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A SURVE ANDDIX IOOIAP

by D. 0. Ylol*

Coputer SiWlation,. or AtLQ. is being used In research
addesign for seeking a better ndriOlding and control Of Whiness

op.erations. Three concurrent develoeats account for the emergence
of ulaulation as a Mnanagement alalysis methodi the heed for mor'.
detailed ad accurate analyss UL the copetitive businsse world, the
developent, of new engineering analysis methods, ad the availability
of high-speed electronic computers.

?ypical simulation projects directed to the following objectives are
discussed:. Systems Design ad Evluation, Systems, bseah and
Planning.. and Training (both Appreciation and Procedural). -in the
Ideas Involved lie the possibility for a new mnagement control con-
cept. It seems likely that managmnent my someday be provided with a.
computer model of the busi"ns -" on. permitting experimentation with
policy MAn procedure canges as veil as evauation of alternative plaNs 41

A bibliopaphy of publicatiams on Itultion, osm i4 included.
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Me role* of the modern indiu trial manager is indeed a coarplex, perplexing One .

Fooperating in the face of uncertainty in our dynamic, aomptitive, nn-iner

AMd probabilistic world, he is called upon to make major innovations and to adjudi-

cate the proposals for cangs that coie from the various function or divisions Of

his total Orgafization. nlis problem of obtaining economic balance, or least-wtotal-

cost Operation as It may also be phrasead, today, as well as in the plans for future

operations, Is most Important to -the success of his coneny. The need for such

balance promises to become even greater in future years as we learn better to use

the informnation ham&1.i and decision-making apparatu made possible through elec-

tronic computers. As MWza writers have indicated, such successful use of cMVuter

may be a, necessa,2y ingredient to corporate sri val.

Computer Simlation,. or ftstea Simlation, is proving to be a useful tool in

this quest for better understAndin~ 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 diepicts

the workings of a large-scale system of men, machines, material and information

operating over a period of time in a simulated environment representative of the

actual real world. conditions. A simuilation project generally utilizes an electronic4

comuter and may operate in *rear" time or in compressed time where the simulated

system pay be operated for several years in but a few hours of computer ti.-

'revised edition of this bibliography vili appear in a forthcoming Issue of
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In effect, the arrival Of simulAtion on the management Walysis scene is depend-

ent on three concurrent dvelopm~s-. We have already touched on the first and

perhaps most Important, the need anddesire on the part of umnagnt to have a More

ccuplete and accurate aaLyuis of alternate courses of action and to obtain econmic

balance in Operations. Little more needs to be said here concerning this point.

The second developoent stem from the use Of engineering syts m lyu5

AMd/or operations Aa~lysis in this management area. Operations Researchers have

found that the nmber of variables, the probabilistic aspects and the servo aspects

of syste under study often defy the use of strictly anialyti~cal or mathinatica-l

methods of analysis.* Simulation of the system or processunestdofnpems

, sufficient alternatives to be evaluated, thus leading to a better, if not optimim,

solution.

The third develo~nant -ski g the use of sivlation a practical tool if the

advent of the high speed electronic eputer. Our disCUSsion Vill be confined to

the use of digital ecouters since they have been found, by and large, most appli-

cable to the class of problem involved.

Since it has often been predicted that camputers wil become automatic decision1-

making devices and indeed many have been purchased with this stimlating and chal-leng-

iz~ go). n mnd itis elitospe.4 fe pagraphs in describing t e current state

2 icciardi, Craft, Malcolm, Bellman, et al., ~~~etDecision SIMla2tion
American Yhaagement Association, 1957.

*Thowa, Clayton J. and Walter L. Deemer, Jr., "The Role of Operational Gaming in
Operations Research," Operations Research, February, 1957.



and categories of usage or computers in industry. In this way,, the role Of

simulat ion can be put in better perspective and the specter of technological

Maloyment amongst decision Makers (if it exists) can be dispelled.

In Aking this categorization, we 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 mnagment of the organization. This area of application we have termed

the *Wingent process".- Here,, there are threte major categories of uses to

vbich computers have been put.

(1) A Data-Processing Tool

(2) A Problem-Solving Tool

(3) A Controlling Device

1. A DATA-POEwI.TO

since the first installation of an electronic comuter for strictly

business use at general Electric in Louisville in January 1954, there has

been a mushroom-like growth in the application of compu~ters to the routine

autcuation of existing infomution, ccinunication, personnel, and other

data reporting systems. This includes suh applications as payroll, Inven-

tory position and control, production release and invoicing systems, etc.

of the $631 mifion of computers to be installed by June 1959, and the $591
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million on order, it had been estimated that up to 90% of machine time will

be used for applications in this category.

