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is presented, as are examples of potent ial problem
ar eas . Current documentation practices are examined
for conditions that limit the transferability of
models and contribute to the cred ibility problem.
The above examinations have lead to a proposed
thr.e—ti.r hierarchy of documentation , including for
the analyst documentation that is presented from the
context of discovery rather than from the traditional
context of just if ication . Reco~~endations are made
for supplemental studies to examine related issues.
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ABSTRACT

L
This thesis proposes a hierarc hy of documentatio n

for combat models. It begins by examining criticisms
and credibility of com bat model, to establish
und er lying causes m d  sffects , and then it addresses
model prolifer at ion and ever increasing complexity as
they aff ect on.’, ability to understand and transfer

models. A met hodology for deter mining vhether or not

a mo del is applicable to a specific problem is

presented , as are examples of potential problem
a reas. Current docuaer*tation pract ices are examined

for con ditions th at limit the transferability of
models and contribute to the cred~~i]ity problem.

The aoove exam inations have lead to a proposed

three—tier hierar ch y 3f documentation , i.ncludinq for
the analyst docu.entatioa that is presented from the
context of discover y rather than from the traditiona l
coutext of justification. Recommendations are made
for supplemental studies to exa mine related issues.
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A. BACKGROUND

Motivation for this thesis was initially provided by

Professo r James C. Taylor, who wanted to us. an existing
fu l ly  operating larg e—scale comba t model as a teaching
vehicle in a com ba t- modellin g course in the Operations
Analysis Curriculu, at the Naval Postgraduate School (NPS).
The original plan was to acquire the ATLAS (A Tactical,
Logistical, and Ai r  S imulat ion) model f rom the 3. S. A rmy ’s
Concepts Analysis  Agency, convert it f o r  as. on the IPS IBM
360 computer and develop a manual for the setup tnd running
of the mode l as part of the course. Then the attrition and
movement routines of the model were to be analyzed as a
forma l thesis.

The proj ect was esp ec ially appealing to the author
because it conform ed with a fundamenta l belief of his, that
rather than deve loping new m odels if an existing model is
approp riate for a given analysis it should be acguir.d and

used. Tb. concept is not original but was based on
recommendat ions of the Army Sod els Re view Committee . (1)
Acquisition and use of A TLAS at the IPS would be an
application of th. r ecommended concept of transferring an
exist ing model whenever its use is fea sible.

Irs l ate Feb. 1979, t he ATLAS model arrived via a
magnetic tape, and the aut hor proceeded to execute the above
plan. After the expenditu re of about four man-months of

7
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effort  by the  author  and comput er center progr immers and 190
minutes of CPU time , ATLA S was successfully compiled and

linked. This exp.nditure of effort was greatly in excess
of the expec ted time to complet e the task, given that the
model has been in existence for ten or more years  and is
considered to b. “simple” compared wi th  other theatre—level
models. Why had its transfer required suc h expenditure of

effort?

In reflecting upon the  above question , the  author
realiz.d that ev en though a model may have  been used for
many years , its t r ans fe r  can still be hampered by limited
documentat ion.  This thes is will rela te the author ’s
experience with ATLAS and ~iis subsequent invest igat ion of
how documentation limits the transfer of existing models
between agencies. It will also examine the related
problems of model com pl exity, proliferation , :redibility,
transparency, and transferability. Based on this
examinat ion and t h e  experiences of the  a u t h o r  dur ing  seven
years of operat i on research related assignments , a new
concept of documentation to improve the transferability of

combat models is proposel.

B. DEFIIITIOWS

In research cond ucted for this thes is the author
discovered that in mode ling the same word can have many
connotations. For pur poses of clarity the author ado pted
the definitions of modeling terms listed in the ;lossary of
1sf .  1. This does not imply that they are the only or best
definitions , they are only used as a point of departur e.

W ithin the followi ng text therw will be references to
com bat models, theatre—level , large— scsi., and 5
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models. For purposes of the remarks , discussions , and
recommendati ons contained herein , th. words can be
considered synonymous. Since the initial impe t us for the
thesis concerned work with a theatre—level model this term
readily crept into the author ’s dicussion. However , all
these forms of models are just subsets of the concept of a

— com ba t model . What is addressed throughout the thesis is
comba t modeling . Particular comments referring to one of
the subsets ar. just as applicable to combat mo dels as a
whole.

Although som e rema rks ar. addressed to the D3D, others
to the Department of the Army, each is applica ble to the

other as woll as the other servi:es. The discussions,

conclusions, and recomme n datio ns are equally applicable to
other complex models as veil  as models in general.

C. 000ELING AND MODELS

What is modeling? According to Morris £2) modeling is
an intuitive process thr ou gh which an analyst arrives at a
model. on the other hand , a model is an inanimate obj ect ,
a.n abstract ion of real ity C 3], that is us•d by the analyst
to answ er questions about some futur. state of a process.
This di f ferent ia t ion between modeling and a model is
neces ry to un~ .rst an d th . implications of th. facts
present ed and the conclusions drawn in this thesis.

To dev elop a model, the modeler goes through a process
of disco very. 

- 
This process is the trial ansi error procedure

in which the designer tries to abstract the key elements of
rea lity. Onc. he has lone this an ti validated his model, the
logical reconstruction of even ts leading to th e model are
documented in the contex t of justification. this logical

L~1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - 1
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reconstr uction has little if anything to do with the actual
process followed in building the model. No attempt is ma de
to verbalize the actual psychological process, the problems

encoun te red, or dead ends pursued.

Ove r time the initial simple model proceeds through a
process of enrichment or elaboration. Through this process
the model is mo dified and moved in evolutionary fashion
toward a more elaborate representation of reality; in the
process the model becomes more complex as it seeks to
reflect the complexity of the reality it represents. Each
time the model is enriched the reasons why and how it is
enriched should be documented. For a discussion of the
modeling pr ocess see R ef. 2.

D. INTRODUCTION

Since ancie nt times military planners have usad war -games
to investigate various aspects cf possible future military
operations. Historical development of war games can be
found in Ref. ~ or other histories of war games in the open
literature. Thu oldest known form of the vargame is a
Hindu chess—like game :al]ed “Chaturanga ”. Modern var
games had their beginn ing in 1664 thru the games developed
by Chri stophe r ~erki ann called military chess. In the
twentiet h century the greatest proponent of war games till
the end of ~WII was the German Army. Through the
development of the digital computer during the war a new
facet of wargami n g bec am. possible . The use of the computer
great l.y reduced the ti me an ti effort  required to conduct a
war game. Com puter assisted or computer run war games
prov ide a means of gaining insights an d experien ce in

- -. militar y problem solutions. (5] These comput.r var games
help evaluate n ew wea pons syste me, study current and

10
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proposed military organizations and investigate the possible
outcomes of future conf l ic ts given particular weapons,

— - organizations, tactics, and enemy forces. The basis of such
computer vargames is the combat model. Although there  are
many military applications of combat models, this thesis is
prima rily concerned with those applicable to military
strategy and force planning.

Military strategy and force planning has matured since
WWII. Prior to WWII military technology evolved slowly;
those responsible for strategy and planning could easily
gain all the necessary knowledge about the ralationship of

military forces and weapon systeas to na tional security from
boots or personal experience . wit hin one lifetime the
amount of technologica l change was not sufficient to render
experience invaliL rhe military did not plan on

technological change; it merely adjusted to it.

During and subsequen t to WwII, the rate of change of
military technology b egan to increase in an almost
exponential manner. A lifetime ~f experience could became
obsolete in a few years; ~s,v mere adjustment to chang . was
not suffi ient, the milItary had to plan for change. This
revolution in techno logy was incubated and nurtured by the
advent of the digital computer : to keep pace with
technology and its impact on strategy and force planning the
digital. compute r was adopted as a planning tool. With it
th. means to assess and adapt technological chang e and
incorporate it into military strategy and force plannie~ was
possible. (6)

Modern day force plann ing has become largely an
analytical process that necessarily employs the digital
computer. The digital :ouputer has been incorporated into
many of the myriad aspects of military planning anti decision

f making in order to provide a scientific basis to these

11 
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activities. In this thesis, the compu ter is considered only
as a co.putational aid for combat models. The outputs of
these models are use d as aids to decision makers. Strategy
and force planning depend pr imarily on large-scale combat
models, which due to their complex ity require the use of
digital computers . Mod~ La can be of various types or

classes; there is no agreed upon system of
classification. Discussions of classification of combat

models are contained in the literature. (3 ,7 8] This  study
is concerned with large scale computer simulations and
analytical models as defi~ ed in Ref. 3.

!. SUMMARY

This chapter has dIscussed tne background of this

thesis, and it has provided some basic definitions and a
general. bistor7 of combat modeling to the
present. Subsequen t chapters will now address the following
important aspects of aodels used for defense planning:
criticism and credibility; proliferation , complexity and
transparency, and requirements to transfer a model. Next
a common element of each chapter, lack of adequate
documentation , is identified as a contributing cause to each
of the conditions discussed. This is followed by a
proposed concept of documentation that will, alleviate many
of the problems discussed in this thesis.

12
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A. CAUS ES OP C~I?ICISM

Ctitics and criticism of defense analysis and its tools,

of which modeling is j ust ~ne, are aver present. Criticism

has not abated since the early sixties; it continues to the
present and threatens f u n d i n g ,  the l i fe  blood of analysis,
in the Department of Defense.  Infor me d private ci t izens  and
activ it i-sts groups have  t t t a cked  the  propriet y of defense
analysis  a n d  DOD decisions based on analysis.  The poor
public i ma ge was cited as a con t r ibu t ing  factor to the poor
reception of ana lys i s iD  Congress. Because of seeming
inconsistencies in analysis, Congress has become skeptical
and disenchanted and has questioned the utility of
analysis . [9)

According to surveys and  studies conducted ea r ly  in this
decade (1-) ) activity a3I expenditares on gaming anti
simulation peaked in the middle 1960 ’ s a n d were on a slight
decline since then. These investigations indicated that
machine si mulation had general ly bee n oversold an d at that
ti me Operations Re sear ch and modeling were undergoing a
critical se l f—examina t ion .  ( 1 1 ]  Tb. criticisms were many
and encompa ssed a wide variety of ca use and effect
relation ships. Those of relevance to this study r evolve
about the inter—related areas of transferability,
complexity, proliferation and documentation.
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As the use of combat models increased , so did their
initial acceptance anti importa nce, and in turn the
complexity of thes e models has also increased. Complexity
has manifested itself in various forms:  inputs , types of
models , languag e, detail of actions and conditions

simulated , simulated decision ma king and computing
machines . Eventually the complexit y of existing models ,
poo r transparency, and difficulty of transferability caused
numerous models to be developed that modeled Uas sa me or
very similar combat phenonema. Unfortunately, at this
juncture in the developmen t of combat models (late 60’s,
early 70’s) criticism and dwindling credibility occurred.
This came about because for reasons not easily recognizable

or understandable to decision makers , models supposedly
modeling the same combat process under the W saae N condit ions
produced different and a t ime conflicting results.

Analysis implies rigor and  association with the
scientific method , yet standards seemed to hav e waned;
strict adherance to standards of scientific rigor and
discipline were less than tenacious. Often analyses and
models produced had methodological flaws. Often these flaws
were not discovered until after an analysis had been
accepted and decisions sad.. In studies involving models,
one of the contributing factors to this situation was lack
of detailed understand ing of the mode l . Other contributing
factors were the pressure of time and limited
distribution. In the rush to meet dea dline the guality of
the work was often sacrificed. By not distributing a study
or model to other agencies the extra set of eyes that can
see a fatal flaw through an unbiased view wer . never used.

