhether or not a
model is transferable is documantation sufficient to allow
the recipiant organization to be able to =run the =aodel
vithout an inordinate agount of decoding and
decipheriny. Without adejuate docuaentation the model is a
puzzle to the recipient. Shubick and Brewver ([10] found that
few sodels exist in a sufficiently docuaented fora that
vould satisfy comsercial fira standards prior to
distribution to their clientle.

A. PROLIPERATION AND HO# TO REDOCE IT

An arsa exasined by the Coaptrdller Gameral inm 1974,
(15) vas sharing of computerized aodels. Nodels developed
for specific purposes by one agency can often be used by
other agencies for siailar purposes. Applicability of
models to nev situations depends on their accuracy, purpose,
validity, availability of sufficient docusentation, and
capability of the using analyst. The 1974 study surveyed
202 aodels that had a cosbined cost of over thirteen amillion
dollars. An attempt wis then made to obtain docuamentation
for about one hundred randosly selected aodels dJdeemed o
bave use at sore than the originating agency. Inforsation
explaining the purpose, asathesatical forsulation, and
operating instructions wvere not available for approxisately
one-third of the wsodels. The survey identified the
primary coaplaints of sodel users (prograamsers and analysts)
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as: operating instructi’>as not available or aot clear,
hence, compounding the already difficult problem of
preparing a aodel for use on a different cosputer;
mathematics of the wmodel not clearly explained, hence,
restricting the uanderstanding of the logic, capabilities and
liaitations of the wmodel; sampla inputs and outputs
nonmsatching or nonexistent or do not correspond with the
saaple data in documentation, hence, verification and
validity of the model difficult to Jdetermine; flow chart
explaining logic not provided or not curreant, heance, coaplex
subroutines not easily understood. The investigation
determined that benefits can be obtained by sharing computer
models, howvever, before aodels can obe shared adequate
documentation aust be prepared. Such documentation enabled
the acquiring ageacy to iatermine vhether a a=model met its
needs and wvas the priasary factor to successful conversion
and operation of the model on a different coaputer. The
potential for a cost-effective transfer is sevar2ly limited
in the absence of adejuate dJdocuamentatioan. When such
documentation is available to potential users of an existing
aodel great savings are realized. An exaapl2 was the
traasfer Of a coaplex cosaunications traffic analysis =model
froa an Air Porce agency on the West Coast to the Systeas
Developaent Comsand at Hanscom Air Pield ian Bedford,
Massachusetts. [15]

Joint usage of existing models not only increases the
availability of trained individuals to do further research
and analysis, but it reduces tha opportumity that differeat
factions of the same organization are wvorking at cross
purposes. Coanflicting coacepts and proposals are necessary
to vitalize an organization and @=sake it vwviaible, but
developing a conflictiny position that could be resolved
prior to ¢the expenditure of great suas of amoney and
analytical taleat is a wvaste. Tha sharing of a aodel or
models between two conflicting agencies allovs each to
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understand the underlying basis for their respective
positions concerning aa analysis °f a decision wmaking
situation. While shariny may not resolve the conflict it
certainly will preclude the expanditure of funds in the
independent acquisition of inforsation that is already
available through the medium of ar existing model. Sharing
has eliminated retracing steps already taken and dead ends
already discovered wvhen applied in other fields , applied to
coabat @sodeling sharing vill provide these ainimal returns
and has the prospective of providing even greater
returns. If the basics are not reprocessed then more time
and aoney is available for wmodifications to enhance the
capability of an existing model, correct known d2ficiencies,
or identify suspected deficiencies. Sharing has promise to
iaprove the economies of aodeling. (16

Before sharing can be achieved certain basic conditiioms
aust prevail. Pive necessary conditions [17] to amodel

sharing have been found. They are;

(1) a coamputer able to wuse the prograa vith minimal
aodification;

(2) an adequate facility to run the aodel;

(3) adequate docuaentation of the original smodel;

(4) sufficient analysts with technical coapetence;

(5) formalized arrangements for sharing :costs and
responsibility for costs and coordination.
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B. THE EPPECTS OP COMPL3XITY ON TRANSPARENCY

Complexity is a dichotomous issue in itself. Gass
perceives an 1increasing use of aore coamplex aodels [14],
vhile Hardison, tahe Deputy Under Secretary of the Aramy for
Operations Research at the 15th Anaual US Army Operation
Research Syaposiua called for less coaplexity.
Disatisfaction of both senior ailitary and civilian decision
makers with coaplex models and studies was emphasized by
dardisoa. [18] These decision =makers are convinced that
Aray aodels and the studies they support are too complex,
elapborate the obvious, belabor needless details and overlook
Key issues. Timeliness is also affected by
complexity. Failure to deliait results in failure to meet
schedules which causes something to be sacrificed; often, ina
tae case of aodels that soaething is adeguate
docuaentation.

A corollary of the coaplexity 4issue is that of
transparency. If all the interactioas of a sodel are to be
understood by both the analyst and the decision maker it
sust be structured and programmed so that its methodology is
easily wunderstood. A sd>del that fulfills this requirement
is said to be transparent. At the 35th Session of MORS a
laading cause of the general disenchantaent vith
theatre-level models in recent years wvas attributed ¢to a
lack of transparency in aost @sddels. The proposed
resolution to this problem was to include in the model only
those interactions and factors that can be shown to
influence the outcome. This in coabination vith
sathematical forasulation that is as simple as possible
should produce the desired transparency. [19] Yet, at this
same MORS session A.H. Cordesman OASD (Intelligence) in
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discussing ctheatre-level aodels reaarked that models
currently being develop2d go into wunnecessary levels of
detail in vays which seriously lisit their wvalue. This |is
partially caused by intermediate managers and decision
makers rejuesting particular attributes be w=md>deled. At
tises waodeling efforts deviate froa the maxim that only
"assential" variables be aodeled. As Morris [2] suggests,
the purpose of a model is to include only thosa variables
that characterize the process being wamodeled. At present
diametrically opposed forces exist; wvhile expounding the
need to wmaintain aodels at a siaple transparent level
current wmodeling efforts go into details that detract froa
transpareacy.

A simple solution to the transparency-coaplexity problea
aay not be easily obtained. Ian spite of the professional
rhetoric to the contrary, Gass (14 ] has found an increase in
the use of coaplex models at all levels of governaen* and
industry. He attributes this to better trained analysts and
tha developaent aad refineaert of aethodologies. Althcugh
siaple aodels vith readily understood assusptions,
relationships and structure are preferred, Gass contends
that decision saking probles environsents representative of
the Pederal Governaent sphere cannot b2 realistically or
logically contained by siaple msodels. Purtheraore, senior
decision aakers generally do not possess E) detailed
understaading and appreciation of the methodologies emploved
in the various aodels eaployed to assist tham in the
decision aaking process. What is needed is a method
through which the use and interpretation of the o>Sutputs of
aodels by senior decision amakers is facilitated. A aodel is
usable only if it is understood and plausible to analysts
and decision aakers. They (particularly <ae decision maker)
aust be given the opportunity <o explore the use of tae
aodel, become faailiar vith its predictions, and sxamine the
relationships acd assuaptions iaplied by the aodel. In
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actuality the damands oa their time generally preclude
decision makers being involved at the detail levels implied
above. Therefore, it is incumbent upon analysts to evaluate
the models they use so that they are in a position to
racosaend to the decision asaker to use or not use the
outputs of a particular wmodel. This iaplies intimate
knovladge of the 2ssence 2f a aodel.

C. Ssunnaai

To reduce unnecessary proliferation and reduce costs the
Comptrollier General has recossended aodel sharing when
feasibla. Sharing a aodel requires:

e ability to use it with minimal conversion;

e adequate facilities to run the model;

e sufficient competent analysts and prograamers;

e adeguate docuaentaton;

e foramalized 1ircrangements for cost sharing and
coordination.

Pindings indicated that the great coamplexity of
theatre-level aodels coupled with rapid curnover of
personnel has resulted in models beiny used as "black boxes"
vith neither the coamputer techmicians that run the model nor
the analysts knowing a2xplicitly vhat or how the sodel
operated on the input data to provide the final results or
output. Hence, the analyst wvas unable to adequately explain
the results to the decision maker; with each occurence the
credipility of aodeling diainished. Concurrently models
bad proliferated to such a degree that <the turnover of
personnel axacerbated an 1lready critical personnel shortage
situation. Aselioration requires reduction of th2 nuaber of
models in use and detailed justification before developing a
nev aodel. (1]} Reductioca or the ainiaization of the growth
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of the wmodel inventory implicitly requires that sodels be
easily and gquickly aoveable froa one using agency to
another, i.e. posses transferability. Key to the resolution
of the probleas of cosplexity and transparency is
documentation.

