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THE USE QP BIIGJIA'J.‘IOI Ill NANAGD@T ANALYSIS

by D. G: Malcolm

Computer Simulation, or Sys tem Bimhtion~ is being used in research
and design for seeking a better v tanding and contiol of business
operations. Three coacurrent denlomntl aceount £or the emergence
of simulation as & sanagement analysis method; the need for more’
detailed and accurate analyses ik the competitive busimess vorld, the
development of nev engineering analysis methods, and the availability
of high-speed electronic computers.

Typical simulation projects directed to the folloving objectives are

discussed: ayntm Duicn and Evaluation, Systems Nesearch and
Planning, asd Training (both Appreciation and Procedursl). Ir the
ideas involved lie the possibility for s nev management coatrol coa-
cept. It seems likely that menagement may scmeday be provided with &
computer model of the business -- one permitting experimeatation with

' policy and procedure chamges as well as evaluatioa of alterastive plans.

A bdidbliogrephy of pudblicatiocss oa Simulation, Gamiag is imcluded.
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The role of the modern industrial manager is indeed a complex, perplexing one.
For, operating in the face of uncertainty in our dynamic, competitive, non=linear
and pr@babii‘iitié world, he 1s called upon to make major imnovetions and to adjudi-
cate the proposals for change that come from the various functions or divisions of
his total organization. This problem of obtaining economic balance, or least-total-
cost operation as it may also be phrased, today; s well as in the plans for future
operations, is most important to the success of his company. The need for such
balance promises to becoms even greater in future years as ve learn better to use
the information handling and decision-meking spparatus made possible through elec=
tronic computers. As many writers have indicated, such successful use of computers
may be & necessary ingredient to corporate survival.

Computer Simulation, or System Simalation, is proving to be a useful tool in

this quest for bétter understandin

g and control of business operations. It is our
purpose here to explore briefly what simulation is, who is doing it, for what
purpose, and to speculate on its future outlook.

In this discussion, we shall define a simulation project as one which depicts
the workings of & large-scale system of memn, machines, material and information
operating over a period of time in a simulated environment representative of the
actual real world conditions. A simulation project generally utilizes an electronic
computer and may operate in "real" time or in compressed time vhere the simulated

system may be operated for several years in but a few hours of computer time.

lA revised edition of this bibliography will appear in a forthcoming issue of
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In effect, the arrivel of simulation on the management analysis scene is depend-
ent on three concurrent developmen'ts. We have already touched on the first and
perhaps most important, the need and desire on the part of management to have a more
complete and accurate analysis of alternaté courses of action and to obtain econcmic
this point.

balance in operations. Little more needs to be said here concernis

The second development stems from the use of engineering systems analysis,
and/or operations analysis in this management area. Operations Researchers have
found that the mmber of variablés, the probabilistic aspects and the servo aspects

of systems under study often defy the use of strictly analytical or mathematical

methods of anslysis.® Simulation of the system or process under study often permits
.sufficient alternatives to be évaluated, thus leading to a better, if not optimm,

solution.

The third develorment making the use of simulation a practical tool is the
advent of the high speed electronic computer. Our discussion will be confined to
the use of digital computers since they have been found, by and large, most appli-

cable to the class of problems involved.

Since it has often been predicted that computers will become automatic decision-

ting devices and indeed many have been purchased with this stimulating apd challeng-

ing goal in mind, it is well to spend e few peragraphs in describing the current state

%Ricciardi, Craft, Malcolm, Bellman, et al., Top M
American Management Association, 1957.

Thomas, Clayton J. and Walter L. Deemer, Jr., "The Role of Operational Gaming in

Operations Research,” Operations Research, February, 1957.
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" and categories of usage of computers in industry. In this vay, the role of
simulation can be put in better perspective and the specter of technological

unemployment amongst decision makers (if it exists) can be dispelled.

; this categorization, ve are delimiting our scope from the

scientific and physical engineering applications of computers to those
applications more generally thought of as involving and directly assisting
the management of the organization. This area of application we have termed
the "management process”. Here, there are three major categories of uses to
vhich computers have been put.