The use of more th an one model has often resulted in
decision la kers being confronted by seemingly contradictory

f 
results of different ana lyse s using different code..

-
~~~~~~~~~
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addressing the same problem. Mo wonder that they have the
impression that the model s a nd methods used by analysts may
not be very objective guides. Yet most analysts will argue
that a detailed comparison of models, their assumptions,
inputs and calculations, show that the results are not
really contradictory. Differences in outputs are usually
the direct result of differences in assumptions and methods
of processing the input data. This in turn presents the

analyst with two cha llenges: First , he lust recognize and
understand these seeming contradictions , and then be mus t
resolve and convey to the decision maker these
differences. Dr. Wilbur B. Payne, former Deputy

Undersecretary of the Army for Operations Research speaking
from the point of view of the decision ma ker who tries to

draw valid conclusions f r o m  analyses tha t use such models ,
has argued that he has frequently seen such apparently
contradictory results coming from various models addressing
essentially the same problem . Furthermore , the decision
making process in large organizations is such that the
detailed coaparison , if it is ever don. , and resolution of

seeming conf l ic t s  usually does not reach the decision
maker .  Hence , th. decision maker is left with the
conclusion that simulation results ar. not consistant and
therefore of dubious reliability. (12]

ontradictory results of combat models is a factor cited
by Bub.r (12) that has caused the very credibility of combat
modeling to be questione d . Under ideal conditions a model
should be direct ly connected with a continuing experimental
program and should reasonably re late to other aodels that
simulate the same or similar processes. The user must be
especially watchful in this respect because the combat
process does not easily lend itself to establishing a
continuing experimental program. Many combat models are
neither built nor used with any forethought given to their
connection to other models. Each generally turns out to be

15
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a totall y independent data generator. This precludes any
meaningful experimental feedback in the on—going prediction
process and results in a ma ss of unrelated and often
contradictor y data gen erated by many models.

The Arm y Model s Review Committ ee report was the semInal
publication on theatre—level comba t models for the
seventies. From i t  sprang a decade of pro posals and counter
proposals concernin g theatre—leve l combat models. However ,
if one scrutenizes the literature of the previous decade a
feeling of deja vu surfaces. Many of the ideas and
arguments so unded in the seventies are in the literature of

the sixties. For an example of the problems foreseen and
warning s gi ven , see Ref. 13.

B. IMPORTAIC ! OF ASSUMPrI0WS

One of the key facets of any sodel is the assumptions

that go into its development. The importance of
assumptions whether in models or otherwis e was recognized
early in the development of systems analysis. When Mc
M ama ra was Secretary of Defens e, a continuing effort was
made to insure assumpt ions incorporated into models were
both expli cit and consistent. Whether com paring force
structure or strat egy, M c Hamara considered it possible to
select assumptions that will make any proposed weapon syst em
or or gan ization look optimal. (6] Likewise , experience has
shown tha t there is no single “right” set of
assumptions. There exists an almost in f in i t e  set of
assu.ptions each more or less defens ib le. Wha t is important
is that the assumption s used in various submodels of a model
are consistent . A •odel should not operate with one set uf
underlying assumptions in one sub model , while another

-- ~~- - su buodel operates with a fundamentally differ.nt set.

16
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Because there is no emperical data concerning modern
large scale combat , an a lysis is relied upon to produce
insights into the effects of existing or proposed weapons ,
forc. str uctures , and strategies. Using theatre—level
combat models , the analyst can exa mine proposed weapons  and
force structures and possible outcomes can be forcast.
Studies in the DOD [6 ]  have shown that when al terna tive
force structures and weapons are examined using different
models, it is diffic ult to determine w hether differences in
outcomes are due to differences in wea pons and organizations
or assumptions and aodel 3 used . Confusion can be r educed
if each alternativ e is examined in a consistent manne r by
using the same model and assumptions. Differences that
occur can then be at tributed to the basic structure of the
force options. The results can then be analyzed and

understood in light of the method of calculation (i.e. the
model) used and its inherent assumptions. Greater insights
into the effects of weapo n and force structure alternatives
on comba t outcomes can be gained by repeating the experi ment

using an alternative model.

When more than one model is used for the same force
structur e analysi s often different results are obtained.
These d i f f e rent re sults ar e  caused by the different inherent
assumptions of each model. If these assumptions are known
informed discussion can take place because differences can
be resolved through evaluation of the assumptions. If t~e
assumptions are valid and acceptable , then the results lust
be accepted as the logical consequence of the assumptions.

• Assumptio ns considered to be unacceptable by decision makers
can be eli minated by modifying the model. What  qui ckly
becomes eviden t is tha t a model produces a result based on
its inherent assum ptions; an equally defensible but
different set of assum ptions used in a model will produce
anot her result , which may or may not be the same. 

_ _ _ _ _ _ _
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The DOD is qui te a ware of this aspect of modeling and
has emphasized that there is mo r. than one set of
assum ptions that can be used with a given model. It
requires that all parties to the decision making process be
aware of all assumptions leading to a result. To achieve
this goa l the DOD has requ ired that all assumptions be
explicit, reasonable, and consistent. This requires
ferre ting out hidden assumptions in models and insuring that

the model indeed models what it claims to model. For
interesting examples of the importance of assumptions see
9.1. 6.

C. M ODZL EVA L U A T IO M

Many solution s to the prob lem of model evalua tion ha ve
been recommended ; one concept suggests the use of full time
dedica ted i ndepen dent reviewers as a way of improving the
mechanics of quality control. (1) A reviewer provides a
means through which the analyst’s model is scrutinized; the
assumptions and methodology are checked for interna l

consi ste ncy, unwar ran ted  inferences, and c lar i ty  of
presentat ion so that a determination can be made whether or
not the model is a plausible representation of the real
wor ld. If it is a large complex model, th. methodology

should be cLea r , even to the point of sample calculations to
guide the reviewer and analyst through the algorithms.
Equally important is that input data and assumptions be
explicit. If unnece ssary proliferat ion is to be avoided ,
existing models must be made understandable to potential
users and evaluated in some manner . It should not be
necessary to create a new model just because an existing
model coul d not be transferred or understood due to
inedquat e documentation.

18
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In his study, Gass (1!43 proposes an elaborate approach

to evaluation of complex models. The rein he highlights the
• need for model implementation and maintenance procedures as

well as documentation of the model and the total modeling
process. Sugges ted documentation of the process includes
describing model obj ctives , assumptions , results , data
sources, recommendations , etc. With such documentation the
model can hopefully be evaluated and analysts can determine
whether or not the model is valid for the problem at
hand. Uovever, Gass found that for most complex computer

models, organizational exigencies and real—world pressures

do not enable modelers to develop the necessary
documentation.

Gass has stressed the need to validate models at three
distinct levels , technical, operational, and
dynamic. Technical validity is an assessment of model ,
data, logica l, mathematica l and predictive
validity. Operation al validit y is a n  assessment of errors
and divergences found under technical validity and the
robustness of the model (i.e. whether or not the model can
produce bad answers for proper ranges of parameter va lues) .
Dynamic validity is the method by which the model will be
maintained during its life cycle so tha t  it continues to be
an acceptable representation of the real system. It
includes the process through which th. model structure is
changed and validated. The ability to accomplish such
validation w ill facilitatm and enhance the use of models by
anaylsts an d decision makers other than those directly
responsible for the developm ent of the model. Fundamental
to this process is detailed underst and ing of the model.

i
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D. SUIMAR !

If a model is to be of value it, mu st be accepted by the
decision maker. It is incumbent upon the analyst to provide

the means of acceptance. su f f i c ien t  documentat ion must be
provided by the model des igner to enable th. analyst to
understand its methodology and structure. ~ey to

credibility is objective evaluation. Documentation must
provide insights into the assumptions and functioning of a

model, so that it can be evaluated. Unders t anding and
evaluation are complicated by complexity . Complexity and

insufficient doc umentation can cause analysts to design new

models rather than use an existing mod el. The existence of

inadequately documented models describin g the same reality
is the basic cause of the criticisi and lack of credibil i ty
of comoa t mode ls. the next chapter will discuss compl.xity
and how and why it con tributes to unnec.ssary proliferation.

20
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Unnec.ssay p ro l i fe ra t ion  is the cause of some of the
criticisms of combat modeling. Unnecessary proliferation

means that a new model is created because inadequate
documentation precludes the use of an existing model which

otherwise would be adeq uate for the task at

hand. Inadequate  documentatio n ei ther  prevents

understanding of the method ology and structure of the model
or prevents the cost—effective transfer and conversion of

the model from one agency and computing syste. to
another. The latter condition is the one encountered by the

author during the conversion of ATLAS. Better documentation

would have significafltly reduced the resources expended on

the project. Fu the rmor e, in a no n—academic  e n v i r o n m e n t  the
demands of proce ed in g with an impending stud y would have
encouraged analysts to develop a new model rather than
struggle with poor or non-existing documentation.

Development of a ne w mo del can cause analysts to remodel
a combat process using techniques and methodology that
already exists; consequently funds are expended without

advancing modeling . Irrespective of any advancements in
techniques or improvements in methodology developed in
remodelin g an existing process , a major  portion of the
effort is devoted to redoing the basics. Time and money
spent in redoing the basics are lost as f a r  as improving
models and modeling is concerned. In th e DOD (especially
the Department of the Army) there has been and continues to
be a shortage of trained analysts. An obvious approach to
alleviate this probl em would be to eliminate any projects to
develop models tha t  would be redundant and share exist ing

21 
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models. However , the ability to share a model is greatly
inf luenced by its complexity.

W hen examining the pract icality and feasibility of model
sharing most emphasis has been placed on
documentation. Ruber (8] lists poor documentation and high
personnel turnove r as a prime reasons why models are not
exchanged. Th. criterion used to determine whether or not a
model is tra nsferable is documentat ion sufficient to allow
the reci pient organization to be able to r~an the model
without an inordinate amount of decoding and
dec ip her in~ . Withou t ade4uate documentat ion the model is a
p&~zzle to the recipient. ~bubic k and Brewer (10) found that
few models exist in a safficiently docui.nt.d form that

would satisfy commercial firm standarde prior to
distr ibution to their clientle.

A. PROLIFERATIOW AWD ~Od TO REDUCE IT

An area examined ~y the omptro l l e r  General in 197’&,
(15]  was sharing of computerize d models. Models dev eloped
for specific pur poses by one agency can often be used by
other agencies for simiLar purposes. Applicability of
models to new situations depends on their accuracy, purpose,
validity , availa b ilit y of suff ic ient  documentat ion,  and
capability of th. using analyst. The 197* study surveyed

2*2 models that had a combined cost of over thirteen million
dollars. An attempt wa s then made to obtain documentation

• for about one hundred randomly selected models deemed to
have use at sore than the originating agency. Information

• explain ing the purpose, mathematica l formula tion , and
operating instructions were not avai lable f or approximately
one—third of the mo dels. The survey identified the
primary co.plaiats of model users (programme rs and analysts)
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as: operating instructions not available or not clear,
hen ce, compounding the already difficult problem of

preparing a model for  use on a different com pu ter ;
mathematica of the aodøl not clearly explained , hence,
restricting the un derstan ding of the logic, capabilities and
limitations of the model ; sampl, inputs and outputs
nonmatching or nonexistent or do not correspond wit h the
sample data in documentation , hence, verification and
validity of the model difficult to determine; f low chart
explaining logic not provided or not cur ren t , hen:e , complex
subroutines not easily understood. The investigation
determined that benefi ts  can be obtained by sharing computer
models, however , before models can ue shared adequate