It should be pointed out that ost of these systems which are being

automated, are not being evaluated in the sense that their ability to beat

perform the function for which they were designed is Itsel 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&PROD -OV TOOL

The computer is often used " the vehicle for research in connection with

the design of management control system, for policy deteraination and for

training purposes.

There 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 Resear h and Planning

(3) Training A Appeciation, procedural or
study d~splay4

Oaccessful development in these areas will lead to the third wmjor category

of computer usage.

3. A-CWRILDWl

Crretly, only exploratory pioneering work Is being done In using the

cauter directly in management decision makIng. In this category of uag



ve may visualize the coouter as an "on-line or lim-line controller-

operating on information received concerning sales, production, ch-nane in

euvironmint, etc --to Ake decisions on personnel reqirens schedule$

for pro-duction, Inventory pricing, ae.., on a day-to-day basis.

To be effective, such usage involves the building of a~dequate decision-

Making Criteria into a caouter model Of the cdogny or Of a conoent of

it. the ch-aenge facing the iould-be dosigner, of *hat is referred: to, as.

a "tumly integrated syste, It to.-

(1) Program a ccuputer to become,a ~oraeya possible,

an On-line Controller wand

(2) Make the Computer an effective instrtment, for experimenting with,

and evaluating the effectiveness of, proposed changes in policies,

procedures and plans.

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

a long vay off, significant strides a"e being make in sm9 of the omponemt5

and subcamonents of the business. S=m of the simulation projects --nA w

the category of ""estms Design and Uvaluation" performed In comonents of

the business are clearly the forerunmere of this new mnagmnt control concept.

One can gain VAch Insiw Into the nature of futur nsmagmut ec2aro qStin

thzoaib st*d and exemimation, of such projects.



simulation has long been used as an engineering method in the study and

design of mechaim an coto -ig apparatusi. 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 designn better plans and/or systems.

(2) To Study Sad train people in the operation of complex tasks generally

involving machines or instrunents. study of that old bugaboo -

himan interaction d- is a major purpose in the use Of sislulationl.

(3) To present proposed changes in such a way that enhances acceptance

of change through better understanding of how a given system vorks

or operates. In this vay the costly job of installtio;k may be

s1ignificantly reduced.

In this discussion, a control system Vill be defined as a machine and

set of procedures vhich directs,. monitors, (i.e., controls) an operation.

An operation is defined as an organizat ion of aen, machines sad information

working toward a Stated objective. There are several hierarchies of control

3 ftvins, G. A., and L. M. K. Boelter, "1fie General Node of Analysis in
Engineering Education", The Journal of Engineering Eucation,. January 19541.

0o0ds, s. z., "tmuation - its PZuce Un System Design", ProedLC

Vol.e 39,1 1951.



system Ad they MY take differit torn in regard to their treatment of

inputs and outputs. For eXaqle, a control systa m ay have some automatic

inputs and som *nual inputs. It mq have automatic outputs that provide

closed loop inputs, or it may have manual outputs or displays for hwumn

monitoring.

It Is useful to further categorize simulation in regard to the predence

or absence of cdaietition in the basic model. A situation, under study,

involving the interactions of individuals, companies or countries competing

toward comn, interrelated goals may be referred to as CoMptitive -Simulation.

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

environment or with changed system parameters - the terns ftstem-igulat-p

may be applied. NxaMU&e of each my be found in the tabulation in the

following section.

IV. TUl - OF BINJAflON fI T"hMl

Fhn has used simulating devices for sma years to train people in the

operation of nem machines or equipmsnt where training with the real equi:paent

in real enviromnt is either too costly or dangerous. In this discussion,

which is priarily dietdt s fs lation in managmnt, ana-lysis., we
.shall pause only briefly to iniaetatsm td situations often involving

ths use of a computer have been set up to provide training to individuals In
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the Operation Of muagement controlling systems or to provide simulated

experience in decision making. A mnt'sa consideration will bring out the

UVOrtance Of this Point. We thrust the newly created manager into the role

Of Operating a large orgaiftiation withut, providing hit with an opportunity to

be trained in Or to experiment with this most costly control apparatuis. 51.31-

latiOn exercises have been designed to provide the eftective trainee vith an

aPpVrpIate amount Of Synthetic ex1perience in decision Mak-ig.

ftese range from simple exercises such as General M.ectric and itestinghaus.

bave created to train distribution managers in the reorder rules in inventory

control to the top anagefit decision exercises of AMA, 4 amd UCLIA. Me

following is a partial listing of some simulation trainin exercises., (A

more complete listing of such rnrcilses may be found in the attached bibliopapbv

under *Giae - Industrial".)

