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Section I
PREFACE

Thiz study was undertalen at the request of Dr, Albert H, Bowker,
Asslstant Frovost and Nead of the Statistics Deparimsnt of Stanford
University, The work extended over a 12-month period from October 1956
%o October 1957, Its purpose was:

1, To study aid evaluate the orgmnization,” curriculum, research
program, computing equiprent, finencing and facilities of
universitiss in the United States having computer and/or dsta
processing and/cr related programs,

2, To identifyy thoce fields of study (those already formally iden-
tified as dlsciplines as well as those not yet so designated)
that are uaambiguously part of the computer snd data-processing
fields and those closely related fislds that might legltimately
be part of a university program, X

3o To recommead to Stanford University what it might do to tuild a
distinguished propram in these fields,

To cbtain information, interviews were held with university adminis-
tratora, directors of computing centors, faculty members, students, industrial
representatives and others intarested. Placas of interview were universities,
sclentific meetings, social gatherings, industrial plants and reseé:gch %nsti-
tutes, Important informetlon was obtained from a few publications, s3s

In the course of the study, gensral pertinent questions arose that lad
Lo be considered in s progrem for a university, Such questions included
"What is the function of the university?" and "What fields of study legit=
imetely constitute disciplines?" These questions were considered as by
products of the main study, .

Tha three objectives are considared to have been essentially achieved,
A sumnary of the simificant facts, conclusions and recormendations is in-
cluded in the body of the report,

The scope of tis gurvey did not allow for any more than a fortuitcus
gathering of informition by the investigator who made many of his contacts
during visits in ciiies of his clienis, A questiommaire intended for mailing
was congidered and dropped because it became clear very esrly that only per-
gonal interviews could bring out the important facts and opinions, Besides,
results from othor similar questionnaires became available, Eence s ths con-
clusions and recommendations are not always derived from 2 mass of accumilated
data = they do reflact the writer's own experience in the computer and data
processing fileld, information about what other universities are doing and
especizally what they are not doing, and the :influence of those indivicuals
interviewsd who havs experienced and reflected on the same problems as those
considered in this report,
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Section II
SUMMARY AND CONCLUSIONS

The present and future need in the United States for qualified profes-
slonal and nonprofessional personnel in tgescgmwter » data-processing and
related fields has bsen well established,“?79°s Qovernment, industry and
the student body at large ars seeking but not getting nearly enough in the
curriculum of American universities to satisfy these needs, They will con=-
time to seek this curriculum “>r at least the next ten years,

Many activities in fields like econometrics, information theory, manage-
ment science, operations research, computers, data=-processing, decision
theory, model theory, etc,, are related somshow - but the fields are sSo new
that even an adequate terminology has not yet been developed within most of
them, Consequently, individuals working in these respective fields cannot
adequately commmicate with cach other « let alons with individuals in another
related field, There is much work to be done in integrating these fields
into a unified discipline and identifying those areas that are disciplines
on their own so that they can be dewveloped independently,

There is the opportunity and obligation now for Stanford University not
only to help satlsfy the needs of the commmity for trained professionals in
the computer, data-processing and rslated fields - but also to become distine
guished academic leaders in these fields - by accumlating a competent fac-
ulty to instruct and to conduct a research program that will develop the -
“computer” discipline/s as well as to create and develop techniques and
theories of applications of these computer disciplines as tools for use by
other disciplines, established and othsrwise,

It is recommended that plans be made for the creation of a new Graduate
School at Stanford University in September 1958, to be called the Graduate
School of Computer Sciences, This school would grant degrees in a wvarigty of
topics covered by the departments within the school, The avowed purpose of
the school would be (1) to train professionals in the fields of  interest and
competence in the school, (2) to train scholars in these fields, (3) to do
exploratory research in these fields, and (L) to develop the new disciplines,

These departments should now include a Computer Department (that has
cognizance over the computing equipment), Information and Commmication
Department, Systems Department, and Operations Research Department, Consid-
eration should be given to including the present Statistics Laboratory in
the school,

This recommendation does not exclude other Schools and Departments in -
the University from adding faculfy to their staff competent in these fields,
As a matter of fact, this should be expressly encouraged in those departments
and schools devoted to subjects whose research and instruction could profit
from utilizing models from the fields of interest to the new Graduate School
of Computer Science, However, other Schools or Departments should not be
depended upon to devote instruction and research in these fields,



One of the important reasons for recommending a School rather than a
Department or an Interdepartmental Committee as the organizational entity
is the conviction that fields of study that do not have a key organizational
entity of a university associated with it, will not becoms associated in the
interested public's mind with that university,

If Stanford University creates the Graduate School of Computer Science,
there is little doubt that other universities would soon follow with similar
organizations and programs,

One word of caution may be in order: It is appreciated that the recome
rmended action is a major undertaking and that the University officials may
want to act more slowly than is recormended here, There can be no ocbjection
to slow, deliberete action provided it is a planned, schsduled and deliberated
movement toward specifically well defined goals - rather than an opportunistic
delaying action thai seems to characterize several of the current wniversity
programs in the United States,



Sceticn ITIT
GENERALL OBSERVATIONS

12 miidst of owr sociely is characterized by a demand that more
phases” of our tradif.ional cultur: be subject 0 a critique guided by
rebionalistic snd sclentific ruls:s of evidence, Thus 3

INFORMATION-DATIA  gatiwering, sception, sccumlation, storage, searching,
clisuificabion, cataloguing, retriaval, handling, pro-
cessing, encoding, decoding, interpretation, sampling,
fi’tering, analyzing, checking,

MODELS mavhematical, Boolean algebraic, Post algebraic, logical,
gbochastic, commtational, statistical,

STULATCORS , IS(MORPHSHS, FOMEOMORPHISMS, COMFUTERS, IANGUAGE TRANSZATION,
SWITCHING THEQRY, LV’CRMATION THEORY, CODING THEORY, CYEERNETICS, STATISTICS,
DECISION THEORY, SYM3O:IC 1LOGIC, AUTOMATA THEORY, ARTIFICIAL INTELLIGENCE,
NEURAL PHY3IOLOGY, O.¥FALIONS RESEKARCH, ECONOMETRICS, MANAGEMENT SCIENCE,
PSYCHOMETRIGS,, CEYPTOGRAPHY, PROBABILITY, IEARNING, JENRERAL SYSTEMS THEORY,
LINEAR TROGHAMMING, (AIE THEORY, AUTCMATION, DYNAMIC PROGRAMMING, WJUMERICAL
ANALTSLS ave examples of topics, uomes old - some new, that are having a
terrific impact on and gemeral acceptance by the industrial, business,
governmant, and intelilsctual commmnity,