Complexity zay be an unavoidable recourse of cosbat
aodeling because of the desands of sanagers aad decision
makers. Unless coaplex aodels are sufficiently documented
to 3sake tham readily understandable and usable, analysts
vill create a newv aodel. Rather than creating newvw models
an ataosphere conducive to the sharing of models should be
incouraged. Requireaments to transfer a aodel are discussed
in the anext chapter.
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IV. REQUIREMENTS TQ ITRANJSFER A HODEL

that the nusber of models retained by the Dept. of the Aray
be reduced and that existing models be used vhers possible
before a nav model is comaissioned. To properly evaluate an
existing model a sethod for analyzing and verifying a
candidate or candidates from existing model resources sust

# The Reviev of Selected Aray HBodels report [1] proposes

be established. The =amore complex 1 model is the aore
difficult is this analysis and verification. [14]

Use of an existing aodel requires wunderstanding of
potential probleas due to aodel design as wvell those
probleas expected to be encountered during transfer and
axacution. Design problems can include lack of adequate
sub-sodels, failure to coasider key variables, inaccuracies
or lack of wvalidation, computational difficulties, and
incoasistent hidden assuaptions. Probleas during exection
can be those of irrelevance, inadequacy of output,
inappropriateness of assuaptions, lack of conanection to
other aodels and results, statistical and extrapolation
difficultias.

A. METHCDOLOGY POR ANALISIS OF EXISTING MODELS

3efore an existing msodel can be used it aust be analyzed
by the potantial user. @2xasination of the literature for a
‘ sethodology for conduct >f an analysis generally produces a
g concensus. Such amethodologies center on five gena2ral areas.
(20] Thesa are:
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(1) inputs and outputs, i.e. the global structure of the
model;

(2) the basic «causil relationships assusmed betveen
variaples; i.e. the local structure of the model;

(3) tha detailed logic of the model;

(¢) the numerical values of the data, and

(5) tha time and resources rejuired to exercise <the
aodel.

Additionally, aa analysis saould consider any
experimental studies that allow cosparison of the aodel
predictions with the real world, othar aodels or with ¢the
intuitive beliefs of the lecision aaker that will ultimately
be presentad the outputs and their interpratation. Such
previous studies are useful in evaluation of a msodel for
application to nev probleas or situatioms. Unfortunately,
so far as coabat aodels are concerned, coaparisons with real
vorld results are extremely limited. &hen such data is
available (e.g. WWII 1and Korea) it is sparse, subject to
conflicting interpretation, and of gquestiopable accuracy.

(21]

A detailed examination of the globpal structure of a
model can forthrightly ansver the basic question of such an
analysis. Is tais mod2l capable 5f exaaining the problam
at hand? The potential user is interested with vhether the
outputs measure the desired quantities and or jualities, and
vhether the desired inputs can be entered ianto the model in
the foras in which they are available. Using an existing
sodel is not cost-effective if available input data must
undergo a costly and tise consuming conversion. There aust
be provisions in the aodal structure to allov changes in the
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input data to reflect chinges in the coabat process under
axaaination.

The local structure is examined to expose isportant
causal influences which may have been omitted for ease of
computational effort or other reasons. This step is closely
related to the abstraction process in the design of tae
model. It is most dependent on the detail and coapleteness
of available Jocumentation. It is critical because the
iaportance of a causal connection can be quite subtle but
very pervasive.

Examination of the detailed logic of a model identifies
the hypothesis wupon which the model 1is based. It reveals
extent to which it is based on historical and experisental
field data. It is another indicator of the appropriateness
of the aodel to solve tha2 problea at hand. This s<tep also
revaals the presence of 1inconsistent assuaptions or
inappropriate assumptions.

Pinally, analysis of the timse and resources required by
the @model provides <¢he wmeans througa wvhich the costs
associated wvith the use >f the sodel can be determined. To
make rapid and accurate astimates the description of the
sodel must provide explicit information of tiame requirements
to gather and prepare required inputs as vell as the time to
exacute the model given the inputs.

If aodels are to be truly transferable between agencies
the above analysis aust be comleted prior to any atteapt to
transfer a model. Accurate and cosplate docusentition amust
be available if this is to be conducted. Such
documentation will be available only if it is prepared
concurrently with the development of a nev addel and in
concert with any sodifications sade during the life of the
sodel.
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B. POTENTIAL PROBLENS IN EXISTING MODELS

To adejuately analyze an existing model the analyst aust
be faailiar with potential problem areas. Parrell [20] has
suggested that the analyst consider:

(1) the adejuacy of submodels, i.e. do they model what
they purport to model;

(2) wvhether key variables wvere overlooked during the
process of abstraction;

(3) the possibility >f inherent inaccuracies;
(4) possible computational 1 ifficulties;

(5) vhether the mod2l has inconsistent and inapproriate
assuaptions;

(6) possible inadequacy of output.

Aaoag the probleas of Jdesign can be found cases vhere
the general aodel structure is adequate but reasonable
subaodels are not available. This is particularly true of
sub-aodels involving simulated tactical or strategic
decision amaking. Parrell (20] aas indicated <that @»most
diagraas and flow charts of such sub-models 10 not reveal
the sub-sodel inadequacy.

In designing a aodel the first and aost difficult step
is insightful abstraction by tahe amodeler or asolelers. To
abstract the real worll into a representative sodel, key
variables, their basic causal relations and interpretation
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sust be incorporated into the model. This step is very
difficult to verbalize siance any description of the process
to be @amodeled will necessarily iancorporate the results of
abstraction in the elements of the description. This step
is imaginative, creative, and complex; it is imperative that
it be docusented at ¢the time of abstraction. Once a
process has been modeled and tise passes the explicit steps
and reasoning thru which the abstraction vas made cannot be
adeguately described by the aodelers. Pailure to consider
key variables occurs at this alaost invisible step of
abstracting a process >f the real-world into a amodel or
sub-aodel.

In the review of an existing model it is these almost
iavisible steps of abstraction that aust be thoroughly
exasined to insure all key variables are included in the
sodel. Kay variables can also be excludaed because of lack
of adequate sub-sodels or cosputational probleas their
inclusion or amsanipulation would precipetate. The reviever
or user Of an existing model must carefully search for key
variables that have not been modeled or are siaply ¢thruput
in the model.

Another pitfall hidden in the design of existing wmodels
is inaccuracy or lack of validation. Often because of
computational difficulties knovn experisental results have
not been included in a particular aodel. This occurs most
often as a result of exigencies on the modeler or modelers
at the time the wmodel is created. Exclusion of such
experimental data results in inaccuracies. Lack of
experimental support for portions of ailitary sodels is
another coamon cause of inacuracies vhich canmnot alwvays be
avoided. Likevise, inadequate debugging of tha model can
be a reality. This is not serious as long as these
inaccuracies are known. Unfortunately, these facts can
escape a potential user if a careful reviewv of the aodel
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design and its use is not made.

A thorough reviev of model documentation can reveal
computational difficulties it the documentation is
adegquate. These difficulties usually involve either
algorithaic iasprecision or excessive date storage
requirements. These limitations should pe revealed by the
documentation <¢o the potential user so that proper use of
the model can be made, unexpected or excessive costs are not
incurred or another model can be selected.

The bane of analyst using an existing aodel is
inconsistant bhidden assuaptions. Such assuamptions included
as part of the overall addel can be at odds with those of
sub-models, the data base, and data generating routines.

The most pervasive ercror awvaiting the unvary user of an
existiag aodel is the inappropriateness of inherent
assuaptioans. This poteatial error is the most difficult
to detect wvhen using a pre-designed combat model, since the
user is generally not vell versed in the process through
vhich the abstraction >f the real world wvas male. Duriang
the abstraction fundam2ntal assusptions concerning the
nature of the coabat process as well as assuaptions for
computational reasons vere aade. Only through careful study
of the 1line of reasoning folloved at the creation can a
vould-be user become familiar with these assuaptions. Care
sust be taken so that not only the explicit but also the
implicit assuaptions are understood aand their effect on the
coabat process being modeled is
coapreaended. Unfortunately, the ceasoaniag and logic
followed in creation of a model are not included in current
documsentation.
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If there are potential probleas awvaiting the unwary

b analyst in the design of an existing model, these are Jjust
the forebodings of greater probleas associatsd with the
actual exercise of the w=model. Poremost of these |is

irrelevance, that is caused by either attempting to use a
aodel on a problem for vhich it wvas not designed or a
failure to understand the problea thoroughly enough to
select an appropriate amolel.

Concoaitant vwith irrelevance is inadequacy of ‘
output. This results when useful information is inherent in |
the model itself but actual calculation and or display does :
not exist. Causes of sich conditions are selection of an !
iaproper model or lack of full understanding of the
intricacies of the aodel. Proper and adequate
docuaentation and cara2ful perusal will ameliorate the
situation.

In complex siaulations, both situations and kaey
paraseters will ba variel and the results exaamined. The
nuaber of unigue situations examined is liaited by resource
and time constraints, because of this the poteatial user
aust be sure that required outputs are readily available.