(1) A Data-Processing Tool

(2) A Problem-Solving Tool

(3) A Controlling Device
1. A DATA-PROCESSING TOOL

»
Since the first installation of an electronic computer for strictly
business use at Genmeral Blectric in Louisville in January 1954, there has
been a mushroom-like growth in the application of computers to the routine

sutomation of existing information, communication, personnel, and other

tory position and control, production release and imvoicing systems, etec.

Of the $631 million of computers to be installed by June 1959, and the $591
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million on order, it has been estimated that up to 90% of machine time will
“ be used for applications in this category.

It should be pointed out that most of these systems vhich are being
automated, are not being evaluated in the sense that their ability to best
perform the function for which they were designed is itself critically examined.
Most installations are undertaken for the purpose of reducing time in report
preparation or in the attempt to effect clerical savings.

2. A PROBLEM-BOLVING TOOL

The computer is often used as the vehicle for research in comnection with
the design of management control systems, for policy determination and for
'rh.ere is a considerable amount of simulation activity in connection with
such problem solving and it will be the subject of this paper to survey some
of these uses. Generally speaking simulation projects are directed to one
of the following objectives:
(1) System Design and Evaluation
(2) System Research and Planning
(3)

Appreciation, procedural or
study display

Successful development in these areas will lead to the third mejor category

q

of camputer usage.

3. A CONTROLLING IEVICE

Currently, only exploratory pioneering work is being done in using the
1t decision making. In this category of usage

computer directly in manage
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ve may visualize the camputer as &b "oneline" or "ins=line" comtrollers-
operating on imformation received concerning

salés; production, changes in
environment, ete.-=to0 make decisions on personnel requirements, schedules
for production, inventory pricing, etc.; on a day-to=day basis.

70 be effective; such usage involves the building of adequate decisions
making criteria into a computer model of the company or of a component of
it. The challenge facing the would-be designer, of what is referred to as
@ "truly integrated system”; 1s to:

(1)

[ram a camputer t6 become, as .moprutoly a8 possidle,
an on-line coatroller amd,

(2) Make the computer an effective instrument for experimenting with,
end evaluating the effectiveness of, proposed changes in policies,
procedures and plans.

While such automatic decision making (at the level of the firm) is still

s long way off, significant strides are being make in some of the components
and subcomponents of the business. Some of the simulation projects under

the category of "Systems Design and Bvaluation” performed in components of

the business are clearly the forerunners of this nev management control conoept.
One can gain much insight into the nature of future managmment control systems
through study and exsmimation of sueh projects.



Simulation has long been used as an engineering method in the study and
design of mechanisms and controlling apparatus.3 Its extension to the

managerial world has been for three major purposes.

(1) To study complex operating plans and management controlling systems

for the purpose of designing better plans and/or systems.

(2) To study and train pecple in the operation of complex tasks generally
involving machines or mtnmts. Study of that o0ld bugaboo =

human intersction = 15 a major purpose in the use of simulation.

(3) To present proposed changes in such a way that enhances acceptance
of change through better understanding of hov a given system works
or operates. In this way the costly job of installation may be
significantly reduced.

In this discussion, a control system will be defined as a machine and
set of procedures vhich directs, monitors, (i.e., controls) an operation.
An operation 1s defined as an organization of men, machines and information
_ working tovard e stated objective. There are several hierarchies of control

3hvkim, 6. A, & L. K. K. Boelter, "The General Mode of Aualysis in
, ing Education, January 195k.

Goode, H. H., "Simulation - Its Place in System Design”, Froceed
Yol. 39, 1951. AT0CT
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Systenms and they may take differént form in regard to their treatment of

nputs and some manusl inputs. It may have automatic outputs that provide
closed loop inputs, or it may have manual outputs or displays for human
monitoring.

III. TYPES OF SIMULATION
It is useful to further categorize simulation in regard to the presence

or absenice of competition in the basic model. A situation, under study,

"involving the interactions of individuals, companies or countries competing

mpetitive Simulation.
Where the system, be it man or organization, is being studied in a changing

enviromment or vith changed system parameters - the term System Simulation

may be applied. Examples of each may be found in the tabulation in the
following section.