This accsptence is due in no small measure to the spectacular successes
enjoyed by some of tlmse fielids when applied to the solutions of probiems
in many of the crash programs tha® characterize the present generation,
That, in some cases, the use of the new knowledge has pointed up the ridic-
ulousress of scme of these crash programs has not dulled the luster of the
new look,

Beixinda this new luok is a substantial and basic change - in thes scope
of problems thst can be attacked - in philosophy and method of approach =
in the norms, standards, criteria, and set of values, indeed of the aims
and iceals of socilet;’,

Tha folloving e:corpt characterizes a phagse of the milieu:

"he field ol szles manapewant viewed in its broadest terms -
including the J:oction of personal sales sctivity and the integration
of auditirg witl: other sales functions ~ presemts a third major oppor-
twatly for msnagement science, Primarily, what are nesded are methods
for grappling with multi-variable situations as they occur in the world

%
Itciud.ng the ruinbiy of a wniversity, as well as the preparation of a
report such as this,
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vather thsn ths 3ingle-variabls methods of classic laboratory science,
Lopef1lly, it should be possible to start with jqualitative or rough
quantitative aproaches and pradizlly develop tools of greater praecision,
This sugzeats ti2 use of mathemaiicel models in both their qualitatiwve
end qurnbtibatia aspects, Tocmiques grounded in mathematics, notably
inciuling linea’ programming, search theory, and game theory (partic-
slarly nonzero tum ralti-percon games) have ouh:standing potential con-
tributions, Maxeting Irigats involve ccmmitments on too largs a scale
to pernili axecw oo to conbinue to sccept historical patternms in o
managarese worla in which ravional explanations of alternative strat-
6giog end planmed optimizing are becoming stendard operating pro:edures,"*

Industry, ousirk 9u and govermment have varied requirements for traired
peopie Yo do tha worl: reguiring tolents in these fieids, Need for investi-
gsling thease fields .'rom the scholar's viewpoint has also been recognized
although gupport for ihis endeavar lajs. The problens of solving practicel
problems in and with these fields, “ruining professionals, training scholars,
end coing research, lwuve been hanulsd in a variety o ways by industry,
business, government and uhe university whem *ndesd they have tried to hendlo
the probiems at all, On the whole:, each of thees four irportant segmemts of
the comunity has becn unprepared by virtue of its t:'aditional organization,
philcsophy, responsibilities and yproccdures to incorporate and cope with a
phenomanon vhosa funcamental implications usually requires a modification
of these organizatiornu, philosophies, responsibilitics, and procedures,

Thus, the goverrment has set up Rand Corporation(s) for research and
project work -~ they Lave set up and supported institutes at universities
for researcl. and project work = tley hawvs indirectly supported development s
1f net expleratory werk, in these fielids as by-produ:ts of govermment
proJect contracts to industry,

Industry and bueiress hsve s¢t up separate depar tments charged with
over-all rosponsibility of applyirg these techniques to company operation ’
maragemant, design, rarufacturing, salss, etc. Graduate lavel schools for
inztruction of orofessionals in tlese fields are being :un by industry
itself,

Universitias heve sometimes introduced courses in existing departments ’
sometimez o new departnent has beaen set up « somstimes an interdepartmental
committea, somaiimes sr institute or & laboratory - for instruction of
prcefessionels aid to do thesis research,

One ie irpresse¢ Ly ths ambiguous and yet apparently overlapping
ciraractorivtics of scme of these 1ields, Organizations have been forred
ans reguzines are being published by Cevotees of thi: or that field.. Yet
in msny cases, vhe nsture and functior of the Pield is vague in the minds

: :
¥slvin Anshsn, p, 231, "Management Science in Marksting," Management
Science, Vol, 2, No, 3, April 1956,
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of these people, One of them, writing in ths Tramnsactions of the Institute
for Management Sciences, stated: "The writer has a strong feeling that
these who worked so hard and successfully to organize TIMS were on the
right track, However, it appears that they were led more by broad feelings
than by logical reasoning, They knew (in the sense of having faith) that
there was a need for something not yet in existence but they failed to
develop a clear and distinct picture of what they intended to accomplish,"

And further, the following statement of editorial policy in the new
journal, "Information and Cr—trol":

" Statement of Editorial Folicy"

"The theories of communication, computers, and automatic con-
trol were initially of interest primarily to mathematicians and
engineers, The papers relating to these fields have therefore
appeared in a wide variety of engineering and mathematical journals,
Some of the results of this work have been applied by scholars in -
such areas as linguistics, psychology, statistics, physics, genetics
neurophysiology, and even philosophy. Such applications have lead
to results which are of interest in their own areas, but which in
some instances have also suggested models and raised questions of
fundamental interest to the theories being applisd, Unfortunately
they appear in many entirely different sets of professional publica=
tions, which few readers of emgineering and ‘mathematical journals

866,
"It is the purpose of this new journal, 'Information and

Control,' to publish papers which make significant contributions
to the theories of commnication, computers, and automatic control,
and also papers which present experimental evidence or theoretical
results bearing on the use of ideas from such theories in any field
to which the ideas are relsvant, Fapers will be published, for
example, on such topics as:
Theory of commmication
-Theory of antomata
Theory of Automatic control systems
Description and analysis of language and other
natural information sources
Commmications and control systems which ny
include links within or between organisms
Informational aspects of physics and of the
theory of observation and measurement
Organisation, processing and retrisval of data
"Since people in a mmber of disciplines will be commmicating
through this journal, it will from time to time publish editorials,
or papers of an editarial nature, discussing views of the relation-
ships between fields, The paper ‘Mathematics, Physics and Informe~
tion' in the current issue falls in this category, Since people
in many countries have contributed to this field, the editorial
board 1s international in character,

-
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"Any statement of policy for a new enterprise is, at best,
an educated guess, and this one is no exception, It 1s, of
course, subject to gradual change without formal notice, as the
Journal takes shape under the diverse pressures of authors,
editorial board, editors, and readers."

