Dr. John R. Pierce

Executive Director

Research Communications Sciences Division
Bell Laboratories

Murray Hill, New Jersey 07974

Dear John:

| was interested to see your enthusiasm for the use of simple
computer programs in education during the last Computer Science and
Engineering Board meeting. We have been working with a number of
schools in developing programs that would make computers interesting
and educational to students in high schools and liberal arts colleges.

Enclosed is a copy of our handbook for programming our small
computers. We hear stories of how first-, second~, third-, and fifth-
grade children have learned to program FOCAL from Chapter 9 with
no help from adults. These stories might be somewhat exaggerated, but
it shows that students can learn if left alone with access to a computer.

Sincerely yours,

Kenneth H. Olsen
KHQ:ecc

cc: Mr, Warren C. House
Executive Secretary
Computer Science and Engineering Board
National Academy of Sciences :
2101 Constitution Avenue
Washington, D. C. 20418
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Carnegie-Vielion University

Department of Computer Science
Schenley Park

Pittsburgh, Pennsylvania 15213
[412] 621-2600

[412] 683-7000

February 4, 1969

LETTER OF INVITATION

Dear

A conference to study conputer science education in the United States
will be held July 21 through 25, 1969 at Woods Hole, Massachusetts.
The conference is being sponsored by the National Science Foundation
Computer Science and Engineering Research Board under a grant from
the National Science Foundation.

The purpose of this letter is to invite you, as one of approximately
40, to participate in the work of this conference.

The conference will be organized to make maximum use of the participant's
capabilities in the time available. It is planned to hold all day
meetings during the entire week and to focus on two specific topics:

1. Graduate education in computer science
2. Education in software (and hardware) systems.

The conference discussions and conclusions may broaden considerably
beyond these two areas; nevertheless they seem reasonable for
initiating and focusing discussion. With each of these issues there
will be two major technical concerns:

A) Economic: By economic is meant the creation of input-output
models relating the development of programs, production of

students and faculty, and the needs of industry and government

for people so trained. Furthermore, a timetable establishing the
velocity and acceleration of these programs should be produced.

In accord with the postulated growth, a study should be made of the
resources (plant, people, and money) required to provide this
educational development.

B) Content: A thorough study should be made of the content of
the undergraduate and graduate programs to be labeled as
computer science. Furthermore, an audit of existing programs
should be made to gauge what distances exist between what is
being done and what should be done. Furthermore the subject of
accreditation and standardization should be treated. Similar
treatment should be accorded to education in software (and

hardware) systems.
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It is planned to organize the meeting as a sequence of open plenary sessions
with the entire group meeting to discuss the partial results obtained in one

of the above areas;

and in working sessions divided into working technical

groups. A tentative schedule for the two major work groups (Content --
Working Group I and Economics -- Working Group II) follows:
9:00 -.12:00 a.m. 1:30 - 4:30 p.m. 7:00 - 10:00 p.m.
(morning) (afternoon) (evening)
Monday " Keynote Working Sessions Special Lectures
Plenary Session I
Tuesday Working Sessions Plenary Session II |- Special Lectures
- Report of Working
Group I
Wednesday Plenary Session III | Working Sessions Working Sessions
: Report of Working
Group II
Thursday Plenary Session IV | Plenary Session V
Report of Working Report of Working
Group I Group II
Friday Draft of reports of | Plenary Session VI
working groups Draft of final
report - content
and conclusions

There are a largen number of questions that the conference should attempt to

answer.

Among them are:

- Of the reasonably large number of graduate departments of computer
science now existing, are these programs producing in kind and in
number the graduates that are needed?

- Are there needs, insofar as computer science is concerned, which

these programs are not meeting?

- Are these programs separating the mathematical from the engineering

too much?

- What alternatives to this mode of educational development can be

proposed?

- Does therec exist a natural education sequence in the field of computer
science like that, e.g., in another mathematical science? Thus, how

does one characterize education in
of junior college, B.S., B.A., M.S., M.A,, Ph.D.,

computer science through the range
and professional degree?

bl

- In the field of computer science what are the goals of the various

degrees?
- Is the education program best organized so
degree programs provide the major source o
degree programs:

n

that students from the lower
f the students in the advanced

- Will computer science departments become as introverted as has happened,
for example, in mathematics?
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- How do the programs now in operation compare with those outlined by
study groups such as the ACM Curriculum Committee and COSINE?

