Dr. Kermit Gordon
Program Director
Economic Development and Administration
The Ford Foundation
477 Madison Avenue
New York 22, N. Y.
Dear Dr. Gordon:
b o ;

This is a second report sf work deme under the Fard Foundation
grant of May 31, 1957, to the M.I.T. School of Industrial Management for
developing the field of industrial dynamics. The previous report was
dated December 15, 1958.

We are nearing the end of what I consider the first phase of
our program, and in the near future will be concentrating on work of a

rather different character than has occupied our attention thus far.

The first phase has dealt with fundamentals of methodology, the farmu-

@ ?ucoﬂ
lation of dynamic models o%%g; strial situations, the development of

basic¢ teaching materials, and gthe establishment of some introductory
courses in industrial dynamics. To éﬁ;;aniee this first phase, I am

nearing completion of a first book on the dynamics of industrial and

economic systems.

The second phase, which lies immediately ahead, will deal
with more advanced and complex industrial situations, with the gynamics
of economic systems, with the policies and organizational forms that
can improve the growth and stability characteristics of industrial
activity, and with the application of industrial dynamics to actual
proplems of industry.

A. First Phase.
1. Educational Program.
In addition to the first-term graduate course reported last

time, a second graduate term has been added to the industrial dynamics
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series. This makes available to our graduate students a full academic

year, meeting for three class hours per week,on the dynamics of industrial

v,
systems. The subject matter covered is indicated by the agcompanying

Ga&ao%ing7£f memoranda and reprints. In addition,'MMn”do class projects
in the formulation of models of industrial systems and the simulation of
these models using the IBM 704 computer.

In the fall of 1959, industrial dynamics was offered for the
first time as an elective in our undergraduate program. About teenty
seniors took the subject. The material was essentially similar to that
taught in the first graduate term, and qualified the students to régister
for the second-term graduate subject.

Industrial dynamics has been continued in the program of the
Sloan Fellows for seven weeks at the beginning of the fall term. This®
has given the Sloan Fellows enough background so that several of them
have been able to embark upon very interesting thesis studies in this
area. An appendix to this report contains abstracts of a number of
these master's degree theses done by the Sloans.

There are now six men on the staff of the industrial dynamics
group who are working toward their doctorate degrees and who will be
doing doctorate theses in this area.

We have continued in 1959 and 1960 to offer a two-weeks'
special summer session in industrial dynamics for men from industrial
companies, government agencies, and other academic institutions. This
is part of the regular M.I.T. special summer session program. The
announcement of the 1960 session and the outline of the course are included
in an appendix. As given this year, the subject is similar to, but an
improvement upon, that which was reported #e=geu in December, 1958.

2. Methodology.

Methods have been developed which seem capable of dealing
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expeditiously with the flows of information, money, men, orders, capital
. equipment, and materials in industrial operations. Memorandum D-46 in
the accompanying collection discusses this approach and some of the other
memoranda illustrate its usage.

A very important part of our program has been the development
of the DYNAMO II compiler. This is a system for the automatic programming

of dynamic industrial models for operation on the IBM 704 computer. This

mekes it possibly to go automaticallqband in a few minutes of’computer tim%,

from the initial equations describing an industrial situation to the final
plotted results of what the policies represented by the equations imply

for system behavior. This makes continuous changes and improvement of
models possible. It also places the dynamic model involving as many as

a few hundred variables within the reach of a student doing even a master's
degree thesis. Minor improvemehts in the DYNAMO compiler will continue, but
it is considered satisflactory for the present without further major
revision. IBM is now replacing the 704 computer at M.I.T. with a 709,

and the DYNAMO system has been modified to correspond.

Research hﬁs begun recdntly in some of the complex and subtle
ramifications in the use of noise and uncertainty in dynamic models.
This has not yet progressed far enough for reporting.

3. Formulation of Industrial Situations.

Much of the actual model construction thus far has been devoted to
the formulation of typical industrial situations. Some of these have been
done as staff research and others as theses. They have been aimed at
shaving the extent to which the commonly accepted organizational forms and
managerial policies can bead to many of the difficulties which we observe

in the management of industrial enterprises. This work has identified
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many of the kinds of pfoblems which arise from the interactions within
complex systems. The wqu during this first phase has not gone far in
j determining how the performence of industrial systems can be improved,
except that it has been frequently demonstrated that major changes and
improvements are possible.
Lo Book.
The first phase of our program is being organized into a first
volume on industrial dynamics, which’IAhave wew near completion. It will
be published by the M.I.T. Technology Press and the John Wiley Cémpany.
I hope to have this ready for the publisher in the fall of 1960, and it
should become available in the summer of 1961. The accompanying collec- i o
tion of memoranda contain first dréfts of some of this materi&l.ﬁigfis

being extensively revised and extended as it is being converted to book

form.

B. Second Phase. ;
During the next :);ea,r, we will be -t/‘:mmm the activities in

the first phase, and will be re-directing our activities to the second phase

>;f our program. The second phase will include the follbwing:

1. Formulation of ModeIs of aore pifficult zxd'ustria]. itua‘tions.

The work thus far has dealt largely with the steady-state
dynamic fluctuation of manufacturing, distribution, and inventory systems.
There has been only a little treatment of corporate growth and other
transient phenomena. We are now beginning to work into areas of growth,
the acquisition and training of personnel, market dynémics, pricing, and
c ompetition.

2. Economic systems.
As reported previously, we have been carrying on an exploratory

program in the dynamics of economic systems in which we plan to treat non-

linear systems of several hundred variables and larger. Progress has been
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to the subjects
slow because most of our staff have been devoting their attentionpAlisted
under Bhase One, above. We now have an expanding number of doctorate
students who are interestelin the dynamics of economic systems, ahd expect
that this work will accelerate.
3. Application of Industrial Dynamics to Proplems of Industry.

Mosf of our work thus far has been in the devel me?t of
methodolog& and the exploration of typical industrial’éégézgzgasl The
time is now at hand to give i creased attention to the application of
these methods in actu%;QGiEZigéél situations. This calls for the
tailoring of models to the particular problems of a specific company or
industry. It also means the design of system improvements. The work
thus far has shown how present policies and present organizational forms
ean lead to many of the presently observed difficulties. The next step
is to show what changes in policy and organization can iead to more
desirable industrial system behavior. This has been started in a'modest
way in connection with the research study sponsored by the Sprague Electric
Company. A second company project, sponsored by the Digital Equipment
Corporation of Maynard, Massachusetts, will deal with the dynamics of
corporate growth. This latter study will interrelate market dynamics,
the acquisition of technical personnel, financing and tax policies, capital
equipment acquisition, and sales effort to show how these interact to affect
growth in sales and profits.

We hope to make similar arrangements with one or two other organi-
zations to round out the diversity of real-life problems to which we are
applying the methods thus far developed.

C. Staff of the Project.

,mww/
The total number of staff has not chasged appresiably since the
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report a year and a half ago, although there has been considerable change
and substitution. At the present time our greatest strength lies in the
group of men who are full time members of our staff and at the same time
are working toward the completion of their doctorate degrees and doctorate
theses. TWESS®we We now have six such men on our industrial dynamiss
staff who have had prior training in the dynamics of information feedback
systems and who are intemmely interested in the extension of these ideasyq

into the industrial and economic areas.
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Massachusetts Institute of Technology Office of the Summer Session
Special Summer Program 15.21s
INDUSTRIAL DYNAMICS

June 14 through June 24, 1960

ROSTER OF REGISTRANTS

Mr. Berend M. Beins Mr. James W. Hart
Shell Development Company Westinghouse Electric Corporation
Emeryville, California 3 Gateway Center

Pittsburgh 30, Pennsylvania

Mr., Louis W. Brummer :
The Chemstrand Corporation Mr. Sanford M. Isaacs

350 5th Avenue __Service Bureau Corporation
New York 1, New York Franklin Street

Boston, Massachusetts

Mr. Edward J. Carstens
Industrial Engineering Division Mr. Arthur F. Martin

Kodak Park Works Hercules Powder Company
Eastman Kodak Bivisio ﬂbz; -~ 900 Market
“Rochester &4, New York Wilmington 99, Delaware

Mr, William C. Chester Mr., Ravi N. Mayor

-

New Brumswick, New Jersey
Mr. Howard W. Megee
Dr. James L. Fisher General Motors Corporation
Shell Development Cqmpany ~ 12-165 General Motors Building
~ Emeryville 8, California Detroit 2, Michigan

_Chico Manufacturin Watkins Mayor & Company / ...
1 George Street , - Jullundur City, INDIA A (jé

Mr. John J. Flynn

Pratt & Whitney Aircraft
400 Main Street

East Hartford 8, Conmnecticut

Dr. Bernard Goldberg Mr. Arthur F. Pond

Shell Development Company __Monsanto Chemical Company
3737 Bellaire Boulevard -~ Plastics

Houston 25, Texas Texas City, Texas

*Mr. Hans S. Gruenberg Mr, Max H. Post
National Biscuit Company ‘Texas Instruments, Inc.
P. 0. Box 29 Exchange Bank Building
New York 17, New York ‘ Post Office Box 7045

Dallas 9, Texas

Dr. Charles H. Harry
Department of Navy Mr. J. Cecil Rowe
Bureau of Naval Weapons General Electric Company
Washington 25, D. C. ~~ Marketing Research #479
Nela Park
Cleveland 12, Ohio




INDUSTRIAL DYNAMICS (cont'd.)

Mr. Hugh W. Schwarz
_Minute Maid Corporation
1200 West Colonial Drive
Orlando, Florida

Dr. Leonard V. Sloma

Roy C. Ingersoll Research Center
Borg-Warner Corporation

Wolf and Algonquin Roads

Des Plaines, Illinois

Solomon
Data Systems Operation
t - Department 313

Mr. Richard W. Van Duyne
West Virginia Pulp and Paper Company

~ 230 Park Avenue
New York 17, New York

*Accompanied by wife







—>D-48, "Méﬁaganent and Management Seience," Jay W. Forrester, June 1, 1959,

"Iﬁdustrial Dynamics, A Major Breakthrough for Decision Makers," Harvapd
il Business Review, Jay W. Forrester, Vol. 36, July-August, 1958.’

D-46, "Models of Dynemic Behavior of Industrial ang Economic Syst/ems_--A
Section of Industrial Dynemies Class Notes," Jay W, For‘rester_, August 1, 1959,

L D-41, "Standard Symbols for Industrial Dynamics Flow Diagrams 4" \
Jay W. Forrester, May 15, 1959,

> D-34, "Equations for Production-Distribution System--A Section of Industrial
Dynamics Class Notes," Jay W. 'Forrester,‘March 10, 1959.

D-42, "Additional Information on the Illustrations in the July 1958

g Harvard Business Beview Article--A Section of Industrial Dynemies Class
Notes," Jay W. Forrester, October 27, 1959.

"Advertising: A Problem in Industrial Dynamics," Harvard Business Review,
Jay W. Forrester, Vol. 37, March~-April, 1959,

!(/- D-49, "Equations for Advertising in the Production-Disiribution System in

the July 1958 Horvard Business Review Article,” Jay V. Forrester, August 19, 1959.

D-31, "Description of the Model of Production, Scheduling and Customer Delay \
as Uéed in the 1959 Summer Session," David J. Howard, August 24, 1959.

~62, "An Industrial Dynemics Study of an Electironic Components Manufacturer,"
?
Willard R. Fey, Jamuary 4, 1960.