Adequate descriptions of the output of any randoa

process are difficult to achiave under the Dbest 1
conditions. Under time constraints descriptions of the type

of output provided by a model as wvell as hov the outputs are

collected is critical. Without it, the user cannot

correctly interpret ¢the results obtained. dhen available

| tisme and resources preclude sisulating all situations the
problea af extrapolating or interpolating betveen the
particular situations modeled arises. There is no adequate
general wmethod for suraocounting this problem; the probleam is
less severe the less coamplex is the sodel being wused. iny
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statistical difficulties encountered only coampound the
problea. Suraounting this problem is a function of the
ingenuity of the analyst and the detail of the documentation
available to him. In the case of theatre-level coabat
models obviously, neither all situations can b2 simulated
nor are there adequate historical or experimental data with
which to coapare the results obtained. A thorough
accurate and consistent interpretation of the oJutputs of
such a wmodel 1is highly dependent on the analysts intimate
familiarity with the math2matical structure within the model
as vell as interactions between the various input and output
data. Such intimacy is sbtainable only through available
documentation if the analyst uses an existing model designed
by someone else.

C. SUMMARY

Transfer of existing sodels betveen agencies is one vay
of reducing proliferation. Prior ¢to such a transfer a
potentionally usable aodel aust be analyzed for
applicability and approriateness. Such an analysis should
consider:

e inputs and outpats;

basic causal relationships;
aodel logic and structure;
available data and required data;
tisme and resources required.

Many potential probleas are contained in an existing
sodel, among these are:
e submodel inadequacy;
e key variables excluded;
e inherent inaccuracies;
e coaputational difficulties;
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e inconsistent assuaptioas;
e inappropriate assuaptions;
e inadequate output.

The ability and to what degree sodel analysis and
consideration of potential probleas can be accoaplished is
daterained to a great degree by available
documentation. Adaequacy of documentation is considered in
the next chapter.
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V. SIATUS AND ADEQUACY OF OURBENT DOCUMENTATION

A. DEPINITIONS AND BACKGROUND

Program docuaentati’>an is a collection of information to
explain the design, development, and wsaintenance of the
program as well as purpsses, methods, logic, relationships,
capabilities and lisitations. (5] Bxcept for ta2 siamplest
programs it is difficult, if not iapossible, for someone
other than the originator to deteraine what is supposed to
be accoamplished by just reading the prograa code.

Documentation is necessary for: plaanning, programaing,
sanaging, operating and evaluating models. It is absolutely
essential for: gquick and effective changes; use of the
aodel by prograaasers and analysts other than the
originators; understanding of vhat is being done; i
interagency prograa sharing; verification of proper aodel

operation. Through adequate documentation seconiary users
gain an understanding of a model and thus the aodel and its
outputs are revarded a level of credibility. It is vital
1 if secondary users are to be able to run the msodel and make
] necessary aodifications of the program. This restrains
' proliferation and duplization which <can result in major
savings; besides it teapers an alraady coaplex
environasent. OUnfortunately, current 1ocumentation practices
are such that the documentation to facilitate the use of
existing models generally does not exist.

a8




B. CURRENT DOCUMENTATION PRACTICES

Although docuaentation is an aspect of computer
prograaaing that wvas r2cognized from the inception of
automatic data processing as being critical to successful
prograsaing, it has been and still is a major problaem
area. Unfortunately, for various reasons including *ime and
fiscal constraints as well as lack of definitive guidance
concerning requirements and standards, the bulk of the work
affort conceraning docuamentation has consisted of unfulfilled
requiremsents. Notwithstanding the fact that programaing
has existed since the inception of ENIAC in 1944, the lack
of adequate dJdocuamentation received major attention in
studies concerning aodels and simulations as well as
investigations by the Coaptroller General of th2 Army in tne
late sixties and 2arly saventies. [10,15]

Irrespective of tha aforementioned studies tae problea
of inadegquate documentation persisted and wvas the subject of
another investigation o5y the Comptroller General in
1974. [15] Over seventy federal installations in the
continental United States, Burope, and Asia vere
surveyed. These included selected 20D Agancies as well as
those of each of the ara2d forces.

The study cited several problem areas a*tributable to
inadequate documentation. Increasad cost of operations was
high on the list. Beciuse of inadeguate docusentation use
of operating prograss is hindered since current operators do
not fully understand hov and vhat is being done in a
prograa. Therefore, wvhen unexpected outputs ars obtained
it is difficult if not impossible to deteraine <their
validity. Equally perplexing is inadequate docuaantation of
subsequent wmodifications incorporated into the aodel. In
aany cases without adequate docuamseantation it was iapossibdble
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for a nev analyst anl or prograaser to use or modify an
existing prograas. Oltimately such models have to be
coapletely rewritten or the time required to amake thes
usable was greatly in excess of ¢the time required when
adeguate docuamentation was available. In a cited exasmple
inadequate documentation caused an agency to spend over a
year to deteraine how 2 particular coesplex aodel
operated. Another exaaple indicated the difference of six
san-months of vork 1incurred because of the lack of
sufficient docuaentation. Although the Cosptroller General
found 1t difficult to determine the aggregate cost of
increased operating expenses due to inadequate
docuasentation, he did indicate it was high because of the
nuaber of cases uncoverei.

Lack of sufficient do~7uszentation was the major cause of
the probleas encountered oy the author during the conversion
of <the ATLAS w@®odel. d4hen aachine differences regquired
changing the program code there vas msinimal guidance as o0
vhich sections of the code correspoaded %o vparticular
functions described in ¢the user's amanual. ©22] Also,
details of the mathematical structure of ATLAS are not
contained in the wmanual. For jetails of the model
structure references ar® 3ade to a aodels msanual (23] for
the predecessor of ATLAS. The extent to which the structure
of this aodel Las been incorporataed 1into ATLAS is not
explicitly stated. The situation is further coaplicated by
the fact ¢that opertinent assuaptions basic ¢5 the model
foraulae are not in the aodels wmanual; they are 3in ¢the
user's manual 1listed in a haphazard wsanner. Since the
aodels discussed vers: originally designed for the
predacessor of ATLAS there is no assurance that changes to
the aodel foraulae vere not made during ¢the evoluticn of
ATLAS. This suspicion is a2nhanced by the fact that in 1973,
five years after the design of ATLAS, a significant
prograaaing arror wvas found. (24
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There are a myriad of reasons vay amodel documantation is
inadequate. One of the primary causes is that documentation
guidelines and policies are developed by individual Pederal
departaents and agencies. At the highest levels the
guidanca is necessarily general, as it aoves down the
orqgqanization further aor2 explicit implementing directives
are provided culmainating in directives issued by the
developing agency. Hence, some documentation is brief and
siaplistic; otaer docuaentation is detailed, voluainous and
coaplex; neither aay prove to be adegquate. Adequacy is
deterained by the ability of other than the originators to
use and understand the ascdel. The Coaptroller General found
that even vhen guidelines and standards wvere prescribed
managers of modeling projects failed to insure
coapliance. The type and content of documentation is often
decided by computer technicians or ADP operators. (15]
Shubik [ 17] has cited this practice as unprofassional since
ambitious prograamers have been known to change coding in

é the pursuit of coaputing efficiency without makiny note of
the facet.

An examination of 268 aodel docusentation packages at 10
California installations revealed none fully complied with
the agency standards and aost vere iacoaplete, inconsist%ant,
and inadequate. ([15] Ia most cases prograamers deterained
] vhat docuaentation to prepare based on their own
judgeaent. HNanagers responsive for developing models
indicated that the reason standards vere not adhered to vas
because of time coatraints. Coapletion dates frequently
vere given precedence over preparation of adeguate
docusentation. The desire to coaplete a model and get it
operational by 1 given date overrode the need for
docuamentation.
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An aspect of @managerial responsibilities concerning
documentation is that it be kept current. Even if a model
is initially adequately documented it will eventually be
modified and its documentation aust be likevise
updated. This is a @major problea because it requires
diiigence to update documentation. 3iven time and resource
constraints and the exigencies of the decision wsaking
process it is a task that can easily be put off since the
sodel will wvork without such documentation. The problea
comas latar when the personnel that aodified the progras
become involved with other dezsanding probleas, leave or are
transferred. Later the documentation is difficult to
prepare because the reasons vhy or hov the modification wvas
sade Dbecoae unclear or those that knev what was ione are no
longer available.

There are nuamserous coaaent cards in the ATLAS prograas
that indicate changes vere aade. 4dowvaver, there is 1o
forasal docuaentation, with one exception, to indicate wvhat
or how these changes vere amsade. Informal documentation
provided was ainimal and superficial and did not address all
the indicated changes. Tlhe one exception wvas a forsal
document [25] prepared in 1974, which discussed iaproveaents
in the treataent >f barriers and personnel replaceaments. A
global variable and subroutine 1listing were provided but
these vere not up ¢to Jate; had they been current the
conversion would have been facilitated.

Poor or nonexisting docuaentation persists irrespective
of the efforts of the Coaptroller General and the Departaent
of Defense. Inspite of the identification of this problea
early in this decade ([1,10,15) its preseace continues to be
a problea at the close of the decade. (3] The continuing
lack of detailed documentation that enables an analyst to
understand vhat goes on inside a model is cited by Shupack
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(26) in 1979, as a limiting factor in the use of
theatre-level coabat @sodels. Although there vas a
noticeable isprovement, he found the level of documentation
of IDAGAM not sufficient to insure the easy and proper use
of the model vithout supplesenting the available
documentation. Without adequate Jdocumentation tae analyst
is apt to sake erroneous conclusioas regarding the processes
occurring within a model.