documentation must be prepared. Such documentation enabled
the acquiring agency to determine vhethec a model met  its
needs and was the primary factor to successful conversion
and operation of t h e  mod el on a d i f f e r e n t  computer . The
potential for a cost-effective transfer is severely limited
in the aoseace of adequate documentation. When such
documentat ion is avai lable to potentia l users  of an existing
model great savings are rea lized. An exampl e  was the
t ransfer  of a complex communica t ions  t r a f f i c  analysis model
from an Air Force agency on the West roast to the Systems
Development Comman d at Hanscom Air Field in Bedfor d ,
massachusetts. ( 1 5 ]

I
Joint usage of existing models not only increases the

availability of trained individuals to do fur ther  research
and analysis, but it reduce s th. opportunity that different
factions of the same organization are working at cross
purposes. Conflicting concepts and proposals are necessary
to vitalize an organization and ma ke it viable , but

• developing a conflicting position that could be resolved
prior to the expenditure of great sums of mone y and

analytical talent is a waste.  lbe sharing of a model or
models between two conflicting agencies allows each to
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, I
understand the under ly ing  basis for their respective
positions concerning an analysis of a decision making
situation. shile sharii~ say not r esolve the conflict it
certainly will preclude the expenditare of funds in the
independent acquisition of information that is already
available through the medium of ar. existing model. Sharing
has elimina ted retracing steps already taken and dead ends
already discovered when applied in other fields , applied to
cosbat modeling sharing will provide these minimal returns
and has the prospective of providing even greater
returns. If the basics are not reprocesse d then more time
and mone y is available for modifications to enhance the
capability of an exist ing model, correct known deficiencies,
or identify suspected deficiencies. Sharing has promise to
improve the economies of modeling. (16]

Before sharing can be achieved certain basic :onditiions
must prevail. Five necessary conditions ~17) to model
sharing hav e been found. They are;

(1) a computer able to ~~e the prog ram with mintma l
modification;

(2) an adequat e f ac i l i ty  to run  the  aodel;

(3) adequate documentation of the original model;

(*) sufficient analys ts  wit h technica l competence;

(5) formalized arrangements for sharing :osts and
responsibility for costs and  coordination.

2*
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B. TUE EFFECTS OF COMPLUITY O~I TRAMSPARENCY

Complexity is a di:t~otoious issue in itself. Gass

perceives an increasin g use of more complex models (lu],
while Hardison, the Deputy Under Secretary of the A rmy  for
Operations Research at the 15th Annual US Army Operation
Research Symposiu. called for less complexity.

Disatisfaction of both sen ior military and civilian decision
makers w i th  complex models and studies was emphasized by

aardison . ( 18] These decisIon makers are convinced that
Army models and the studies they support are too complex,
elaborate the obvious , belabor needless details and overlook
key issues. Timeliness is also affected by

• complexity. Failure to delimit results in failure to meet
schedules which causes somethin g to be sac r i f i ced ;  o f t e n , in
the case of models that something is adequate
documentation.

A corollary of the complexity iss-ie is that of
transparency. If all the interaction s of a model are to be
understood by both the analyst and the decision maker it
must be structured and progr ammed so that its methodolog y is
easily understood. A m odel that fulfills this requi rement
is sa id to be transparent. At the 35th Session of MORS a
leading cause of the general disenchantment with
theatre— level models in recent years was attributed to a
lack of transparency in most models. The proposed

• resolution to this problem was to include in the sodel only
those interactions and factors that can be sho wn to

• inf luence the outcome. This in combination with
mathematical form ulation tha t  is as simple as possible

• should produce the desired transparency. (19] Yet, at this
same HORS session A.ff. Cordesman OASD (Intelligence ) in

f - 
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discussing theatre—level models remarked that models
currently being developed go into unnecessary levels of
detail in ways which seriously limit their value. This is
partially caused by intermediate managers and decision
makers reiuestin; pa rti:u].ar attrioutes be modeled. At
times modeling efforts deviate from the maxim that only

“essential” variables be codelad.  As !orri s ( 2 ]  suggest s,
the purpose of a model is to include only those variables
that characterize the process being modeled.  At present
diametrically opposed forces exist; while expounding the
need to maintain models at ~ simple transparent level
current modeling efforts go into details that detract from
transpar ency.

A simple solution to the trans parency—complexity problem
may not be easily obtained. In spite of the professional

rhetoric to the contrary, ;sss flu ] has f o u n d  an increase in
the use of complex models at all levels of government and
industry. f f ,3 attributes this to better trained analysts and
the development and refinement of methodol ogies. Although

• siapi. models with readil y -~~derstoo4 assumption s,
relationships and structure are preferred , ;ass contends
that decision making problem environments representativ e of
the Federal Government sphere cannot be realistically or
logically contained by simple models . Purthersore, senior
decision makers generally do not possess a dc-tailed
understanding and appreciation of the met hodologies employed
in the various models employed  to assist t h e m  in the
decision making proces3. what is needed is a method
through which the use and interpretation of the outputs  of

• models by senior decision makers is facilitated . A mode l is
usable only if it is understood and plausible to analysts
and decision makers. They (particularly ~ae decision maker)
lust be given the opportunity t~~~~ explore the use of tae
model , become fami liar with its predictions, and examine the
relationships ar.i assumptions implied by the model. In

26
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actuality the d eman ds on the ir time generally preclude
decision makers being involved at the detail levels implied
above. Therefore , it is incumben t  upon analysts to evaluate
th. models they use so that they are in a position to
recommend to the de~~sion maker to use or not use the

• outputs of a particular model. This implies intimate
knowledge of the essence of a model.

C. S U f l f l A R T

To r educe unnece ssary proliferation and reduce costs the
Com ptrolier Gener al has recommend ed model sharing when
feasible.  Sharing a model requires :

• ability to use it with mini ma l conversion;
a adequate facilities to run the model ;

• suffic ient competent analysts and programmers ;

• adeq uate documentaton;
. formal ized t r r an gem.nt s  for cost sharing and

coord m a  tion.

Findings indicated that the great complexity of
theatre-level models coupled with ra pid turnove r of
personnel has resulted in models being used as “black boxes”
with neither the computer technicians that run the model nor
the analysts knowing explicitly what or how the model
operated on the inpu t data to provide the f ina l resul ts or
output. 9ence , the analyst was unable to adequately explain
the resulta to the decision maker; with each occerence the
credibility of model ing diminished. Concurrently models
had prol ifer at ed to such a degree tha t the turnover of
personne l exacerbated an a lready critical personnel shortage
situation. Ameli oration requires reductio n of the number of
models in ase and detailed justification before developing a
new aod.l, . (11 Reduct ion or the minimization of the growth

27
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of the model inventory implicitly require s that models be
easily and quickly moveable from one using agency to
another, i.e. posses transferability. Key to the resolution
of the problems of complexity and transparency is
document ation.

Complexity ~ay be an u navoidable recourse of comba t
modeling beca use of the demands of ma na gers and decision
makers .  Jn less complex models are sufficiently documented
tO sake them readil y understandable and  usable , analysts
will create a new model. Rather tha n creating new models
an atmosphere conducive to th e  shar ing  of models should be
incouraged. Requirements to transfer a model are discussed
in the next chapte r .
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The Review of Selected Army node s report (1) proposes
that the number of models retained by the Dept. of the Army
be reduced and that ex isting models be used where possible
before a new model is commissioned . ro properly evaluate an
existing model a met hod for analyzing and verifying a
candidate or candidates from existing model resources must

be established. The more complex a model is the more
difficult is this analysis and verification, (l~&]

Use of an existing model reiuires understanding of
potential problem s due to model design as well thosø
problems expected to be encountered during transfer and
execution. Design problems can include lack of adequate
sub—models, failure to consider key variables , inaccuracies
or lack of validation, computational diffi:ulties, an ti
inconsistent h idden  assumpt ions .  Problems during .xection
can be t hose of irrelevance, inad.quacy of output ,
inappropriateness of assuspt~.ons, lack of connection to
other models and results , statistical and extrapolation
iifficulti-~s.

A. ~!THODOLOGT P3k A$ALfSIS OF ZZZs?I$G flOD!LS

Befor . an existing model can be used it must be analyzed
by the potential user. nxa.inatioa of the literatur, for a
methodology for conduct of an ana lysis generally produces a
concen sus. Such methodologies center on five general areas.
(20 ] Th ese ar e:
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(1) inputs and outputs, i.e. the global, structure of the
model;

(2) the  basic ca usa l relationships assumed between
varia bl es; i.e. the  local structure of the model ;

(3) the detail ed log ic of the mode l;

(~e) the numerical values of the data , and

(5) the time and resources re~~ired to exercise the

mod.l.

Additionally, an analysis should consider any
ex perimen tal studies that allow comparison of the model
predict ions with the r eal world , other models or with the
intuitive beliefs of the decision suer that will, u l t ima te ly
be presented the outputs and their interpretation. Such
previous studies are useful in evaluation of a model for
application to new probl ems or situations. Jnfortun ately,
so far as combat models are concerned , comparisons with real
world results are extremely limited. Vhen such data is
available (e.g. WWII and Korea) it is sparse, subject to
conflict ing interpretation, and of questionabl. accuracy.

(21]

A detailed examination of t h e  qIooal structure of a
model can forthrightly answer the basic question of such an
analysis. Is ta t. model capable of examining the problem
at hand? The potential am er is interested vith whether the
ou t puts measure the desired quantities and or gualities, and
whether the desir ed inputs can be entered into the mode l is
the form in which t hey are avai lable .  Using an existing
model is not cost—effect ive if available input data must
un d ergo a costly and t ime consuming conversion. There must
be provisions in the model structure to allow changes in thej ij~

j
~
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input data to reflect changes in the combat process ~*nder

examination .

The local structur e is examined to expose important

causal inf luences wh ich say ha ve been omitted fo r  ease of
computational  effort  or other reasons. This step is closely
relat.d to the abstraction process in the design of the
model. It is most dep endent on the detail and :ompleteness

of available documentation. It is critical because the
importance of a causal connection can be quite subtle but

ver y per vasive.

Exami nation of the detailed Logic of a model identifies
th. hypothesis upon which the model is based, I t  reveals
extent to which it is based on historical and experimental.
field data. It is another indicator of the appropriateness
of the model to solve the problem at hand .  This step also
reveals the presence of inconsistent assumptions or

ina ppropriate  assumptions.

Final ly , a n a l y s i s  of the  time and resources required by
the model provides the means through which the costs
associated with the use of the model can be determined.  To
make rapid and accurate estimates the description of the
model must provide exp licit information of time requirements
to gather and prep are required inputs as well as the time to
ex ecute the model given th. inputs.

If aodel s are to be truly transferable between agencies
the above analysi s must be comleted prior to any attempt to

• transfer a model. Accurate and complete doc u sentatt on must
be available if this is to be con duct ed. Suck
documentation will, be available only if it is prepared

• concurrently with the development of a new model and in
concert with any modifications lad e during the life of tae

model.
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8. POTENTIAL PR OBLE N S IN EXISTING N ODEL S

To ad.~uately analyze an existing •odel the analyst m~ast

be familiar with pote nt ia l  problem areas. Farrell (20] has
suggested that the analyst consider:

(1) the ade~uacy of submodel s, i.e. do they model what
they purport to model;

(2) whether key variables ware overlooked during the
process of abstraction ;

(3) the possibility of inher ent inaccuracies;

(
~

) possible computational d ifficu lties;

(5) whether the model has inconsistent  and inappr oriate
assumptions ;

(6) possibl e inadequacy of output .

Amo ng the prob lems of tiestgn can be found cases where
th. genera l model s t ructure is adequate  but reasonable
submode l.s are not available. This is particularly true of
sub—models involving simulated tactical or strategic
decision .saking. Far rell (20] has indica ted that most
diagra ms an d f l o w  chart s of such sub—models do not reveal.
the sub—model inadeq ua cy.

• In designing a model the first an d cost difficult step
is insig htful abstract ion by the modele r or mold ers. To
abstract the real vorU into a rep resentative model, key