1
—— D=47, "DYNAMO II, an IBM 704 Program for_Generating Dynamic Models,
" P. Fox, July 24, 1959. :
YNAR
—= D«53, "Procedure for Consiructing ond Submittin§ a Model to be Run by D
David J. Howard , January 11, 1960 (D-35 revised).

s ® n
—> D-60-1, "DYNAMO IIA: Addendum to Industriel Dynamics Memo D-47," G. Duren,
P. Fox, A. Pugh, May 31, 1960.
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THE FORD FOUNDATION
477 MADISON AVENUE
NEW YORK 22, N. Y.

being made in response to
November 9, 1956, endorsed by
molified by this letter.

« If there are any points
that need slarifieatien, er if you vish sdditional informatiom,
please do not hesitate to communieate vith us.

mz«mmunuucmnmmtum
umm«mmm,k.nmu.m,u
mmmwumun-udmmmm
’ in ascordanse with the baheminie

,000 in 1957; »000 in 1958; $80,000 in 19%9; »000 1a 1960
and $30,000 in 1 + It is expested that the Seheol of Industrisl
muu-ummmuobmnm.m-owm
ucﬂcr\ommomhmnalmlnmmw
.mm"lmo

mw«mmtu-,-yxuummun
for the suscess of this progrems.

Sineerely yours,

Jrephdls e bai




THE FORD FOUNDATION
477 MADISON AVENUE
NEW YORK 22, N. v.

TERMS OF GRANT

Date: ey 3, 1997

i Amount: $27$,000

Gaairidge 39, Mssashwsstts P st

Expenditure of Grant Funds: The grant is for the purposes stated in the attached Latter
of Grant Notification, and is subject to modification only with the Foundation's approval.

Reversion of Grant Funds: The grantee will return to the Foundation any funds:

(a) Not expended in accordance with the conditions of the grant and within the period
stated;

(b) If the grantee loses or is denied its exemption from Federal income taxation under
Section 501(c)(3), formerly 101(6), of the Internal Revenue Code.

Reports to the Foundation: The grantee will furnish the Becretary of the Foundation

with a written report upon the completion of the project or program for which the grant

has been made. Where the period of the grant exceeds one year, the grantee will furnish
interim reports, as requested by the Foundation. These reports will contain such informa-
tion as may be necessary for the Foundation to determine that its grant is being used for the
purposes intended and for the Foundation to fulfill its own public reporting responsibilities.

Public Reports: The Foundation will announce this grant in a general press release, which
will appear about two weeks after the next quarterly meeting of its Trustees. However,

your public relations department is free to make an initial announcement any time at your
convenience after receipt of this letter, and without prior clearance by us. The Foundation's
Office of Reports would like to receive copies of the release and photographs, film scripts,
or any published material about the grant or the work it has made possible.

Commitment: This grant is made with the understanding that the Foundation has no obliga-
tion to provide other or additional support for the grantee, unless otherwise stated in the
accompanying Letter of Grant Notification.

FF-027-A
(Revised 3/1/57)
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SCHOOL OF INDUSTRIAL MANAGEMENT

ESTABLISHED UNDER A GRANT FROM

50 MEM
THE ALFRED P. SLOAN FOUNDATION, INC, MO IR

CAMBRIDGE 39, MASSACHUSETTS

December 15, 1958

Dr. Neil Chamberlain
The Ford Foundation
477 Madison Avenue
New York 22, New York

Dear Dr. Chamberlain:

The Ford Foundation requested that we submit annual reports on
vork under the grant vhich was made a year ago to MIT for developing
the field of Industrial Dynemics. This letter is intended to serve
as such a report, but if you find that it is not suitable for your
purposes, I would appreciate your suggestions on any other informa-
tion which would be helpful to you.

For a general description of the field of Industrial Dynamics
and ite goals, I refer you to the enclosed article, "Industrial
Dynamics--A Major Breakthrough for Decision Makers" by Jay V. Forrester,
from the July-August 1958 issue of the Harvard Business Review.

In general, progress has been more rapid during the last year
than we had anticipeted. Our Industrial Dynamics research and educa-
tional programs have both advanced further than origimally expected.
Much interest among industrialists has been shown in our program and
the student enthusiasm has deen high. On the research side, a basis
has been laid which should make this coming year's work especially
effective. A number of new staff members have joined us this fall,
and they should inerease the stature and competence of the group.




-

1. Idusational Program
(a) Industrial Dynamics Graduate Course

Last fall Professor Joseph V. Yance began teaching a graduate
gourse in Industrial Dynamics. This was well received by the students.
An outline (Subjeot 15.581) is attached. The course was repeated in a
modified form in the spring term and will continue to be given in up-
dated form.

(v) During the last five weeks of the spring term, I taught Industrial
Dynamics to the Sloan Fellows. There were 36 men in last year's group,
and they were divided into two sections of 18 each. Such a group is small
enough for active discussion and individual participetion. These men
are between 30 and 40 years old, sent for a full calendar year by their
companies, and are an intemsely interested, challenging group.

For the new Sloen group this year the Industrial Dynsmics series
was moved to the fall schedule to avold conflict with thesis. The work
was expended to seven weeks of three class hours a week, plus an hour
and & half of laboratory.

1 have been much encoureaged by the active interest and participa-
tion of the Sloan group both in class and in thesis work. One of the men
from last year's group (from Hughes Aircraft) reports that he has re-
ceived company suthorization to set up within the company a group for
starting an analysis of the dynamic espects of corporate management.

{e) Senior Executive Program

This fall, for the first time, Industrial Dynamics is being
included in our program for Senior Executives as a sequence of four, two-
hour lectures.

(4) Susmer Program.

During the last two weeks of August we gave a special summer
program in Industrial Dynamics for men from govermment and industry.
Sixteen highly qualified participants attended. I am enclosing an
emmouncement of the session, & list of participants, and an ocutline
of the material covered. It was highly successful. Although it was
a major effort, we probably will plan to repeat it next year with newly
and better prepared background material so that the work can be carried
further. In two veeks one cannot aspire to create experts in the
subject, but rather to give the men sufficient understanding that they
feel competent to judge the potentialities of the approach for their own
organisations.
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{e) PFuture Academic Courses

During the next year, we foresee developing additional graduate
gourses in the field of Industrial Dynamies.

Also, in time, we can expect a series of undergraduate courses
growing out of the Industrial Dynamics research. These would be designed
as & unifying framework to tie together and show the interactions between
the subjects taught in other management school subjects. Such & series
could be thought of as supplying to the field of management the kind of
foundation that physics provides for engineering.

2. Hesearch Activities.
(a) General

Moch of our time last year was devoted to clarifying the methods
which we think appropriate for the construction of dynamic models for
representing industrial and economic behavior. Enclosed is a rough draft
of Part I of Memorandum D-16 on "Formulating Quantitative Models of Dynamic
Behavior of Industrial and Eeonomic Systems® which I wrote last spring.
This, along with Part II which should be completed in the next few months,
will show our approach to the analysis of time varying ecopomic and corporste
bebavior. By way of illustration and in the absence of Part II of D-16,

I am attaching Memo D-23 which lists the 57 equations (without explanmation)
that represent the production-distribution-advertising-market system illus-
trated in the Harverd Business Review artiecle. A detailed discussion of
these equations constituted the central theme and illustrative example for
the Summer Session course and the series taught to the Sloan Fellows.

(v) Digital Computer Programs

We have also made substantial progress in the expeditious handling
of models of this type on the IBM 704 computer. For nine months we bave
been using a first design of an sutomatic computer programming system
designed for our type of work. By December or Jamuary we expect to bring
our automatic programming techniques to a point where the model builder
can go direetly from his equations, punched on cards in their original
equation form, to the sutomatically plotted results which he desires with-
out interposing any time delay or effort devoted to computer programming.

This should facilitate all of our work and, by making the 704
computer readily sccessible wvithout extensive digital computer training,
it should enhance the scope of thesis research.




{(¢) Theses.

Several interesting Master's degree theses have been done in
the Industrial Dynamics ares during the last year. (1) One study was
on the organization and fluetuating behavior of the textile industry.
(2) Another by Abraham Katz, a Sloan Fellow from RCA, explored the
basic underlying fundamentals which lead to success or failure in the
management of military research and development contracts. This thesis,
especially, has attracted much attention as a way to organize and inter-
relate the body of deseriptive knowledge about a pressing national crisis
arising from our low efficiency in using research and development man-
pover. Mr. Edward Roberts, on our staff, is continuing this analysis as
a part of the Ford Foundation project. b) Two of the theses explored
the mathematical and methodicalogical defects which exist in some of the
economic model work found in the literature.

Two men doing Master's degree theses in Industrial Dynamics
last year had previously completed their doctorate programs in physics.

A selected list of thesis titles in Industrisl Dynamics is
appended.

(@) Dynamies of Economic Systems.

Last Pebruary John Enos, Assistent Professor of Marketing,
transferred to the Industrial Dynamics program to start our work on
dynamics of economic systems. This was delayed by preparations for the
summer session but is now underway with the help of two full-time research
assistants, Michael Spiro, a doctorate candidate in the Econcmics Depart-
ment, and Theodore Parker, now ccmpleting & Master of Science degree in
Electrical Engineering and planning to register for doctorate study in
economics next fall. Here the approach will be from the direction of
descriptive economics, undertaking to cast into formal, gquantitative,
mathematical relationships our existing descriptive and intuitive knowledge
of economies. This leads one immediately into complex, non-linear, probably
unstable, systems. The area is one vhich has received little research
attention thus far and we anticipate high returns for our effort. Success
is, however, less sure and will be further away than in the analysis of
corporate and industry operations.

(e) Dynamic Interactions in the Consumer Market.

An offshoot of the Ford Foundation Industrial Dynamics project
has taken root in the MIT Sehool of Industrial Management Marketing
Group where it is financed by other research funds. This research is to
explore the dynamiec, quantitative interactions between advertising, demand,
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L | consumer inventory, price, market saturation, ete. It should lead to a

generaliszed model of market behavior covering new product introduction,

- sales growth, market maturity, and sales decline. Such a generalized

J_ model would contain the importent intrinsic market factors. The designa- 1
i & tion of particular product end envirommental characteristics would adapt it |
to a particular product.

ferior (f) Special Studies.

am Several studies have explored particular subjects, largely for |
B | the purposes of training and the development of techniques. Professor |
Yance has formulated & dynamic model of price, ordering, inventory and i
" . supply interactions in the hide and shoe industry. Also, he has added
some aspects of price behavior and demand elasticity to the system described
—_ in my larverd Busipess Review article. Professor Encs added some aspects

| of capital investment to that same system.

= (g) Research Sponsored by Industrial Companies.

S Part of our program is to encourage special studies directed at
k| particular industrial problems to be sponsored by industrial organisations.
One such is now active in cooperation with and financed by the Sprague
i Electric Company. With them we are investigating mansgement problems
| connected with a line of electrical components consisting of some 10,000
I’ catalogue items. The study is of a research nature to explore the inter-
i actions of factory lead tim, inventory management, delivery service to

- customer ordering policies, and competitive companies. An interesting

i facet of this problem, which also occurs in meny other industries, is the |

el fluetuation of incoming orders which is a reflection of the actions of the !

k- | company itself. As deliveries slow down, customers order further in advance f
I ereating an apparent incresse in demand. This slows down deliveries still

A further until employment is built to levels higher than justified by the

actual demand for the product. An industry-wide eyclical demand pattern

il o thereby results from the employment and inventory policies.

3. S%aff of ihe Frolect.

The staff of the project has now grown to four assistant professors,
two research associates, five full-time research assistants, and a digital
- computer programmer. My own time for directing the program is provided
from the Sloan Research Fund of the School.