TV. ZHE UGE OF SDGILATION TN TRAINING

Man has used simulating devices for many years to train people in the
operation of new machines or equipment where training with the real equipment
in real enviromment is either too costly or dangerous. In this discussion,
mt analysis, we
sball pause cnly briefly to indicate that simulated situstions often involving

vhich is primarily directed to use of simulation in mar

the use of a camputer have been set up to provide training to individuals in
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the operation of management controlling systems or to provide similated
experience in decision making., A moment's consideration will bring out the
importance of this point. We thrust the newly created manager into the role
of operating s large organization without providing him with an opportunity to
be trained in or to experiment with this most costly control apparatus. Simie

appropriate amount of éynthetic experience in decision making.

These range from simple exerciges such as General Electric and Westinghouse
have created to train distribution managers in the reorder rules in inventory

control to the top management decision exercises of m,h IM and UCLA., The

following is a partial listing of some simulation training exsrcises. (A

under "Gemes - Industrial®,)

TIPE OF o
ORGANIZATTON SDRILATION PROBLEM_AREA COMPUTER

Association and Boosz,

General Electric System Distribution None
Inventory

Decision

"On the Construction of a Multi-Stege, Multi-Person Business Game",
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TIFE OF N
ORGANTZATION SDRLATION, EROBLEN AREA COMPUTER

RAND Systea Logistics System ,

Monopologs None

» Developmes ,, Adr Defense

LA Competitive Top Management Medium
Decision

System Bugineering fnall
Economy Classes

iestinghouse B Distribution -

In passing 1t i interesting to summarize the advantages claimed in using
simulation in the management training area.

(1) Permits "cause” and "effect" to be felt.

(2) Alds student in evaluating available information.

(3) Pamiliarizes individual with data needed.

(4) Through "involvement", creates high motivation in student.

(5) Provides familiarity with Blectronic Data Processing.



Simulation is useful in the study of a class of problems wherein the
operating rules, policies, procedures, and other elements that control
production, imventory, etc., are under question. One should like to eémploy
practices that are the best and produce the smoothest, lovest cost operation.
The number of variables involved, the uncertain nature of inputs, among
other things, mike these problems, vhich are referred to generally as a system,
difficult to anslyse. A brief reviev of a few such projects will serve to
illustrate the nature of the model and a

Eestman Kodak has simulated their roll-film spooling operstion using Monte
Carlo methods on their 705 computer. Conditions change continuously in regard
to this cperation, both in the mix of sigze and run of individual products as
well as in the maintenance requirements and equipment design. BSimulation has
been quite useful as the standard means for:

(1) Bquipment redesign
(2) Organization of the operating crev procedures

(3) Maintemance and operating crev sise determinmation
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The model has permitted control methods to be developed so that better
decisions can be made in the iight of continuously changing conditions. This
is but one of several simulations made by the Industrial Enginsering Division.

The General Electris Company is using eimlation to test new concépts and
methods in production scheduling, Bwery production conticl manager kmows that
the methods, priority rules and procedures that ke uses in discharging his
scheduling job have an importast effect oo his compary's utilization of men and
machines and also upon how smoothly the production flows and sérves the customer.

In this model, factory operations are eimmlated to test these decision
rules vhich, in effect, are the scheduling system. Felicies and procedures
concerning machine loading, scheduling, and dispatchiug sre being systematically
tested in the l&boratory'a,nd evaivated in terms of internsl inventory cost, idle
man and machine time and fliexibiiity aand >oet of the scheduling itself. In this
way the trial and error method of actually tryiag, out a new approach will be

avoided. Rowe and Jackson have disvusgad this prrodlem of r!ese&rch.s

5Rova, Ae Joy "pruter Simulation Applied tc Jod Shop Scheduling”, Report of
System Simlation § osium, Co-Spomsorsd by AIIE, ORSA, TDB, Feb, I1¢

Rowe, A. J. and Je. R. Jackson, "Research Pmb:.ma in Pmduction Routing and
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‘i 3.  DISTRIBUTION AND INVENTORY CONTROL MODEL
Inperial Oil has studied an extensive distribution system composed of many
hugdreds of field warehouses in connection with an extensive expansion problem.
The flow of stock under various possible combinations of facility plans vas

studied by simulation and costed. Results of this work were instrumental in

the feasibility of a central warehousing method of operations.
Inventory and distribution problems are particularly complex and inter-
rela.ted and are among the most important problems in managemeént today. It is
understandable, therefore, that we find,considerable activity in the simulation
of various distribution and inventory problems. Seéveral papers in addition to
the above, were presented at a recent symposium on system simulation which dealt

vith this subject’

o 6
better profit from its over-all operations through simulation. The flow of

product was studied throughout the entire system. A flow chart of material

from the point of purchase through operations in manufacturing to transportation

in the distribution system was made. This chart served as the basis for

g a computer. Such factors as changes in volume imposed by the
changes in customer demand, changes in product mix from a scheduling point of