So it will probably be with the course content and research topics
in the universities, Doubtless, some of the topics of present interest
will develop into discipline~ of their own, while others will flower and
die. Not knowing which topics are destined for what fate, the university
scholar is presently interested in all of them,

Ancient Controversies

These doubts and fumblings about how to incorporate new topics into
the university structure, what is the function of a university and, indeed,
what is an intellectual discipline worthy of scholarly inquiry, are sube
Jects of ancient controversies,

The following exceipv is from an article by A, N, Whitehead, concern-
ing the function of a university, especially in connection with the opening
of the new Business School at Harvard University in 1927,

#This article will only deal with the most gemeral principles,
though the special problems of the various departments in any university
are, of course, innumerabls, But generalities require illustratiom,
and for this purpose I choose the business school of a university,
This choice is dictated by the fact that business schools represent
one of the newer developments of university activity. They are also
more particularly relevant to the dominant soclal activities of
modern nations, and for that reason are good examples of the way in
vhich the national 1life should be affected by the activities of its
universities, Also at Harvard, where I have the honour to hold
office, the new foundation of a business school on a scale amounting
to magnificence has just reached its completion,

"There is a certain novelty in the provision of such a school of
training, on this scale of magnituds, in one of the few leading uni-
versities of the world, It marks the culmination of a movement which
for many years past has introduced analogous departments throughout
American universities, This is a new fact in the university world;
and it alone would justify some general reflections upon the purpose
of a university education, and upon the proved importance of tha
purpose for the welfare of the social organism, '

"The novelty of tusiness schools mst not be exaggerated, At -
no time have universities been restricted to pure abstract learming.
The University of Salerno in Italy, the earliest of European univer-
sities, was devoted to medicine, In Englend, at Cambridge, in the
year 1316, a college was founded for the special purpose of providing
lclerks for the King's service.' Universities have trained clergy,
medical men, lawyers, engineers, Business is now a highly intellec-
tualized vocation, so it well fits into the series, There is, however,
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this novelty: the curriculum suitable for a business school, and the
various modes of activity of such a school, are still in the experimental
stage., Hence the peculiar importance of recurrence to general principles
in connection with the moulding of these schools, It would, however,

be an act of presumption on my part if I were to enter upon any con-
sideration of detalls, or even upon types of policy affecting the

balance of the whols training, Upon such questions I have no special
knowledge, and therefore have no word of advice,

"The universities are schools of ecducation, and schools of research,
But the primary reason ror their existence is not to be found either in
the mere knowledge conveyed to the students or in the mere opportunities
for research afforded to the members of the faculty,

"Both these functions could be performed at a cheaper rate, apart
from thsse very sxpensive institutions. Books are cheap, and the system
of apprenticeship is well understood., So far as the mere imparting of
information is concerned, no university has had any justification for
existence since the popularization of printing in the fifteenth century,
Yet the chief impetus to the foundatior of universities came after that
date, and in more recent times has even increased,

"The justifilcation for a university is that it preserves the con-
nection betwsen lmowledge and the zest of 1life, by uniting the young
and the old in the imaginative consideration of learning, The uni-
versity imparts information, but it imparts it imaginatively., At
least, this is the function which it should perform for society., A
university which fails in this respect has no reason for existence,

This atmosphere of excitement, arising froi. imaginative consideration,
transforms knowlsedge. A fact 13 no longer a bare fact: it is invested
with all its possibilities, It is no longer a burden on the memory:
it is energizing as the poet of our dreams, and as the architect of
our purposes,

"Imagination is not to be divorced from the facts: it is a way of
illuminating the facts, It works by eliciting the general principles
which apply to the facts, as they exist, and then by an intellectual
survey of alternative possibilities which are consistent with those
principles, It enables men to construct an intellectual vision of a
new world, and it preserves the zest of life by the suggestion of
satisfying purposes, '

"Youth is imaginative, and if the imagination be strengthened by
discipline this energy of lmagination can in great measure be preserved
through life, The tragedy of the world is that those who are imagina-
tive have but slight experience, and those who are experienced have
feeble imaginations. Fools act on imsgination without knowledge;
pedants act on knowledge without imagination. The task of a university
is to weld together imagination and experience,

"The initial discipline of imagination in its period of youthful
vigor requires that there be no responsibility for immediate action,

The habit of unbiased thought, whereby the ideal variety of exemplifica-
tions is discerned in its derivation from gemeral principles, camot
be acquired when there is the dally task of preserving a concrete organ-
ization, You must be free to think rightly and wrongly, and free to
appreciate the variousness of the universe undisturbed by its perils,

-8-



"These reflections upon the general functions of a university can
be at once translated in terms of the particular functions of 2 business
school, We need not flinch from the assertion that the main function
of such a school is to produce men with a greater zest for business,

Tt 18 a 1libel upon humsn nature to conceive that zest for life is the
product of pedestrian purposes directed toward the narrow routine of
msterial comforts. Mankind by its pioneering instinct, and in a hundred
other ways, proclaims falsehood of that lie,

9Tn the modern complex social organism, thé adventure of lifs
camnot be disjoined from intellectual adventure,. Amid simpler circum-
stances, the pioneer can follow the urge of his instinct, directed
toward the scene of his vigion from the mountain top, But in the com-
plex organizations of modern business the intsllectual adventure of
analysis, and of imaginative reconstruction, mst preceds any success-
ful reorganization. In a simplor world, business relatione were simpler,
being based on the immediate contact of man with man and on immediate
confrontation with all relevant material circumstances, Today business
organization requires an imaginative grasp of the psychologles of pop-
ulations engaged in differing mcdes of occupation; of populations
scattered througr cities, through mountains, through plains; of popula=-
tions on the ocean, and of populations in mines, and of populations in
forests, It requires an imaginative grasp of conditions in the tropics,
and of conditions in tempsrate zomes, It requires an imaginative grasp
of the interlocking interests of great organizations, and of the re-
actions of the whole complex to any change in one of its elememts. It
requires an imeginative understanding of laws of political econory,
not merely in the abstract, but also with the power to construs them
in terms of the particular circumstances of a concrete business, It
requires soms lmowledge of the habits of government, and of the varia-
tions of those habits under diverse conditions., It requires an imag-
inative vision of the binding forces of any human organization, a
sympathetic vision of the limits of human nature and of the conditioms
which evoke loyalty of service. It requires some knowledge of the
laws of health, and of the laws of fatigue, and of the conditions for
sustained reliability., It requires an imaginative understanding of
the social effects of the conditions of factories, It requires a
sufficiént conception of the role of applied science in modern
society, Tt requires that discipline of character which can say wes!"

and ‘no' to other men, not by reason of blind obstinacy, but with firme
ness derived from a conscious evaluation of relevant alternatives,

"The universities nave trained the intellectual pioneers of our
civilization ~ the priests, the lawyers, the statesmen, the doctors,
the men of science, and the men of lstters, They have been the home
of those ideals which lead men to confront the confusion of their
present times, The Pilgrim Fathers left England to found a state of
society according to ths ideals of their religious faith; and one of ‘
thelr earlier scts was the foundation of Harvard University in Cambridge,
named after that ancient mother of ideals in England, to which so many
of them owed their training., The conduct of business now requires
intellsctual imagination of the same type as that which in former
tpms has mainly passed into those other occupations; and the univer-
sities are the organizations which have supplied this type of mentality
for the service of the progress of the European races,™.
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It 1s difficult now and seems to have always been difficult to get
agreement on what the functions and product of a university should be -
or vhat it should not bs, for that matter., Gray areas seem always to
turn up that cannot be unambignously adjudicated, Omne can find proponents
of the policy that "education" is the realm of the university, while
ttraining® is not, Othsrs will insist that the university is concerned
with all aspects of the mental, intellectual, abstract disciplines and
nothing else, etc. The creating of medical, law, business and engineer-
ing schools as part of the vniveraity systems came only after much dis-
agreement, It 1s not at ali clear to many university people today what
aspectg, if any, of computers, data-processing, and related fields are
the proper province for a university.