Biographies of the present staff are given in the appendix.
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Present staff duties are as follows:

Professor Enos, assisted by Parker and Spiro, dynamics of
economic systems.

Professor Greenberger, assisting with Industrial Dynamics
instruction of the Sloan Fellows, major research ares not yet selected.

Professor Hadley, essisting with Industrial Dynamics instruetion
of the Sloan Pellows, research into the problems of amoothing, averaging,
and extrapolation, and the effect of nolse on the usefulness of information
used for reaching management decisions.

Professor Yance, teaching the graduate subject 15.581 on
Industrial Dynamies for our regular graduste students, extending his work
on the hide and shoe industry to include seasomal effects.

Mr. Fey, assisted by Reis, working on the cooperative Industrial
mmhmwwmwnntncm.

Mr. Roberts, continuing the research started last year by
Abrahem Katz on the underlying dynsmic prineiples controlling the success
and failure of research and development management.

Ammmmmwmmmﬁzmmmm
in the caliber of applicants for staff positions in the Industrial Dynamics
work. Interest in the subject has developed to the point where it is
“Mm‘r umummwmﬁmmmunwa
at .

The MIT Economics Depariment has been very helpful by referring
toum«uwmmmmmmwwmww
and wvant full-time staff positions while carrying on thelr study programs.

4. Euture Progream-

wmzwmmmmummmmmmm
vays:

- First, is the development of basic theory, principles, and
techniques. In this category are such items as the sutomatic computer
Wa«ammmmmo:mmwmium
data.

mmwumtofrunltiahﬂwpatmimmtuuf
company and industry situations to show industrial executives the possi-
bilities for analysis of industrial behavior and corporate policy. The
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objective of this phase is to encourage similar work on particular
practical cases within the companies themselves, as cooperative company-
sponsored research programs involving the company and the School of
Industrial Management. An example of sush exploratory studies is my
article in the Haxvard Businsss Revigy and the work on research and
development management by Roberts. The Sprague Electrie project is an
example of how these studies should develop into activity within
industrial companies.

The third area for using Ford Foundation funds is the dynamics
of economiec systems. laying the foundation for this work under the Ford
Poundation grant is of tremendous importance and is an activity whieh is
initially less likely to attraet industrial company support. Once a
foundation has been established for a new approach to economic behavior,
we anticipate that the financial support of the work can be broadened.

I hope that you will feel as we do that the results of the first

year are encouraging end show promise for the future. Please let me know
if there is any other information whieh would be helpful to you.

Sincerely,

Jay ¥W. Forrester
JWF:KDB
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“Industrial Dynamics", Harvard Business Review reprint

Outline of course 15.581

1958 Summer Session, (ammouncement, list of participents
and outline of the Summer Session program)

Memorandum D-16, Formulating Models
Memorandum D-23, Equations

List of Theses

Biographies of Staff
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Industrial Management Reprint Number 62

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

School of Industrial Management

Industrial Dynamics
A Major Breakthrough for Decision Makers

by Jay W. Forrester

A reprint from the HARVARD BUSINESS REVIEW, Vol. 36, July-August 1958.
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A Major Breakthrough for Decision Makers
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By JAY W. FORRESTER

REPRINTED FROM

HARVARD BUSINESS REVIEW

JULY—AUGUST 1958
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From In

FJay W. Forrester

One of the most exasperating
problems of a top executive is to
explain satisfactorily to himself
or to others exactly why things
happen as they do. For example,
why do small changes in re-
tail sales sometimes lead to such
large swings in factory produc-
tion? Why isn’'t the new high-
speed data-processing equipment
helping to improve management
decisions more? When a factory
manager is able at all times to
produce more goods than are be-
ing sold to consumers, why does
he ever find himself unable to fill
orders?

The trouble, according to Jay
W. Forrester, is that businessmen
have too often viewed manage-
ment functions as separate activi-
ties and not as part of a unified
system. Drawing on research in
data processing, information-feed-
back systems, and military deci-
sion making, Mr. Forrester pro-
ceeds to outline a way of fit-
ting together the many manage-

This Issue

ment functions into a meaningful
whole. The appropriate title of
his article is Industrial Dynamics:
A Major Breakthrough for Deci-
sion Makers.

The author is Professor of In-
dustrial Management in the Mas-
sachusetts Institute of Technol-
ogy School of Industrial Manage-
ment. He was formerly the head
of the Digital Computer Division
at the M.I.T. Lincoln Laboratory.
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INDUSTRIAL DYNAMICS

a major breakthrough for decision makers

By Jay W. Forrester

Management is on the verge of a major break-
through in understanding how industrial com-
pany success depends on the interaction between
the flows of information, materials, money, man-
power, and capital equipment. The way these
five flow systems interlock to amplify one an-
other and to cause change and fluctuation will
form a basis for anticipating the effects of deci-
sions, policies, organizational forms, and invest-
ment choices.

My aim in this article is to look ahead at the
specific kinds of progress which will be achieved
and at the concepts which will make this prog-
ress possible. While I shall suggest certain ways
of thinking about management that should be
helpful to executives today in working on inven-
tory control, production scheduling, advertising,
sales, and other problems, my primary concern
here is not with techniques and prescriptions.
Rather, I am interested in the development of
a professional approach to management.

Business leaders, like leaders in other areas,
are influenced by an “image of the future.”
Their ideas about where they are going may be

Autnor’s NoTE: The studies on which this article is

based were made possible through the support of the
Sloan Research Fund of the School of Industrial Manage-

clear or vague, but in any event they have a
subtle and far-reaching impact on administra-
tive thinking and decisions. A look at some
promising new concepts of management should,
I believe, convince even the skeptical executive
that his job is developing into much more than
an art, that conceptual skill will play an increas-
ingly vital role in company success, and that
management is fast becoming second to none as
an exciting, dynamic, and intellectually demand-
ing profession.

Toward a Theory

To develop the status of a profession, man-
agement must discover the underlying principles
which unify its separate aspects. It must de-
velop a basic theory of behavior. It must learn
how to convert experiences and particular case
examples into a contribution to this general the-
ory. And, finally, it must be able to employ the
basic principles of the theory as a useful prac-
tical guide for explaining and solving new prob-
lems as they arise. By accomplishing these aims,
management will become a true profession dur-
ing the next generation.
ment at Massachusetts Institute of Technology, the Ford

Foundation, and the use of the IBM 704 computer at the
Massachusetts Institute of Technology Computation Center.
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The task of management is to interrelate
the flows of information, materials, manpower,
money, and capital equipment so as to achieve
a higher standard of living, stability of employ-
ment, profit to the owners, and rewards appro-
priate to the success of the managers. Looked
at in this way, its goals are rooted as deeply in
the public interest as the broad objectives of the
legal, medical, and engineering professions.

In the past, with management considered
more of an art than a profession, education and
practice have been highly fragmentized. Manu-
facturing, finance, distribution, organization, ad-
vertising, and research have too often been
viewed as separate skills and not as part of a
unified system. Too often management educa-
tion consists of gathering current industrial
practice and presenting it to the student as a
sequence of unrelated subjects. Similarly, in
his work in industry the manager specializes
within departments where his experience per-
petuates the atmosphere of unrelated compart-
mentalization.

The next big step in management education
will be the development of a basis for fitting
together the many management functions into
a meaningful whole. Around this central core
specialized subjects and experience will take on
more significance. Men can be developed more
rapidly. They will be able to start from a point
now accessible only through long training or
fortuitous experience.

Such strides will far exceed in importance re-
cent steps in using computing machines to ex-
ecute clerical tasks or in applying operations
research methods to isolated company problems.
For we can expect to gain, during the next 25
years, a far better understanding of the dynamic,
ever-changing forces which shape the destiny of
a company. This understanding will lead to
better usage of available information, to im-
proved understanding of advertising effective-
ness and the dynamic behavior of the consumer
market, and to company policies that keep pace
with technological change.

Beyond these achievements, there will be im-
provements in company organization resulting
from a sounder basis for effective decentrali-
zation, from altering the relationships between
line and staff tasks in the company, from the
more effective utilization of scientific manpower,
and from reducing the routine duties and en-
hancing the creativity of managers. And execu-
tives will gain in “clairvoyance.” For example,

they will be able to anticipate clearly (as I shall
illustrate later in the article):

® How small changes in retail sales can lead to
large swings in factory production.

® How reducing clerical delays may fail to im-
prove management decisions significantly.

® How a factory manager may find himself un-
able to fill orders although at all times able
to produce more goods than are being sold to
consumers.

® How an advertising policy can have a magni-
fying effect on production variations.

Tools of Progress

The new management concepts will rest in
part on recent advances in the data-processing
industry, in part on military research (which has
given us an improved understanding of decision
making and experience in analyzing and simu-
lating the characteristics of complex systems),
and largely on 20 years of research in informa-
tion-feedback systems.

Electronic Data Processing

The performance of electronic computers has
increased annually by a factor of nearly 1o per
year over the last decade; in almost every year
we have seen a tenfold increase in speed, mem-
ory capacity, or reliability. This represents a
technological change greater than that effected
in going from chemical to atomic explosives.
Society cannot absorb so big a change in a mere
ten years. We therefore have a tremendous
untapped backlog of potential devices and ap-
plications.

Viewing data processing in another way, we
can trace the shifting frontiers of the field by
dividing progress into five-year periods:

@« From 1945 to 1950 was the period of elec-
tronic research and the demonstration that ma-
chines having many thousand vacuum tubes would
indeed operate.

« From 1950 to 1955 was the pioneering period
in applying computers to the solution of scientific
and engineering problems.

@ During the present period, 1955 to 1960,
electronic machines are being substituted for cler-
ical effort in commercial organizations.

@ From 1960 to 1965 we can expect to see the
application of digital computers to physical proc-
ess control. Already there are digital machine tool
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controls and the SAGE air defense system; we can
look forward to dramatic improvements in proc-
esses, to reduction of capital investment require-
ments in the oil and chemical industries, and to
civilian air traffic control systems, all based upon
new kinds of information utilization for control
purposes.

€ From 1965 to 1970 we should see all these
developments converging into pioneering improve-
ments in the central management process. The
routine, repetitive types of decisions will become
more formalized, while management creativeness
will be directed to how decisions and policies should
be made rather than to the actual repetitive mak-
ing of such decisions.

During the 1965-1970 period of widespread
company testing of new management methods,
electronic data processing will be an essential
tool. Let me emphasize, however, that it is no
more the focal point of the future management
profession than a slide rule is the essence of
engineering.

Decision Making

Historically, military necessity has often led
not only to new devices like aircraft and digital
computers but also to new organizational forms
and to a new -understanding of social forces.
These developments have then been adapted to
civilian usage.

Such new exploration is now happening in
the military command (or management) func-
tion. As the pace of warfare has quickened,
there has of necessity been a shift of emphasis
from the tactical decision (moment-by-moment
direction of the battle) to strategic planning
(preparing for possible eventualities, establish-
ing policy, and determining in advance how
tactical decisions will be made). The battle com-
mander can no longer plot the course of his
enemy on a chart and personally calculate the
aiming point. In fact, with a ballistic missile
he would have no time even to select his defen-
sive weapon.

Likewise in business: as the pace of techno-
logical change quickens, corporate management,
even at the lower levels, must focus more and
more on the strategic problems of running the
business and less and less on the everyday oper-
ating problems.