var iables , t heir basic causa l relation s and interpretation

32
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suet be incorporated into the model. This step is very
difficult to verbalize since any description of the proces s
to be modeled will necessarily incorporate the results of
abstraction in the ele ment s of the description. This step
is imaginative , creative, and comp lex; it is imperative that
it be documented at the time of abstraction. Once a
p rocess has been mode led and time passes the explicit steps
and reasoning thru which the abstraction was made cannot be
adeguately described by the modelers. Failure to consider
key variables occurs at th is almost invisible step of
abstracting a process of the real—world into a model or
sub-model..

In the review of an exist ing model it is th ese almost
invisible steps of abstraction that must be thoroughly
examined to insure all key variables are included in the

• model. Kaf variables can also be excluded because of lack
of adequate sub-models or computationa l problems their
inclusion or manipulation would precipitate. The reviewer
or user of an existing model must carefully seatch for key
variables that have not been modeled or are simply thruput
in the model.

Another pitfall hidden in the design of existing models
is inaccuracy or lack of validation. Often because of
computational difficulties know n experimenta l results h ave
not been included in a particular model. This occurs most
often as a result of exigencies on the modeler or modelers
at the time the mo del is created . Exclusion of such
exper imental data results in inaccuracies. Lac k of
experime n tal ssppo rt for portions of military models is
another common cause of inacuracies which cannot always be
avoided. T.ikewise, ina dequa te debugging of the model can

-
- 

- 
be a reality. This is not serious as long as these
inaccuracies an , known. Unfortnnat.ly, these facts can
escape a poten tial user if a carefu l review of the model
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design and its use is not made.

A thorough review of model documentation can reveal
S 

computational difficulties if the documentation is
adequa te . These di ff icul t ies  usually involve either
algor ithmic imprecision or excessive date storage
requ irements. These limitation s should ne revealed by the
documentation to 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 model is
inconsistant hid:len assuiptions. Such assumptions included
as part of the overall. model can be at odds with those of
sub—models, the data base, and data generating routines.

The most pervasive error awaiting the unwary user of an
existing model is the inappropriateness of inherent
assumptions. This potential error is the most difficult
to detect when using a pre—designed combat model, since the
user is generally not wel l versed in the process through
which the abstraction of th. real world was made. During
the abstraction fundamental assumptions concerning the
nature of the com bat process as well as assumptions for
computational.  reason s wer e made. Only through careful study
of the line of reasoning followed at  the  creation can a
would—be acer beco me fami l ia r  with these assumptions. Care
lust be taken so that not only the explicit but also the
implicit assumptions are understoo d and their effect on the
combat process being modeled is
comprehe nded. Onfortunately, the reasoning and logic
followed in creation of a model ar. not includ.~ in current
documentation.
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If  there are potential problem s awaiting th. unwary

analyst in the design of an existing model, these are just
the forebodings of greater problems associated wi th the
actual exer c ise of the model. Foremost of these is

• irrelevance, that is caused by either attempting to use a
model on a problem for which it was not designed or a
failure to understan d th. problem thoroughly enough to
select an appropriate model.

Concomitant with irreleva nce 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
improper model or lack of full . understanding of the
intricacies of the model. Prope r and adequate
documentation and car ful perusal will ameliorate the
situation.

In complex sim ulations , both situations and key
parameters will be varied and the results examined. The
number of unigue situations examined is limited by resource
and time constraints, because of this the potential user
must be sure that required outputs are readily available .

Adeq uate descript ions of the output of any random
process are difficult to achieve under the best
conditions. Under tim e constraints descriptions of the type
of output provided by a mo del as welt as how the outputs are
collected is critical. Without it, the user ca nnot
correctly interpr et the results obtained. ~ben available
time and resources preclude simulating all situations the

• problem of extrapolating or interpolating betwee n the
— - •- particul ar situations modeled arises. There is no adequate

general. method f r surmounting this problem; the problem is
less sever, the less complex is the model being used . Any
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statistical diff icult ies  encountered only compound the
problem. surmounting this problem is a function of the
ingenuity f the analyst and the detail of the documentation
available to him. In the case of theatre— level combat
models obviously, neither all situations can be simulated
nor are there adequate historical or experimental data with
which to compare the results obtained. A thorough
accurat. and consistent taterpr .tation of the outputs of
such a model is highly dependent on the analysts intimate
familiarIty with the ma ”he m atical structure within the model
as we l t  as interactions between the various input and output
data. Such intimacy i~ obtainable only through ava ilable

documentation if the analyst uses an existing model designed
by someone else.

C. S U U A R T

Transfer of existing models between agencies is one way

of reducing proliferation . Prior to such a transfer a
potentionally usable model must be analyzed for
applicability and approniateness. Such an analysis should

consider :
• inputs and outputs;
• basic causal relationships ;
• model logic and structure;

• available data and required data;
• time and resources required.

• Eany po tential problems are contained in an existing
model, a mong these are :

• • submodel inadequacy ;

• key variables excluded;

• inherent iasccursci.s;

• computational d iff icul t ies;

36
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• inconsistent assumptions;

• inappropriate ususptions;

• inadequate output.

The ability and to what degree model analysis and

consideration of potential problems can be accomplished is
determined to a great degree by available

documentation. Adequacy of documentation is conside red in

the next chapter.
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A. DEFINITIONS AND BACKGROUND

Program documentation is a collection of information to

explain the design , development , and maintenance of the
program as well as purposes , methods, logic, relationships,
capabilities and limit ations. (5] Except for tna simplest

programs it is d i f f i cu l t , if not impossible , for  someone
other than the originator to de termia~ wha t is supposed to

be accomplished by jus t reading the pr ogra m code.

Documentation is necessary for: planning, programming,
ma naging , 3perat ing and eva lua t ing models. It is absolutel y
essential for: quick and effective changes; use of the
model. by progra m mers and analysts other than the
originators ; understanding of wha t is being done ;
interagency program sha r ing ;  ver i f ica t ion  of proper model
operation. Throug h adequate documentation secondary users
gain an under standing of a model and thus the model, and its
outputs are rewarded a level of credibility. It is vital
if secondary users are to be able to run the model and make
necessary modification s of the prog ram. This restrains
pro lifer at ion and dupli:ation which can result in ma jor

• savings; besides it tempers an alr~iady complex
.nvironsent. U n f o r t u n at ely, cu r rent docum entation pract ices

• are such that the documentation to facilita te the use of
existing models generally does not exist .

I
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8. CUR R ENT DO CUMENTA? IO~1 PRACTICES

Althoug h documentation is an aspect of computer
programmin g that  was recognized f r o m  the incept ion of
automatic data processing as being critical to successful
prog ramming , it has been and still is a m a j o r  problem
area . U n f o r t u n a t e l y ,  for var iou s  reason s inc lud ing  time and
fiscal constraints as well as lack of definitive guidance
concerning requirements and standazds, the bulk of the work
eft o rt concern ing  d o c u m e n t a t i o n  has consi st ed  of u n f u l f i l l e d
requirements. !~otvithstandir~g the fact tha t programming
has existed since the inception :f ENIAC in 1914 4 , the lack
of adequate ~iocuaentation received major a” en ’ion in
studies concerning models and simulations as weLl as
investigations by the Co.ptroller ~anera l of th~ A ray in ‘ne
late sixties and early seventies. :fl,15]

Irrespective of the aforeme~’itioned studies t~ e problem
of inadequate documentatio n persisted and was the subject of

another investigation oy the Comptroller General in
1~ 7~e. (15] Over seventy federal installations in ‘he
continental tinited States , Europe , and Asia were
surveyed . These included selected )OD Agencies as well as
those of each of the arm ed forces.

The study ci’ed several problem areas attributabl e to
inadequate documentat ion. increased cost of operation s was
high on the list . Bec ause of inadequa te  d o c u m en t a t i o n  use
of operating pr ogr ams is hindered since current operators do
not fully undeL-stand how and what is being done in a
program. Therefore, when unexpected outputs are obtained
it is dif ficult if not impossible to determine their
validity. Equally perplexing is inadequate documentation of
subsequent modification s incorporated into the model. In
many  cases wi thou t  adequate documentat ion it was impossIble
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for a new analyst an! or prog rammer to use or modify an
— existing program. Ultimately such models have  to be

completely r ewr i t t en  or the time required to make them
usable was greatly in excess of the time required when
adequate documentation was available. In a cited exam p le
inadequate documentation caused an agency to spend over a
year to determine how a partIcular complex model.
operated . A nother example indicated the differen:e of six

— ma n—months of work incurred beca use of the lack of
sufficient documentation. Although the Comptroller General
found it  diffic u lt to deter m ine the aggregate cost of
increased operating expenses due to inadequate
documentation , ha did Indicate it  was high because of the
number of cases uncovered.

Lack of sufficient 1o~ -a mentation was the ~a~ or cause of
the problems encountered ny ‘he author d~a:~ ng the conversion
of the ATLAS model. dhen aachioe differences required
chang in g  the p r o g r a m  code ther e was mi nimal gu idance  as to
wb~cfl sections of the code corres ponded to particular
functions described in ‘he ise:’s man ial. :22] Also,
details of the mathematical structur e of A TLAS are not

contained in the manual. For details of the model
structure teferences are made to a models manual (23] for
the predecessor of ATLAS. The extent to which the structure
of this model has been incorporated into A TLAS is not
explicitly stated. The situation is t irther complicated by
the fact that Pertinent assumption s basic to the model
formula e ar. not in tb~ models man ial ; they are irt the
user ’s manual listed in a haphazard manner. Since the
models disc ussed were o rig int i ly  des igned for the
predecessor of A TL A S  there is no asmurance that changes to
the model formulae were not  ma de during the evolution of
ATLAS. This suspicion IS enhan ced by the fact that in 1973,
five years aft er the des ign of ATLAS, a significant
prog ramming error was found. (21$ ]
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There are a •y riad of reasons why model documentation is

inadequate. One of the primary causes is that documentation
guidelines and policies ace developed by individual  Federal
departs.nt.s and ag encies. At the highest levels the
guidance i.e necessarily general, as it moves down the
organization furt her more explicit implementing directives
are provided culminating in directives issued by the
developing agency. Hen ce, some documentation is brief and
simplistic: otAer documentation is detailed , voluminous and
cosplex; neither may prove to be adequate . Adequacy is
determined by t he  abilit y of other tha n the originators to
use and understan d the model. The omptroller General found
that even when guid elInes and standards were prescribed
managers of modeling projects failed to insure
compliance. The type and cont~~t of documentation is often
decided by compu ter technicia ns or LOP operators. C 15 ]
Shubik (17] has cited this practice as unprofessional since
ambitious programmers have been ~novn to change coding in
the pursuit of comput ing  e f f i c i e n c y  w i t h o u t  making note of
the fact.

An examination of 2643 model docume ntation packages at 10
California installations revea led none fully complied with
the agenc y standards and most were incomplete , inconsistant ,
and inadequate. ( 15] In lost cases programmers determined
what documentation to prepare based on thei r  own
judgeme nt. Hanagers responsive for developi ng models
indicated that the reason standards were not adhered to was
because of time coatraints. Completion dates frequently
were gi ven precedence over preparatIon of adeq uate
documentation. Th. desire to complete a model and get it
operational by a given date overrode the need for
documentation.

131
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An a spect of manageria l responsibilities concernin g

documentation is that it be kept current. Even if a model.
is initially adequately docu ented it will  eventually be
modified and its documentation must be likewise
updated . This is a m a j o r  proble m because it requires
di~ igence to update documentation . ;ive n time aud resource
constraints and the exigencies of the decision making
process it is a task that can easily be put off since the
model will work without such documentation. The problem
comes later when the personnel that modified the program