Characteristics of Disciplines

This leads us to the question, "What constitutes a discipline?"

Although a set of agrsed-to criteria do not exist by which one can
determine whether or rot a field rates as a discipline, there are several
characteristics of accepted established "disciplines" that mgy be referred
to when ons has the problem, as we do, of deciding whether or not a given
field is potentially a discipline,.

Egtablished disciplines, like mathematics, e.g., have the following
characteristica H

1, the terminology has been established; a glossary of terms exists;

2, workers in the field do non-routine intellsctual work;

3, the field has sometimss been axiomatized; ‘

li; the field is open, i.e., problems are self-regenerating; -

5. there is an established body of literature, textbooks exist,
gsometines treatises - even handbooks; also professional
Journals;

6, university courses, sometimss departments and indeed
schools are devoted to the field,

Most aspects of computers, data processing and the related fields
discussed in this study now meet these specifications or may be meeting
them in the next tem years, It is clearly the job of university people’
to help create the axiomatization, theory, terminology, curriculum, etc,

Policz

In talking to university administrators and faculty, sympathetic
or otherwise, about the problems of incorporating computer or data process-
ing or related fields into their university programs, I was impressed with
the fact that many of them spent most of our discussion time relating
difficulties in generalities and illustrating these difficulties with
practical, though trivial, examples. Thus, one man described the dif-
ficulties he had in getting a course in matrix methods approved by the



faculty committee for inclusion in the curriculum, Another man concluded
that an important prerequisite for adding a faculty member for instructicm
and research in computers was that the new man be under thirty years old,
It was carefully explained that the quota far the other age groups in the
department was already filled, In discussing the possibility that faculty
would have to be recruited from industry in some cases to fill university
positions in these fields, one man took the trouble to make it abundantly
clear that such recruits would most certainly have to be willing to share

the department secretary,

It was difficult to find people who had before been involved in
incorporating new programs into a university or who would release them-
selves from their immediate constraints to discuss the essentials of the
present situation,

There have been several reports written by university committees
chartered to recormmend a course of action for their respective univer-
sities. Some pecple offered these reports for reference » but as it turned
out none were actually ever made available to me, I suspect that amn
element of embarrassment was involved,

This behavior betrays a general lack of confidence, policy and
philosophy at universities regarding their role and function in these
fields, My conclusion was that for many university members ~ his status
is at least as much a vehicle for personal security and the mainténance
of vested interests, as it is an opportunity to teach and inquire,

The scramble to get in on a "free" 650 computer from IBM is a dise
grace in some cases, Course titles and contents have been created on
the spur of the moment to fit the IBM requirements, Faculty have been
assigned on the basis of their not having a full load, More evidence of
what oné does when one does not have a clear, well defined policy and

program,
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Section IV

SOME OBSERVATIONS ON TIE PRESENT SITUATION

POLICY

Probably 200 universities and colleges are engaged in some kind of
activity in the fields of our concern. The purpose of the schools that
first pot involved was Mo gc' their feet wet" in fields that secemed to
have appeal., Usually, one man who had a strong interest in this or that
field would give a course in whatever department he happened to be in.
Several institutions embarked on a program of building large-scale digital
computers. Few were successful. Later, as tae pressures for information
in these fields grew, courses were added, some equipment was obtained,
centers and institutes were established. Only a few universities made a
determined effort to select a field of interest, set up a policy and goal
and implement it. lMost were feeling their way.

Most are now feeling their way.

The most important impact on university programs in these areas has
been the educational program of IBM. IBM has a manpower problem now -
they know it will be severe in ten years. Their problem is two-fold.

They need professionally trained people to help sell their product. They
want their customers to have professionally trained people to use their
product properly. IBM has "presented" 650's to over a hundred universities
by now under the condition (among others) that a couple of courses in data
processing and numerical analysis be given. A 705 has been "given" to

UCLA for "emphasis on the study of business management problems.”" MIT has
been "given" a 704 for "research and education of students in computing
techniques." The University of California has a re-tread 701. (Harvard
and University of Pennsylvania have been "given" Univacs; one or two
universities "have" Datatrons.) It is fair to say that in most cases, to
the extent that a university activity has a purpose at all, it has been
made for them by IBM. It is true that for many universities, this is good.
Otherwise, they may never have gotten around to a program at all. Never=~
theless, there are no distinguished centers of computers, data processing,
etc. and I believe that this is so because not enough attention has yet
been given by anyone to the development of an integrated program and
policy in response to the needs and conditions of t%e whole community
rather than to the specific needs of computer manufacturers and their
customers. ‘

ORGANIZATION ,

The university entity most popular as the center of activity for com-
puter, data processing, operations research, industrial engineering,
mathematics, business, etc. is the computing service center. Sometimes an
interdepartmental committee is in charge of the service and of a few
courses. Sometimes, all courses are given in one department without any
necessary relation between course content and department. Ior example,
Course 63L, "Applications of large-scale digital camputers to business and
industrial systems" is given in the Moorse School of Ilectrical Engineering
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at the University of Pennsylvania., Some schools run one-week seminars,
Others run symposia. In many cases, institutes, not altogether part of
the university structure, are involved.

RESEARCH - SUBJECT MATTER

The range and variety of potential research activity in the design,
programming and utilization of computers and closely related fields is
€normous .

Theses and research papers have been wri‘c,‘c,en18 on topics in com=
puter logic, automatic coding, switching theory, coding theory,
neurophysiology, inventory control, production control, office automation,
machine translation, organization, classification and retrieval of know-
ledge, and solutions of problems having computational models in almost
every quantitative discipline.

Here, as in the curriculum, the fields of camputer theory, applica-
tion theory, model theory do not yet appear to have been attacked.

The following comments concern the structure of a digital camputer
and problems of research concerning its use as both a manual and a mental
aid. Data Processing and its relation to other fields is alsc discussed.

THE MODERN HIGH~-SPEED DIGITAL COMPUTER SYSTEM

The modern high~speed digital computing systems consist of a combina-
tion of devices whose ultimate use may be characterized as being a manual
and/or a mental aid, indeed an extension or part of the user. The system's
internal structure and organization is sometimes used as a model of certain
theories as well as of human structures - the brain and nervous system in
particular, :

In considering exactly how a computing machine may operate as
indicated, let us identify the significamt components and characteristics
of a typical one.