In the systems development for the military,
it has been amply demonstrated that carefully
selected formal rules can lead to tactical deci-
sions that excel those made by human judgment
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under the pressure of time and with insufficient
experience and practice. Furthermore, it has
been found that men are just as adaptable to the
more abstract strategic planning as they. are
to tactical decision making, once their outlook
has been lifted to the broader and longer-range
picture.

Simulation

Also from military research we have avail-
able the methods of simulation for determining
the behavior of complex systems. These tech-
niques have reached the state of development
where they can now be usefully applied to in-
dustrial organizations. Simulation is being used
in the design of air defense systems and in engi-
neering work. For example:

In planning the development of a river basin,
numbers in a digital computer represent water vol-
umes, flow rates, electric demand, and rainfall.
A few seconds of computer time can solve a whole
day of systems operation. Dams can be located
and designed for an optimum compromise between
power generation, irrigation, navigation, and flood
control.

In business, simulation means setting up in
a digital computer the conditions which describe
company operations. On the basis of the de-
scriptions and assumptions about the company,
the computer then generates the resulting charts
of information concerning finance, manpower,
product movement, and so on. Different man-
agement policies and market assumptions can
be tested to determine their effect on company
success.

To use simulation studies will not require
undue mathematical ability. To be sure, details
of setting up a model will need to be handled
by experts because there are special skills re-
quired and pitfalls to be avoided. However, the
job of directing the situations to be explored,
judging the assumptions, and interpreting the
results will be within the ability of the type of
men we now see in management schools and
executive development programs.

Feedback Control

Systems of information feedback control are
fundamental to all life and human endeavor,
from the slow pace. of biological evolution to
the launching of the latest satellite. A feedback
control system exists whenever the environment
causes a decision which in turn affects the orig-
inal environment. To illustrate:
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® A thermostat receives temperature information,
decides to start the furnace, and changes the
temperature.

* A person senses that he may fall, corrects his
balance, and thereby is able to stand erect.

® In business, orders and inventory levels lead
to manufacturing decisions which fill orders
and correct inventories.

® A profitable industry attracts competitors un-
til, to use the economist’s terms, the profit
margin is reduced to equilibrium with other
economic forces.

® The competitive need for a new product leads
to research and development expenditure that
produces technological change.

All of these are information feedback control
loops. The regenerative process is continuous,
and new results lead to new decisions which
keep the system in continuous motion.

The study of feedback systems deals with the
way information is used for the purpose of con-
trol. It helps us to understand how the amount
of corrective action and the time delays in inter-
connected systems can lead to unstable fluctu-
ation. Driving an automobile provides a good
example: :

The information and control loop extends from
steering wheel, to auto, to street, to eye, to hand,
and back to steering wheel. Suppose the driver
were blindfolded and drove only by instructions
from his front-seat companion. The resulting in-
formation delay and distortion would cause erratic
driving. If the blindfolded driver could get in-
structions only on where he had been from a com-
panion who could see only through the rear win-
dow, his driving would be even more erratic.

Yet this is analogous to the situation in busi-
ness. Top executives do not see the salesmen call-
ing on customers, do not see the prospective buyers
watching a TV commercial. They do not attend
the board meetings of competitors. They do not
have a clear view of the road ahead. The only
thing they can tell with reasonable certainty (and
even here there is sometimes doubt) is what hap-
pened to wages, sales, material costs, interest rates,
and so on last year.

Smoother Operations

The quality of management control depends
upon what information executives use and for
what they use it, as well as on their skills
as administrators. As a system the company
has certain characteristics which are completely
independent of individual functions or depart-

ments, just as an electronic computer has cer-
tain characteristics as a system of parts. For in-
stance, there is what the engineer might call
“amplification,” caused by inventory accumula-
tion, filling of supply pipelines, and inept extra-
polation of trends. There are delays in deci-
sions, shipping, communications, and account-

ing. These all combine to cause production:

fluctuations, construction of excess plant capac-
ity, creation of company-generated rather than
customer-generated seasonal sales, and detrimen-
tal advertising policies.

Without an awareness of basic information-
flow principles, it is only through costly errors
that managers can develop an effective intuitive
judgment. For example:

In a company manufacturing consumer dur-
ables, it was discovered, after all data became avail-
able, that in a certain year retail sales had varied
by 30% . In the same year the inventory and or-
dering practices in the distribution system and
at the factory caused this small retail variation to
be amplified to a four-to-one, or 400%, varia-
tion in factory production. The estimated avoidable
costs of increasing and decreasing production and
of carrying excess inventory were equal to the nor-
mal anticipated profit margin! (We shall see later
how this could happen.)

Feedback theory explains how decisions, de-
lays, and predictions can produce either good
control or dramatically unstable operation. It re-
lates sales promotion to production swings, pur-
chasing and pricing policies to inventory fluctu-
ations, and typical life cycles of products to the
need for research.

Production & Distribution

How do the concepts and approaches I have
been discussing apply to specific business prob-
lems? Or, to be more precise, how do the de-
lays, amplifications, and oscillations in the cir-
cuital flow of information in a company affect
its operations?

Now, in order to illustrate, I must compro-
mise one of the main ideas I have specified;
namely, that the system (meaning not the paper-
work forms and procedures, but the interrela-
tionships betwecn all the company operations)
behaves according to the characteristics of the
whole and not according to the characteristics
of individual parts. For the sake of brevity, I
shall have to limit myself to the production and
distribution functions, forgetting research, engi-
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neering, sales, and, until a later point in the
article, promotional effort. In a sense this is a
subsystem, with its own complex of interrela-
tionships that can be studied as such, but it is
not the whole. Even within this production-
distribution subsystem, I shall have space to in-
clude only the flows of information and mate-
rials. Omitted altogether are considerations of
money, manpower, and capital equipment.

If I can make the principles of the new ap-
proach clear, however, it should not be difficult
for the reader to extend his own picture to in-
clude the areas that I must omit.

Needed Information

To begin the study of our example, we need
to know three kinds of information about the
system: its organizational structure, the delays
in decisions and actions, and the policies gov-
erning purchases and inventories.

1. Organizational Structure. EXHIBIT 1 shows
a typical organizational structure for the produc-
tion and distribution functions in a hard goods
industry like household appliances. If we examine
the basic internal behavior of the system when cus-
tomer orders are independently specified, we will
see that, even with very simple retail sales changes
and with no other external disturbances affecting
the company, typical manufacturing and distribu-
tion practices can generate the types of business
disturbances which are often blamed on conditions
outside the company. For random, meaningless
sales fluctuations can be converted into annual,
seasonal production cycles. Advertising and price
discount policies of an industry can create two-
and three-year sales cycles. Factory capacity, even
though always exceeding retail sales, can seem to
fall short of meeting demand with the result that
production capacity is overexpanded.

Examining Exu1BiT 1 more closely, we see that
the bottom box represents the retail level. Next

ExHIBIT I. ORGANIZATION OF PRODUCTION-DISTRI-
BUTION SYSTEM

FACTORY WAREHOUS!

Inventory 1‘ {2 ‘
o SO 0
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above are the distributors, and at the left the fac-
tory and factory warehouse. The dotted lines show
the information flow, here consisting of orders for
goods flowing upward. The solid lines show the
shipment of goods flowing downward.

2. Delays in Decisions and Actions. To be able
to determine some of the dynamic characteristics
of this system we must also know the delays in the
flow of information and goods. The time delays
are shown on the diagram in weeks ‘and are reason-
able values for a consumer durable product line.

Delivery of goods to the consumer averages a
week after the customer places an order. At the
retail level, the accounting and purchasing delays
average three weeks between the time of a sale and
the time when that sale is reflected in an order
sent out to obtain a replacement. Mailing delay
for the order is half a week. The distributor takes
a week to process the order, and shipment of goods
to the retailer takes another week. Similar delays
exist between the distributor and the factory ware-
house. The factory lead time averages six weeks
between a decision to change production rate and
the time that factory output reaches the new level.
Note that three levels of inventory exist — factory,
distributor, and retailer.

3. Policy on Purchasing Orders and Invento-
ries. To complete the initial description of our ex-
ample, we need to know the policies followed in
placing orders and maintaining inventory at each
distribution level. Let us consider three principal
types of orders: (a) orders which directly reflect
sales, (b) orders to adjust inventories with changes
in business volume, and (c) orders to fill the
supply lines with in-process orders and shipments.
Let us suppose further that orders are treated in
the following ways:

® After a sales analysis and purchasing delay
(three, two, and one weeks for the three levels),
orders to the next higher level of the system in-
clude the actual sales made by the ordering level.

® After a time for averaging out sales fluctu-
ations (eight weeks), a gradual upward or down-
ward adjustment is made in inventories as the
rate of sales increases or decreases.

® The orders in process (orders in the mail,
unfilled orders at the supplier, and goods in
transit) are proportional to the level of business
activity and to the length of time required to
fill an order. Both an increased sales volume
and an increased delivery lead time necessarily
result in increased total orders in the supply
pipeline.

The ordering rate will also depend on some pre-
sumption about future sales. Prediction methods
that amount to extending forward (extrapolating)

=S
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the present sales trend will in general produce a
more unstable and fluctuating system. For our ex-
ample, however, we will use the conservative prac-
tice of basing the ordering rate on the assumption
that sales are most likely to continue at their pres-
ent level.

Simulation Methods

Before we can determine how our system will
function over a period of time, all of the above
rather general descriptions of the system must
be expressed in explicit quantitative form. Illus-
trations of these relationships are shown in Ex-
HIBIT II.

The next step is to determine how the system
as a whole behaves. To do so, we might use
some pattern of consumer purchases as an input
and observe the resulting inventory and produc-
tion changes. A very good test would be to see
what happens after a small sudden change in
retail sales. The effect on the company system

can be obtained by “simulation” methods —
simulation being the technique of obtaining re-
sults from a model. For the industrial system,
simulation consists of tracing through, step by
step, the actual flow of orders, goods, and in-
formation, and observing the series of new de-
cisions required. For example:

Our production-distribution system might be sim-
ulated by a group of men around a table, one
to represent retailers, another the postal service,
another transportation, another the factory, and so
on. Five minutes might represent a week, and in
each time interval the proper purchase orders and
deliveries would be made according to the rules
illustrated in ExHIBIT 11. Alternatively, the whole
exercise can be done by one person in tabular form
on paper. Better still, the entire sequence can be
programed on a digital computer.

Digital computer simulation was used to ob-
tain the results in Exaisrr 111. A sudden 10%

ExuiBiT 11. FORMAL QUANTITATIVE STATEMENTS OF THE RELATIONSHIPS IN EXHIBIT I

To determine the behavior of a system by simulating
the performance of its parts requires that one describe
exactly, and in detail, the characteristics which are to be
included. The validity of the outcome of the system
studies depends on the judgment of what is pertinent to
include in the system description. The following examples
show some of the kinds of relationships that are needed
in the study of the production-distribution functions of
EXHIBIT 1:

(1) The inventory level at retail at the end of any time
period is the inventory at the beginning of the period, plus
goods received, minus goods delivered during the period.
The relationship can be expressed as:

Ir,k = Ir,] —+ AtR'le —_— AtS,,,k
which says that the inventory at retail, I, at time k is
equal to the inventory one time period earlier at time j,
plus the goods received in the time interval (the length
of the time interval, At, multiplied by the rate at which
goods are received from the distributor, Ra, over the time
interval j to k) minus the goods delivered (At multiplied
by the rate of sales to customers, S, in the interval j to k).

At must be a solution time interval that is short com-
pared with any significant time delays which are to be
represented in the system. (At is here 1/20 of a week,
since third-order exponential delays as short as half a
week — the mailing delays — are used in the system
description.)