Although docuaentatisn probleas persist genuine attempts
to resolve the probleas have been wmade. Curreant combat
aodaling efforts at the Naval Postyraduate School are not
only using languages especially designed for simulation but
the documsentation aethods eaployed enhance the transparency
of the aodel. Por exaamples see Ref. 27, 28, 29. Other
agencies have also wmade inroads toward iaproving the
adequacy of documentation. Sea Ref. 30, 3,
32. Irrespective of these iaproveaants the author believes
a vital aspect of documentation is being overlooked. This
aspect and appropriate recosmaandations are set far+h in the
next chaptar.

C. SUNMARY

Studies as wvell as intuition reveal that to understand
the vorkings of a complex wmsodel an analysts regquires a
detailed explanation of the calculations and daca
sanipulation performed bdy a siaulation. Iaplicit and
explicit assuaptions and inputs sust be kanown if an analyst
is not going to use a sodel as a black bdox. A detalled
knowvwledge of the variables, subprograas and their
relationships wsust be acguired if a asodel is ¢to be
transferred <from one using agency to another. Rarely will
both organizations posses the same brand of data processing
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equipment, more likely than not there will be great
dissimilarities. Conversions from one machine to another
requires that changes be made to the model. To change the
model the programmer and or analyst aust know the effect his
change will bhave not on only the particular line of code he
is changing but throughout the program. Analysts asust not
only kKnow how a change vill affect the physical
ainipulations and computations of the various parts of the
sodel but how it will interact with the implict and explicit
assuaptions of the aodel. To gain this level of
coaprehension of a wmodel designad by someona else the
analyst and prograamer of the gaining organization wsust
consult the docuasentation provided with tha wmodel.
Without such documentation analysts have chosen td> comstruct
a newv model. Unfortunately, the general concensus of the
investigations was that 1ocusentation vas of dubious quality
and generally inadeguate. (1,10,15]
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VI. PROPOSED HLEBRARCHI QF DOCUHMENTAIION

The discussion of wvho the user is, the role of the
officer analyst, and the docusmentation concept that follows
is based on seven years experience in operations research
related assignaents, discussions vith analysts, programmers

/ aad students, and problems encountered during conversion of
the ATLAS @model. Tha author has dravn upon the above
sources and selected litaratura (4, 15, 17, 33, 34, 35] ¢o
propose a nev concept in asodel docuaentation. This new
concept is intended ¢to refine and supplement current
docuamentation methods. Isplementation of th2 proposed
concept vwill hopefully £ill a void that currently exists and
vill greatly improve the transpareacy and transferability of

* : coabat aodel.

A. THE OSER AND THE ANALYST

Before proceeding further it is necessary to define %the
often referred "user". It is one of the aore vigue teras
associated vith coabat modeling.

Nov, wvho is the user? The user is the study director
and/or decision maker. Trhese individuals need documentation
that provides an overview of the model, vith indications of
its capabilities and limitations and general applicability
to the probles unler study. The details of the conceptual
basis of the wmodel and hov and what information can be
provided along vith an evaluation of i1ts suitability should
be provided by the analyst.




The analyst is the smsanipulator of the =model. He |is
responsible for using the sodel to support the study
objectives. This means he is responsible for the collection
and insertion of input data and interpretation of the output
data. If the model is small, he may do the coding; or if it
is coaplex, a programmer @=say assist hia in the coding
process. Any interpretation of hovw the =model represents
reality is the analyst's responsibility. To fulfill this
responsibility he aust be faamiliar vith the conceptual basis
of the aodel, its underlying assumptions, hov the sodel vas
transforsed into the program code, and hov the cole operates
to present the process modeled. The analyst aust know if
any changes to the «conceptual foundation of the aodel
occurred ia the process of programaing (coding).

There is a reluctance on *he part of wmany esilitary
analysts ¢to gain an intimate understanding of a complex
combat aodal. EBxingenciaes of the organization are some of
the prise reasons. In the daily demands to ainipulate a
aodel and to produce results there is insufficient
allocaticn of ¢time to study the inner wvorkings of the
aodel. HRa2liance is placed almost exclusively on the user's
manual to explain the results produced.

Some analysts (this is particularly true of the officer
analyst) refuse to gain detailed understanding of the inner
wvorkings of a model because they do not perceive that to be
their function. Their perception is that they ace the user
and do not require that level of detailed knowledge. Others
hesitate to learn or becose well versed in the functions of
a particular model because they fear such expertire will
label thea and hence 1limit the scope of their future
assignaents. In discussions with officer analyst students
and practicing officer analysts, the author found these
attitudes o0 be guite pervasive. Hany considered detailed
knovledge of hov a model operated to be in the realm of the
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programmer's responsibility. Little or no consideration vas
given to the fact that most programmers have little or no
military Dopackground and cannot possibly relate the
sachinations of the program code to the cosmbat process. The
prograamer views proper operation ian teras of proper
execution of programmed instructions. Whether or not
: instructions properly depict the realities of the coabat
i process are beyond their scope of interest. They have

neither knowledge, inclination or experience to evaluate the
fidelity of the code.

Attitudinal attributes of wasilitary analysts can bDe
understood in light of their rapid turnover in

assignments. Rapidity of reassignaent discourages the
desire to gain detailed knowledge of any particular
modal. Most likely they wvwill be reassigned shortly, to

f other type duties. If subsaqueat assignments deal vith »
coabat @asodels, aost likely, it will De a different |
aodel. Any tise expended in the study of details of the |
msodel associated with the current assignaent is considerad
of ainimal value. #hen an effort is aade to understand a
model it is often frustratad by inadaguate docuaeantation.

Probably the wmost frequent attitude seen in officer
analysts is the one associated with <¢the ailitary psyche,
that of Dbeing a generalist. This attitude is the result
of the total experience of the profession; it has been ¢the
way to reach success in the past, and sany believe that it
still is the wvay to success. Although thar2 has Dbeen
considerable effort to change this aind set, the exaaple of
the last few centuries is difficult to overcome. Coaspared
to the existence of the ailitary profession, the experience
of the ailitary analyst is of recent vintage. Only
favorable experience will provide the impetus for change.
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The transfer of sodels between agencies will contribute
favorably tovard convincing analysts to gain detailed
knovledge of coabat models. If they knov that the effort
expended nov can be wused at a later time in some future
assignaent, the effort will be considered wvorthwhile. Bat
adequate documentation is a pcerequisite of such
transferability. Hence, there |is an interdependency
betveeen documentation and conviancing ailitary analysts to
gain a detailed understanding >f combat zodels. If they can
se2 value in the expeaditure of tae time and 2ffort, they
vill be willing to aake the coaamitaent.

Shubik [16] aas found that the asathematical aodeler and
the person vho understands the reality the model attempts to
abstract are not necessarily the saae person. The cosbat
procass is best understiyd>d by senior ailitary decision
makers who are generally unabla to translate it into the
appropriate abstraction ind «ho generally desire greater
detail than is necessary. A good aodel is one that is abla
to abstract and describe d>nly that wvaich is relevant to the
problea aunder investigation. Oa the other hand the
sathesatical wmodaler is freguently an individual vho
generally lacks the experience and an appreciation of the
nuances of combat vhich can lead to the developaent of an
ill-structured model. The ailitary officesr analyst
represents a step towarl providing a @modeler or amodel
operator vho not only understands the asathematical aspects
but the military factors as wvaell. If this capability is ¢to
be aaximized wvhen dealing with existing models, there aust
be docusentation which 1allovs ¢the analyst ¢to 1link the
conceptual aodel foraulation to the executable
progras. Then he can understand the coanceptual basis of the
sodel, insure the progras fulfills the concept, and act as a
source of inforamation for the decision maker.




B. ORIGIN OF THE DOCUMENTATION SHORTPALL

The initial theatre-level cosbat sodels used in the
United States wvere designed and operated by contract
; organizations (e.g. Research Analysis Corp.). These models
had a manual referred to as a user's manual wvhich provided
an overview of the addel, input requirements, and a
description of the output., Por an example see Ref. 22.
Documentation within the msanual was superficial, at most it
provided the proverbial big picture. Sufficient
information vas provided to deteraine the general
capabilitias of ¢the wmodel, possible suitability for a
particular study and a general indicatioa of expected
outputs. It provided 1little if any information on the
insights that could be attained or subtleties of the
sodel. The user for whoa this "user’s aanual” wvas designed
vas a project aanager or soame level of decision aaker. The
details could be filled in by the persons who wvould operate
the model, this aost likely wvas the designer of the
model. Because of budgetary reasons and doubts that these
aodel operaters understood the nuances of wmilitary
operations, the dacision vas wsade to bring these wmodels
directly under Dept. of the Aray control.