TIM3 OF

American MAnagmant
As sociation And Roos,9 TOp MseinMMtAllen and Haiton CopttveiinMedina

Genleral Electric syste Distribution Nn
Inventory

IBM Com~~~~petitive MreigMe.Mdu

Decision

4.Bellmn RichgrdL, C. 3. Clark,9 P. G. Malcolm, C. J. Craft and F. N. Ricari
*On the Construction of a fttiwStage, Malti-Person. Business Game"j,
%~erati~ RWEseach August,9 1957.



TYP'E 01

RAIaSytak Logistics Systaf

fraig Urge

NonapologS soe

Sytem bweist Air Defense
corporation Oystfm System Training SAW

UMLA C .ttive TOP aemen N
Decision

System kgn ria
lconm' Casses

West Distribution
lietric satem Lventory on

In passing it is interesting to si-arize the advantages claimed in using

simulation in the management training area.

(1) Permits "c ause A "effect" to be felt.

(2) Aids student in evaluating available information.

(3) Famliarizes individual with data needed.

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

(5) Provides familiarity with Slectronic Data Processing.



Simulation is useful in the study -or a class of problems vherein the

operating rules, policies, procedures, and other elments that control

production, inventory, etc., are Under question. One should like to emloy

practices that are the beat and produce the moothest, lowest toot operation.

2he number of variables involved,. the umertaift nature or inputs, among

other things, make these problems, which are referred to generally as a systin,

difficult to analyze. A brief review of s, few such projects vill serve to

illustrate the nature of the mwdsl and analysis.

Eastan, Xodalk has siuul ad their roll-filu spooling operation using Monte

Carlo methods; on their 705 computer. Conditions change continuously in regard

to this operation, both in the mix of size and run of individual produot,6 as

vell as In the maintemanee reqciraments ad equipment Gsip. 8aulatica has

been quite useful as the standard means for:

(1) uquipeast redesign,

(2) Organization of the operating crew procedures

(3) Nintemaoe ad operating crew asze teiSlation



The Model has peraitted control methods to be developed so that better

decisions can be made in e light of cou tiuos.y changing conditions. This

Is but one of several sluilatiora made by the Industrial Engineering Divisions

2. MPA1CTON CoIK 10MDE

The General E!ectri, C:v pmy is using simlation to test new concepts and

methods in production scheduling. E417 poduction control Sanager knows that

the methods, priority rules and procedures that he uses in disch&rin his

schedling job have an imortant effect or. his cmpaxyl's utilization of Aen and

machines and also upon how Mothy th pri- o n flows and serves the customer.

In this model, factory operations are simiated to test these decision

rules which, in effect, are the scheduling eysyte. f °iies and procedures

concerning machine loadi', sahedling, and. dispatchxi are being systemtically

tested in the laboratory and evax.ated i, term of n1ternal inventory cost, idle

man and machine time and flexbirity and zcst of the scheduling itself. In this

wq the trial and error method of aatua=,r trjOi,& .t a new approach will be

avoided. Rove and Jackson have disa;sred t Us przt*! of research. 5

5 fowe,A.J. Copter Si ition ied +--J d6 Shiop Schedulng",- P4ertO
_S tion oy h , OA, Are

ve, . J. and J. R. Jackson, "Research P olavbs in Production Routing and
Schduing, e Jqon of Industrial ftiengn Mq-Jme 1.956.
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IMperial oil has studied an extensive distribution system commosed of may

hundreds of field warehouses in connection with an extensive expanision probia.

The flow of Stock under various possible cocmbinations of facility plans waV

Studied by simulation and costed. fResults of this work were instrumental in

determining the feasibility of a. central warehousing Method of operations.e

Inventory and distribution problems a"e particularly complex and inter-

rel ated and are among the most important problems in management today. it is

understanable, therefore, that we find considerable activity in the simulation

of various distribution MAn inventory problems. Several papers in addition to

the above,, were presented at a recent symposiumn on system simulation %hich dealt

with this 6ujet

television tube manufacturing cempany has eplored ways oobAin

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

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

from. the point of purchase through operations in zuifacturing to trnsportation

in the distribution system vas made. ThisA chart served as the basis for

ploga Ing a computer. Such factors as chanxes in volieipsdb h

changes in custimr damand, changes In product Nix from a scheduling point of4

6Report of System Simlation Sy mosimv, Co-Sponsored by AI33E, ORSA,- and TINS,
Feb. 1958.



view.. changes in the method and pattern of distribution and storage, changes

in the ninber and location of manufacturing plants and different expected losses

of product in the manufacturing process could be made in the progrm put into

the couter.