(2) Similarly, unfilled orders equal previous unfilled
orders plus new orders minus shipments; that is:

Urx. = Usy -+ AtNy e — AS: '
where U: represents unfilled orders at the retail level; N,
is the rate of receipt of new orders; and S: is the rate of
delivery of goods.

(3) Shipments by the retailers are dependent on various
factors, here assumed to be the normal order-processing
delay, d.r, the level of unfilled orders, U., and the physical
ability to fill orders based on a ratio of actual inventory
level, I., to a desirable level of inventory, D.. Expressed
mathematically:

Wi Lix
S = 1/
dur D:x
This is to represent the aggregate of many retailers each
selling a multiplicity of catalogue items in the product line.
(4) We need to know the rate at which the retail level
purchases from the distributor level. This reflects (a) the
rate of customer purchases from retail plus (b) the rate
necessary to adjust the retail inventories plus (c) the ad-
justing of orders in process in the pipeline between retail-
ers and distributors. The mathematical statement is:

I
[(Dyx -+ d,.rAr,k) SR -+ Gr )l

Pon =P
ir

This says that the purchasing rate by retailers, P., in
the next time interval, kl, is equal to the purchasing rate
by customers, P., in the previous time interval, jk, as it is
thought to be after data-processing delays (provided by
another equation), plus an allowance for inventory and
pipeline adjustments which are made gradually over the
length of time, di..

The “desired ownership,” consisting of the desired in-
ventory, D., plus the orders which need to be in process
to sustain the current business level (obtained by multiply-
ing the total delay, d,., a variable time, in filling orders
by the average rate of recent sales, A.,x), is:

(D ~+ i Arx)

The “actual ownership,” represented by thc present

inventory, I., plus the actual orders in process, G., is:
Tix -+ G x

Some 40 relationships of the above type serve to relate
orders, shipments, purchases, mailing delays, shipping de-
lays, factory lead time, and so forth. It is not the purpose
of this article to do more than illustrate the nature of the
relationships which are required. Much study of any par-
ticular industrial system would be neccessary to determine
the relationships that meaningfully portray its behavior.
Line executives must set the stage for such a study, and
specify assumptions to be used and results to be sought,
but the detailed work is for the experts.
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ExuiBiT 1mm1. RESPONSE OF PRODUCTION-DISTRIBUTION SYSTEM TO A SUDDEN I10%
INCREASE IN RETAIL SALES
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increase in retail sales was introduced in Janu-
ary. The resulting fluctuations are shown in
order rates, factory output, factory warehouse
inventory, and unfilled orders. (Retail orders
are here given as an input which is independent
of what happens in the production-distribution
system itself. Retail orders are, of course, not
actually independent since they are affected by
availability of the product and by advertising,
a point to be discussed later.)

Fluctuating Behavior

Because of accounting, purchasing, and mail-
ing delays, the increase in distributors’ orders
from retailers lags about a month in reaching
the 10% level. It is important to note, however,
that the rise does not stop at 10%. Instead it
reaches a peak of 16% in March because of the
new orders that have been added at the retail
level (a) to increase inventories somewhat and
(b) to raise the level of orders and goods in
transit in the supply pipeline by 10% to cor-
respond to the 10% increase in sales rate. These
inventory and pipeline increments occur as “tran-
sient” or “nonrepeating” additions to the order
rate and, when they have been satisfied, the re-
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tailers’ orders to the distributors drop back to
the enduring 10% increase.

The factory warehouse orders from distribu-
tors show an even greater swing. The upturn
in orders at the factory warehouse lags the up-
turn at the distributor level. The incoming
order level for distributors is above retail sales
for four months, reaching a 16% increase in
March, which is readily mistaken for a corre-
sponding true and enduring increase in busi-
ness volume of the same amount. The distribu-
tors’ orders to the factory, therefore, include not
only the 16% increase in orders they themselves
receive but also a corresponding increase for dis-
tributor inventories and for orders and goods
in transit between distributor and factory. As
a result, orders at the factory warehouse reach
in April a peak of 28% above the previous
December.

Let us turn now to manufacturing orders.
They are placed on the basis of the increasing
factory warehouse orders and the falling ware-
house inventory, which drops 13%. As a result,
the factory output, delayed by a factory lead
time of six weeks in this example and then a
week of data-processing delays, reaches a peak in
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June which is 40% above December. While
retail sales are still at 10% above December,
the factory increase is four times as great.

Note that all of these effects are reversible,
another very important point. As retailers sat-
isfy their inventory requirements, they decrease
their order rate. The distributors find they have
built up an order rate, an inventory, and a sup-
ply-line rate in excess of needs. They take the
excess out of current orders to the factory so
that in August this order rate is 6% below re-
tail sales and 4% above the previous December.
In September and October factory output drops
to 3% below December and 13% below cur-
rent retail sales.

As a direct result of the typical organizational
form shown in ExHiBiT 1 and of the customary
inventory and ordering policies described, over
a year is required before all ordering and man-
ufacturing rates stabilize at their proper levels
corresponding to the 10% retail sales increase.
Ironically, this increase was minor compared
to the fluctuations in company operations.

Retail Sales Variations

The problem of unexpected variations in re-
tail sales will now be examined. Imagine first

that our system has operated in the past with
constant sales, and then sales rise and fall grad-
ually over a one-year interval.

ExHiBIT 1v shows the way in which an annu-
al retail sales variation is accentuated as or-
ders travel toward the factory. Retail sales have
been stable at 1,000 per week in the past, and
in January they start rising toward a 10% in-
crease at the end of March. They fall to 10%
below “normal” by the end of September and
return to normal by the end of December.

The initial upswing in orders and factory
output is much like that in ExHiBIT 111 except
that the initial peaks are lower and later. How-
ever, at the time the system would naturally
rebound from its overproduction state, it is
given an additional downward shove by the de-
clining retail sales, which are amplified for the
same reasons as previously discussed. As a com-
bined result, factory orders from distributors
reach a low of 32% below normal in October,
and factory output falls to 52% below normal
in November.

If the following year were shown, we would
see factory production continuing to fluctuate
between peaks and valleys which are about
50% above and below normal, factory inventory

ExHiBIT 1v. RESPONSE OF PRODUCTION-DISTRIBUTION SYSTEM TO A 10%
ANNUAL RISE AND FALL IN RETAIL SALES
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ExuiBiT v. RANDOM SHORT-RUN UNCERTAINTY IN DISTRIBUTOR PURCHASES
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fluctuating from 35% below to 42% above,
distributor inventory from 28% below to 25%
above, and retail inventory from 9.6% below
to 9.3% above. During the same year the total
inventory in the system varies from 21% below
normal to 20% above, which is less than the
sum of the separate distribution level peaks be-
cause the peaks are reached at different times.

Random Fluctuations

Note that the curves of Exuisrrs 11 and 1v
are smooth and free of the short-term random
fluctuations which are seen in most charts of
actual industrial orders. Uncertainty and ran-
dom behavior can be inserted into systems stud-
ies of this type, as shown in Exuisit v. Here
the size of orders placed by distributors has been
made subject to a week-by-week random un-
certainty. Because of the tendency of factory
scheduling to smooth out short-run order fluc-
tuations, and because little amplification exists
between distributor orders and the factory, the
factory output is almost identical to that of
EXHIBIT IIIL

However, if the random-buying fluctuation
is introduced in consumer purchases, more am-
plification develops. An oscillatory system like
this will respond to the random disturbances by
fluctuating at a speed determined by the char-
acteristics of the system itself, rather than in a
pattern that is easily traceable to the external
disturbance (in this case, a tendency toward
peak-to-peak production fluctuations some seven
to ten months apart).

Even if there is no average change in retail

JUNE ouy  HEYEE  seeT
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sales level (as in ExHiBIT 111) and no regular
periodic change (as in ExHiBIT 1V), the system
will, if it is naturally oscillatory, convert ran-
dom events into upswings and downswings in
orders and production:

Ficure B (see insert following page 52) shows
four years of week-by-week consumer purchases
containing random deviations from the average,
but no meaningful changes in sales rate. Also
shown is the resulting factory production output
for the production-distribution system described
earlier in the article.

The system, by virtue of its policies, organiza-
tion, and delays, tends to amplify those retail sales
changes to which the system is sensitive. Retail
sales fluctuate from week to week over a range of
10% or 15% with one week falling 31% . Fac-
tory output rises and falls over periods of several
months with amplitudes of 20%, 30% , and 40%
away from the average.

Just as waves in a bathtub build up slowly when
disturbed by a small movement of the hand, so it
takes most of the first year to build up serious am-
plitudes in the factory production swings. These
waves then feed on the sales fluctuations. By the
time of the third or fourth year, examination of
the factory production curve could easily lead the
casual observer who lacked the retail sales in-
formation to conclude that a seasonal sales pattern
was present.

I know of company situations in which such
an erroneous conclusion about seasonal sales has
led to the establishment of employment, inven-
tory, and advertising policies which in succeed-
ing years caused a seasonal manufacturing pat-
tern and thereby confirmed the original error.
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The possibility of this happening in any com-
pany should be carefully considered in the de-
sign of management policies to give optimum
stability to operations.

Production Limitation

So far we have considered simple situations
that lack many important realities. Additional
characteristics of a company can be added as
we become ready. In the preceding exhibits we
assumed the factory was able to produce at what-
ever level was desired. In a more realistic situ-
ation, with limited factory capacity, some sur-
prising new effects develop:

Ficure A (see insert following page 52) shows
the effect of a maximum factory capacity 10%
above the average sales level. As before, the system
is completely stabilized at the start of the first
year; then it is assumed that retail sales rise and
fall 10% during each year.

Retail sales never exceed production capacity.
Yet, because of the inventory and pipeline effects,
distributor orders to the factory do exceed its ca-
pacity. Furthermore, as factory deliveries become
slower, distributors begin to order further in ad-
vance of needs and still more orders are put into
the system. As a result, the factory operates at full
capacity for four and one-half months during the
first year.

Then, inventory demands are filled at a time that
coincides with falling retail sales. In the last half
of the year, falling retail sales and inventory liqui-
dation combine with the reduction of in-process
orders which results from improving delivery. In
September and October we see a combination of

rapidly falling factory orders, a swiftly declining
backlog of unfilled orders, and a suddenly rising
factory inventory. The natural result is to curtail
production from its maximum level to 52% below
normal.

Unlike the first year, we now enter the second
year in a state of imbalance with production cur-
tailed, orders rising, and inventory falling. The
result in the second year is an accentuation of the
first-year performance. Factory orders from dis-
tributors rise to 49% above normal and show a
broadened peak which is sustained by the dis-
tributors’ tendency to order ahead when deliveries
become slow. Factory production runs at full
capacity for eight months to meet demand from
the distributors. Unfilled orders at the factory rise
to 337% above normal and represent a backlog
which is six weeks of production higher than nor-
mal. In the meantime factory inventory has been
depleted from the normal four weeks’ production
to less than a week.

In spite of low factory inventory and slow deliv-
eries, note that retail inventories deviate only 10%
and that actually there is little likelihood of losing
retail sales.

Note that at point A in the 84th week shipments
equal incoming orders; inventory is constant. This
is therefore the point at which unfilled orders reach
a peak and start down. Again, since the factory
has produced in excess of sales for eight months
and because the long-run average production must
equal retail sales, manufacturing must be sharply
curtailed in the remaining four months. It drops
to a minimum of 54 % below normal and produces
at a level below average retail sales for a period of
14 weeks.

In succeeding years the system would act much

ExHiBIT vi. EFFECT OF REDUCING CLERICAL DELAYS
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as it did in the second year, though unfilled orders
at the factory would go to somewhat higher peaks.