When these aodels passed 2o Aray control all
docuaentation passed vith thea. Unfortunately, in most
cases the documentation was sinisal consisting primarily of
program listings, operator instructions, global variable and
subroutine listings, flowcharts, user's manual and possibly
: sose limited discussion of the foramulation of the model.

1 These aodels were placed under control of the agency that
vould use thea in sujport of force planning and strategy
studies. The designated users that inherited these aocdels




vere the ailitary analysts (officers and federal esployees)
assigned to the organization that received the models. The
analysts then took the @aodel and the user's manual and
proceeded to exercise the wmodel ian support of on-going
projects.

Use of the user's msaaual by the analyst was mandated by
the fact that input requirements and preparation were
contained in it. Howvever, vhen the models wvere initially
transferred from the designing corporation to the Aray no
suppleaental documentation vas prepared or
provided. Analysts vere using a manual that provided only a
superficial examination 0of the model. They perforaed
analyses using a wsanual originally designed for a study
director or decision maker. These "user's aanuals" did not
contain the detailed information of the aodel that is
necessary if the analyst is to knov and understand the
machinations through which the iaput data is exposed to
produce a jiven set of outputs.

Evenually conflicting results wecre obtained froa models
supposedly exaaining the same situation. ®dhen <called upon
to resolve or explain thase discrepancies the analysts wvere
unable to 30 so. To explain the <conflicts a detailed
understanding of the coaceptual basis of the amaodel as vell
as Jetailed information of the tramslation of th2 conceptual
aodel into prograa c¢d%ie wvas oaneeded. Only with *his
intormation .could the analyst explain why tvo sodels
exaaining the same coabat process under the same conditioas
produced different results.

Analysts then discovered that the docusentation provided
vith the wmodel did not provide this insightful
inforasation. To ansver the guestion the model iesigner had
to pe contacted. At times this was iampossible because thae
actual wsodel the designer no longer vas vith the firas that
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developed the mddel, nor vas there available any
supplemental infocrmation on the inner workings of the amodel.
Instances in which the designer could be 1locat2d usually
proved just as unrewarding. In most cases the designer had
no supplemental formal documentation. When he acted as the
operator of the msodel on behalf of the Aray he could ansver
such questions based on his design knowledge and Jdsaily
contract wvith the wmod2l. Since there had beean no formal
requirement for such supplemental inforaation, it never was
prepared. Once the aodel passed unier operational control
of the Aramay, the designer wvas precluded froam daily
contact. Over time the designer's intimate familiarity with
the aodel wvaned, especially the intracacies of the
translation froa basic concept to operatiag prograa
code. If the designer had not done the actually coding,
similar results wvere usually experienced vhen trying to
locate the original prograamer or obtain supplemental
informaticon. Wwhat the program code was actually doing vas
not readily apparent and documentation or personil knowledge
of 1its operation wvere unavailable. The situation is best
expressed by a gquote from Robert Prost. When once asked by
a critic what he meant by a particular phrase in one of his
works, he replied, "When I wrote it God and I knev wvhat it
meant, nov only God knows". This same situation will also
prevail with coambat models unless adequate documentation |is
created concurrent wvith the design and developaent of the
sodel.

C. COMMUNICATION AND LEVELS OF PARTICIPATION

The primse purpose o5f documentation is comsunication:
coasunication of why and howvw realities are abstracted and
condensed into a fora suitable for exercise on a computer to
predict a future state of some coabat process. Generally
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the level of professional coammunication between decision
makers, analysts, and modelers has been lovw as attested Dy
the credibility problem previously discussed. This coupled
with the turnover of military decision makers and analysts
has not enhanced cozprehension of and coatrol over
large-scale combat models. Very often the information about
context and 1limitations of these aodels has not been fully
understood by the military analyst and therefore not clearly
presented to the decision wmaker. Documentation that can
provide such enlightenment to the analyst wvill be a
significant step toward providing the required insights into
combat aodels needed by decision makers. Through adequate
documentation the user and analyst gain understanding, and
vith understanding can come acceptance and the d=a2cision to
use the particular model.

In coabat adcdeling there are three levels of
participation with necessary intercomaunication. At the
highest level is the decision maker wvho uses the model as an
aid to gain insights and in conjunction with judgement
arrive at a decision concerning force structure or
strategy. The interaediate level is occupi2d by the
analyst, who either designs a 13:odel or uses aan existing
model; prapares inputs; exercises tae model and interprets
the outputs. If the model is nev to the decision wmaker he
also aids in the aodel selection proCess by recomaending and
explaining the inherent attributes of particular wmodels in
pursuit of a prdjected study. At the lowest level is the
prograaser, who writes the necessary code during model
construction, explains the 1limitations of ex2cution of a
aodel on a particular computer, insures the model is
processed as the program intended it and to code necessary
sodifications t> a addel. Each level has un ique
requiremsents and responsibilities and therefore the
docuaentation required by each is unigue.
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The dacision wmaker uses his documentation to gain an
overall appreciation of a 3odel and sufficient understanding
to question the analyst on model details necessary to make a
decision to eaploy the model and use its outputs. It
provides a means of conducting discussions that can reveal
vhat insights can be gained from a particular wmodel. The
decision wmaker uses his documentation as a link between the
analyst and hiamself.

The analyst occupies the pivotal position between the
decision a3aker and the programmer. His documentaticn is
necessarily the most broad in scope as well as variation of
detail. It must provide intimate knowledge of the model to
allow selaction, sufficient detail to ansver questions froa
the decision maker and ask guestions of the programamer. It
aust provide the key to the inner workings of the model.

Prograamer documentation allows the programmer to
maintaia and =aodify th2 amaodel and ansver the guesticns of
the analyst. It allows the prograamer to maintain
efficiency of operation and insure execution in accordance
with the dictates of the design. It must clearly indicate
how the coaputer intericts the iaputs and programaing code
to produce the outputs.

D. A CONCEPTUAL THEORY OP MODEL DOCUMENTATION

Current texts that describe the documentation process
usually are texts on the subiject of coaputer svsteams. The
guidance provided, though attempting to be g3jeneral, is
oriented toward docuamentation of programs that are bulk
processors of systematic information, i.e. financial
records, 2a2dainistrative records etc. Nost eaphasis is
placed on how to use the available program to process the
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data available, minimal eaphasis is directed toward how the
processing is accoaplished, because the processing is not
coaplex but routine and 2asily understood. Por an example
see Ref. 33.

In the field of coabat aodeling 1littla guidance is
available in the fora of textbooks dascribing documentation
mset hodologies. 1In order to smaximize detailed unlesrstanding
as vell as transferability of coabat aodels a nev concept of
documentation is proposed and set forth in this section.

To fulfill the requiresents discussed above the
docuaentation aust provile the complete understanding of how
the 3odel wvas created, underlying assuaptions, explicit
description of the foraulations and numerical methods
eaployed and detailed description of thae amsechanics of the
programa code and its execution. Most current documentation
described as a user's sanual (e.3. sae Ref. 22), executive
sumaary or by soma similar title is sufficient to fulfill
the proposed non-technical docuaentation that follows.
2rograaser's docuasentation is widely described in the
literature of coaputer systeas and needs just a fevw
additions in respact to coabat models. Assuming that the
documentation is provided as described in the literature,
ainimal modification i3 required. Prisarily this is a
chartingy and cataloging procedure to allow ease of tracing
variables through the prograa and understanding the 1linking
of subprograas to the main prograa. Current documentatioa
reguireaents stress flovchartiag. Plowcharting is
comparable ¢to electronic schematics and allows one to see
the logical flowvw of the process being prograamed. In the
coding step this 1logical flow is translatad into a
mechanical flov of variables through =matheaatical and
logical foraulations and subprograas. A charting procedure
vill be like a blueprint that showvs the physical connection
of the a2ain and subprograas. The catalog will explicitly
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state howvw variables are interacted and passa2d betwveen
subprograas.

Por the analyst's documentation a new concept is
proposed. Rather than describing the aodal in the
traditional sanner, i.e. from the context of 7Jjustification,
the analyst's documentation should be presentad froa the
context of discovary. (2] Using the traditional concept the
model is documeated by stating the assumptions of premises
which deteraine the outputs of the aodel, showing the final
aathematical foraulae that represent the abstractions of the
relavent characteristics of the aodeled process, discussing
the inputs required to support the given foraulae, and
listing tha outputs that c-an be obtained from the model and
inputs.