become involved w i t h  other d e m a n d i n g  p rob lems , leave or are
transferred . Later the documentation is difficult to
prepare beca use the reason s why or how the modification was
made become unclear or those that knew what was lone are no
longer a vailable.

There are numerous commen t cards in the ATLAS program
that indicate changes were made . ~ow.ver, there is no
forma l documentation , with one exception , to indicate what

or how these changes were made. Informal documentation
provided was m i n i m a l  and super ficial and did not address all
the indicated changes. the one exception was a formal
document (25] prepared in 19743, which discussed improvements
in the treatment of barriers and personnel replacements. A
global variable and subroutine listing were provided but
these were not up to date; had they been current the
conversion would hav e been facil i tated.

Poor or nonexisting document ation persists i r respect ive
of the efforts of the Comptroller General and the Department
of Defense. Inspite of the identification of this problem
early in this decade (1,10,15] its presence continues to be
a problem at the close of the decade. ( 3 ]  The continuing
lack of detailed documentation that enables an analyst to
understan d what goes on inside a model is cited by S hupack
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(26 ) in 1979, as a lim it ing factor in t he use of
theatre— level. com ba t models. Although there was a
not iceable improvement , h e found the level of documentation
of IDAGAE not sufficient to insure the easy and prop e r use
of the model without supplementing the available
documentation. Without adequate documentation the analyst
is apt to ma ke erroneous conclusions regarding the proce sses
occurring within a model.

Altho~ajh documentation problems persist genuine attempts
to resolve the problems have been made. Current combat
modeling efforts at the Waval Postgraduate School are not

only using languages especially designed for simulation but
the documentation met hods employed enha nce the transparency
of the m odel. For exa mpl es see Ref. 27, 28, 29. Other
agencies have also ma de inroads toward improving the
adequacy of documentation . See Ret . 30, 31,
32. Irrespective of these improvements the author believes
a vita],  aspect of docu mentation is being overlooked. This
aspect and appropriat e recommendations are set forth in the
next chapter.

C. SU~flART

Studies as veil as intuition reveal that to understand

the working s of a complex model an analysts requires a
detailed explanation of the  ca lculations and data
anlpula tion performed by a simu lation. Implicit and
explicit assumptions and input s mu st be known if an analyst
is not going to use a model as a black box. A detailed

• knowledg e of the variab les, subprograms and their
relation ships must be acquired if a model is to be
transferre d from one using agency to another. Rarely will
both organizations posses the same bra nd of data processing

t 
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equipment , more likely than not there will be great

dissimilarities. Conversions from on. machine to another
requires that changes be made  to the model. To change the

model the progra mmer and or analyst  must know the ef fec t  his
change will have not on only the particular line of code he
is changing but th roughout the program. Analysts must not

only m o w  how a change will, affect the ph ysical.
minipulations and computations of the various parts of the

model, but how it wil l interact with  the implict and explicit
assumptions of the model . To gain this level of

comprehension of a model designed by someone else the

analyst and progr ammer of the gaining organization must

consult the  do cu me n t a t i o n  provided wi th  the  model.
Without suc h documentation analyst s have chosen to construct

a new model. Unfortunately, the genera l concensus of the

invest igat ions was t h a t  d o c u m e n t a t i on  was of dubi ous  qual i ty
and generally inadequate. (1 ,10,15]

I-
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The d iscussion of who the user is, the role of the

officer  analyst , and the documentat ion concept that fol lows
is based on seven year s experience in ope rations re search
related assignm.nts, discussions wi th  analysts, programmers

— and students , and problems encountered du r ing  conversion of
- - the ATLAS model. The author has drawn upon the above

sources and selected literature (13 , 15, 17, 33, 34, 35] to
propose a new concept in model documentati on . This new
concept is intended to refin e and suppl ement current
documentat ion methods.  Implemen ta t ion  of the proposed
concept will, hopefully fill a void that currently exists and
will greatly improve the transparency and transferability of

• comba t model.

A. THE USSR A~D THE A~ALTS

Before  proceeding f u r t h e r  it is necessary to de f ine  the
often refer r ed N user*. It is on. of the more vague  terms
associa ted with combat modeling.

low , who is the  user? The user is the study director
and/or decision maker. these individuals need documentation
that provides an overview of the model, with indications of
its capabilities and l imitations and general applicability
to the problem under study. The details of the conceptual
basis of the model and how and what in format ion  can be
provided along with an evaluation of its sui tabi l i ty  should
be provided by the analyst .

IS
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The analyst is the manipulator of the model. He is
responsible for using the mode l to support the study
ob jectives. This mean s he is responsible for th. 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 complex , a programmer ma y assist him in the coding
process . Any interpretation of how the model represents
reality is the analyst’s responsibility. To fulfill this

responsibility he must be familiar with the conceptual basis
of th. model, its underlying assumptions, how the model was

t ransformed into the program code, and how the cods operates
to present the process modeled. The analyst must kno w if
any changes to the conceptual. foundation of the model
occurred in the process of programming (coding)

There is a reluctanc e on the part of many military
analysts  to gain an i n t ima te  unders tanding  of a complex
comba t modal.  Exinge n ci es of the organiza t ion  are some of
the prime reasons. In the daily demands  to m a n i p u l a t e  a

- 

. sod.]. and to prod uce results there is insufficient
allocation of time to study the inner workings of the
model. aelianc.. is placed almost exclusively on the user’s
isanual to expla in  the results produced .

Some analysts (this is particularly true of the off icer
analyst) refuse to gain detailed understanding of the inner
workings of a model because they do not perceive that to be
their function. Their percept ion is that they ar. the user
and do not require tha t level of detailed knowledge. Others

$ hesi ta te to learn or bec~se wel l versed in the functions of
a particular model b.cause they fear such expertire will
label thei and hence limit tk. scope of their future

• assignme n ts. In discussions with officer analyst students

• end practicing officer analysts, the author found these
attitudes to be quite pervasive . flany considered detailed
knowledge of how a model operated to be in the realm of the 
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programmer ’s respo nsibility. Little or no consideration was
given to the fact that most programmers have little or no

mili tary oackground and cannot possibly relate the
machinations of the program code to the combat process. The

programmer views proper operation in terms of proper
execution of progr ammed instructions. Whether  or not
instructions properly depict the realities of the combat
process are beyond their scope of interest. They have
neither knowledge, inclination or experience to eva lua te  the
fidelity of the code.

Attitudinal attributes of miLitary analysts can be
understood in light of their rapid turnover in
assignments . Hpidity of reass ignment  discourages the
desire to gain detailed knowledge of any particular
mode ]. Host likely they wil~, be reassigned shortly, to

other type duties. If subsequent assignments deal with
comba t models, most likely, it will be a different
aodel. Any time expended in the  s tudy  of de tai ls  of the
model associated with the curren t assi gnment ~.s considered
of minimal value . When an effort is ma de to understand a
model it is often frustra’ed by inadeq uate documentation.

Probably the most frequent atti ’ude seen in officer
analysts is the one associated with the military psyche ,

that of 3eing a generalist. This attitude is the r.sult
of the total exper ience of the profession; it has been the
way to reach success in the past, and many believe tha t it
still is t h e  way to success. Although there has been
considerable e f fo r t  to change  this mind  set, the example of
the last few centuries is difficult to overcome. Compared
to the existence of the milita ry profession , th. experience

• of the military analyst is of recent vintage. Only
favorable experience will, provide the impetus for change .

I
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The transfer of mo dels between age ncies will, contribute

favorably toward convincing analysts to gain detailed
knowledge of comba t models. If they kno w that th. effort
expended now can be used at a later time in some future
assignment , the effort will, be considered worthwhile . But
adequate documentation is a prerequisit. of such
transferabi lity. Hence , there is an interdependency

betveeen documentat io n and convincing military analysts to
gain a detailed understanding ,f combit models. If they can
sea value in the expenditure of t ie t i me and effort , they
will, be wil l ing to make the comm itment.

Shubik (16 ] has found that the mathematica l modeler and
the person who understands the reality the model attem pts to
abstract are not necessarily the sa me person. The coib~t
process is best understood by senior mil i ta ry  deciston
makers who are generally unable to translate it into the
appropriate abstraction and who generally desire great er
detail than is necessary. A good model is one that is able
to abstract and describe only that which is relevant to the
problem ander investigation . On the other hand the
mathematica l mode ler is frequently an individual. who
generally lacks the experience and an appreciation of the
nu ances of combat which can lea d to the development of an
ill—structured model . The military off icer analyst
represents a step to warl providing a modeler or model
operator who not only underst ands the mathematical aspects
but the military factors as well. If this capability is to
be maximized when dealing with existing models, there must

be documenta tion which allows the analyst to link the
conceptual model formulation to tne executable
prog ram. Then hi can un derstand the conceptual basi s of the
model , insur e the prog ram fulfill.. the conc.pt, and act as a
source of information for the decision maker .

_ _ _ _  _ _  - -5_5- .~I15- _- 5 .
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3. OBIGIK OP THE DO~UEE$~A~ iOV SHORTFALL

The initial th.a tr —l eve l comba t models used in the
United States were designed and operated by contract
organizations (e.g. Research Analysis Corp.) .  these models
bad a ma nua l referre d to as a user ’s manua l whi ch provided

— I an overview of the model , input requirements , an d a
description of the out put. For an example ~ee Ref. 22.
Doc umentation within the manual was superficial, at most it

provided the pro verbial big picture. Sufficient
information was provided to determine the general
capabilities of the model, possible suitabili”y for a
particular study and a general indication of expected
outputs . It provided l i t t le  if any  i n fo rma t ion  on the
insights that coul d be attained or subtleties of the

• model. The user for whom th i s  “user ’s manual” was designed
was a project manager or some level of decision maker. The
details could be filled in by the persons who would operate
the model, this most likely was the designer of the
model . Because of budgetary reasons and doubts that these
model operaters understood the nuances of military
operations, the decision was  made to bring these models
directl y under Dept. of the Army control.

When these models passe d to Army con trol all
documentation passed wit h them. Unfortunately, in lost
cases the documentation was minima l consisting primarily of
program listings, operator instructions, global variable and
subroutine listings, flowc har ts, user’s manual  an d possibly
some limited discussion of the formulation of the model.
These models were placed under control, of the agency that
would use them in snaport of force planning and strategy
studies. The des ignated users that inherited these models
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were th. military analysts (off icers and federal employees)
assigned to the organization that received the models. The
analysts then took the model and the user’s manual an d
proceeded to exercise the model in support of on—going

projects.

Use of the use r’s manua l by the analyst was mandated by
the fact that input requirements and preparation were
contained in it. However , when the models were initially
t r ans fe r red  from the designing corporat ion to the Arm y no
supplemental documentatIon was prepared or
provided. Analyst s were using a manu a l that provided only a

superficial examination of the model. They performed
analyses using a manual originally designed for a study
director or decision maker. These “user ’s manuals” did not
contain the detailed information of the model tha t is
necessary if the analyst  is to know and understand the
machinations through which the input data is exposed to
produce a given set of outputs.

!venually conflicting results were obtained from models
supposedly examini ng the same situation. Hben called upon
to resolve or explain thase discrepancies the analysts were
unable to 10 so. To explain the conflicts a detailed
understanding of the conceptual basis of the model as well
as detailed information of the translation of th. conceptual
model into program code was needed. Only with ‘this
information -could the analyst explain why two models
examining the same combat process under the same conditions
produced different results.

Anal y sts then discover ed that the documentation provided
with the model did not provide this insightful