By studying these chaages,, it was possible to find out which factors vere

of the greatest sensitivity in producing profit. and it was possible to experiment

with possible changes in any oflefctr niated. Finally, the companuy

feels tlt it has a realistic meaobanima for planning and controlling its business

systaft.

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 the paper lists additional axticles of interest.

SDRULATION IN SYTERS DESD?,N AND EVALUATION

SIZE
OMAIZAIONSYSTM S IULATED cow!7E

Atlantic Refining Inventory & T'ransportation Medium
of Ca-sing

Eastman Kodak Roll1-Fila Spoollmg Operation Large
In-Process Inventory Large4
Elevator Systems ' Plant

Layout Study Large
Production Scheduling Large
supply system Large

Profit Planning Simulation MediumI

Humble Oil Oil Tanker Scheduling



QGn-ZTO SY- M1 WL0Z NCPB

Iperial Oil Distribution Systom Medium

Operations Pesearch Q(- lequirmnt, Forecasting IArge
Office, Te :on
Hopkins tiliveruity

Port Of Nev. ork Design of Bus Terminal siu
Authority

RAMD Air Force Logistics System Large

Thmpon Product- Inentory controlLag

United Air Lines Custmr Servicing medium

United Steel Cos. Ltd. Steelvorks Flow Problian special

VI. -M OF S23PILAMIO I WM

Pro~ects in this area differ fran the above largely in the fact that they

are oriented more toverds the future time from and may consider the effect of

squipment not Yet designed. One of the distinct problem in'evaluating the

effect of introducing a technological change Into an operating system is the

subtle effect It may produce on operating costs. Lovering costs in one area

often raises costs in other areas. The 1xmense and time consunog Job of

assig these costs has often precue the systematic study of alternatvs

Couter Simulation can often be used as a Meas of deteminng ota Sustems

Costs, for the changSe under study. Total system costs provide theq most realistic

basis for carng alternative plows. %Vo ezcellmmt exaMples of such an

application wre:



Thi problem, solved by matison Navigation, compared ships of different

sizes, speeds and power plants in addition to the proposed nuclear vessel

whose design paraeters Vere also -to be determized. The problem Was to

determine where ouch a vessel might fit In the fleet of vessels serving a

known ca~rgo transportation pattern. A series of expected voyages represent-

lag more than a year or cperationh for the fleet vas sib~lated. fte cost

and performance charateeistics of each ship were entered into the cmuter

and the fleet vas operated accordling to predetermined assigment rules.

The cotputer vas progrmmd to keep track of costs,, revenue,, ae., ad

permitted evaluation to be made of different operational plazas, different

nuclear vessel design paramters and different mixes of types Of ships.

2. AIMEO10 S-lO 8

United Air Lines has set up and operated a sinaflation of the operations at

a large airport on ana 13. 704~ ca~uter. Several wnths of actual operations at

an air terminal can be s!znzlted in a matter of inimates. if one visuaizes the

"flow" of a plane through an airport awd all the farntors that deteradne the total

time spent, such as landing, taxi~ing.. maintenance, loadingp etc., an idea of the

7Grahm, F. B., "Detiezu Jnza the Camarative R.onucs of Miclear Prcopulsio"
! tRsac ndie ar ortatq*Pbli5, Naional

Alrt., W. E.0 "Brsta"s SUmRlation", Procegs o tventh A u l,0atinalm
2Co-nreceAIII, MW 17418P 1956.



complexity of the simu.lation is af forded. There are r-eportedl y same 9,.000

Instructions in the computer program which took some nine months to develo~p

after the logic vas worked out in flow form.

2his model involved such structural and environental elements as:

Time Of day, week, and Year

Weather conditions

NAintenance plan

Availability Of spare aircraft

Nans wr schedue

Probaibilistic factors such as the need for maintmence the type and

length of resulting repairs absenteelms of personnel and scheduling delas

torna the variable background for testing changes in company policies and

practices. For exm, ,umnagament, can change the niuber of spare aircraft,

or the smpover schedule, and simulate operastions under these new conditions.