We see in FIGURE A an occurrence which
may lead a company to overexpand production
capacity. For 12 months in the second year, in-
ventory was below the desired level; for g months
from the first of November until July the order
backlog was rising. Viewed from the circum-
stances at the factory, this condition might eas-
ily lead management to undertake expansion
plans — even though retail sales never exceed
production capacity.

Improving Control

To explain the behavior of an industrial or-
ganization is only the first step. After ade-
quately representing the current operations of
a particular company or industry, the next step
is to determine ways to improve management
control for company success.

Faster Order Handling

To improve industrial stability and to make
the company less vulnerable to external influ-
ences, executives may consider various alterna-
tives.. For instance, they might wish to explore
the effect of reduced clerical and data-processing
delays, which is often suggested as a quick and
easy step toward better management control.
However, companies often find the results dis-
appointing, a point illustrated in ExuiBrr vi.
Here, the clerical delays assumed in Exnisrr 1
(the three, two, and one weeks of sales analysis

25
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and purchasing time) have been reduced to one-
third their previous values. But the effect is
only slight improvement: the production peaks
are reduced from five times to four times the
retail sales changes. Because clerical delays are
such a small factor in the operation of the sys-
tem as a whole, no amount of speed-up can
radically change over-all performance.

What about changes in ordering procedures?
One possibility would be to place retail orders
directly with the factory. The result is shown
in Exnisit vir. When the inventory accumula-
tion, fluctuation of in-process orders, and delays
of one of the three stages are removed, produc-
tion overshoot is 27% instead of the 40% in
ExHIBIT 111

The foregoing raises an interesting question
about industries having more than three distri-
bution levels. For example, in the textile indus-
try, which shows marked instability, there are
often four or five distribution levels from yarn
manufacture to the final consumer.. May not a
good deal of instability be caused by the exist-
ence of so many levels?

Better Sales Data

Another way to improve factory production
stability is to have reliable retail sales informa-
tion on which to base factory production sched-
ules. ExHiBIT viir assumes that we have “rea-
sonably” reliable retail sales data that are eight
weeks late in becoming available to management.
(This lag allows for time to collect the data and
average out short-run random fluctuations.) By
reliable data we mean here that the retail sales
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ExuiBiT viii. EFFECT ON FACTORY SCHEDULES OF USING REASONABLY
RELIABLE SALES DATA

FACTORY WAREHOUSE ORDERS FROM DISTRIBUTORS
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information is good enough so that we are will-
ing to give it six times as much weight in sched-
uling production as we do to the actual orders
received at the factory. Here are the results:

The first production peak is 16% above the
start, instead of 35% as in ExmisiT 1v. Later
peaks are two times the retail sales changes, instead
of five times as in Exuisrt 1v. The supply pipe-
line and inventory changes at the retailer and dis-
tributor levels are being met more from factory in-
ventory and less from peaks in production, which
necessitates larger swings in factory inventory, in
the unfilled order backlog, or in both.

The need for confidence in the retail sales in-
formation is apparent in October, when the factory
output is being reduced only gradually in spite of
incoming orders being down nearly 40% from
normal, and in spite of a rapidly falling backlog
of orders and a rapidly rising inventory. To achieve
this degree of stabilization of production, one must
be able to let factory inventory fluctuate from 35 %
below normal to 60% above.

Inventory Adjustment

The behavior of a simple production-distri-
bution system like that shown in the exhibits is
probably more affected by the practices followed

UNFILLED ORDERS AT FACTORY WAREHOUSE
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in adjusting inventories and in-process orders
than by any other single characteristic. The
amount of inventory change and its timing are
both important. These points deserve special
emphasis, and should be considered with espe-
cial care by decision-making executives. To illus-
trate what can be accomplished:

In ExmiBiT 1x we take the same production-
distribution system as before but assume that man-
agement has changed the rapidity with which the
inventory corrections are made (but not the total
amount of adjustments made). Management has
specified that an inventory correction should be
based on sales smoothed over the previous eight
weeks (exponential smoothing with eight weeks
time constant) so that in no case can the adjust-
ment follow a sales change more rapidly than the
delay introduced by the smoothing. The question
is what time interval to specify for making inven-
tory correction. When inventories are lower than
desired for the current level of business activity,
how much of the difference or imbalance should
be added to the orders sent to the factory in the
next week?

The factory output curves portray the data man-
agement needs for a decision. Each curve is based
on a different correction rate — a different frac-
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ExHiBIT 1X. CHANGING THE TIME TO MAKE INVENTORY AND IN-PROCESS
ORDER CORRECTIONS
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tion per week of any inventory discrepancy which
is to be corrected through adjustment of the order-
ing rate to the next higher supply level. (This is
the di, term defined in the fourth point in Ex-
mreIT 11.) This correction rate varies from the top
curve, in which orders for any imbalance in inven-
tory and in-process orders are fully placed in the
following week, to the lowest curve, in which only
1/12 of any remaining imbalance is corrected in
the following week. The lowest curve leads to
about 60% of an initial imbalance being corrected
in 12 weeks and 85% corrected in 24 weeks.

We see that the production fluctuations for the
1-week correction (the top curve) reach 52%
above, 14% below, and 22% above the initial
value as a result of a sudden 10% rise in retail
sales. There is an interval of 24 weeks between
successive peaks. At the other extreme, the 12-
week correction time (the lowest curve) leads to
peaks of only 25% above, 3% below, and 14%
above the initial value as the production rate ap-
proaches the 10% higher level. The interval be-
tween peaks is longer — 34 weeks. As for the
curve for the 4-week correction, it is the same as
that used in ExniBIT 111 and is the basic system
used in the other exhibits.
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We see from Exuisit 1x that the more grad-
ual inventory correction to business level changes
leads to improved stability. Further, the reduc-
tion of manufacturing fluctuation is achieved
without increasing the inventory extremes.

ExuisiTr x presents, for various correction
times, peak percentage changes in inventory at
each level in the system and the total change for
the sum of all inventories in the system. The
total inventory changes are less than the sum of
the separate levels because the extremes do not
occur at the same time.

Under many forecasting methods, the kind of
gradual adjustment of inventories I have de-
scribed is impossible. The unstabilizing effects
are accentuated by superimposing changes in
sales, in-process orders, and inventories.

Effect of Advertising

To show how we would begin introducing
into our model additional realism which would
be a part of actual company operations, we will
now look at one of the many effects of adver-

ExHIBIT X. EFFECT OF CORRECTION TIME ON INVENTORIES

Adjustment
time Retail Distributor Factory Total
1 week — 3.8% to + 5.6% — 10.9% to + 12.9% — 14.3% to + 32.3% —7.1% to + 13.6%
2 weeks — 4.0 to+4 5.4 — II1.3 to 4+ 13.5 — 13.9 to+ 30.2 — 7.3 to 4+ 13.6
4 weeks — 4.3 to+ 5.5 — 11.5 to+4 12.9 = 312.7 itock 24.6 — 7.4 to+4 12.2
12 weeks — 4.8 to+5.3 il THois18.9 — 10.2 to+4 13.2 — 7.4  to4 8.2
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tising. Incorporating this aspect illustrates the
step-by-step approach of adding new features to
our analysis. An adequate representation of a
complete company would, of course, be a very
large task. In a single article one can only illus-
trate the possibilities.

Role in System

First we need a schematic diagram of the ad-
vertising and marketing behavior which is to
be considered. Exuisrr x1 is oversimplified but
will serve our present purposes. It includes the
production-distribution organization set forth
in ExniBit 1 and adds (1) an advertising func-
tion and (2) a special segment of the market,
prospective purchasers. We assume that adver-
tising expenditure decisions are based on (a)
sales, particularly as reflected in the factory pro-
duction schedule, and (b) excess inventories.

Now let us look more closely at the relation-
ships shown in ExuiBrr x1:

€ A time interval of six weeks is allowed for
analysis of sales conditions, waiting to be sure of
business trends, and the reaching of a decision to
change the advertising expenditure rate.

€ Acting on advertising decisions by agencies
and media is assumed to require four weeks.

€ Full buyer awareness of the advertising is as-
sumed to develop over a period of eight weeks after
the appearance of a new level of advertising.

€ The rate at which consumers become prospec-
tive buyers is determined by such factors as the
rate of wear-out of their existing household appli-
ances and new housing construction.

€ The average time that prospective buyers con-
template purchase and during which they are sub-

EXHIBIT XI. ADVERTISING AND CONSUMER MARKET
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ject to advertising influence is assumed to be four
months in the presence of an “average” level of
advertising.

€ Each 10% change in the advertising level is
taken to shorten or lengthen by one week the four-
month period during which the average prospec-
tive buyer considers his purchase.

Obviously, this underrates the impact of ad-
vertising; in reality it would normally affect not
only the timing of purchases but also the size
of the potential market. But even so, as we shall
see, it plays a most important role in the work-
ing of the system.

Aggravated Production Cycle

Now we can compare the effect of different
advertising policies. What are the implications
of gearing the advertising budget to the incom-
ing sales dollar, for example, rather than to a
preconceived plan?

Ficure C (see insert following page 52)
shows the behavior of the system illustrated in
ExHIBIT X1, when management’s policy is to let
advertising be proportional to expected sales,
as represented by scheduled factory production.
To see how the system responds to a market
change, we here let the rate of appearance of
prospective purchasers suddenly increase 10%.
This builds up the pool of prospective purchas-
ers, and gradually over 20 weeks the rate of
consumer buying increases. Beginning with the
twelfth week, factory production starts to rise;
because of the factors earlier described, it ex-
ceeds the increase in retail sales.

The decision that leads to increased factory
output also leads to a higher advertising com-
mitment. This influences the pool of prospec-
tive buyers and further increases the retail sales
between the eighteenth and thirty-sixth weeks.
However, this retail sales rate, which rises in
43 weeks to 16% above the start, is 6% above
the new rate of generation of prospective buyers.
After the twenty-third week, when retail sales
surpass the 10% increase in new prospective
purchasers, the pool of prospective purchasers
starts to decrease. The decreasing pool of pro-
spective purchasers becomes the controlling fac-
tor after 43 weeks, and retail sales start to fall
despite a still rising advertising effectiveness.

We then see falling retail sales and a more
rapidly falling production rate. The consequent
fall in advertising commitments and effective-
ness lets retail sales sink to a still lower level.
Retail sales fall for nearly a full year, from Oc-




tober of the first year to September of the sec-
ond year. In the meantime, retail sales have
been below average demand since March of the
second year because buyers are reverting to a
slightly longer average wait before purchasing
(since advertising has been cut back).

The pool of prospective buyers starts to rise
in March of the second year; by September it
overpowers the falling advertising effectiveness
and retail sales start to rise again.

Because of the sequence of production swings
that are greater than retail sales swings, adver-
tising that is proportional to production plans,
and a slight advertising influence on how soon
the average prospective buyer makes his pur-
chase, there is created a two-year production
cycle which rises and falls some 30% above and
below the new 10% increase in average demand.
Furthermore, the amplitude of the production
swings is gradually increasing and will do so
until the swings are curbed by manufacturing
limitations, lost sales due to delays in shipments,
and other factors.

This pattern, with nearly two years elapsing
between production peaks, reminds us of recent
occurrences in household appliances and some
other industries. It indicates that advertising is
a possible cause of long cyclic disturbances. It
would be premature to assume that advertising
is the cause, however, until many other factors
(e.g., consumer credit, sales forecasting methods,
price discounting, and growth and saturation
characteristics of the market) are also studied.