information. To answer the question the model designer had
to o. contacted . At times this was impossible because the
actual mode l the des igner no longer was with the firm that

50
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developed the mo del , nor was there available any
supplemental information on the inner workings of the model.
Instances in which the designer could be located usually
proved just as unrewarding. In most cases the design er had
no supplemental formal documentation. When he acted as the
operator of the model on behalf  of the Army he coul d answer
such questions bas ed on his design knowledge and daily
contract with the model. Since there had been no formal

requirement for such supplemental information , it neve r was
prepared . Once the model passed un de r  operational control
of the Army, the designer was precluded from daily
contact. Over t ime  the  designer ’s intimate familiarit y with

the model waned , es pecially the intracacies of the
transla tion from basic concept to operating program
code. If the  designer had not done the actually coding,
similar results were usually experienced when trying to
locate the original programmer or obta in  supplemental
informa tion. What the progra m coda was actually doing was
not readily apparent and documentation or personal knowledge
of its operation were unavailable , the situation is best

- ~~
- expressed ~y a quote f rom Robert Frost. When once asked by

a critic what he meant by a particu lar phrase in one of his
works, he replied , “ W h e n  I wrote it 3od and I knew what it
meant , nov only God knows ”. this same situation will also
prevail wit h comba t mo dels unless adequate documenta t ion  is
created concurren t with the des ig n and developmen t of the
model.

C. CONHUNICAT ION AND LEV ELS OP PABTICIPATION

The prime purpose of documentation is communication:

communication of why and how realities are abstracted and
condensed into a form suitable for exercise on a compute r to
predict a future state of some combat process. Generally

51 
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the level of professional communication between decision
makers, analysts, and modelers has been low as attested by
the credibility problem previously discussed. This coupled
with the turnover of military decision makers and analysts
has not enhanced coiprehension of and control over
large—scale combat models . Ver y often the inform a tion about
context and limitations of these models has not been fully
understood by the military analyst and therefore not clearly
presented to the decision maker. Documentation that can
provide such enlightenment to the analyst will be a
significant step toward providing the required insight s into
combat models needed by decision makers. Through adequate

documenta tion the  user and  ana lys t  gain  unders tand ing ,  and
with understanding can come acceptance and  the decision to

use the particular model.

In combat modeling t here are three levels of
participation with necessary intercommunication. At the
highest level is the decision maker who uses the model as an
a~d to gain insight s and  in con junc t ion  with judge ment
arr ive at  a decision concern ing force structure or
strategy . The intermediate level is occupied by the
analyst, w~io either designs a model or uses an existing
model ; prepar es inpu ts; exercises the model and interprets
the outputs. If the model is new to the  decision maker  he
also aids in the model selection pro~~ss by recommending and
expla ini ng the inherent attributes of particular models in
pursuit of a pro ject ed s tudy . At the lowest level is the
prog rammer , who writes the necessary code during model
construction, eEplaias the limitations of execution of a
model on a particular computer , insures the model is
processed as the  progr am intended it and to code necessary
modifica tions to a model . Eac h level has un ique
requirement s and r esponsibilities and therefore the
documentation required by each is unigue.
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The decision maker uses his documentation to gain an
overall appreciation of a sodel and sufficient underst anding
to question the analyst on model details necessary to make a
decision to employ the model and use its outputs. It
provides a me ans of conducting discussions that can reveal
wha t insights can be gained from a particular model. The
decision maker uses his documentation as a link between the
analyst and himself.

The analyst  occupies the p ivota l  position between the
decision maker and the program mer. ilis documentation is
necessarily the most broad in scope as well as varIation of
detail. It must provide intimate knowledge of the model to
allow selection, sufficient detail to answe r questions from
the decision maker  and ask questions of the programmer. It
must prDvide the key to the inner workings of the model.

Programmer documentation allows the programmer to
ma~ ataia  a n d  m o d i f y  the model and answer the iesticns of
the  a n a l y s t .  It al low s the prog r a m m e r  to m a i n t a i n
e f f i c i e n c y  of opera t ion  a n d  insure  execat ion  in accordance
with the di ctates of t h e  design. It must clearly indicate
how the compute r i n t e ra ct s  the i n p u t s  and programming code
to p roduce the  o u t p u t s .

0. A CONCEPTUAL T HE O R Y 3? MOD EL D O C U M E N T A T I O N

Current  texts that describe the documentation process

usually are texts on •he  subject of compu ter  sy stems. The
guidance pr ovided , though a t t empt ing  to be general , is
oriented toward document~tI.on of programs that are bulL
processors of syst ematic informa tion, i.e. financial
records, etiministrati ve records etc. ~ost emphasis is
placed on how to use tt~e available program to process the

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i _~~~~~~~~~~~~~~~~~~
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data available, mi nima l emphasis is directed toward how the
processing is accomplished, because the processing is not
complex but routine and easily underst ood. Por an example
see Ref . 33.

In the field of combat modeling littl, guidance is
available in the fo rm of textbooks lascribing documentation
met hodologies. In order to mai imize detailed un1~ rstanding
as well as tra nsferability of combat models a new concept of
documentation is proposed and set f o r t h  in this section.

To f u l f i l l  the r e q u i r e m e n t s  discussed a b o v e  the
documentation must provii? the  comple te  u n d e r s t a n d i n g  of how
the model was created, underlying assumptions , explicit
description of the formulations and numerical met hods
employed an .1 de ta i l ed  descr ip t ion  of t he  mechanics  of the
program code and its execution. ~ost current documentation
described as a aser ’s manual (a .;. see ~ef. 2~~, executive
summary or by some s imi lar  titl~ i~ 3 u f f i ci.ent to fu l f i l l
the proposed non—technical docu mentati on that follows.
?rograame r’s documentation is widel y described in the
literature of computer systems and needs just a few
additions in respect to combat models . Assuming tha t  the
documentation is provided as described in the Literature ,
minima l modifica tion L3  required .. Primarily this is a
charting and cataloging procedur e to allow ease of tracing
variables throug h the program end understanding th. linking
of subprograms to the ma in program. Current documentation
requirements stress flovcbartin;. Plowcharting is
comparable to electronic schematics and allows one to see
the logical flow of the process being programmed. In the
coding step this logical flow is translated into a

mechanical flow of variables through mathematical and
logical formulations and subprograms. A charting procedure
will be like a blueprint t h a t  shows the  physical connection
of the main and subprograms . The cata log will explicitly
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state how variables are interacted and passed between
sub prog r a mm .

For the analyst’s documentation a new concept is
proposed . Rather than describing the model in the
traditional manner , i.e. f r o m  the con t ext  of jus t i f ica t ion,
the analyst ’s documentation should be presented from the
context of discovery. (23 Usin g the traditiona l concept the
model is documented by stating the assumption s of premises
vai ch d e t e r m i n e  the  ou tpu t s  of the  model , sh owIng the  f ina l
mathema tical f o r m u l a e  t h a t  represent  the  abs t rac t ions  of the
relavent characteristi~~ of the mod eled process, discussing
the inputs required to support  the  g i v e n  f o r m u l a e , and
listtng th~ outp uts t h a t  can  be obta ined f r o m  the  model and
inputs.

~his is not tne manner in whic h the model was formulated
and such tocument atton in the Context -of justification does
not enlighten the analyst in te rms of how the designer
arr ived at  th is  p a r t i cu l a r  abs t r ac t ion  of t h e  combat
process. )ne must con clude  t h a t  this typ.  of documentation
is not of grea t help to t he inexper ien ced analyst if he is
a t t empt ing  to understand the essence of a comba t model. If
the analyst is o gain a intimate knowledge of the
funct ioning of a mode~ , he must be abLe to ascertain how the
model cas e to be. this provides him two invaluable
insights. First, he gains an insight into the abstract ion
process of the designer. It is a glimps , of the reasoning
procsess by which the designer cut through the myriad of
details to deduce the f u n d a mental variables t h a t  allow a
model to approximate the complezitj of a g iven combat
process wi thout  having  to model each of th. multitudinous

• factors that  compose the actual process. Second, he gains
knowledge of the factors that were considered as
repr.sen tative of th e combat process but were discard d
because they seemed not to be necessary predictors. This
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step in its4hif is worth the cost of providing this type of

documentation.  wh a t  it  provides is a historic recor d of
factors and related assumptions considered and reasons why
they were ultimatel y rejected or accepted. The informat ion
provided must be succinct and allow understanding of the
abstraction process wttftout introducing voluminous detail
and unnecessary costs. This will, be an aid not only for
the follow—on analyst but all those that come later. It
will preclude subsequent analysts from expending time and
money to determine Why particu lar factors are or are not
modeled. ~4ence , if  th ey  w i s h  o mod~. f y  or e laborate  upon a
combat mode l and Information about previously considered and
rejected alternatives is available , the expenditure of
resources to reinvestigate a particula r alternative and gain

only duplica te information will, be precluded.

S. REQUIRED LEVELS OF D3. UMENTA?ION

All the evidence gathered indicate s three levels of

documentation for models are required . These levels of

documentation are:

(1) decision—maker Level, (facilItates communi~~tion
between the decision maker and analyst) ;

(2) analyst level ( fos ters  communicat ion between analyst
and decision maker and en hances working relationship with
the programmer) ;

(3) programmer lev el (provides detailed understa nding of
prog ra m code and facilitates communication with the
analyst)
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First , the decision maker who uses the model as an aid
to his judgemen t requires a non- technical description of the
model. Ion— technica l u3t because the decis ion maker cannot
comprehend the technical details but because the exigencies
of the orga~iization preclude him from devoting the necessary
time and effort. second, the analyst that  exercises the
model, prepa res the analysis , and assists the decision maker
requires a technical description of the model. This e na b les
the analyst to know how the model functions and explain and

• in t erpret the outputs of the model. third , the prog rammer
needs detailed documenta t ion  tha t  exp lains the mechanics of
the program. This documentat ion provides the means to
troubleshoot prob lems encountered during routine runnin g of
the model and i mplem en t future modifications. The levels
of activity and their r~quireI documentation are show n at

Fig 2.

F. DSCISI-35 ‘UKER’S aOK—t !CftKICAL ~UZtThENT&1’JN

k non—technical referenc. manual for use by decision
makers should provid e sufficient information to det ermine
gen eral applicability of the model. It should include a
general description of how the model operates and the major
components , the spec ific purpose for which the model was
originally designed and the known limitations should be
stated. Thi s wil l  allow the decision laker to as.ertain the
overall ability of this particular model to assist him in
the probl em at hand. Tb. manual should describe the data
r egui r.m.nts , available ou tpu t s , and any option s provi ded by J

• the model. This facilitates the initial planning process
because it provides a basis for estimating the expected time

to gather the input data and wha t to expect in the form of
outputs. Physical limitations, such as computers for which
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usable versions of the mo del are av a i lable, the programming
lan guage used, and typical running times for the model , are
necessary contents of the non—technical manual. The time of
such senior managers is limited and valuable. Only that
informa tion necessary to provide a general description and

• basis for meaningful discussions between the decision maker
and the analyst should be inc luded. A n y details required
will be provided by the analyst , who will, conduct the study,

during planning, progress, and review sessions. Yet the
documentation must make the model sufficiently transparent
so that the decision maker unders tands  wha t  is h a p p e n i n g  and
finds the model credible for the problem at hand .

G. LIALYST’S COICEPTUAL—TECSIICAL DOCUNENTATION

The ana lyst’s conceptual—technical reference manua l m ust

necessarily contain de~ailed infor mation on all aspects of
the model. This is t h e  document that determin es the
overall worth of the model  as an analyt ica l  tool. If
sufficient detail is contained then th~ analyst :an become

intimately familiar with the model , so that any aberation
encountered during operation of the model can be understood
by him and explained to th. decision maker. To m ax imize its
value to an analyst, it should be written by the analyst or
analysts that design the model. Their professional
experience sill guide thee La providing the kind of