- Are the professional societies the approprite groups to recommend
or set curricula? What orderly alternatives are there?

- Are there large problems in software production and use that are
largely caused by the lack of well trained software specialists?

- If there dre such large problems, should they be solved within a
formal education system by educating specialists at various degree
levels?

- Or can this matter be best solved by those now responsible for the
production of software using on-the-job training?

- Thus, can hardware manufacturers be depended upon to supply the
software systems that are needed and also train the personnel
produce and service them?

- Would not software education in a university environment produce
technological derelicts since the software problem seems to change
so rapidly?

- Put another way, won't the very nature of software make the solutions
to these problems be solved by meta software produced by a very small
number of specialists?

- If one speaks of software engineering, then why not let the engineering
schools and disciplines define and develop the programs ?

--Is it possible to meaningfully separate the software problem from the
hardware problem?

- How can national institutes of computer science, several of which are
now being proposed, contribute to educetion in computer science?

Other questions will arise during the course of the discussioné, but cer-
tainly the goal of the conference should be to focus not only on the nature
of the problem but to prepare recommended solutions.

Though it is not requred for participation, the attendees would be pleased
to receive from you any written comments that you might care to make prior
to the meeting. While formal papers are not being asked for, careful
organization of your thoughts on these or other related matters would be
appreciated. If a working paper can be provided by June 15th copies will
be made available to all the participants to study before the meeting
commences. These working papers will undoubtedly provide a strong basis

for discussion during the conference.

During the conference, duplication and secretarial facilities will be
provided for quick preparation of additional working papers and inter-
mediate reports. The goal of the conference will be the preparation of

a report outlining the results of the conference. Toward that end, in
each of the two areas (resources and content), a chairman and two younger
recording secretaries will have the responsibility of preparing the draft

of each section, and these two reports will then be coordinated into a

final report.
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You may be familiar with a report of the National Academy of Science
entitled "The Mathematical Sciences: A Report (NAS publication 1681:1968,
xiv -+ 256 pages, paper, $6.00). This report, and preceding reports by
the Pefrce Committee and the Rosser Committee are the sole widely based
surveys conducted under federal auspices on computer science education,

It is hoped that the report of this conference will provide a major
technical expansion of the requirements and goals of computer science
education.

Please let me know as soon as possible, and in no case later than March 15,
if you will participate in this conference. '

Very truly yours,

Dr. Alan J. Perlis, Head _
AJP:dg Department of Computer Science
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The current list of invitees is:

Secretary of AFIPS
Chairman, Department of Computer Science, Stanford
Computer Operations, Union Carbide Corp.

Chairman, Department of Computer Science
University of Pennsylvania

Head, Department of Computer Science, CMU
Chairman of this working group

Assistant Professor, CMU, Department of Computer

~Science -- Recording secretary of this working
group
Associate Professor, Computer Science, Brown
University -- Recording secretary of this working
group

Professor of Computer Science and Electrical
Engineering, University of California (Berkeley)

Professor of Computer Science, Physics and
Computer Center, University of Illinois

IBM, Manager, Software Systems

Chairman, Department of Computer Science, University
of North Carolina

SRE Board

Manager, Applied Data Research (Private software
house)

President, University of South Carolina (university
administrator and electrical engineer)

Calcomp, Electrical Engineer and Systems Designer
Dean of Engineering College, Cornell Uniwversity
IBM

UCLA and RAND

Vice President ard Assistant General Manager,
Honeywell Data Processing, Wellesley, Mass.

Vice President and Director of Research, Texas
Instruments, Dallas, Texas.

Bunker-Ramo Corporation

International Computing Company
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Stanford University, Recording Secretary
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Recording Secretary

Software Manager, Scientific Data Systems

Chairman, Department of Computer Science
Cornell University

Chairman, Department of Computer Science
Purdue University

Computer Science, Bell Telephone Laboratories
Project MAC, Massachusetts Institute of Tech.
SDC

President, Informatics

Computer Educator, Professor of Mathematics
University of Oklahoma

Director of Software, AT&T, Central Office
Computer Systems

Computer Operations, Bank of America
Software Management, Bell Telephone Laboratories
Professor of Computer Science, Stanford Univ.
Manager of Software, IBM

Computer Systems Designer, Professor,
Carnegie-Mellon University

Director of Computing Operations and Software
Production, University of Waterloo

Manager, Computer Application/Engineering Staff,
Ford Motor Company, Dearborn, Michigan.