Longer-Run Effects

To make our study still more realistic, let us
introduce a few more factors and project the
behavior of the system over a longer period.

Ficure D (see insert following page 52)
portrays the results obtained from a more elabo-
rate model of the company. It is based on the
same kind of production-distribution-advertising
system as that used in Ficure C, and on the
added assumptions that:

(1) Consumer purchases follow a random pat-
tern which, while not affecting the long-run aver-
age of sales, does affect week-by-week sales.

(2) Factory production capacity is limited to
40% above the value of the initial sales level.

As in Ficure C, a sudden, permanent 10%
increase in the rate of appearance of prospec-
tive customers is followed by long, approximate-
ly two-year, fluctuations. Superimposed on this
broad pattern are shorter disturbances which are
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caused by the system’s response to random fluc-
tuations in retail sales.

During the third year, production just reaches
the maximum production capacity; not until the
fourth and fifth years does the cyclic behavior
of the industry reach an amplitude where the
capacity limit is strongly evident. Periods of 8
months appear when the industry is producing
at full capacity and much in excess of retail
demand. These periods are likely to lead to
production-capacity expansion, with consequent
heightening of the peaks and deepening of the
recessions in the following periods.

The preceding discussion has shown how de-
ferrability of purchase can join with other in-
fluences (advertising in the above) to produce
fluctuating conditions in an industry. Economic
conditions and price discounts can also interact
with purchase deferrability. For example, the
farm equipment industry sells to a market which
can defer purchases for several years. Sales are
then concentrated, depending not only on years
of farm prosperity but also on the history of
machine usage and the existing inventory in the
hands of the customer.

How can this “roller-coaster” effect be re-
duced? What can flatten out the cycles? Man-
agement policies themselves are an important
influence. As it is, the production and inven-
tory policies in this example are helping to ac-
centuate the detrimental effect from the adver-
tising policy. Yet advertising policy might have
been most effective in smoothing out the peaks
and valleys in Ficures C and D if the effort
had been consciously planned to stabilize sales.
Another management tool for stabilizing produc-
tion and sales is pricing policy.

Complete Analysis

I have indicated only in a crude way what
can be learned from the study of a company’s
system of operations. The examples used have
included simplified flows of information and ma-
terials but not capital equipment, manpower, or
money. In actual practice, management would
want to have all the latter elements included in
the model.

For instance, by adding money flow, includ-
ing the factors determining the cost of carrying
inventory, of changing production levels, and
of losses from special inventory clearance sales,
executives would be able to get direct profit
comparisons between various methods of oper-
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ation. The model could include the restrictions
imposed by available labor supply, maximum
hiring and training rate, overtime, and policies
regarding work-force reduction.

To set up a dynamic model for simulating
company or industry behavior, one must ade-
quately describe the real system which it repre-
sents. Getting the data will often be difficult.
However, the kinds of information needed in-
volve the basic characteristics of the company.
We need factory lead time, inventory policies,
construction time for new plants, union con-
tract provisions, and advertising policy. These
are the same items that one considers and tries
to interrelate in the everyday management of a
business.

In a complete company model more intangible
items must also be specified, such as the likeli-
hood of results from research expenditures, con-
sumer response to advertising, and market be-
havior. Many of these quantities will be un-
known at first; a few can be measured; some
can be closely estimated; others will be guessed
at. Today these factors are combined intuitively,
and sometimes quite effectively, but the systems-
analysis approach should help reduce the margin
of error.

When the exact value of an operating charac-
teristic cannot be established, one can test the
system with a range of possible values. Some-
times the system will be found insensitive to
most differences in value of a factor; in one of
the cases earlier described, for example, a speed-
up in data processing was found to have little
effect on the behavior of the total operation. In
such cases it does not make too much difference
what assumption management directs the re-
searchers to make about the activity so long as
the quantity or relationship assigned is “in the
right ball park.” By contrast, if it is found that
the system is highly sensitive, additional effort
can be put into determining the correct value.
At the very least, the risks of not knowing it
become apparent.

Shape of the Future

Industrial dynamics is in an early stage of
development. At a few isolated places, in both
companies and universities, research is under
way as an outgrowth of military or operations
research projects, but the full impact of the
new approach will not be felt for one or two
decades.

What kinds of advances are in prospect?
When are they likely to be made? Obviously,
any predictions that we make are subject to the
usual “if’s” (business conditions, military pres-
sures, and so on), but we can now foresee what

is probable.

Two-Stage Progress

Progress will come in two stages. It is likely
that the next five years will be devoted to ex-
ploratory research, development of basic ana-
lytical techniques, handling of enough specific
industrial situations to demonstrate success, and
establishment of new academic programs for
training future managers.

After this period there will come general rec-
ognition of the advantage enjoyed by the pio-
neering managements who have been the first
to improve their understanding of the interrela-
tionships between separate company functions
and between the company and its markets, its
industry, and the national economy. Competi-
tive pressures will then lead other managements
to seek the same advantage.

In other words, the company will come to be
recognized not as a collection of separate func-
tions but as a system in which the flows of in-
formation, materials, manpower, capital equip-
ment, and money set up forces that determine
the basic tendencies toward growth, fluctuation,
and decline. I want to emphasize the idea of
movement here because it is not just the simple
three-dimensional relationships of functions that
counts, but the constant ebb and flow of change
in these functions — their relationships as dy-
namic activities. Such a concept is complicated
and not easy to grasp. And, as with any major
social change, a new approach to the manage-
ment process will take time — time to develop
ideas, time to test them, time to train a new
generation of managers, and time for these men
to reach positions of responsibility.

Many companies are already developing the
background skills that will be needed. Com-
puters that are now being acquired for other
purposes can be used as systems simulators.
Operations research departments can expand
into the broader activity of studying manage-
ment systems. Simulation techniques, feedback-
control system theory, and analysis of decision
processes are being developed in the engineer-
ing and research departments of many firms.

It is already clear that some companies will
lead, rather than be overtaken by, these changes.
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For them, research on the management process
is a part of the long-range planning of company
improvement. But such companies are still the
exception. In case after case we have the anom-
aly of thorough systems studies on products and
almost none on the behavior and future pros-
pects of the company itself. Research on de-
vices is fashionable; research toward better man-
agement has yet to be fully appreciated. At the
same time more companies fail from poor man-
agement than from poor engineering.

Areas for Study

What is the nature of the job to be done in
the immediate future? I believe that business
and educational leaders should concentrate on
six high-priority areas for research:

(1) Money Flow. Models such as those used to
illustrate this article must be extended to include
money flow and costs in addition to information
and materials flow. It will then be possible to see
how the financial position of the company and its
profitability depend on operating decisions.

(2) Consumer Market and Advertising. The
way now seems clear to establish an orderly be-
havioral structure to explain our experiences and
our empirical knowledge of marketing, advertising,
and consumer behavior. We should work toward a
single unified market model to cover the entire life
cycle of a product from the period of launching
through sales and profit growth, profitability de-
cline and sales volume saturation, and finally sales
decline as the product is overtaken by new tech-
nological advances. The growth and decay curves
of different products would, of course, be different;
but large classes of products can probably be repre-
sented by the same model of marketing and tech-
nological relationships. In such a model account
will be taken not only of the action of the com-
pany and its competitors but also of the flow of con-
sumers from possible users to prospective buyers,
owners, repeat buyers (based on life and usage
characteristics of the product), and secondhand
buyers (if any).

(3) Capital Investment. A long-range represen-
tation of company growth must include the moti-
vations and decisions which lead to construction,
use, and discard of capital equipment. It must
include sources of investment funds whether equity,
debt, or retained earnings. Potential productivity
increases from modern capital equipment must be
related to older equipment already in use. The
tendencies during the early growth phase of a prod-
uct to overexpand capital investment must be re-
lated to the product life cycle.

(4) Research and Development. While not so
well understood as other aspects of company op-
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erations, research and development are crucial to
company growth and to a succession of profitable
products. A clear understanding of the relation-
ship of research to profit and capital investment is
necessary for proper representation of long-term
forces on company growth. The very long lead
times, longer than generally supposed, between

-research policy decisions and the resulting influ-

ence on company profit must be properly related
to current financial resources, production capacity,
and market development.

(5) Economic Conditions. Although, as the ex-
hibits show, major company crises are often of
internal origin, others are initiated by outside con-
ditions and are amplified internally. Ultimately,
a truly satisfactory explanation and prediction of
company evolution must incorporate the influences
of national and international economics. We now
know much about the separate parts of the econ-
omy, but we should not trust our intuitive esti-
mate of what a development here or a change there
implies for the behavior of the economic system
as a whole.

(6) Case Studies. As the methods earlier de-
scribed are developed, they must be tested in real
situations. This will help us develop the means to
cope with the complexities of actual management
problems; it will also help us to guide research to
the areas of greatest payoff.

The six preceding areas are being incorpo-
rated in the Industrial Dynamics Program at
the Industrial Management School of Massachu-
setts Institute of Technology. The research is
being sponsored by foundation funds and also
through cooperative research arrangements with
interested industrial companies. To provide men
competent to carry forward this work, both in
research and in companies, industrial dynamics
graduate courses and thesis research have al-
ready been inaugurated. Also, direct participa-
tion of men from cooperating companies will pro-
vide nuclei of talent in industry.

The industrial dynamics program at M.LT.
is aimed at four goals:

(1) To develop in the manager a better intui-
tive feel for the time-varying behavior of indus-
trial and economic systems. The study of particu-
lar situations, as in the exhibits in this article,
improves one’s judgment about the factors influ-
encing company success. The results are benefi-
cial even before one feels that he has reached an ac-
curate quantitative formulation of company behav-
ior that will have reliable predictive value.

(2) To provide a background showing how the
major aspects of a company are related to one an-
other, so that the developing manager can derive
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the greatest benefit from his work experience. His
operating experience should be more meaningful if
he has a better understanding of how his immedi-
ate environment is related to the other company
functions.

(3) To help predict the future course of an
existing organization. Very often present decisions
determine future company welfare five years or
more ahead. We have seen in the exhibits how
underlying, unchanging characteristics of a com-
pany can cause erratic manifestations in operations.
We can hope, eventually, for better ability to see
where present company practices will lead.

(4) To improve the future prospects of a com-
pany.  Beyond prediction lies the ability to redesign
an organization and its policies so that it stands a
better chance of success. We have seen in the ex-
hibits a preview of how one might explore and
evaluate proposed changes in the company.

Effect on Manager

What do these new developments mean to
the manager? How will they affect his position
in the company?

Just as automation requires new skills at the
worker level, so will improved methods require
new abilities at the management level. The ex-
ecutive of the future will be concerned not so
much with actual operating decisions as with
the basis for wise operating decisions. He will
be concerned not so much with day-to-day crises
as with the establishment of policies and plans
that minimize emergencies.

He will be able to do these jobs with a con-
siderable amount of sophistication and skill. He
will have a basis for understanding the impli-
cations of market trends and the probable be-
havior of consumer demand. He will recognize
the ebb and flow of forces which interact to
generate fluctuating economic conditions. He
will be able to relate the changing factors in

keting costs, quality control, operations research, mathe-

matical programing, and so on — can be obtained for

$4 from Reprint Department, HARvVARD BusiNEss RE-
2 viEw, Soldiers Field, Boston 63, Massachusetts.

@ The above article by Mr. Forrester is included with
11 other articles in our new Statistical Decision Series
of reprints. The complete set of 12 reprints — covering
g game theory, learning curves, inventory control, mar-

research, investment, and marketing to the life
cycle of a product. He will be able to relate
different financing methods with their relative
advantages and risks to the uncertainties of mar-
ket and economic conditions. He will know
how to devise organizational forms that are ef-
ficient and encourage the creativity of people.