information abou t th. model that the y would want if they
were using a model designe d by someone else.

The size of the analyst’s r eference manual will be a

• function of the complexity of the model . To be useful and
cred ible a model m ust be transparent ant transferable. To
be transparent and transferable all necessary details of the
mod el must be provided . Information on the data base used
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in the model, input requirements and format  as well as
output format nod options must be detailed. Al] that can be
assumed is that  the analyst is knowledgeable in the  use of
the tools of aim profession. In prepa ring th. analyst’s
manual no prior knowledge of the model can be assumed. As
Norris (2) r.com.ended , the obvious should be written down.

All constraints and limitation s must be described in detail
as well as assumptio ns used, logic flow and
interactions. Sufficient technical detail to allow the
analyst to manually trace inputs throu gh the algorithms is

necessary. ~athematica],, statistical, and numerical
methods incorporated in the model should be described

including any new or unique applications. Any constraints
which will affect the accuracy of the model must be
identified. Obvious pitfalls must be stated ; t h e y  are onl y
obvious to the developer and in complex models without
documentation they can even be forgotten by the
developer. The physi cal processes simulated must be

described includ~,ng an explanat ion and rationalization of
the techniques used. Ea:h variable and the entity it
represents must be clearly stated. Lastly, sufficient
instruction s describing bow to set up and use the •odel and

flow charts keyed to the progra m instruc tions shoul d be
provided . Equally important is a systei that keys the

descript 2 on of each mathematical formulation in the manual
to the appropriate section and lines of the program
code. This will, facilitate the location of th. code , when
the analyst wants to modify the model.

These are the basic requ irements for the contents of
document s to be prep ared by the designer of a model. Each
time a modificat ion to the model is made , t he changed
program instruction, r easons why the change was necessary,
how and what is affected in the model, and the

• rationalization for the particular modifica tion should be
documented and incor porated into  the or iginal
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documentation. This aspect of documentat ion is critical
because analyst and programmers ha ve been known to make
small insignifican t ch anges to programs without docum entin g
them. Two results can come about becaus. of this. Over
time these minor undoc umented chan ges accumul ate , then one
day those who i mplement ed the changes transfer or depart.
The ne wly  arrived analyst now has a model which doe s not
quite fit his documentat ion . If enough time has passed
even those who made the change w ill not completely remember
it when they are questioned or they are no longer
available. Even sore dishearten ing is t h a t  in f a i li ng  to
document , a critical inspection of the effect  of the change
on other parts of the model is not made. Unbeknownst to the
individua l the modification causes an effect elsewh ere in
the mod el that is not readily discernable at the
time. Utimately, another modification is made and the model

malfunction s or an anomalous outpu t occurs . If undocumented
modifica tions have been made and ~orgotten i t  n ay be
impossib le to trace the cause of the a nomaly. If it can be
traced, the cost of trouble shooting and correct ing the
model will  be gr eater than the cost of documenting the
modifica tions at the time of their addition. Current
studies wi l l ,  be delayed with their attendant costs and the
credibility of the modeling community will suffer. The
decision maker justifiably becomes skeptical when the
analyst cannot explain why the results of a mo d el are not
compa tib le with the decision maker’s intuitive
expectations. If a model is to aid in the decision making
process its outputs must be explainabl, and anderstandabis
to the decision maker . If the analyst has not designed the
model then his only sourc. of the necessary information is
the documentation supp lied with the model.

1
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a. p a oc~~iuu’s TECHNICA L DOCDHU?A?ION

The final level of required documentation is the

detailed information reguired by the programmer for the
operation and ma intenance of the model. This is the
documentation that is discussed in great detail in all
standard texts, while methods of documenting the conceptual
basis of models is almost entirely foregone. The manua l is
necessarily prepared by the model programmer in conjunction
with the analyst who has designed the model. It must
contain descriptions of each global variable and in which
subprograms the variable is found. Descriptions of the
functions performed by the program , data flow charts,
function flow charts, approxiaa:ions and num erical
procedures used are also ontained in this
documentation. Likewise, any implicit assuaptions mad e by
the programmer durin g the coding process to facilitate
computa t~ on lust be documented .

Often , though the analyst designer has structured the
model to handl e the general case, during implementa tion of
the model on th. computer some loss of generalization
occurs. In the  search for programming e f f ic ienc y the
com puter programmer may :od. a com bat process so that the
model works for only those circumstance explicitly stated by
the designer. Ibereas the designer believes he has a
gen eral model the pr ogrammer has red uced th. gene rality of
the model. Unless this is documented by the programmer, in
su bsequen t use of the model the fact that the model was
prog ramme d in such a manner may be for gotten. In this case
the computer routines embody more assumptions than exist in
the formal mode l designed by the analyst. It is incumbent
upon the programmer to bring this fact to the attention of

- - TI  
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the analyst . He i n t u r n  must include this information in his
documentation. only he can conceptualize in terms of reel
world factors the impa ct of the programmer ’s assumptions on
the inputs and outputs .

Further contents of the detailed prog ra mming manua l  lust
indicate primary and secondar y storage requirements, error
detection and  recov er y procedures, and instructions for
initiation and termination of program operation. These
pieces of information are required if other programmers are
to oe aol. e to understand and operate the model. If a model
is transferred this information is necessary to im p lement
the model, on a computer of d i f f e r e n t  design. It  provides
the receiving programmer the necessary information to
prepare sys t em operating programs and procedures so that the
model can be exercise i by the receiving agency without
inadvertently making  changes to the logic of the
model. This is especially critical for complex
models. With such models attempts to restructure programs
to overcome incompatibilities in storage or otbet machine
requirement s may introduce changes to the fundsiental logic
of the model unbeknownst to either the  p ro grammer or the

analyst. Without adequate documentation such restructuring
lust be accomplish ed vita onl y luck to guide the way and as
complexity of the m dcl. increases luck is quickly
depleted.

When the original programmer completes the programmin g
(coding) of the model the model must be verified and
va li4ated in con~ untion with the analyst designer. When
both are satisfied that the model is operating as designed a
listing of the compiled asse mb led prog ram should be
made. This is the n supplemented by a set of work ing notes
on program oper a tions , set up of the deck to exercise the
model, special. program ming features sad identification of
potential proble. ar eas a n d suggested solu tions.

L 
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The compilation of the above documentation into a
detailed pr ogrammer ’s m a n u a l  will provide a sound bas is for
review and analysis of the model ’s capabilities and for
maintenance of the model’s logic; it will, facilitate

t ransfer  and insure t ransparency .  Fur thermore , each time
the programmer makes a modification to the program it must
be documented and incor porated into the p rogrammer ’s
manual .  Concurrently, it mus t be brought to the attention
of the analyst to relate the programming change to the
combat process modeled and update the analyst’s and decision
laker’s manual. This coor~~tnat ion between the programmer
and the analyst lust always occ ar if both are to remain
fully cognizant of what as well as how the model simulates
the real world. 3aly through such documentation can a model
be transferred to a new programmer and analyst team and be
knowledgeably used.

I. INLINE DOCUHENTATION , A !~AP THRU THE HAlE

A necessary adjunct to this proposed documentation

package is documentation within the program . Such
documentat ion should be in the form of comment  cards that
bri ef ly  describ, the ma in p rog ram , the major sub—models,
suoroutine and eac h function subprog ram. They should be
inserted at appropriate locations so that logic of the
program is readily apparent.  Nothing is more frustrating
to an analyst  tha t  is a t tempt ing  to gain a guick basic
un derstanding of a model than a series of ca lls to
subroutines which inturn call otber subroutines and or
function subprograms. In a complex model this quickly hides
the logic of the model f rom the analyst . To pierce this
shroud the analyst must devote time tha t could better be
ised elsewhere. If the exi gencies of th. situation deman d a
rapid response and no other model is readily avai lable this
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encourages the analys t  to use the model as the proverbial
“black box”. This neither adds to t ransparency nor does it
enhance the reputation of the analjst or operations
resea rch .

Host current programming texts recommend using comment

cards to enhance unders tanding  of programs. In complex
models this is not a nicety but a necessity. Time devoted
to this effort initially not only enhances the use of a
complex model but reduces recurr ing costs. Pr ofess ior a l isi
deman ds that a model should not be used without
understanding how it functions or at least believing one
understands bow it f u n c t ion s .  The realities of military
p rsonnel policies dictate that military analysts will

rotate rapidly th rough  ass~ gn3ents. If a program is not
documented i n t e r n a l l y  th i s  s e l f — e d u c a t i n g  step occurs each
time a new analyst uses a par t i cula r  model.  Given a complex
model and norma l personnel turnover a sizeable cost is
incurred. Wit h adequate interoal doc umentation this cost
will occ ur only once. Because of personnel  rotat ion models
not currently having such internal documentation shoul d have
it added. Though it will detract an analyst for an

additional amount of t ime initia lly, over the longer term a
savings will be realized . Each subseguent analyst will not
have to start f rom scratch when trying to gain an
understandi ng of how the model func t ions;  understanding will
be facilitated by interna l documentation via comment  cards.

J. UPDATIN G A MODEL ’S D) fJM !NT ATI JN

Changes to models occur over ex tended periods of ti me .

Obviously, at the time changes are instituted the process
4 through wh ich they wer e developed , why and bow they were

entered into the model and all assumptions used must be

f i _ _ _ _ _ _ _ _ _  
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annotated in all appropriate documentation at the agency
instituting the change. Some of these changes will be
extremely large and will justify formal changes being
printed and distributed for all affected
documentation. Some changes will be small; formal printing
of individual changes would not be justified. These would
have to be accumula ted  and changes pr in ted , wh en
economically practical. The manageme nt of the process and
the determination of when printing and distrib’~tion of
changes is economically practical are beyond the scope of
the thesis. rhey are important subjects and shoul d be
examined in some future thesis.

K. S3HMARY

Since the analysts and programmers that dev elo p a

particu la r model are  not a l w a y s  presen t or avai lable  when
the model is exercised, especially if it is transferred to
another agency, it is their responsibility to det ail their
assumptions, simplifications and methodologies and pro vide
evidence that the rationale behind their approach will
produce results usable in the rea l—world environment as
viewed by the ultimat e dec is ion maker .  Analys ts  and
programmers that create a model must provide documentation
that establishes the issues examined by ‘-he model ,
underlying th. objectives and assumptions, the usability and
usefulness of the model. Only wit h sucn documentation can
the analyst or analysts assisting a decision maker in the
resolution of a pa r t icular  problem conclude that t he  use of
a specific model. is appropriate. the real “user ” of a
sodel is the decision maker. The analyst  must recognize
in assisting the decision maker he is a model designer and
model manipulator. The of f icer anal yst must gain detailed
knowledge of any mo de l he uses in support of an analysis.



To acquire such knowledge a model mus t  be adeq uately
documented. In com bat •ode]ing there are three levels of
participation each wit h unique documentation requirements.
These levels are:

• Decision—maker level;

• An alyst level ;

• Programmer level.

To enhance the  ab i l i t y  of the analyst to fully
understand the mo d el  his d o c u m e n t a t i o n  should be presented
from t~~e contex t of discovery ratAer than the t r ad i t iona l
context of justification. This will, allow the analyst to
know the alternatives considered and rejected in s t ruc tu r ing
a model as well as givin him greater  ins ights  in to  the
underlying hypothesis of a model.

The types of docum ent a~-ion required are:

• Decision M aker ’s N o n-t e c h n i c a l  Documenta t ion ;
a An a ly s t ’  a Cooceptu a l-~ echni cal ~oc uien t a t ion ;
• Programmer ’s echnical  D ocum enta t ion ;
• Inline Documentation.

Since *odel •o-di f i c a t L o n  and improveme nt is a cont in uing
process trie preparat i-o r. of formal changes •ust be
economically ?ract.:~~ and carefu l ly  managed.  This area of
model doc uaentat~~n is suitable for a subsequent thesis.

_ _-- 