University of Washington, Seattle

Head, Computer Division, Los Alamos Scientific
Laboratory, Los Alamos, N.M.
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INTRODUCTION

A conference to study computer science education in the United States
was held July 21 through 25, 1969 at the Hilton Hotel in Annapolis,
Maryland. The conference was sponsored by the National Academy of
Science Computer Science and Engineering Board under a grant from the
National Science Foundation.

The Computer Science and Engineering Board has been formed to provide
a focus for those aspects of the computer field that are important to
science in general and the federal government. Attached is a document
that describes the purposes of the Board.

The conference was organized to make maximum use of the participant's
capabilities in the time available. It is planned to hold all day
meetings during the entire week and to focus our attention on two specific
topics:

1. Graduate education in computer science

2. Education in software (and hardware) systems

The conference discussions and conclusions may broaden considerably
beyond these two areas; nevertheless they seem reasonable for initiating

and focusing discussion. With each of these issures there will be two

major technical concerns:
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B) Content: A thorough study should be made of the content of the
undergraduate and graduate programs to be labeled as computer
science. Furthermore, an audit of existing programs should be
made to gauge what distances exist between what is being done
and what should be done. Furthermore the subject of content and
standardization should be treated. Similar treatment should be
accorded to education in software (and hardware) systems.

It is planned to organize the meeting as a sequence of open plenary sessions
with the entire group meeting to discuss the partial results obtained in one
of the above areas; and in working sessions divided into working technical
groups. A tentative schedule for the two major work groups (Content --

Working Group A and Resources -- Working Group B ) follows:
Morning Afternoon
Monday

Introduction Work
Tuesday

Work Work
Wednesday

Report Report

A —-B B oA
Thursday

Work Draft
Friday

Final Reading

There are a large number of questions that the conference should attempt to
answer. Amont them are:

- Of the reasonably large number of graduate departments of computer
science now existing, are these programs producing in kind and in
number the graduates that are needed?

- Are there needs, insofar as computer science is concerned, which
these programs are not meeting?

- Are these programs separating the mathematical from the engineering
too much?

- What alternatives to this mode of educational development can be
proposed?

- Does there exist a natural education sequence in the field of computer
science like that, e.g., in another mathematical science? Thus, how
does one characterize education in computer science through the
range of junior college, B.S., B.A.,, M.S., M;A., Ph.D,, and professional
degree?
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- Does there exist a natural education sequence in the field of
computer science like that, e.g., in another mathematical science?
Thus, how does one characterize education in computer science through
the range of junior college, B.S., B.A,, M,S., M,A,, Ph.D,, and
professional degree?

- In the field of computer science what are the goals of the various
degrees?

- Is the education program best organized so that students from the
lower degree programs provide the major source of the students in
the advanced degree programs?

- Will computer science departments become as introverted as has
happened, - for example, in mathematics?

- How do the programs now in operation compare with those outlined
by the study groups such as the ACM Curriculum Committee and COSINE?

- Are the professional societies the appropriate groups to recommend
or set curricula? What orderly alternatives are there?

- Are there large problems in software production and use that are
largely caused by the lack of well trained software specialists?

- If there are such large problems, should they be solved within a
formal education system by educating specialists at various degree
levels?

- Or can this matter be best solved by those now responsible for the
production of software using on-the-job training?

- Thus, can hardware manufacturers be depended upon to supply the
software systems that are needed and also train the personnel to

produce and service them?

- Would not software education in a university environment produce
technological derelicts since the software problem seems to change

so rapidly?

Put another way, won't the very nature of software make the solutions
to these problems be solved by meta software produced by a very small
number of specialists?

- If one speaks of software engineering, then why not let the engineering

schools and disciplines define and develop the programs ?

- Is it possible to meaningfully separate the software problem from
the hardware problem?

- How can national institutes of computer science, several of which
are now being proposed, contribute to education in computer science?