We can expect changes in various manage-
ment responsibilities. There will be a merging
of many line-and-staff functions. Today, the
kind of systems studies discussed in this article
would be the province of staff specialists. Yet
the results will determine the future success
of the company; the conclusions will be only as
valid as the assumptions on which the studies
are based, the answers no more pertinent than
the questions asked. Therefore, systems plan-
ning must, in time, be the tool of the responsible
manager. It is by nature a thoughtful process
of weighing the past and present, not to reach
the immediate decision of the moment but to de-
rive guiding principles for the future.

All of this will lead to a more decisive sepa-
ration of policy making from operations, with
the dividing line much lower in the organi-
zation than at present. New ways to predict
the interaction between company functions will
speed up the movement toward decentralized
management. In the past power has been con-
centrated at the top in order to improve over-all
integration and control. With increased under-
standing of the company operation, we can ex-
pect that improved definition of objectives and
more pertinent standards for the measurement
of managerial success will permit managers at
the lower levels to take on more operating
responsibility. Senior executives will then be
free to give more attention to product innova-
tion, economic conditions, and the organizational
changes that will enhance man’s creativity.
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Until today, management education and management practice have been compartmentalized
wnto such classic subdivisions as finance, marketing, production, and accounting. However,
the major problems of the industrial manager arise not so much from the separate com-
ponents of the company as from how these interact to produce instability in prices, produc-
tion, employment, and profits. Building on the development of electronic computers, on
military advances in understanding decision-making and wn using stmulation to solve
complex systems, and on twenty years of research in feedback control systems, we may now
develop new ways to analyze the industrial enterprise. Management is on the verge of a major
breakthrough in understanding how industrial company success depends on the interaction
between flows of information (including policies and decisions), materials, money, man-
power, and capital equipment. To help provide a basts from which to understand the forces
causing industrial fluctuation, growth, stability, and decline, the School of Industrial
Management will offer a two-week Special Summer Program on INDUSTRIAL DYNAMICS

from Monday, August 18, through Friday, August 29, 1958.
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Outline of Program

In this Special Summer Program, models
of the industrial company will be formu-
lated and simulated on the I.B.M. 704
computer in the M.LL'T. Computation
Center. Emphasis will be on how organi-
zational structure, policies, decision cri-
teria, information distortion, and the
time lags in information and material
flow affect growth and can create fluctua-

tion in sales, accentuation of seasonal

tendencies, and amplification of external
economic conditions.

The Program will be based on two
years of industrial dynamics research, on
a course for graduate students taught in
1957-58, and on a course for Sloan Fel-
lows given in the spring of 1958. Principal
attention will be given to how the signifi-
cant aspects of the company can be
represented, drawing on the prior experi-
ence of the participants.

This will be an intensive session
devoted to method, rather than a descrip-
tive survey course. It should be taken
only by those who expect actively to
work in industrial dynamics during the
next several years, for the field has not
yet reached a point where the participant
can expect to make immediate profitable
application of what he learns.

Qualifications of Applicants
The Program will be limited to about 35
participants. Applicants must have a
wide interest in and experience with the
problems of the company as a whole and
the interaction of the separate industrial
functions of research, engineering, pro-
duction, marketing, and finance. There-
after, preference will be given to those
who have had mathematics (through dif-
ferential equations), an introduction to
digital computer programming, and prac-
tical or educational contact with feed-
back control systems. Applications should
show industrial experience and the extent
of training in mathematics, digital com-
putation, and feedback control.
Tuition for the two-week Program will
be $325, due and payable upon notification
of admission. Academic credit will not be
offered. Exercises will be held from 9 to
12 and 2 to 5, Mondays through Fridays.
Staff
This Program is under the direction of
Dr. Jay. W. Forrester, Professor of In-
dustrial Management. The staff will in-
clude Assistant Professors Joseph V.
Yance and John L. Enos, and other staff
members of the industrial dynamics
group of the M.I.'T. School of Industrial
Management.

Special Summer Programs—1958
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BEGINNING TUESDAY, JUNE 17
Metal Cutting

Behavior of Metals and Design Requirements
for Elevated Temperatures

Casting of Light Metals*

Switching Circuits

BEGINNING MONDAY, JUNE 23

Random Vibration

Thermodynamics for Engineers and Chemists
Organization for Research and Development
Aeroelasticity

The Dwelling House—An Emerging Technology
BEGINNING TUESDAY, JULY 8

Cavitation Mechanics in Engineering Practice
Strain Gages: Fundamentals*

Modern Developments in Heat Transfer
Fluid Power Control

Electrical Energy Conversion and Control*
Modern Research Methods in Biology and Medicine
Stability and Control of Ship Motion
Introduction to Probability Theory

and its Applications to Operations Research
BEGINNING MONDAY, JULY 14

Strain Gages: Applications*

Physics of Infrared Radiation

Principles of Radioisotope Utilization
BEGINNING MONDAY, JULY 21

Color in Art and Science

City and Regional Planning

Advanced Feedback Control Theory
Mathematical Analysis and Simulation
in Industrial Operations

BEGINNING MONDAY, AUGUST 4

Infrared Spectroscopy : Technique*
Microwave Ferrites

Design and Analysis of Scientific Experiments
Planning Marketing Strategy and Tactics
BEGINNING MONDAY, AUGUST 11

Infrared Spectroscopy: Applications*

Air Pollution

BEGINNING MONDAY, AUGUST 18

Techniques in Textile Research*
Metallurgical Applications of X-ray Diffraction
Industrial Dynamics

BEGINNING MONDAY, AUGUST 25

The Mechanics of Textile Structures*
BEGINNING TUESDAY, SEPTEMBER 2

The Design and Construction of Earth Embankments
Design and Dynamics of Mechanisms
Problems of High Powered Radar Design
Editing Technical Reports

Programs marked with an asterisk (*) are of ome week’s
duration. All other Programs will eztend through two weeks.



GENERAL INFORMATION

Admission

In order to maintain highest standards, the enrollment in each Special
Summer Program is limited according to the facilities and staff which
are available. If a Program is not oversubscribed, applications for it
will be considered up to two weeks before it begins. However, early ap-
plication is strongly advised. Application forms are available from the
Director of the Summer Session, M.I.T.

The Institute reserves the right to select those applicants
whose qualifications and experience suggest that they will receive
the most benefit from the Program for which they are applying.
Neither admission nor dormitory reservations are transferable except
by specific Summer Session Office authorization, and then only
when evidence of the qualifications of the proposed substitute have
been filed in advance.

A limited number of Special Summer Program Scholarships
are available to defray in part the Program tuition of members of
teaching staffs (rank of instructor or higher) of other educational
institutions. Requests for such scholarships should accompany ap-
plications for admission.

Payments

Applicants whose admission has been approved will be notified as
early as possible and will receive Bursar’s Remittance and Registra-
tion Cards. Both cards, together with full payment for tuition and
housing in check, draft, or money order made payable to W. A.
Hokanson, Bursar, should be returned immediately to the Office of
the Summer Session, Room 7-103, Massachusetts Institute of Tech-
nology, Cambridge 39, Massachusetts; they must be received one
week before the opening of the Program. The amounts of tuition
and room rent will be stated in the notification of admission; both
may be included in one remittance, and both must be paid in full
before the opening session of a Program. No bills are sent.

Those whose tuition is to be covered by contract with a
government agency or with industry should apply for admission to
the Office of the Summer Session in the usual way, as promptly as
possible, noting on their applications that a contract or agency
approval is being requested. At the same time, they should arrange
to have the agency send a purchase order or other evidence of its
intention to authorize tuition payments to the Office of the Summer
Session. This purchase order must reach the Office of the Summer
Session at least one week before the Program begins. It should in-
clude the full name of the prospective registrant(s), as well as the

name of the Program. If it is not sent, and if the Program is a
limited one for which others have applied, the Institute reserves the
right to cancel admission.

Since housing charges (if any) are not covered by govern-
ment contracts, these payments must be received independently from
prospective registrants at least one week before the beginning of
a Program.

Please note that a contract from industry or a government
agency does not reserve a place in a Special Summer Program; it
must be preceded or accompanied by a completed application for
admission.

Refunds

Registrants who notify the Summer Session Office of cancellation
of their plans before they arrive in Cambridge will be refunded
their payments. However, no refunds of either tuition or rent will
be made to those who leave before completing a Program in which
they have been registered, and refunds of room rentals cannot be
made for Saturdays, Sundays, or holidays during a Program.

Registration

Each person admitted to a Program should report at the Summer
Session Office, Room 7-103, at 8:30 a.m. on the day that his
Program begins. At this time he completes formal registration, re-
ceives a receipt for payments, and is given cards of admission to
the Program. Detailed information about special M.LT. facilities
and services will be available, as will printed guides to Metropolitan
Boston and other New England regions.

Mail and Messages

Registrants for Special Summer Programs may have mail and mes-
sages addressed to them at the Office of the Summer Session. Please
have the name of the Program included in the address.

Dormitory Accommodations

The M.L.T. dormitory system will be available to all registrants in
Special Summer Programs. Rooms for single men, as well as a limited
number of accommodations for married couples and single women,
will be reserved if specifically requested in the application for ad-
mission. Applicants who wish other accommodations should cor-
respond directly with Boston or Cambridge hotels.

For single men or women, the housing rate in an M.LT.
dormitory is $3.50 per person for each 24-hour unit, beginning at
6 p.m. The rate for married couples is $2.50 per person. In general,
reservations will be available from 6 p.m. of the Sunday night
preceding the opening of a Program until 6 p.m. of the Saturday
following its conclusion. Dormitory reservations will be confirmed
in the letter of notification of admission; this letter should be pre-
sented at the Institute House upon arrival. Please include payments
for dormitory accommodations with tuition payments, made at
least one week in advance. Registrants in Special Summer Programs
should make no rent payments at any dormitory office.

Each House is open 24 hours every day. Children under
twelve years of age may not be housed in any dormitory during
the Summer Session, nor are pets allowed. No dormitory employee
is authorized to modify these regulations.

College dining facilities on the campus will be available
to Special Summer Program registrants and their guests. In addi-
tion, there are restaurants within easy walking distance of the
Institute, and many famous eating places and hotels of Metropolitan
Boston are situated just across the Charles River Basin.

Ample free outdoor parking space near the dormitories
is available during the summer for those attending Special Summer
Programs.

Recreational Facilities

Summer guests are welcome to use the Institute’s libraries. and
recreational facilities, including tennis courts, softball fields, squash
courts, the Alumni Swimming Pool, and a fleet of small sailboats
operating from the M.L.T. Sailing Pavilion.

Within easy access of the Institute campus are some of the
world’s finest museums, libraries, and art galleries. The famous
Hatch Memorial Shell, outdoor summer concert hall for the Boston
Pops Orchestra, is just across the Charles River Basin. Major
League baseball games are scheduled throughout the summer at
Fenway Park, only a short ride from the campus. Several summer
theaters and the historical areas of Salem, Concord, Lexington, and
Plymouth are within easy driving distance, while Cape Cod, the
White Mountains of New Hampshire, the Green Mountains of Ver-
mont, and many parts of the Maine seacoast may easily be visited
on week-end trips.

Design by the M.I.T. Office of Publications (GA); art work by the M.I.T. Illustration
Service. Photon typography by the Machine Composition Company; production by the M.I.T.
Photographic Service.
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