Bulk Storage (Input=Qutput)

A system usually has a medium (paper tape, punched cards, magnetic
tape, photographic film) for storage of initial information, intermediate
results, instructions or permanent storage. Access to and reading this
information on this medium is fast (compared to a human being doing an
equivalent search job on z paper file). Information density on these
media is high and thus much information may be stored in a small volume.
Information may be written onto these media from a keyboard or from the
computer. Vhen under control of the machine, the medium may be searched
automatically at high speed. When the medium is "on line," it can be read
by the machine. Uhen "off line," it may be read and converted to informa-
tion on another medium, such as a printed page. The printed page is
sometimes used as "on line" input as well as output from the computer.
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Internal High-Speed Storage

These devices (magnetic drum, mercury delay lines, electrostatic
storage tubes, magnetic cores, etc.) stare instructions, original data,
intermediate and final results. They are written onto (fed by) the bulk
storage memory and the arithmetic unit (results of computation). Zhey are
read by the bulk storage, the arithmetic unit and the instruction unit.,
They operate (access) at high speeds, but their information density is
usually low.

Arithmetic Unit

This unit performs the arithmetic operations of addition, subtrace
tion, multiplication and division on data it already has in its registers
or has received from the internal high-speed storage unit. It also
performs the logical and "bookkeeping" operations.

Central Control

This unit contains the instruction and control registers that the
other units respond to. Instructions are read from the internal high-
speed storage. Address portions are sent to address selection equipment -
arithmetic and terminal equipment operation codes are also distributed
from the instruction register.

Stored program digital computers are capable of automatically
executing a series of instructions that are created by the system and/or
initially entered into the system. The speed with which the system
solves a problem or performs a task depends on the capacity and access
time of the storage devices, the speed of performing arithmetic operations
and the efficiency of the program. Preparation for using the system
involves restating a problem or task in machine language and preparing an
input medium with data and instructions for entry into the system.

Manual Aids

Manual aids, such as desk computers, computresses s bookkeeping
machines, punched card machines and the like, have been extremely
valuable to university scholars and students in the Physical sciences,
humanities, social sciences, mathematical sciences, business sciences,
library science, etc. The ability of modern high-speed equipment to do a
superior job in storage, retrieval, and calculations means that the qual~
ity and quantity of university output should be improved to the extent
that this kind of manual aid is made available and used efficiently.

It may here be noted that the quantity of the output should increase
not only because of the high speed and versatility of the electronic aid,
but also because more of the problems, tasks and the models created in
the various disciplines become tractable with the use of the new aid,

The quality should improve for a similar reason. There exist models of

various phenomenon in almost all disciplines whose problems have not been
soluble with present techniques. In many cases "simplifying assumptions"
are made and the model revamped in order tomake the problems soluble, In
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these cases, the wrong problems have been solved quite accurately. Present
high~-speed equipment makes possible the accurate solution of more of the
right problems.

The availability of high-speed computing systems and efificient
operating crews has a much greater impact on the university output than,
say, the availability of batteries of desk calculators and operators. The
curriculum, research program and even faculty education is affected.
Scholars and students will have to learn enough about the available
devices to use them well with tu.ir presemt models. This knowledge should
serve to motivate them to the creation of new machihe soluble models. In
fact, a general theory of the construction of techniques of machine
soluble model construction for any discipline seems clearly to be a job
for the university scholar,

This is an unexpected but inescapable development growing out of
the computer as a manual tool!l

In addition, those techniques peculiar to the design and programming
of high-speed equipment should be developed if they can serve to make it
a more efficient aid for manual routine work, and especially if it results
in an aid that could help handle more models. As a basis for this en=-
deavor, there will undoubtedly be required at least a COMPLTENT THEORY COF
COMI'UTING MACHINES, A CGHPLTENT THEORY OF MODILS AND A COMPLTENT TIIEORY
RELATING THE TWO.

Mental Aids

Equipment for aid in routine mental tasks has fewer precedents than
equipment as an aid for routine manual tasks. Computers are now being
used to check results of some mental efforts. For example, they are being .
used to check the logical design of other computers. The ability to use
equipment as an aid to do routine mental work and thus make it literally
an adjunct of one's self in creating new disciplines or developing exist-
ing ones may turn out to be a discipline in itself. To be sure, this is
rather vague, but this in no way weakens the conviction that it is a
legitimate interest of the university. The university scholar must also
be interested in the peculiar programming and design techniques of an
equipment that will make it (the equipment ) most useful as an aid to
routine mental work.

Data Processing and Related Fields

Computers are related to other fields in one or more of four ways:

1., Vorkers in these fields use the computeras a mechanical or a
mental aid,

2. These fields provide models useful in the design, programming
and applications of computers,

3. Analogies exist in the internal structwre and organization of
a computer with structures and organizations in other fields,
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4. The methods, tactics, philosophy, modus operandi are similar.

Many fields of applied mathematics® are now providing models for
many other disciplines. Thus, work under the province of operation research,
or game theory or decision theory or management science, or linear proe
gramming, or econometrics or statistics is being applied to business
problems like market analysis, invemtory control, long-range planning, etc.
In many instances, a computer is used to process data, solve equations, do
analyses - even make decisions based on criteria it has been given.

Switching theory, coding theory, informatiom theory, Boolean algebra
provide models not only for design and programming and applications of
computers but also of analogous fields like newrophysiology.

The computer thus provides a significant link among various estabe
lished disciplines as well as those fields of endeavor of intense present
interest, some of which will develop into disciplines on their own, while
others will no doubt flower for a while and die. Since there is no way of
knowing which ones are destined for what fate, the university scholar is
presently interested in all of them.

Curriculum

A few selected examples of topics covered in the present curriculum
of universities are the following:

use of electronic data processing

. logical design of computers

computer electronics

electronic digital camputers - digital computer circuitry
theory of and operation of camputing machines
statistics in business forecasting

dynamic programming

numerical mathematical analysis

numerical mathematical analysis laboratory

matrix analysis

matrix analysis laboratory

numerical solution of differemtial equation
nuverical solution of differential equation laborratory
principles of digital computers

programming for digital computers -
business and industrial analysis

statistical methods - regression

probability models

‘linear programming

game theory

Monte Carlo techmiques

a controversial characterization
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data processing

record keeping

sorting

searching

collating

file maintenance
automation

systems analysis

information theory
switching and computing circuits
theory of coding
information storage and retrieval
documentation and classification

Such topics are covered not only in normal courses, but in special
courses, seminars, symposia, and lectures.

It may be seen that even this incomplete list covers aspects in the
design and design models for computers, programming and applications of
interest to people in the business schools, engineering, the physical and
biologlcal sciences, applizd mathematics, statistics, industrial engineer-
ing, logic, etc. These courses reflect an appreciation of the computer as
an ald for routine manual work in many applications. They reflect an
appreciation of the ability of a computer to handle new computational
models. They reflect an appreciation of the theoretical techniques of
computer design.