The camputer Is progrmmd to provide such output measures of performance as

expected Idle manpover, expected idle eqr~ppent, utilization of maintenance and

berthing facilities,. By comaring the expected performne in term of these

outputs with the cost of obtaning' that performance, decisions can be, reached

that produce the best over-oil performance of the clomplex airport systam.

04muation Projects of a similaa-r nature awe listed below.
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Air material command Aircraft SngineMaaentNn

Model

Ca-Teas" Oil CKanY Group Operations Decision None
Model

Operations Research Office, Anmy Battalion Tactical Lawg
The Johnas Hopkins University Maintenance

VII.- AT tIETESAOuQinW I~E

Any comrehensive discussion of research in this area would be prohibitive

in length., Suffice it to say that the simulation approach is proving quite

useful to the basic researcher in more adequately describing problems of a

dynamic nature. The simulation approach has proved a useful tool in conserving

our scarce mathematical talents. Often laying out the problem in this manner

gives sufficient structure to the problem to challenge the talents of creative

usthematicians mho otherwise alt not be sufficiently convinced that there

vas a problem requiring their talents.

The following listing is offered ao being indicative of the types of

simulation projects underway.
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Cau in~es Operations in Miing Cycle

University TutrDsg

Port Operations

M.I.T. Inventory Control MOde
vehiculsar Traffic

plain of Quality Control

T~ftsProduction 
Scheduling

Warehouse layout

Perhaps the 'moot dramatic aspects of system simulation lie in its abilityto reproduce the worklnugs of large scale systum. wile Such abtospo~m
are of great nteret, It should be 'borne In mind that their sucesis pendezut
on having Performod Mmy mailer 8l=11atione for experienace.- upon adequaeipu

data ~ ~ ~ ~ 1 an p n c a ~ e~ a Of the many m t h mat:Lc l and ta ti t c l P o l mthat Are involved in the construction of a suefu mt ode. Thsia conside _

bro A f ll- cal mo ele aspan aeas in t he M anagmejt analysi and decision-.maigareas are veIL advised to engag in smaller projects at the outset. Mhixwill prevent certain 4isiiusiw,.t and make for 'L mor menn-rsach
progrMe.



Foll oving this vein, perhaps a listing of scje of the more comon. probems

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

(1) Broad problem generlly require the use of a cewputer. This can

be costly both from a programing as weil as an operating point

of view. For exaole,. one of the largem-scale simulations referred

to took over tvo years to beam operation1al.

(2) Developent, of considerable new data is generally necessary. The

inpuit distr'ibutions required in simulations cannot generally be

derived frcun existing data sources$ and surveys. quite Often exgperi-w

ments nust be design~ed to obtain the necessary data. While costly,

this data collection generally develops other information and

insights of great val~ue.

(3) Very large problems are often unwieldy and hard to program. Thie

interrelationship of factors In the model. adds considerably to the

ccwleziLty.

(4i) In large problem, the task of exploring al-I the possibilities of

parmeter changes creates a volum of calculations that may swV

the analyst. Consideration should be given to analysis before

designing the simulatIOn.

()Cmprison of simulation runs, as well as their length,4 pose statistical

problem requiring the presenme of an experienced mathematical



(6) h~e effect Of the accufacY of input data should be explored. Analysis

Of outputs Of a 8im lation based on input data of unknown or questionable

inputs is a±fficult.

()And finally, in their enthusiam for this method many analysts have

discovered that iftiler mthods of anal.ysis may exist. It is ven-

to search for such inthods early In the task of problem solving.

31. TU 01"W_00OU4OO

It seems clear that modern management is drivin oontirmusly toward a

better understanding of the "Process" for which It is respousible. in this

search for more precise definition concerning what is controllable and what is

uncontrolable, it is quite evident that sisulation modeling vini be a neceslsay

research approach. An the answers unfold ve shall gradually see develop a new

inaagm-nt control concept based on precepts discovered in the operation of the

research model s.

in the future it does not seem at all unlikely that managemsmnt ill have a

coqiuter model of its business, rich enough in det--- a ci n y oirhesive enough

in scope to permit experimentation with suggested policy change. Further, the
modl ayvel be able to adinister policy mre adeqatl anIovitnl

thaa the bwmn administrator. fedecision maker will then be freed for the

more Important, t-asko that Of UndarsteMang1 the, Uxi3tations Of the model and

In searching lInamtvely for beneficial. imnvtion.
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BIBLIOGRAPHY ON SIMULATION

Included in this partial bibliography are publications in the
general area of System Simulatiori, 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

In dustrial
* Military

Games

Industrial
Military

Game Theory

Related Research
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