~~~~~ - - -- - -~~~~~~~~~~~~~~~ -



---  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~

-5 - -
~~
-

~
- — - - - -  - ---5

‘II. ~Q~~LUSIQ~j~, ?~~~~ iflUQL ~~~~~~~~ LU

A. SUMMARY 0? PROBLEMS DISCUSSED

Since 1973 the impetus in the Army modeling communi ty
— has been to develop scenarios and models that can be used

throughout the Ar m y coa.unit y for decisions on material
requirements and force development . The ultima te purpose is
to bring consistancy into the decision making
process. tnher~nt in this goal is not only the need for
standard agree d upon scenar ios  but fo r  a repertory of models
to be used by all ~nterested agencies examining a particular

facet of the A r m y .  This does n Ot  necessar i ly  mea n t h a t  onl y
one model should be used for a partic ular

investigation. Because of the assumpt i ons necessary to
develop any model, given the nec essary tim. and money it is
best to exercise more t h a n  one model in order to get an
indication of how the assumptions affect the outputs of each
of the models. that is fun da mental is the need for all.
agencies exami nin g a given s i tua tion  to be able to
understand each other ’s sodels; this will provide the basis
for intelligent discu~sion of the pros and cons of equipment
and forc e requirements

As operation s research and system analysis have gained
acceptance by DO D and Depart m en t of the Army, mor e comba t

• models of various levels f military operations have been
creat ed and used . Encreased use of models resul ted in
increased levels of complexity. Complexity in turn caused
new models to be created when potential users could not

_ _ _ _ _ _ _
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sufficiently understand and use ex isting models giv e n
available documentation. This unnecessary prolifera tion
resulted in unex plainable conflicting results which caused
the credibility of combat modeling to be questioned. If

• this situation is to be resolved unnecessa ry proliferation
must be checked and mutual understa nding enhanced. to
achie ve thi s goal models must be easily transferable between
investigating agencies. Fundamental to this ability is
complete and up to dat e d cum .nta t to n of the mo del to be
reviewed or exercised. This docu me n t a t i on  wil l  a l low the
potential user to analyze the model and determine its
su~tabiiity for a given project.

Concomitan t with the need to easily t r ans f e r  models is
the need to fully understand the machination by which a
give~ set of i n p u t  da ta  is acted upon to produce
outputs. If outputs of a computer model are to be usefu l
they must oe credible. onflicting outputs of military
models are consistently challenged by some government agency
of the DOD, the  Congress , the Execut ive  3ff ice  or some other
branch of the government. Unless these challenges are
answered and conflicts explained , the credibility of combat
modeling will cont inue to s u f f e r .  Some criticism is needed
to purify com bat mo deling and identify errors that
inevitably will appear, some eminates from those advocating
a competitive model or concept and some of it is from those
that criticize the validity and usefulness of combat
modeling itself. At times inadequate documentation has
precl uded the explanation of conflicting results by the
analyst and added to the criticism .

the Comptroller Gea.ral (15) found that existing models
hare bee n used by other than the designer without thoroughly
understanding their im pl ications and limitations. At times
this has resul ted in erroneous conclusions being dr awn  and
decisions made based on t hese conclusi ons. Subsequently,

_ _ _  
_ _ _ _



the errors are surface d with a loss not only in dollars
ex pended in pursuit of undesirable projects bat in further
loss of cre d ibility for thea t re— level  combat modeling.

Adeq uate documentation will help alleviate some of the
adverse publicity and loss of cred ibility tha t theatre—level
comba t modeling has experienced in the past. To a great
extent this has stemmed from unexplainable contradictory
resul ts using models purport ing to represent the same
process . To a l l ay  the criticism of models and their
outputs  and to enable both the analyst that exercises the
mod el and the decision ma ker th a t  uses the outputs to aid in
the decision making process the model must  be
understood. Understanding can be enhance d th rou gh  proper
4ocumentat ion. Adequate  documentation of the form proposed
will facilitate communic ation between the decision maker and
analyst as well as between the analyst and the
programmer . Unless thase communication links are
established misunders tanding  of combat models wil l  persist
and the credibility of comba t models and modelin g will.

suffer accor dingly .

a. COICLUSIONS AND RECOMMEWDITIORS

The conclusions drama fr om th is  research are:
• The decisi on maker is the N user of a model.
• To be of value a model must be accepted by the

decision maker.

• The analyst must relate the abstractions of the
model to the actual combat process.

• the analyst is a mod .l manipulator.

• the analyst must understand and explain the

methodology and structure of a model.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -

• understanding is leterred by compt:ity. 
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• 8odels are becoming more complex.

• Increased levels of complexity result in

diminished transparency.

• Inability to understand and use existing model
causes development of redunda nt models.

• Unnece ssar y pro liferation causes conflicting
results to be produced by similar models.

• InabiLity to expla in conflicting results is the

basic ca use of a lack of credibi lity.

Proliferation can be re&.c~d through model
sharing. Sharing a model requires:

• ability to us. it with minimal convers ion;
• adequate facilities to run the model;

• sufficient competen t ana lysts and programmers;

• adequate docum entaton ;
• formalized trr angem en ts for cost sharing and

coordination.

Prior to t r a n s f e r r i n g  a iodel it must be analyzed for
applicability and appropriateness. Such an ana lysis shoul d
consider :

• inputs and outputs ;

• basic causal relationshi ps ;

• model logic ~nd structure;

• available data and required data ;

• time and resources r equired.

Nany existing dombat models are characterized by:

• subsodel inadequacy ;

• key variables excluded ;

• inherent inaccuracies;

• computational difficulties;

• in~~nsistent assumptions;

• inappropri at, assumptions;

• inadequa te output.
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the degree to which meaningful model evaluation can be

accomplished is s ign i f ican t ly  inf luenced by availabl e
documentation. Documentation is ke y to the understan d ing
of complex models. The research conducted indicated:

• Adequate documentation is a necessary if a
model is to be used by other than the
o:igin ator .

• Organization exigencies deter adequate
documentat ion .

• Documentation of com ba t models is generally
ina deq uate.

• If a model is poorly documented it may be more
economical to build a new one than share an
exist ing modal

• Efforts are be ing ma de to improve documentation.

The aut h or’s ex perience with and research of combat
model documentati on indicates that there are three levels of
interact ion with co mba t models . These le vels have unique

and common requiraments for docume ntat ion.  To satisfy t hese
requirements the author envisions three levels of
documentation:

• D!CISIOI SAUl’ S NON—TECINICAI.

• ANALYST ’S CO$C!PTUAL—TECNIICAL

• P9OGRASS!R’S TECHNICAL

The dec ision maker ’s an d the prog ra mmer’s docum entation
must provide the informa tion listed in chapter six. It can
be present ed in the tradit ional, manne r using techniques

• contained in most cospater system management texts.

~owever, to function as the li n k between the decision maker
and the prog rammer and to underst a nd the nuances of the
model, the a nalyst nee ds documentation that provides greater

- -- 
insights than possible with the current available
documentation . thes e insights sill. be provided if the

_ _ _ _  
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analyst’s documentat ion is presented fran the context of
discovery rather tha n the traditional c~n tezt of
justification.

Bany changes to a model occur over .ztend.d periods of
time , the method of~deteriinin g when it is economically

practical to print formal changes , their t isribution,
control , and management is critical to the proposed
hierarchy of documentation. The se topics are appropr iate
for future research.

C. FINAL 3ESAUS

Acceptan ce or re ject ion of an expository thesis in

matters  such as do cumentat ion of ten  de pends on th. skill of
the pleader and the mood of the audience. Staring at the

same set of evidence the pa rties to the debate can com. to
sharply different conclusions, since their preconceived
notions may Lead them to select and interpret the evidence
in different ways. Even tho ugh on. may init ially fin d it
diff icul t  to believe that there are ways to acquire adequate
docume n ta tion not yet t r ied by analysts or advocated by
agencies researchin g the problem , the very complexity and
per vasiveness of the problem suggests the possibility of j
combining the various proposals in different ways so that J
some combination wil l produce the desired goal. The
proposal presented is but one possible means to achieve the
desired end, Of even mor, importance is the fact that some

• methodology must be adopted to correct this lack of adequate
documentation. lith regard to theatre—level combat models, -j
the problem has p.rsist.I for almost twenty years. lot only
has it made it near impossible to easily transfer models
between interested agencies but it has prevented military
analysts from gaining ful l  knowledge of the models they

I 
_ _  _ _ _ _ _  _ _ _ _ _  _ _ _
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use.

The conflicting opinions and evaluations unmasked during
this research confirm what is intuitively obvious: many of
the historical ~udgesents and decisions concerning

• operations resear ch in general and theatre— level combat
mode]~ ng in particular are based on subjective values as
well as objective facts. Unlike the natura l scientist or
the analyst using a simulation , the researcher examining the
process through which combat model ing ha s evolved , cannot
reproduc e the events and by experimentally altering the
ingredients, change the result . The development of combat
modeling is ve~l documented; yet controversies have
developed despite the vo laminou s sources. Analysts disagree
not becaus e one may be more knowledgeable about the subject
than another , but because each weighs and evaluates
di f f e ren t ly  those facts of which both have knowledge. There
is little dispute abou t the detail s of what has happened in
the development of theatre- level combat models but there is
intense disa greement on th. significance of past events and

how to proceed in the future. The analyst has no fixed
point from which to observe the stream of events concerning
the development of theatre-level comba t models. Anal ysts
are borne along by the current and their interpretation of
what has occurred is influenced by their view of wh ere the
str eam seems to be headed and whether th. apparent
destination appears to be good or bad for the enhancement
and developmen t of the 01 profession.

Although theatre-level combu t modeling attempts to be
• scientific in its methods, it is rarel y so in its

outpu ts. Outputs are interwoven with subjective Judqe.ents ,
• either through their interpretation or by way of the inputs

that were instru mental to producing the ostputs or in the
very construction of the model itself , Tb. relativity of
subjective judgement , w h ile discou raging , need not be

- - 7k
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debilitating to thea tre— level comba t modeling . Because
thes. models are th e only means of examini ng force structure
questions vital to national security, analysts are
confronted with the continuing task of rethinkin; the basic
structures of thes e models. Past models can furnish us &
vast re.rvoir of exper ience in theatre— level comba t
modeling which can be exploited to further this aspect of
operations research. Howeve r, this reservoir can be
ef fectively used for the enhancement of the profession only
if what has been accomplished is adequately documented so

- ; that others may correctly use models previously
developed. In this manner , even though no model can fully

treat all the intricacies of the comba t process, the analyst
can enrich th. profession through the continuin; effort to
better mode l the process fully using all the knowledge that
has come before .

The concept of documentation that this paper proposes
will not c~ar. all the ills. It is but a proposal to correct
a defect , inadequate documentation , that has long plagued
theatre— level com bat modeling. But if it is faithfully
execute d with the same energy and level of effort that has
been expe n ded in decrying the problem of inadequate
documentation , then there is hope that th. omission can be
correct ed. It is imperative that analysts adeq uately
document newly designed models or modifications to existing 

—

models so that other analysts may use the. properly. Before
a project is considered complete it is the analyst ’s
responsi bility to insure that the vital step of
document at ion is accomplished. Only La this manner can
there be a ssurance that the model designed or modified can
be full y understoo d by those who subsequently want to use
the model. Anal ysts using ex isting models must expand and
supplement the current ava ilable documentation of existing
models in the active inventory , the next time an existing
model is used pro fessionalism demands it be fully

75
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understood; any new un documented factors uncovered in its
exami na tion should be formally noted and made a permanent
part of the official documentation. In this manner past
omissions will be corrected , the scientific method will be

invigorated and the standing of the Ope rations Research

• profession enhanced, Subsequent results will then be mor .

fully explainable and posies greater credibility and even if
the conclusions cannot be final, because of the impalpable
nature of the subject, the techni ques of theatre—level
combat modeling will be enriched by the process.
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