What is impressive is the lack of courses reflecting appreication of
the computer as an AID TO ROUTINE MENTAL EFFORT, A THEORY OF COMFUTERS, A
THEORY OF PROGRAMMING, A THBEORY OF APPLICATIONSe This in turn is probably
a reflection of the youth of the fields. OSuch theories have mot yet been
born. When they are created and developed, courses will doubtless follow,

Few, if any, of the university curricula are integrated. kven those
that do have an aspect of integration, as the one at the Engineering.
School at the University of Pennsylvania, for example, or the contemplated
one at the Business School at UCLA, concentrate on the interests of people
in particular disciplines interested in computers or deta processing as
tools for their own use exclusively. This is not to say that this is bad,
But it is narrower than a university program ought to be.

COMPUTATIONAL MODELS FOR VARIOUS FILLDS

The following list of typical engineering applications of computers
will serve to illustrate the wide variety of disciplines that can find
appropriate models in the fields we are discussing. These may, of course,
motivate the creation of courses and research in these techmiques in
various departments and schools of the umiversity.

Aeronautical Engineering
Aeroelastic flutter and vibration analysis
Armament systems evaluation
Bombing systems evaluation
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Body and duct design, lofting
Compressible flow studies

Data reduction-telemetered, theodolite, wind tummel
Ingine cooling

Fire control pursuit course calculations
Flight trajectory calculations

Fuel cell pressure analysis

Guidance problems

Guided missile optimization studies
Heating studic -

High-speed instrumentation

Landing gear design

Load, sheer and moment calculations
Nozzle design

Optical system design

Power plant performance calculations
Radar equipment design

Radar detection probabilities

Radar echo studies

Radio interference

Radome studies

Servomechanisn calculations

Sound pressure analysis

Standard performance calculations
Wind tunnel balance computing

Chemical Engineering
Absorption analysis
Crude 0il evaluation
Flash vaporization
Gas vapor cycle performance coefficient
Liquid-vapor equilibrium calculations
Mass spectrometer analysis
Multi-source planer diffusion
Pilot diffusion cascade data analysis
Pipeline design, stress analysis
Refinery simulation, production analysis
Tankage studies

Mathematics
Algebraic equations - real and camplex
Applied probability functions
Complex polynomials
Elgenvalues
Fourier analyses
Generation, tables of special functions
Linear programming
Matrix calculations
Minimize functions of two variables
Ordinary differential equations
Random number generation
Random walks
Simultaneous linear and nonelinear equations
Simultaneous linear and non-linear differential equations
Transportation problems
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Electrical Engineering
Circuit design and minimization
Circuit breaker design
Motor and generator core losses
Motor and generator - critical shaft speeds
Power system - economic operations
Power system - loading and losses
Power sub-station studies
Stability and transient studies
Transformer de “ign

Physics
Atomic power studies
Gamma ray attenuation
Neutron absorption breakdown
Nuclear calculations
Upper atmosphere research
X-ray crystal structure analysis

Statistics
Analysis of variance
Auto~correlation and power spectra
Climatological statistical analysis
Least squares curve fitting
Multiple correlation and regression
Multiple bivariate frequency distribution tables of
weather elements -
Quality control
Standard deviations and means

Miscellaneous
Bridge and truss design
Traffic control
Cut and fi11 - road-building

Facultz

The range and variety of faculty participating in university camputer
and data-processing programs compares favorably to the range and variety
of the programs themselves. Everyone from the novice to people with ten
years of experience .is participating, with the former predominating.
Part-time instructors from industry and government have been used.
Interest without regard to experience and competence seems the main
requisite of the teacher in many instances. Vith the exception of some
instruction in programming, courses designed for faculty training hardly
exist.

There are several reasons for this unfortunate situation. First, the
fields are so new and the need so great, that not enough experienced and
competent people have developed to handle this need. Secondly, many
people who could usually most adequately fill the need are being more
highly paid for their services by industry or by the govermment. Thirdly,
competent researchers ordinarily have better facilities and equipment for
work, which, in many industries and government, is identical to what he
would be doing at a university.
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Equipment Facilitles

Most of the equipment now present in computing centers in universi-
ties in the United States has been selected on the basis of a single
criterion -~ the cutrate price - in spite of the fact that the selection
committee would sometimes have preferred other equipments on the basis
of technical and operational criteria. The effect of this on the quantity
and quality of the research output cannot be measured. However, it is
clear that the basis for selection of equipment ought to be the maximm
benefit to the university commumity. It is difficult to see how any of
the universities, now selling computing time to sponsored contracts (in
order to pay the bill, to be sure) and having little time (usually the
second shift) for legitimate academic research and instructional pursuits,
will gain an outstanding reputation for solving university research prob-
lems with computational models. They will become known for providing
bargains for service to asponsored (usually government) research. The
main objection to this sort of thing is that the benefit to the uni versity
research staff derived from the activity is fortuitous and incidental
rather than the planned, aggressive activity it ought to be and must be
for maximum benefit to the proper university function.

Some universities, like Chicago and Michigan State, plan to tuild
their own computing equipment. There seems to be little reason to
attempt this now, even at the present prices of commercially available
computers.
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Section V
SUMMARY OF OBSERVATIONS AFFECTING A UNIVERSITY PROGRAM

The following is a set of random observations and a few predictions that
have a bearing on the structure and aims of a university program covering
topics of interest among the ™ew" fields. These considerations have been
taken into account in dev.loping the ideal programs in the next section and
the recommended program for Stanford University in the last section,

1. The milieu of our generation requiring quantitative models for social,
physical, business, and other phenomena will also characterize the last half
of the twentieth century. The number and kinds of techniques for implementing
these requirements will increase., Student and commmity demand for knowledge
in these fields will increase.

2. Some of these fields will tumm out to be disciplines in themselves,
All of them will be useful tools providing techniques for solutions of new
models in many fields of interest. Some of these will be treansient - they
will be replaced by more efficient or more exhaustive tools.

3. Like a library, or mathemgtics, where library science or mathematics
are disciplines in themselves as well as providing service tools to other
disciplines, future university courses of instruction and research will be
provided in the unit devoted to the disciplines of interest and in units
using these disciplines as tools.

4. The basic atructure of the university entity selected to cover
topics in computers, data processing, etc., will not be affected by the
availability, orice, size or whatever of digital computers.