Other questions will arise during the course of the discussions, but
certainly the goal of the conference should be to focus not only on the
nature of the problem but to prepare recommended solutions. Naturally, any
additional questions that you feel should be discussed will be considered.
We would appreciate any feeling you may have concerning the priorities of
the various topics which have been raised.
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Though it is not required for participation, the attendees would be pleased

to receive from you any written comments that you might care to make prior
to the meeting. While formal papers are not being asked for, careful
organization of your thoughts on these or other related matters would be
appreciated. If a working paper can be provided by June 22nd copies will
be made available to all the participants to study before the meeting
commences. These working papers will undoubtedly provide a strong basis
for discussion during the conference.

It is hoped that this conference will provide a reference for the field

of computer science -- at least in the two major areas -- that will be a
natural first source for information about the field. The conference will
be attempting to obtain in one week what the more established sciences

have developed over many years -- an overview of the present state,
logistics, and future directions of the field. Naturally it could not hope
to be complete, but it will provide a first overview of the field that up
to now has not existed,

During the conference, duplication and secretarial facilities will be
provided for quick preparation of additional working papers and intermediate
reports. The goal of the conference will be the preparation of a report
outlining the results of the conference. Toward that end, in each of the
two areas (resources and content), a chairman and two younger recording
secretaries will have the responsibility of preparing the draft of each
section, and these two reports will then be coordinated into a final report.

You may be familiar with a report of the National Academy of Science
entitled "The Mathematical Sciences: A Report (NAS publication 1681:1968,
xiv + 256 pages, paper, $6.00). This report, and preceding reports by
the Pierce Committee and the Rosser Committee are the sole widely based
surveys conducted under federal auspices on computer science education.

It is hoped that the report of this conference will provide a major
technical expansion of the requiements and goals of computer science
education.

Please let me know as soon as possible, and in no case later than June 9th,
if you will participate in this conference. Upon receipt of your willing-
ness to participate in the conference you will be receiving a set of
preliminary documents on or about June 15th. These documents will include
the full list of attendees, copies of the above mentioned report of the
National Academy and the Pierce Committee, a report of the ACM Curriculum
Committee, and working papers as they become available. A partial list
of attendees and the groups to which we have tentatively assigned them

is attached. I would appreciate additional names of people whose presence

would materially improve the conference.

Sincerely yours,

Dr, Alan J. Perlis, Head
Department of Computer Science
AJP:dg Carnegie-Mellon University

enc,
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LIST OF ATTENDEES

Prof. Richard Andree
Dept. of Mathematics
University of Oklahoma
Norman, Oklahoma 73069

Dr. Bruce W. Arden
Associate Director
Computing Center
University of Michigan
Ann Arbor, Michigan

Dr. C. L. Coates

Electronics Research Center
University of Texas at Austin
Austin, Texas 78712

B. H. Colvin

Head, Mathematics Research Laboratory
Boeing Scientific Research Laboratories
P.0. Box 3981

Seattle, Washington 98124

Dr. Ruth Davis

National Institutes for Health
National Library of Medicine
Bethesda, Md.

Dr. George and Alexandra Forsythe
Computer Science Department
Stanford University

Stanford, California 94305

Dr. John Giese

Chief, Applied Mathematics Division
Department of the Army

U.S. Army Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland 21005

Mr. Bruce Gilchrist

Executive Director

American Federation of Information Processing Societies
210 Summit Ave.

Montvale, N.J. 07645

Prof. J. W. Graham
Computing Centre Director
University of Waterloo
Waterloo, Ontario, Canada

Prof. Fred Gruenberger

Department of Accounting

San Fernando Valley State College
Nathridge, California 91324




Dr. John Hamblen

Southern Regional Education Board
130 6th Street N.W,

Atlanta, Georgia

Dr. Walter W, Jacobs
1812 Metzerott Road
Adelphi, Maryland 20783

Mr. Scott E. Moore

Manager of SDD Technical Education
IBM Systems Development Division
Department H77, Building 962

Box 390

Poughkeepsie, New York 12602

Saul Rosen, Director

Computer Sciences Center
Mathematical Sciences Building
Purdue University

Lafayette, Indiana 47907

Dr. Samuel Seely

Associate Graduate Dean
University of Massachusetts
Amherst, Massachusetts 01002

Professor J. N, Synder

Associate Head of Computer Science
University of Illinois

Urbana, Illinois 61801

Dr. Robert Spinrad

Scientific Data Systems

701 South Aviation Boulevard

. E1 Segundo, California 90245 :

Professor John W. Tukey
Department of Statistics
Fine Hall, P.O.Box 708
Princeton, New Jersey 08540