This is not the aanner in which the aodel vas foraulated
and such iocusentation in the context of justification does
not enlighten the analyst in teras of how the designer
arcived At this particular abstraction of the <combat
process. One asust conclude that this type of documentation
is not of great help to the inexperienced analyst if he is
attempting to understand the essence of a coabat amodel. If
the analyst is ¢o gaia a intisate knowledjye of the
functioning of a aodel, ha aust be able to ascertain howv the
aodel caae to be. Trhis provides hia tvo 1invaluable
insights. Pirst, he gains an insight into the abstraction
process of ¢the designer. It is a glimpse of the reasoning
procsess by which the designer cut through the ayriad of
Jetails to deduce the fundamental variables that allow a
sodel to approxiaate the coaplexity of a given cosbat
process wvithout having ¢to model each of the multitudinous
factors that compose the actual process. Second, he gaians
knovledge of the factors that vere considered as
representative of the coabat process but were discarded
because they seemed not to be necessary predictors. This
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ster in itsalf is worth the cost of providing this type of
documentation. What it provides is a historic record of
factors and related assuamptions considered and reasons why
they were ultimately rejected or accepted. The information
provided sust be succinct and allov understanding of the
abstraction process witaout introducing volusinous detail
and unnecessary costs. This wvill be an aid not only for
the follow-on analyst buat all those that cose later. It
vill preclude subsequent analysts fros expendiny time and
aoney to deteraine why particular factors are or are not
sodeled. Hence, if they wish to modify or elaborate upon 2a
coabat model and information about previously considered and
rejacted alternatives is available, the expenditure of
resources to reinvestigate a particular alternative and gain
only duplicate inforaation will be precludad.

2. REQUIRED LEVELS OF DOCUMENTATION

All the aevidence gathered indicates three levels of
docuasentation for models are required. These levels of
docuaentation are:

(1) decision-saker level, (facilitates comsunication
betveen tha decision aaker and analyst);

(2) analyst level (fosters communication between analyst
aad decision asaker and enhances vorking relationship with
the prograaser);

(3) programszer level (provides detailed understanding of

prograa code and facilitates cosmunication with the
analyst) .
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Pirst, the decision msaker vho uses the aodel as an aid
to his judgeaent requires a non-technical description of the
aodel. Non-technical ot because the dacision maker cannot
coaprehend the technical details but because the exigencies
of the organization preclude hia froam devoting the necessary
time and effort. Second, the analyst that exercises the
model, prepares the analysis, and assists the decision maker
requires a technical description of the model. This enables
the analyst to know how the aodel fuanctions and explain and
interpret the outputs of the model. Third, the prograsaser
needs detailed documentation that explains the mechanics of
the progras. This documentation provides the aeans to
troubleshoot probless encountered during routine running of
the aodel and iasplement future aodificatioans. The levels
of activity and their required docusentation are shown at
rig 2.

P. DECISION MAKER'S NON-TSCHNICAL DOCUNENTATION

A non-technical reference asanual for use by decision
sakers should provide sufficient information to deteraine
genaral applicability of the wsodel. It shoull include a
general description of hov the model operates and the smajor
cosponents, the specific purpose for wvhich the model vas
originally designad and the known limitations should be
stated. This vill allov the decision msaker to assertain the
overall ability of this particular sodel to assist his in
the problam at hand. The amsanual should describe the data
rejuirements, available cutputs, and any options provided by
the wsodel. This facilitates the initial planning process
because it provides a basis for estimating the expected tinme
t0 gather the input data and vhat to expect in the fora of
outputs. Physical liaitations, such as computers for which
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usable versions of the asddel are available, the prograssing
language used, and typical running times for the model, are
necessary contents of the non-technical msanual. The tiase of
such senior sanagers is limited and valuable. Only that
inforsation necessary t> provide a general description and
basis for meaningful discussions between the decision wmaker
and the analyst should be includedi. Any Jdetails required
will be provided by the analyst, who vill conduct the study,
during planning, progress, and reviev sessions. Yet the
documentation aust msake the msodel sufficiently transparent
so that tha decision asaker understands vhat is happening and
finds the aodel credible for the problem at hand.

G. ANALYST'S CONCEPTUAL-TECHNICAL DOCUMENTATION

The analyst's conceptual-technical reference aanual sust
necessarily contain detailed inforaation on all aspects of
the aodel. This is the docuameat ¢that determines the
overall worth of the adcdel as an analytical tool. If
sufficient detail is contained thea tha analyst can becoae
intisately fasiliar with the model, so that any aberation
encountered during operationm Of the aodel can be understood
by kim and explained to the decision aaker. To msiximize its
value to an analyst, it should be written by the analyst or
analysts that design the sodel. Their professional
experience vill guide thes in providing the kind of
inforsation about the model that they would want if they
vere using a aodel designed by sosedne else.

The size of the analyst's reference asanual will be a
function of the coaplexity of the aodel. To be useful and
credible a zodel must be transpareat and transferable. To
be transparent and traansferable all necessary details of the
sodel must be provided. Inforsation on the data base used

59




in the wmodel, input requirements and forsat as wvell as
output format and options sust be detailed. All that can be
assumed is that the analyst is knowvledgeable in the use of
7 the tools of his profession. In preparing tha analyst's
? manual no prior knowlelje of the model can be assumed. As
Morris ([ 2) recoamended, the obvious should be written down.

] All constraints and lismitations must be described in detail
as vell as assuaptions used, logic flow and
interactions. Sufficient technical detail to allowv the
analyst to sanually trace inputs through the algorithas is
necessary. Yatheamatical, statistical, 2anil numerical
aethods incorporated in the @model should be described
including any nev or unique applications. Aay constraints
which will affect the accuracy of the wmodel wmust be
ideatified. Obvious pitfalls sust be stated; tha2y are only
obvious to the developer and in coaplex amodels without
docuaentation they can even be forgotten by the
developer. The physical processes siaulated aust be
described 4including an explanation and rationalization of
the ¢technigues used. Bach wvariable and the entity it
represents aust be clearly stated. Lastly, sufficient
instructions describing hov to set up and use the amaodel and
flov charts keyed ¢to the prograa instructions should be
provided. Z2qually important is a system that Kkeys the
description of each mathematical foraulation in the sanual
to the appropriate section and 1lines of the progras
code. This will facilitate the location of th2 code, when
the analyst vants t0 aodify the model.

These are ¢the basic requirements for the contents of
docusents to be prepared by the designer of a asddel. Bach
time a waodification to ¢the wmodel is pmade, the changed
progras instruction, reasons vhy the change vas necessary,
how and vhat is affected in the aodel, and the
rationalization for the particular wsodification should be
docusented and incorporated iato the original
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documentation. This aspact of documentation is critical
because analyst and prograssers have been known to make
small insignificant changes to programs vithout docusenting
them. Tvo results can cose about because of this. Over
time these minor undocumented changes accuamulate, then one
day those who iwmplesented the changes transfer or depart.
The newly arrived analyst nov has a @=sodel which does not
quite fit his docusentation. If enough time has passed
even those wvho sade the change vill not coapletely resember
it vhen they are gquestioned or they are no lomnger
availaple. Even aore disheartening is that in £failing to
docuaent, a critical inspection of the @ffect of the change
on other parts of the aodel is not made. Unbeknowanst to the
individual the aodification causes an effect elsevhere in
the =model that is not readily discernable at the
tise. Utiaately, another modification is sade and the aodel
salfunctions or an anosalous output occurs. If undocumented
sodifications have been wsade and forgotten it wmay be
iapossible to trace the cause of the anomaly. If it can be
traced, the <cost of trouble shooting and correcting the
model vwill be greater than the cost of docusenting the
aodifications at the tize of their addition. Current
studies will be delayed with their attendant costs and <the
credibility of ¢the wmodeling cosmunity will suffer. The
decision asaker Jjustifiably becoses skeptical vhen the
analyst cannot explain wvhy the results of a molel are not
comapatible vith the decision maker's intuitive
expectations. If a wmodel is to aid in the decision msaking
process its outputs sust be explainable and understandable
to the decision maker. I[f the analyst has not dasigned the
model then his only source of the necessary inforasation |is
the documentation supplied vwith the model.
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4. PROGRAMMER'S TECHNICAL DOCUMENTATION

The final 1level of required documentation is the
detailed information rejuired by the programser for the
operation and wsaintenance of the nmodel. This is the
documentation that is discussed in great detail im all
standard texts, wvhile msethods of documenting the conceptual
basis of models is almost entirely foregone. The manual is
necessarily prepared by the model prograammer in conjunction
with the analyst vho has designed the =aodel. It must
contain descriptions of each global variable and in which
subprograss the variable is found. Descriptions of the
functions perforaed by ¢the prograa, data flow charts,
fuaction flow charts, approxisations and numerical
procedures used are also contained in this
docuaentation. Likewise, any implicit assuaptions amade by
the prograammer during the coding process to facilitate
computation aust be docusented.

Often, though the analyst designer has structured the
sodel to handle the general case, during isplementation of
the aodel on tha computer some 1loss of generalization
occurs. Ia the search for progrimsing efficiency the
computer prograamer may -ode a combat process so ¢that the
sodel vorks for oanly those circumstance explicitly stated by
the designer. Whereas the designer Dbelieves he has a
general aodel the programsser has reduced the generality of
the aodel. Unless this is documented by the prograamer, in
subsequent use Jf the waodel ¢the fact that the model wvas
prograsmmed in such a sanner may be forgotten. In this case
the coaputer routines eabody more assuaptions than exist in
the formal aodel designed by the analyst. It is incumbent
upon the prograamer to bring this fact to the attention of
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the analyst. He inturn sust include this information in his
documentation. Jnly he can conceptualize in teras of real
world factors the impact of the programaar's assuaptions on
the inputs and outputs.