6Report: of Sy;ga Simulstion Symposium, Co-Sponsored by AIIE, ORSA, and TINMS,
Peb. 1958.
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viev, changes in the method and pattern of distribution and storage, changes

in the nuaber and location of manufacturing plants and different expected losses
of product in the manufacturing process could be made in the program put into
the cdamputer.

By studyir

g these changes, it was poesible to find out which factors were
of the greatest sensitivity in producing profit and it was possible to experiment
vith possible changes in any of the factors indicated. Finally, the cospeny
feels that 1t has & realistic mechanisa for planning and controlling its business
systen.

The following is a listing of several simulation projects of the same
general nature as those reported above and the bibliography on simulation at

the end of thé paper lists additional aricles of intereet.

SIMULATTON IN SYSTEMS DESIGN AND EVALUATION

SIZE

Atlantic Refining Inventory & Transportation Medium
of Casing

Eastman Kodak Roll-Film Spoocling Operation Large
In-Process Inventory Large
Elevator Systems, Plant
Layout Study Large
Production Scheduling Large
Supply System Large

General Electric Job Shop Scheduling Large
Profit Planning Simulation Medium

Humble 0il 01l Tanker Scheduling

\ |
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Inperial 011 Distribution System Nediwa

Operations Research QM - Requirement Forecasting Large

Office, The Johns

Hopkins University

Port of New York Design of Bus Terminal Nedium

Authority

RAND Air Porce Logistics Systeam Large
N

Thompson Products Inventory Conmtrol Large

United Air Lines Customer Serviciag - Mediwm

United Steel Cos. Ltd. Bteelworks Fiov Problems Special

Projects in this area differ from the above largely in the fact that they
are oriented more towards the future time frame and Ray consider the effect of
equipment not yet desigmed. Ome of the distinct problems in evaluating the
effect of imtroducing a technological change into an opersting system is the
subtle effect it may produce on operating costs. Lowering costs in one area
often raises costs in other areas. The immense and time consuming Jjob of
assessing these costs has often precluded the systematic study of alternatives.

Computer Simulation can often be used as a means of & g Total Systems
Costs for the change under study. Total system costs provides the most realistic
basis for comparing alternative plans. Two excellent examples of such an

spplication are:
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1. NUCLEAR SHIP EVALUATION MODEL'

This problem, solved by Matson Navigation, compared ships of different
sizes, speeds and power plants in addition to the proposed nuclear vessel
vhose design parameters were alsc %o be determined. The problem was to
determine where such a vessel might fit in the fleet of vessels sérving a
known caygo transportation pattern. A series of expected voyages represent-
"ing more than & year of cperations for the fieet was similated. The cost

and performance characteristics of each ship were entered into the computer

The computer was programmed to keep track of costs, revemue, etc., and
pernitted evaluation t6 be made of different operational plans, different
muclear vessel design parameters and different mixes of types of ships.

United Air Lines has set up and operated a simzlation of the operations at
& large airport on an IBM 704 computer. Several months of actual operations at
an air terminal can be similated in a matter of mimites. If one visualizes the
"flov" of a plane through au airport and all the fartors that determine the total

time spent, such as landing, taxiing, maintenance;, iloading, etc., an idea of the

7Grahn, F. B,, "Determining the Comparative Economics of Nuclear Propulsion”,
Recent, Reaea.mh 1n ll.rithe 'rrau rtation, Publication 592, National
,,,,, I (ST . < 15"

8A1'bem, W, E., "Systm Simlation", Proceedings of the Seventh Aunual National

Conference, AIIR, May 17-18, 1 1956, —= —
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. complexity of the simulation is afforded. There are reportedly some 9,000
instructions in the computer program vhich took scme nine months to develop
after the logic vas vorked out in flov form.