Dr. John Carr, III

Moore School of Engineering
Department of Computer Science
University of Pennsylvania
Philadelphia, Pennsylvania

Professor Juris Hartmanis
Department of Computer Science
Cornell University

Ithaca, New York




Professor E. J. McCluskey
Electronics Department
Stanford University
Stanford, California 94305

Mr. Robert Morris

Bell Telephone Laboratories, Inc.
Room 2C-524

Mountain Avenue

Murray Hill, New Jersey 07974

Mr. James Rowe

Union Carbide

270 Park Avenue (41st floor)
New York, New York

Dr, T. L. Jordan

University of California

Los Alamos Scientific Laboratory
P. O, Box 1663

Los Alamos, New Mexico 87544




RECOMMENDATIONS

1. We support the second recommendation of the COSRIMS report which we
repeat here:
'"We recommend that at the national level special priority be
given to support of the expansion of research and graduate
study in computer science. Appropriate actions would include:
special support for developing and updating courses, support
for research during the academic year when needed, grants to
departments to cover costs of computer usage in research,
special attention to needs for space, and expansion of numbers
of research assistantships and traineeships to stretch the

capacity of all departments of high quality."

2. We recommend that universities, industry and the Federal Government
cooperate in the development and support of excellent baccalaureate pro-
grams in computer science. While it is recognized that there may be a
multiplicity of such programs at a university accenting different aspects
of computer science, it is important that the development of the programs
be entrusted to one faculty group that, if necessary, cuts across college
boundaries.

Furthermore, we recommend that universities take steps to define
master's degree programs in computer science that function to award a
degree of consolidation built on the content of solid undergraduate pro-
grams in computer science and to deaccent master's programs whose major

function is the conversion of baccalaureates from other fields to computer

scientists.




Furthermore, we recommend that these baccalaureate programs contain
strong elements of laboratory training in the development and utilization
of computer systems.

The computer industry should be urged and encouraged to make major
contributions to the development of computer science education in the
universities.

In particular we deplore the recent trend toward the reduction and
elimination of discounts to universities by computer manufacturers for the
purchase of computing equipment.

We feel that the advantages to the whole computer industry far outweigh
possible disadvantages to smaller computer manufacturers.

The computer industry has a strong vested interest in supporting the
university programs that are their major source of suppiy of trained
personnel. It is clearly in the interest of the whole industry to support

university computer science programs.

3. Many of the existing and new Ph.D programs in computer science (in
addition to that group of key institutions supported by large research
grants oriented not specifically to educational problems) are drastically

limited by the lack of support for competent graduate students.

At present, because of the restrictions of NDEA and NSF traineeships
to already existing science and engineering disciplines, there are few
fellowships available specifically to computer science graduate students.

It is recommended that new computer science graduate programé, in
addition to those already supported by massive research grants, be support-

ed in their initial and continuing stages by (1) graduate teaching and
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research fellowships, (2) post-doctoral teaching fellowships to aid in
acquisition of new faculty, and (3) support of new and different computer
facilities, such as satellite computers and processors for film and TV
animation for instructional purposes, hybrid computers, converters to

and from other systems, and new up-to-date equipment continuously being
developed as a result of the investment of resources in national research
and development through the defense, space, and scientific research

programs.

4, It will be essential to the universities and colleges to greatly
expand their students' opportunities to learn the essentials and prin-
ciples of all elements in problem formulation to computing realization,
and to be aware of the part that computer science wishes to play in offer-
ing such opportunities, and the cooperation of individual departments
should be encouraged and supported, and departments with competent and
interested staff should be encouraged and supported in providing oppor-
tunities for students to gain insight and knowledge in part or all of this
area, and all reasonable efforts should be made to encourage interdepart-
mental cooperation in this whole area. And finally, that both research

in the general area of application and materials preparation directed
toward teaching deserves support, especially when each is planned to sup-

port the other.

5. 1In order to guarantee that the student body in this new undergraduate
and graduate education in computer science be spread evenly geographically
and economically across the United States, and in order to make sure that

the result of this program is not the concentration of computer science
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activity and talent in a small number of key prestige institutions, it
is recommended that specific techniques be employed in the distribution
of resources to guarantee grass-roots growth in this area throughout
the United States.