5. Whereas, in the past, the university was looked to almost exclusively
for the training of professional artists, scientists, and scholars and for
basic exploratory research in almost all fields, especially in the fields of
interest under discussion here - government, industry and business - will be
engaged in these activities on an academic level matching the universities,
Thus, the university is now and will be in competition with government,
industry and business not only for faculty - but also for students and
exploratory research itself,

6. A university will not be a distinguished center of computing or data-
processing or vwhatever merely by having excellent equipment without having the
university commmnity use the equipment properly and efficiently as mechanical
aids and mental aids,

7. Probably the most significant requirement in the administration of
a program that must cope with this dynamic situation is a continunal budgeted
and scheduled creation and review of plans, policies, aims and ideals of the
university entity devoted to these fields,
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Section VI

AN IDEAL PROGRAM

One would like to have a standard against which to measure the extent
to which an adopted program is successful. ‘lhe following is a description
of a hypothetical program - *thout details. The success of a real program
may thus be measured by how well this description of the hypothetical
program applies as a description of the real program.

Policz

The organizational entity of the university dedicated to certain
fields will always be operated under a clear, unambiguous, well-defined
policy on such matters as the function of this entity, its relation to
other entities within the university, the nature of the topics it will
cover, academic objectives and the like. These policies will be sub-
Jected to periodic review and modification when deemed necessary. Practices
and procedures will at all times reflcct the current announced policies.
All members of the organizational unit will consider it important t at
policies be announced and implemented.

Among other things, the policy will reflect an appreciation of the
important fact that today, unlike the past » the university is no longer
depended on exclusively for education and research s certainly not in the
fields under consideration here. (Business, industry and the govermnment
are supporting their own programs of education and research., )

Organiz ation

The organizational entity selected as the one best fitted for the
university to cover the selected topics will be of a graduate level. It
will be flexible to the extent that it can handle the changing role of the
university and the changing nature of the subject matter and equipment.

Lo the extent that some topics that it is covering are of interest to
other organizational entities within the university or vice versa, a
mechanism will be available to evaluate the advisability of replacing,
exchangingor even duplicating fields of inquiry among organizational units.
The mechaniasm for implementing such changes will also exist. :

The administration of this entity will report as high as possible in
the university structure - preferably to the president. The responsible
administrators will be scholars first and foremost. Their professional
field of interest will be in the fields of interest of the organizational
entity. They will have an appreciation and respect for the problems,
philosophy, ideals and scholars in fields other than those of their own
interest. They will be enthusiastic s competent and experienced.

They will not be "promoters." The problems of budget, financing,

equipment support and public relations s normally requiring the talents and
time of a promoter type will indeed be assigned to professionals in this
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field. This activity will report to the administration, and will be
observers in policy meetings. This will be a service activity - not an
academic one.

None of the academic administrators will be required to show a
profit on his activity. All activities with an objective of making money
will be organized under the service activities associated with, but not
an essential part of, the academic unit. (This is especially true far the
computer service center.)

Facilities, equipment, and personnel associated with the organiza-
tional unit will be adequate for the needs of the unit in implementing
the policies and objectives of the administration.

Curriculum

The curriculum will contain courses, seminars, lectures, etc. » that
constitute an integrated program for students pursuing an advanced degree.
(What constitutes an integrated program will be determined as part of
policy.) Special courses, or seminars, or symposia may be given as the
need arises. Content of the curriculum will be expanded, deleted, modi-
fied in accordance with periodic, scheduled evaluations of curriculum
content by appropriate personnel. An activity devoted exclusively to
what other universities and industry and govermment are doing will make
appropriate information available to the curriculum evaluators.

The curriculum will also reflect the needs of other departments and
schools within the university.

Each course, lecture, symposium will be conducted by faculty that is
competent to teach the course, give the lecture or conduct the symposium.
They (the faculty) will be interested, enthusiastic and competent, and
preferably experienced. They will be paid a salary commensurate with
their experience and ability on a scale more in keeping with present
industrial scales than the present university scales.

A faculty member will not be assigned to instruct because his teach-
ing schedule isn't full or because he is a competent researcher and "ought"
to teach, or because he is enthusiastic though inexperienced in the field
or for other similarly artificial reasons.

Students will come from govermment, industry, and undergraduate
schools. These people will be interested in later applying knowledge
gained to industrial or business pursuits; others will wish to be trained
as a basis for becoming researchers and scholars in selected fields. How
many of these aspirants attend the university will be a measure of appeal,
if not the distinctiveness, achieved by the university in these fields.

Research and Related Activities

Research by graduate students or faculty is of course not a plannable
affair. One would expect to see research activity on selected topics of
interest and within the capabilities of the university unit.
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But there are related activities that may be arbitrarily categorized
as research having to do with (a) the development of new disciplines, (b)
the incorporation of information developed by research into the curriculum.
Thus, since a well established discipline usually has - (1) a well
established terminologys a glossary exists, (2) been axiomatized, (3) text
books, treatises, handbooks, journals, organizations - one should expect
to see the research (as well as the instruction) faculty engaged in
establishing termminology, axiomatizing a field, writing or editing books,
journals, etc., and even helning to organize professional societies.

like the instruction faculty, the research faculty will be dedicated,
enthusiastic and competent. Their facilities and support will be adequate.
The research faculty will be paid on the basis of experience and com-
petence on a scale roughly matching that of industry.

The distinguished university center of (data processing, or computers,
or statistics, or applied mathematics, or whatever) will have an organiza=-
tional entity devoted to it, where faculty and graduate students are
researching phases of their interest, the disciplines are being developed
and new instructional material is being organized and incorporated into
the curriculum as research results become available.

Computing - Equipment ~ Services - lunctions

The computing equipment will be of adequate quantity and quality to
implement the needs of the researchers and teachers within the organiza-~
tional unit and the users from other units in the university. st users
will know how to use the equipment optimally as both mechanical and
mental aids. Instruction for all faculty in equipment use and model
making will always be available. The equipment will be convenient geo-
graphically. It will always be recognized that the research output of
the university as a whole can be affected favorably not solely because
equipment is available - but because it is utilized properly.

It will also be recognized that the current arrangements and organi-
zation are designed around making one or two large expensive equipments
~available and that this organization for service will change as computers
get cheaper, perhaps smaller, and the university may reasonably be in

possession of several computers scattered over its departments.

The equipment administrators will not be responsible for showing a
profit.