Purther conteants of the detailed programsing sanual sust
indicate prisary and secondary storage requirements, error
detection and recovery procedures, and instructions for
initiation and teraination of progras operation. These
pieces of information are required if other prograamers are
to Dbe apla to understand and operate the model. If a model
is transferred this inforszation is necessary to 4implement
the wmodel on a coaputer of diffarent design. It provides
the receiving prograsser the necessary inforamation to
prepare system operating prograas and procedures so that the
sodel can be exercised by ¢the receiving agency without
inadvertently aaking changes to the logic of the
sodel. This is especially critical for complex
sodels. With such aodels attempts tO restructure prograas
to overcome incompatibilities in storage or other sachine
regquirements may introduce changes to the fundamantal logic
of the aodel unbeknownst to either tha programmer or the
analyst. @dithout adegquate documentation such restructuring
aust be accoasplished vita only luck to guide the vay and as
complexity of the 1aodel increases luck is quickly
depleted.

When the original programaer coapletes the prograsaing
(coding) of the wmodel the 20del aust be varified and
validated 4in conjuntion with ¢the analyst designer. When
both are satisfied that the msodel is operating as designed a
listing of the coapiled asseabled progras should be
sade. This is then supplemented by a set of working notes
on prograa operations, set up of the deck to exercise the
sodel, special programasing features and identification of
potential problem areas and suggestad solutions.
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The compilation of the above docusentation 4into a
detailed prograammer's sanual vill provide a souni basis for
reviev and analysis of the aodel's capabilities and for
maintenance of the model's 1logic; it will facilitate
transfer and insure transparency. Purthermore, each tise
the programmer makes a aodification to the program it must
be docusented 1and incorporated iato the prograsaer's
manual. Concurrently, it wsust be brought to the attention
of the analyst to relate the programaing change to the
combat process amodeled and update the analyst's and decision
maker's manual. This cooriination betvaen the prograsmer
and the analyst aust alwvays occur if both are to resain
fully cognizant of what as wvell as hov the model siaulates
the real world. Jnly through such documentation can a model
be transferrad to a newv programser and analyst teaa and be
knovledgeably used.

I. INLINE DOCUMENTATION, A MAP THRU THE MAZE

A necassary adjunct ¢to this proposed documentation
package is documentation withia the program. Such
docuaentation should be in the fora of coament cards that
briefly dascribe the main prograa, the major sub-models,
suproutine and each function subprogram. They should be
inserted at appropriate locations so that 1logic of the
prograa is readily appareat. Nothing is wmore frustrating
to an analyst that is atteampting to gain a juick basic
understanding of a wm0del thap a series of calls to
subroutines wvhich intura call other subroutines and or
function subprograss. In a complex amodel this quickly hides
the 1logic of the wodel froa the analyst. To pierce this
shroud the analyst aust devote time that could better be
used elsevhere. If the exigencies of the situation demand a
capid response and no other model is readily available this
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encourages the analyst to use the model as tha proverbial
"black box". This neither adds to transparency nor does it
enhance the reputation of the analyst or operations
research.

Most current progrissing texts recommend using commsent
cards to @enhance understanding of programs. In complex
sodels this is anot a nicety but a nscessity. Time devoted
to this effort initially not only enhances the use of a
complex model but reduces recurring costs. Professionalisa
demands that a amodel should not be used vwithout
understanding how it functions or at least believing one
understands how it functions. The realities of ailitary
personnel policies dictate that ailitary analysts will
rotate rapidly through assignaents. If a program is not
documented internally this self-educating stap occurs each
tise a newv analyst uses a particular aodel. Given a complex
aodel and normal personnel turnover a sizeable cost is
incurred. With adequate internal documentation this cost
vill occur only once. Bacause of personnel rotation models
not currently having such internal documentation should have
it added. Though it wvwill detract an analyst for aa
additional aamount of time initially, over the longer tera a
savings will be realized. ©Bach subsequent analyst will oot
have to start froa scratch wvhen <trying ¢to gain an
understanding of how the model functions; understanding will
be facilitated by internal documentation via comsent cards.

J. UPDATING A NODEL'S DICUMENTATION

Changes to asodels occur over extended periods of time.
Obviously, at the time changes are instituted the process
through vhich they vere developed, vhy and hov they vere
entered into the model anl all assusptions used aust be
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annotatad in all appropriate docuaentation at the agency
instituting the change. Some of these changes will Dbe
extremely large and will Justify formal changes being
printed and distributed for all af fected
documentation. Some changes will be small; formal printing
of individual changes would not be justified. These would
have to be accuaulated and changes printed, when
economically practical. The manageaent of the process and
the deterazination of when printing and distribution of
changes is econoamically practical are beyond ¢the scope of
the thesis. They are iamportant subjacts and should be
exaained in some future thesis.

K. SUNMARY

Since the analysts and programamers that develop a
particular aodel are not ilwvays preseat or available vhen
the @model is exercised, especially if it is transferred to
another agency, it is their responsibility to detail ¢their
assuaptions, siaplifications and methodologies and provide
evidence that the rationale behind their approach will
produce results wusable in the real-world environment as
vieved by the ultiaate decision maker. Analysts and
programmers that create a model must provide documentation
that establishes the issues exaained by the model,
underlying the objectives and assuasptions, the usability and
usefulness of the model. Only wvith suca documentation can
the analyst or analysts assisting a decision maker in the
resolution of a particular probles conclude that the use of
a specific nmodel is appropriate. The real "user™ of a
sodel is the decision saker. The analyst aust recognize
in assisting the decision maker he is a model dasigner and
aodel manipulator. The officer analyst aust gain detailed
knovledge of any model he uses in support of an analysis.
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To acquire such knowledge a w@model aust be adequately
documented. In combat modeling there are three levels of
participation each with unigue documantation requiresents.
These levels are:

e Decision-maker level;

s Analyst level;

e Programsaser level.

To enhance the ability of the analyst to fully
understand the msodel his documentation should be presented
froa the context of discovery rather than the traditional
context of justification. This will allow the analyst to
know the alternatives considered and rejected in structuring
a aodel as wvell as giving him greacter 1insights into the
underlying hypothesis of a model.

The types of documentation required are:
e Decision Maker's Non-technical Documentation;
s Analyst's Conceptual-technical Documentation;
e Prograaaer's Tachnical Docuamentation;
e Inline Documentation.

Since aodel modification and iaprovement is 2 continuing
process the preparatior of foraal changes aust be
economically pract.iczi and carefully managed. This area of
aodel documentation is suitable for a subsequent thesis.




VII. CONCLUSIONS, RECQUMENDATIONS, AND FINAL RENARKS

A. SUNMNARY OP PROBLEAMS DISCUSSED

Since 1973 the iapetus in tha Arsy aodeling community
has been to develop scenarios and aodels that can be usead
throughout the Aray coasunity for decisions on material
requireaents and force development. The ultimata purpose is
to bring consistancy into the decision saking
process. [Inherent ia this goal is not oaly the need for
standard agreed upon scenarios but for a repertory of aodels
to be used by all interested agencies exasminiang 1 particular
facet of the Aray. This loces not anecessarily aean that only
one aodel should be used for a particular
investigation. Because of the assumptions necessary to
devalop any amodel, given the necessary tise and asoney it |is
best to axercise aore than one »3>dsl in order to get an
indication of hov the assamptions affect the outputs of each
of the asodels. #hat is fundaaental is the need for all
agencies arxaaining a gJiven situation ¢to be able to
understand each other's aodels; this will provide the basis
for intelligent discussion of the pros and cons of equipaent
and force requiresen®s.

As operations research and systea analysis have gained
acceptance by 00D and Departaent of the Aramy, more combat
sodels of various levels >f military operations have been
created and used. [Increased use of modaels resulted in
increased levels of cosplexity. Cosplexity in turn caused
nev aodels ¢to be created vhen potential users could not
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sufficiently understand and use existing aodels given
available documentation. This unnecessary proliferation
resulted in unexplainable conflicting results which caused
the credibility of combat modeling to be questioned. If
this situation is to be resolved unnacessary proliferation
aust be checked and aagtual understanding enhanced. To
achieve this goal aodels aust be easily transferable between
investigating agencies. Pundasental to this 2ability is
complete and up to date dycumentation of the aodel ¢to bDe
revieved or exercised. This documentation will allov the
potential user to analyze the 1ao0del and detersine its
suitability for a given project.

Concoaitant with the need to easily transfer aodels is
the need to fully understand the aachination by which a
giver set of iaoput data is acted upon to produce
outputs. If outputs of a coamputer sodel are t> be useful
they aust de <credible. Conflicting outputs of ailitary
aodels are consistently challenged by some governaent agency
of the DOD, the Congress, the Zxecutive 0ffice or some other
branch of the 3jovernment. OUnless these challenges are
ansverad and conflicts explained, tha credibility of cosbat
aodeling wvill continue to suffer. S>ae criticisa is needed
to purify coabat aodeling and identify errors that
inevitably wvill appear, soame eainates froa those advocating
a competitive aodel or concept and some of it is from those
that criticize the wvialidity and usefulness of cosbat
aodeling itself. At times inadequate docuamentation has
preacluded the explanation of conflicting results by the
analyst and added to the criticisa.