This model involved such structural and emvirommental elements as:
Tine of day;, week, and year
Weather conditions
nce plan
Availability of spare aireraft

Probabilistic factors such as the need for maintenance, the type and
length of reésulting repairs, abseanteeism of personnel and scheduling delays
form the variable background for testing changes in company policies and

practices. For example

or the manpower schedule, and similate operstions under these new conditions.
The camputer is programmed to provide such output measures of performance as
expected idle manpower, expected idle equipment, utilization of maintenance and
berthing facilities. By comparing the expected performsnce in terms of these
outputs with the cost of obtain

ng that performance, decisions can be reached
that produce the best over-all performance of the complex airport system.
Simulation projects of a similar nature are listed belov.

3
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SDILATION IN SYSTEMS RESEARCH AND PLANNING

Air Materiel Command Aircraft Engine Management None
Model

Cal-Texas Oil Company Group Operations Decision None
Model

Operations Research Office,  Army Battalion Tectical Large
The Johns Hopkins University Maintenance

Any comprehensive discussion of research in this area would be prohibitive
in length. Suffice it to say that the simulation spproach is proving quite
useful t6 the basic researcher in more adequately describing problems of &
dynsmic nature. The simulation approach has proved a useéful tool in conserving
our scarce mathematical talents. Often laying out the problem in this manner
" gives s\_;;'-neient structure to the problem to challenge the talents of creative
mathematicians vho othervise might not be sufficiently convinced that there
vas a problem requiring their talents. )

The following listing 1s offered as being indicative of the types of

simulation projects underway.



Operations in Mining Cycle
Tankey Design

Port Operations

Stanford Evaluation of Quality Control

Iﬁ"v‘entpry Control Model

Tufts Production Scheduling
Uo c . tlé A .

data and ypon consideration of the Rany mathematical and statistical problems

that are involved in the construction of o Sueful model. Thoge considering
broad full-scale models as panaceas in the management analysis and decision-




Following this vein, perhaps & listing of same of the more common problems

to be encountered in the use of simulation will be useful to the potential user.

(1) Brosd problems generally require the use of a computer. This can

(2)

(3)

()

(5)

be costly both from & programming as well as an operating point

of viev. For example, one of the large-scale simulations referred

»

Development of considerable nev data 15 generally necessary. The
input distributions required in simulations cannot generally be
derived from existing data sourcés and surveys. Quite often eéxperis
ments must be designed to obtain the necessary data. While costly;
this data collection generally develops other information and

insights of great value.

Very large problems are often unwieldy and hard to progrem. The
interrelationship of factors in the model adds considerably to the

complexity.

In large problems, the task of exploring all the possibilities of
parsmeter changes creates a volume of calculations that may swamp
the analyst. Consideration should be given to analysis before
designing the simulation.

rison of simulation runs, as well as their length, pose statistical

problems requiring the presence of an experienced mathematical

statistician.



—225

(6) The effect of the accuracy of input data should be explored. Analysis
of outputs of a simulation based on input data of unknown or questionable
inputs is difficult.

(7) And finally, in their enthusiasm for this method many analysts have
discovered that simpler methods of analysis may exist. It is well
to search for such methods esrly in the task of problem solving.

It seems clear that modern mansgement is driving continuously toward a
better understanding of the "process” for which it is responsidble. In this
search for lore precise definition concerning what is comtrollable and what is
wicontrollable, it is quite evident that simmilation modeling will be a necessary

control concept based on precepts discovered in the operation of the
research models.

In the future it does not seem at all unlikely that menagement vill have a
in scope to permit experimentation with suggested policy change. Further, the

computer model of its business, rich enough in detail and

model may well be able to adwinister policy more adequately and consistently
than the hman administrator. The decision msker will then be freed for the
more importent task, that of understanding the limitations of the model and

natively for beneficial immovation.



Included in this partial bibliography are publications in the

general area of Systein Simulation, Operational Gaming,
Games, War Games, some selected references in Game

Theory and Related Research. This is not intended to re-
present a complete listing of publications. The biblio -

graphy is organized as follows:

Simulation

Industrial
. Military

Games

Industrial
Military

Game Theory

Related Research
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