Financigg

The organizational unit will be adequately financed by endowments,
gifts, tuition and other fees, fellowships, scholarships, grants and
research contracts from govermment, industry, business, alumni, the
student body, foundations, etec., in accordance with an unambiguous budget
policy that tries to cover at least five years. The budget policy will
of course be integrated with the policies on curriculum, research, faculty,
student body, equipment, facilities, etc.
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Section VII
RECOMMENDATIONS TO STANFORD UNIVERSITY

A new graduate school called the Graduats School of Computer Science
should be formally created by September 1958, A policy committee including
the dean, his academic and service department heads should be appointed as
soon as practicable with their primary function to set and implement policy
and budget on the function of the school, the topics it will cover in an
integrated program of instruction and ressarch, i1ts relation to other schools
and geparﬁnents of the university and other pertinent points, including
financing, A five~year plan should be available by September 1958 and the
school should begin its formal existence then too,

The dean of the school should report to the president. The declared
policy of the school concerning its fields of interest shonld bhe that it
is interested in instruction and extensicn of knowledge in all fields that
provide quantitative models or provide techniques for solutions of probe
lems in quantitative models for phenomenon of interest to the scholar,

The theoretical and experimental fields enumerated earlier in this report
are examples of these fields,

Since it is recognized that some of these fields are disciplines in
themselves ag well as tools for use by other fields, the business school,
industrial engineering, electrical engineering, mathematics, physics,
psychology, ete., should te encouraged, when they find it desireble, to
give courses and even do research in fields nomally covered by the new
graduate school. But, as indicated above, it is the responsibility of
the new school to program an integrated activity for the University.

The declared and announced policy of the school should be that ita
function is fourfold: 1) TO TRAIN FROFESSIOHAL SCIENTISTS, 2) TO TRAIN
SCHOLALS, 3) T0 DO EXPLORATORY RESEARCH, 4) T0 DEVELOP THE NEW DISCIFLINES.

These are some policies recommended for adoption. It cannot be
emphasized too strongly, though, that the significant recommendation here
is not s0 much in the detailed recommendaticns emmerated above but in the
RECOMMEKDATICES FCR DELIBERATE NA#-OPFORTUNISTIC FOLICY MAKING AND POLICY
REVIEW O THEGE MATTERS,

Departmental Structure

The departmental structure of a new school must of necessity be arbditrary.
One structure for consideration would consist of four departments as followss

Department 1 - Computer Department

This department would include groups concerned with equipment and
service, faculty instruction in programming and computational models,
model making, automatic programming, logic, computer organisation,
computer mathematics, computational models, computer theory, component
and circuit research (hardware) if not covered in other departments,
systems research (hardware} if not covered in other departments , Otc,



Instruction and research in these fields will fall in this department.
The computer equipment used in a service bureau or for instruction or
research will be under the cognizance of the computer department head.

The 650 presently on campus is probably adequate now.

Tt is not recommsnded that the uaiversity try to build its own computer
equiprnent.

Computation Center

The pﬁrpose of the "computation and data processing center" is to
provide the tool for solutions of problems that have been cast into computation-
al models by members of \the university community.

The head of this center, who should be a scholar primarily, is charged
with the responsibility of organizing to maximize the efficiency of this
operation. This will invclve educating the general faculty, providing
programming and operating assistance, and resecard and development of
automatic programming and handling techniques, as well as assistance in
the creation of computational models, By whatever mesns the equipment ard
facilities and personnel are financed, the hezd of the computing center
should not be obligated to show an opsrating profit. For if the latter
is a prerequisite, that individual should by 2ll means, go into business
for himself. Functionally the computer center should be organized into
groups individually responsible for (1) faculidy educatioh, 2) programming,
coding, operation assistance, (3) model construction sssistance, (L) research
in automatic coding, handling, etc., besides (5) a plamming, scheduling and
monitoring activity.

The future demand for the product/s and services made available by
a computing center depend, of course, on the willingness and abllity of
the research faculty at the university to use them properly as well as
the utility and applicability of computational models in their work.
It is true now that there is hardly a field in the physical, mathematical,
biological or social sciences that has not used computational models for
research purposes. It is abundantly clear that future researchers in
these fields will be using computational models more and more. In fact,
say the present dreamers, there will be an electronic digital computer on
every researcher's desk. Until this dream comes true, a computing center
will £111 an important need on the university campus. As a matter of
fact, it may be said that to the extent that a researcher does not use
such facilities when they are aplicable and potentially, useful, to this
extent this researcher is not doing a competeant job,

Department 2 - Operations Research

This department will cover instructional and research activities in
operations research, linear programming, dynamic programming, game theory,
queueing theory, decision theory.



Department 3 - Information - Commnication

This depariment will cover instruction and research activities in
information theory, switching theory, coding theory, automata theory,
artificial intelligence, learning, language translation, theory of
simulation.

Department i = Systems

Tais departaent will cover instruction and research activities in
management scieace, econcmetirics, psychometrics, systems theory, ine
formation classification, indexing and retrieval, model theory,

Consideration should be given to incorporating the present
Statistics Labocatory as a Department in the Graduate School.

Facult;g

Cpne of the reasons for recommending an independent entity like a graduate
school, rather than a department in an already exdsting school or an intere
departmental comnittee, is to allow a freedom of choice in policy that can
respond to the practicalities of the situation faced ly the university
today without the constraints imposed by an existing structure designed to
cope with situations which no longer exist, Thus, the department heads, if
not others, may command on the order of $15,000 per year for their services
in today's competitive market. If this is indeed so, then the school should
plan to put itself in a position to obtain these people and pay such prices.

F:inaming and Student Bodl

Specific recommendations for sources of furds are not made here. But
the sirong conviction exists thst the present and probably growing demand
for thls kind of actlivity by tueiness, industry and the govermment is so
greaty; that students and money should be knocking on the door if such a
program werg available,

Stanford University - A Distirguished Center of Learning

I believe thait thzse reccrmendations include the essential ingredients
for making Stanford University a distinguished center of learning in those
fields that it selects for corcentration,

27



Appendix A

PARTIAL LIST OF PERSONS IN’ERVIEWELD
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Name Afriliation

Iieberman Industrial Engineering Dept. Stanford University

Perlis Head, Computetion Center Carnegia Institute of Teclknolog;
Carr Dept. of Mathenatics Univorsity of Michigsn
Kranzley Business Administration Drexz]l ‘mstitute of Technclogy
Brock Director of Computer Center Purdie University

Mengel Vice President, Product Plannding Burroughs Corporation

Broun Director, Western Computing (enter UCIA

Calhein Data Processing Consultint Stanfcrd Research Institute
Busby ingtructor, Business Aduinisratiorn Temple University

Matheszon Dean, Businecss Administiation Droxel institute of Technclogy
Hutchinson Dept. of Ingineering Mathema'lcs University of Coloracio

Bowker As3istant Provost Stanford University

Ireson Industrial Engineering Stanford University

Petersen Electrical Engineering Stanford University

Nielsen Business School Stanford University

Pettit Electrical. Engineering Stanford University

Cakford Industrial Zngineering Stanford Universi ty

‘Herriott Mathematics Dept, Stanford University

Bercowlits Electrical Engineering University of Pernsylivani:
Kravor Business Adminiatration Drexel Institute of Techrclogy
Brant Bducation Depte. IBM

Heart Electrical Englneering Northeastem University, IIT
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