To this purpose, it is recommended that undergraduate support be
distributed on a pro rata student population basis throughout the states,
similar to but not necessarily as in the National Defense Education Act,
to the intent that students in all locales, including inmer city and under-
supported schoolé, can participate in this highly important program that
will upgrade markedly the performance and productivity of many individual

human beings.

6. Even %n a relatively stable field like Mathematics, a strong need

has been felt for up-to-date information about the nature of education
and research in the field, and the amounts and sources of its funding.
These needs resulted in the NSF-sponsored Survey of Research Potential
and Training in the Mathematical Sciences (c. 1957), and the reports of
the Ford Foundation-sponsored Survey Committee of the Conference Board of
the Mathematical Sciences (c. 1967). The later committee is apparently
to maintain a continuous inventqry from now on.

In the rapidly changing field of computing sciences up-to-date in-
formation is needed even more, and ié harder to get. Under NSF sponsor-
ship, the Southern Regioﬁal Education Board has prepared surveys pf
college and university educational activity in the computing sciences,
but apparently no agency is doing anything similar for research in our
field. At the same time, graduate departments have abgreat need for, but

possess very little information on what research in computing sciences
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is being sponsored; who does the research, who sponsors it, and at what

levels.

We recommend that the NAS Computer Science and Engineering Board seek
authorization, personnel, and funding for a continuing research survey
committee, with some full-time staff, whose mission it would be to maintain

a continuous inventory of research in the computing sciences.

7. It is recommended that the Computer Science and Engineering Board of
the National Academy of Sciences make definite approaches to Congress to
recommend that in the next budget legislation those funds authorized by
the Higher Education Act for construction and the funding of computer
equipment be made available to the National Science Foundation and the
Office of Education so that a Federal program to support recommendations

one through five can become operative on an appropriate scale.







-14-

(to be added in next draft)

(to be added in next draft)
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Peport of the Gilchrict Committee
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The distinction between large and swall in this outlin® was
made by Gilchrist | those who qualify as "large" can modify 08360
to suit their fim's nceds; those who are "small" ean detect trouwble
in the opereting system and knov to vhom to tura fdr help dn fizing it.

The group labelled "users" are those who also hnov whether or not

the results are covrect,

Scott Moore suggesicd a breakdoun of people peeds a different
way, given in the following outlino:
RESEARCH Devisges new tools and applications
Heeds so lists in {havdware
{softvare
(combinotio the two
DEVELOPMENT Develops these tools and how to use them.
Also needs experts in {(bardvare
{softrare
{corbination of the two
APFLICATIONS Requirements {or results) which ha
0 ¢o with "
HEow to {celect) a systen.
{use )
How to measuve efffactlivenczas.
~> and 0ll three groups dcal with both theory

and pracevicoel applications.
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PROBLEM FORMULATION AND MATCHING

A VITAL SEGMENT

If we are to realize the potentialities of computing systems at a
reasonable rate, we must look forward to the education and development
of men and women across a very broad spectrum. It is easy to recognize
the inevitable needs for certain kinds of people, such as:

-researchers into the understanding and expansion of what algorithms

and computing systems can do.

- systems programmers competent to guide, lead, and do the

deve lopment of major software systems.

-operators and routine programmers to run tens of thousands of

installations.

As we attend to such clearly recognized needs, and, as well, to
such crucial needs as increasingly effective attention to 'wholeware'--
to the hardware and software of a computing system as a whole -- planned
together as well as working together. We must not forget the vital
segment of the spectrum associated with matching the problem to the

computing system.

Problems do not arise in forms suitable for attack by computing
systems. Those that seem to us "just made for a computer' came to that
state by much human effort., If we are to tackle new problems =-=- or new
versions of old problems -- effectively, bravely, and pioneeringly, and

successfully, it will be because individuals or small groups have done

a good job of problem formulation, because individuals or small groups
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Recommendation:

Other departments with competent and interested staff should be
encouraged and supported in providing opportunities for students to
gain insight and knowledge in parts of all of this area. All reason-
able efforts should be made to encourage interdepartmental cooperation
and co-working.

If opportunities are to become widely available, there will have to
be significant investments of time and efforts to develop materials
ranging from cése studies to organized presentations. Research into
the credentials of how these problems are effectively formulated and
brought to computation can and should have relation to mutual support

with the efforts to develop materials.