The Comptroller General [15] found that existing models
have been used by other than the designer without thoroughly
understanding their implications and limitations. At times
this has resulted in erroneous conclusions being drawn and
decisions wsade based on these conclusions. Subsequently,
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the errors are surfaced with a loss not only in dollars
expended in pursuit of undesirable projects bat in further
loss of credibility for theatre-level coasbat aodeling.

Adegquate docusentation will help alleviate some of the
adverse publicity and loss of credibility that theatre-level
coabat @modeling has experienced in the past. To a great
extent this has stemmed from unexplainable contradictory
results using wmd>dels purporting to represent the same
process. To allay ¢the criticisa of wasodels and their
outputs and to enable both the analyst that exercises the
aodel and the decision asaker that uses the outputs to aid in
the decision making process the sodel aust be
understood. Understandiny can be enhanced throagh proper
dJocumentation. Adequate documentation of the fora proposed
will facilitate coaaunication between the decision maker and
analyst as vell as betveen the analyst and the
prograaser. Ualess thase comaunication links are
established wesisunderstanding of coabat aodels will persist
and the cradibility of cosbat 1=models and asodeling will
suffar accordingly.

B. CONCLUSIONS AND REZCOMMENDATIONS

The coaclusions drawa frca this research are:

e The decision saker is the "user™ of a model.

s To be of value a sodel sust be accepted by the
decision maker.

e The analyst aust relate the abstractions of the
nodel to the actual coabat process.
The analyst is a sodel sanipulator.
The analyst aust understand and explain the
aethodology and structure of a amodel.

e Understanding is deterred by complexity.
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e MNodels are becosing msore cosplex.

e Increased levels of coaplexity result in
disinished transparency.

e Inability to understand and use existing model
causes developsent of redundant models.

e Unaecessary proliferation causes coanflicting
results to be produced by siailar asodels.

e Inability to explain conflicting results is the
basic cause of a lack of credibility.

Proliferation can be reducnd through nodel
sharing. Sharing a model requires:
e ability to use it with minisal conversion;
e adequate facilities to run the model;
é e sufficient cospetent analysts and programmers;
e adequate docusentaton;
e formalized 1rrangeaments £or cost sharing and
coordination.

Prior to transferring a zodel it amust be inalyzed for
applicability and appropriateness. Such an analysis should
consider:

e inputs and outputs;
basic causal relationships;
aodel logic and structure;
available data and required data; 1
tise and resources requirad.

Sany existing Combat asodels are characterized by:
subsodel inadeguacy;

key variables excluded;

inherent inaccuracies;

coasputational difficulties;

inconsistent assuaptions;

inappropriate assusptions;

inadegquate output.
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The degree to vhich meaningful model evaluation can be
accoaplished is significantly influenced by available
documentation. Documsentation is key to the understanding
of coaplex models. The research conducted indicated:

e Adeguate documentation is a necessary if a
addel is to> be used by other than the
oviginator.

e Organization exigencies deter adequate
docusentation.

s Docusentation of cosbat aodels is generally
inadegquate.

e If a sodel is poorly documented it aay be aocre
econoaical to build a new one thain share an
existing sodal.

e Bffocts are being aade to iamprove documentation.

The author's experience with and research of coabat
aodel docuaentation indicites that there are three levels of
interaction wvith coabat aodels. These levels have unique
and coaacn requirasents for docusentation. To satisfy these
requiresents the author envisioas three levels of
docuseantation:

e DECISION MAKER'S NON-TECHNICAL
e ANALYST'S CONCEPTUAL-TECHNRICAL
e PROGRANNER'S TECHNICAL

The decision saker's and the programamer's documentation
sust provide the inforsation listed in chapter six. It can
be presented in the ¢traditiomal asanner using techniques
contained in asost computer systea sanagesent texts.
dowever, to function as the link betveen the decision saker
and the prograsser and t> understand the nuances of the
sodel, the analyst needs dscumentation that proviles greater
insights than possible vith the current available
docusentation. These iasights wvwill be provided 4if the
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analyst's documentation is presented froa the context of
discovery rather than the traditional context of
justification.

Nany changes to a sodel occur over extended periods of
tise. The method of deteraining when it is economically
practical to print formal changes, their disribution,
control, and sanagesent is critical to the proposed
hierarchy of documentation. These topics are appropriate
for future research.

C. PINAL RENARKS

Acceptance or rejection of an expository thesis ian
matters such as docusentation often depends on th2 skill of
the pleader and the maood of the audience. Staring at the
sane® set of evidence the parties to the debate can comse 20
sharply different conclasions, siace their preconceived
notions may lead them to select and interpret the evidence
ia 4iffersnt wvays. Bven though one may initially find it
difficult to believe that there are vays to acquire adequate
documentation not yet tried by analysts or advocated by
agencies researching the problea, the very coaplexity and
pervasiveness of the probles suggests the possibility of
coabining the various proposals in different vays so that
some combination will produce the desired goal. The
proposal presented is but one possible seans to achieve the
desired end. Of even more importance is the fact that some
sethodology sust be adopted to correct this lack of adeguate
documentation. #ith regard to theatre-level coabat aodels,
the problea has parsistel for almost twventy years. Not only
has it wmade it near ispossible to easily transfer sodels
betveen interested agencies but it has preventel asilitary
analysts froa gainiag full knoviedge of the sodels they
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The conflicting opinions and evaluations unsasked during
this research confirs what is intuitively obvious: @=many of
the historical judgenments and decisions concerning
operations research in general and theatre-level coambat
sodeling in particular are based on subjective values as
vell as objective facts. Unlike the natural scientist or
the analyst using a sisulation, the researcher examining the
process through which combat modeling has evolved, cannot
E reproduce the events and by experisentally altering the
ingredients, change the result. The developaent of coabat
aodeling is vell documented; yat controversies have
developed despite the voluminous sources. Analysts disagree
aot because one aay be ad>re knowvledgeable about the subject
than anotber, but because each veighs and evaluates
differently those facts >f which both have knowledge. There
is little dispute about the details of what has happened in
the dJdevelopment of theatre-level coabat aodels but there is
intense disagreesent on the significance of past events and
how to proceed in the future. The analyst has no fixed
point from which %o observe the streaa of events concerning
the developaent of theatre-level coambat models. Analysts
are borne along by the current and their interpretation of
vhat has occurred is influenced by their viev of vhere the
streaa seeas to be headed and vhether the apparent
destipation appears ¢to be good or bad for the enhanceaent
and developaent of the OR professioa.

Although ¢theatre-level coabat aodeling attsapts to be
scientific in its asethods, it is rarely so in its
outputs. Outputs are intervoven with subjective judgements,
either through their intecrpretation or by way of the inputs
that vere instrusental to producing the oatputs or in the
very coastruction of the aodel itself. The relativity of
subjective judgement, wvhile discouraging, need not Dbde
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debilitating to theatre-level coabat modeling. Because
these aodels are the only seans of exaaining force structure
questions vital to national security, anilysts are
confronted with the continuing task >f rethinking the basic
structures of these models. Past sodels can furnish us a
vast reservoir of experience in theatre-level cosmbat
mnodeling wvhich can be exploited to further this aspect of
operations research. Howvever, this reservoir can be
effectively used for the enhanceament of the profession 'only
if wvhat has been accoasplished is adegquately docusmented so
that othars may correctly use models previously
developed. In this wsanner, even though no model can fully
treat all the intricacies of the combat process, the analyst
can enrich the profession through the continuiny effort to
better model the process fully using all the knowvwledge that
has come before.

The concept of documentation that this paper proposes
vill not cure all the ills. It is but a proposal to correct
a defect, inadequate docusentation, that has loag plagqued
theatre-level coabat 3sodeling. But if it is faithfully
executed with the same energy and level of effort <that has
been expended in decrying the problea of inadequate
docuaentation, then there is hope that the oamission can be
corrected. It is isperative that analysts adequately
docusent nevly designed addels or sodifications to existing
sodels so that other analysts say use thea properly. Before
a project is considerel complete it is the analyst's
responsibilicty to insare that the vital step of
documentation is accomplished. Oanly in this sanner can
there be assuraance that the model designed or modified can
be fully understo>d by those vho subseguently want ¢to ause
the waodel. Anal ysts using existiag models sust expand and
suppleasent the current available documentation of existing
models in the active inventory. The next tise an existing
aodel is used professionalisa desands it be fully
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understood; any new uadocumented factors uncovered in its
examina tion should be forsally noted and made a persaneamt
part of the official documentation. In this sanner past
oaissions vill be corrected, the scientific method will be
invigorated and the standing of the Operations Research
profession enhanced., Subseguent results will thea be more
fully explainable and posses greater credibility and even if
the conclusions cannot ba final, because of the impalpable
nature of the subject, ¢the technigues of theatre-level
coabat aodeling will be enriched by the process.
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