Recommendation:

Both research and materials preparation deserve support,

especially when each is planned to support the other.
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The principal sdventage of the retresding epproach is the speed=
up in creating nev computing experts over starting with conventional

new graduate work. One cost would be the substantially larper salaries

~doctoral students than Por graduste gtudents. If
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there were an overload of, say, 100 post-doctoral students, there
would be a substantial cost in finding faculty members to deal with

them.

sts may apply also to mathematicians

fole

What has been said svout physic

and, -with lesser force, to some cother fields.
Recommendetion:

He therefore recommend that great atiention be pald to the opportunity
for creating applicetions programners, systems programmers, and

computer gcience faculty and research persons by retreadirg recent

Ph.D.s in other fields.




A POTENTIALLY LARGE MANPOWER REQUIREMENT

The effect of commercial time-sharing on manpower requirements
for "professional" computer personnel will be a highly importaﬁt one,

For the first time, highly competent professional help will be given to those
15,000-20,000 small installations around the country using lower cost
computers in small data-processing facilities.

For the commercial time-sharing groups to compete effectively,
they will have to specialize their services for some segment of the organized
technology, for example: machine tool tape preparation, type-setting and
hyphenation, wholesale accounting, small-scale inventory control.

Each of these time-sharing organizations must have highly
éffective compuier systems programmers to develop languages, generalized
routines, "hand-tooled" algorithms, etc., to satisfy the individual needs
of the user. ' B

Users will try competing services against each other for cost,
speed and breadth of capability. Those time=-sharing commercial groups with
the most professional staffs (all other charac%eristics-—management, marketing,
etc., being equal) will survive this very intensive compétition.

It may be that the 15,000-20,000 small machines, most of which do
not have any professional computer staff, will be mefged into the commercial
time-shafing networks, with this many (15,000-20,000) professionals needed
to work for them indirectly. These men and women must be professionally

trained in structure of time-sharing systems, managerial processes, data

structurds, operating systems.

J. W, Carr IV
Monday, July 21, 1969




John W, Carr, III
23 July 1969

The Need for Increased Education in Software Engineering
as a Subset of Computer Science

One prosently arising class of computer problems differs in both
quentity and quality from those that have been most important up until now.
Such problems are characterized by:

1. Large size
2. Complexity of structure
3. Lack of formal descriptions
(here follows one or more further characteristics)

Examples of such problems today include operating systems for large-

scale computers; manufacturing systems for large aircraft; construction, retrieval,

ard analysis of large data bases; air and ground traffic control; management

information systems, command and control systems; (here follows a list of other

problems)

These problems fall into a category that represents an important area

concurrent to and perhaps a part of computer science. The study in and of this

technology has been proposed to be called "software engineering"; some of what

has been called "systems engineering" or "opsrations research" falls directly

into this problem area.
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Such systems have in the past been organized out of groups of human
beings as control elements, human-accessed data storages, and direct human
comnunicatlon. The coming of the computers, as well as the expansion of
applications of physics and technology, now requires effectuation and autbmation
of systems in which humans can no longer play a detailed part. Where in the
older system they served as local control elements, the response time and data
rates required no longer allow this participation.

Such systems must now be developed by teams of human beings no one of
whom, in general, can view the problem as a whole., The digital computer
now serves as data storage, communications device and monitor, control element,
and manager of the overall activity. Humans. interface the system and must be
satisfactorily served. The systems are characterized by large numbers of program
steps, complex mappings into present-day computer structures, and need for
optimization within a set of complex constraints.

The design of such systems, and their prototype construction via
computer programs, is today in its infancy. Examples up until now have
ranged from succassful special purpose systems for one-problem applicatiwmss (such
as airlines reservations) to less successful general purpose systems for improve-
ment of computer utilization (such as batch and time-sharing operating systems.)

It is in this area of design and development of large computer programs for
such large systems that there appears to be a lack of organized instruction in
higher education, here or anywhore, at the present time.

Without the educational development of persons who can work on the computer-
orionted portions of such problems, the problems will be able to be attacked only on
an intuitive ad hoc basis. It is expected that the fundamentals of computer

science will serve as a scientific basis for the education of such persons, but
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that special areas and tools of application must also be taught.
The products of such an educational curriculum will serve as the

cadres of the teams that will construct the computer program portions of

such systems. (continue)

One of the requirements of such an cducational experience is the

availability of an effective laboratory experience. (continue)
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"Software engineering'" is not a good phrase and its use should be
discouraged. The reasons are as follows:

1. Hardware and software are intimately related. Ten years
from now many functions that are now handled by software will be
either hardware functions or shared hardware software functions. The
term "software engineering" emphasizes the distinction. It is very
important to emphasize the interrelationships. '"Computer Science" is
a far better term for this than "software engineering."

2. A curriculum in "software engineering" at a university would of
necessity be housed in the School of Engineering. This could create

great confusion in schools in which Computer Science is not currently

housed in the School of Engineering.
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REPORT OF THE RESOURCES COMMITTEE
Dr. Alan Perlis

July 23, 1969

We have a number of figures and tables which have come out which
might be of interest. In education, for example, the University of
Waterloo has chosen to commence with the Bachelor of Science program in
computer science and to develop from that upward to the MS and Ph.D pro-
grams., In the United States development in the opposite direction has
generally been followed. It is recognized by Waterloo that the first
approach, their approach, is a somewhat more difficult path to follow,
it being more difficult to upgrade a Bachelor's program than to downgrade
a Ph.D program,

However the committee strongly feels, and this is the first recommenda-
tion, that major educational efforts should be spent in the development of
Bachelor of Science programs in Computer Science in the USA over the next few
years, Furthermore, the committee concurs with the Waterloo experience
that the program should include significiant amounts of practical, hands-
on experience with real computer systems problems. Hence the committee
feels, and this is a second recommendation, the BS program will be greatly
aided by and should include laboratory courses and/or cooperative ventures
with industry and government during the school semesters or over summer
periods. The committee does not feel that the development of MS programs
has the same priority as the two extremes, BS and Ph.D. Indeed, the MS
program contains material only superficially different from the BS pro-
gram and serves mostly as a springboard for those switching fields and

as consolation prizes for those unable to complete Ph.,D. programs. The




committee next considered the needs of the non-computer scientist being

educated in the universities, since it became clear it would not be
feasible to educate as many specialists as one might need in this field
in the next 10 years. The first calculation we made we call the Waterloo
computation. At Waterloo there is an IBM 360/75, costing 125K per month.
Student jobs account for 1/10 of the system time on that machine or if
you will costing about 12.5K per month. Considering cost in the support
or overhead equal to that of hardware we have a cost of $25,000 a month
for student jobs. For that cost the productivity is 5,000 runs a day
or 100,000 runs per month. Considering a productivity of four cracks at
the machine per problem, this means that that system is capable of absorb-
ing 25,000 problems per month. Consequently, given a student population
size and a number of problems one can come up with various estimates as
to what it costs to provide undergraduate computer experience for the non-
computing specialist, i.e., someone who does problems of a relatively small
size. We came up with one figure assuming 25,000 students in the university
of one dollar per problem per student per month. The size of those prob-
lems is that their programs are limited to one second of cpu time and the
students are not charged to disc file time but they generally do not
include much file work.

We might at some later time have a few words to say about the over-
all picture of the way the system flows at Waterloo. In any event over
a ten month academic year a system of this kind could support students
giving them 10 problems'over an academic year at a cost of 10 dollars

per student per year in a 25,000 student population which almost reaches

the student population of the largest universities we have in the United
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States today. Now this figure is substantially below the figure in the
Pierce report which runs closer to 50 or 60 dollars per year. That means
if we wish to attain the Pierce report figure we could have the student
doing 50 problems per year, which is probably much too heavy a load for
non-computing specialists!

Now this leads us to make a third recommendation., We recommend that
funds be made available so that a cost analysis study can be made of the
specification and use of various systems for handling bulk student jobs
for the non-computing specialist at different student population levels.
It would be hoped to provide a study that would say - at the cost level
at which we have spoken, given a student population of 1,000, system A
would provide computation at the rate of $50 per year at a level of
between 10 and 50 jobs or problems per year. At a student population of
5,000 system B will similarly provide at 10,000 system C, at 30,000 system
D, etc. Such a specification of systems is not now available to the educa-
tional community. Of course, these systems need not be unique. There
can be many systems in each of these four categories. Neverthesless, it
is the feeling that at all four of these student population levels, 1,000,
5,000, 10,000 and 30,000, systems can be found which are of economical
comparison to the Waterloo system.

We arrived at an estimate that to turn out 300 Ph.Ds per year in
computer science, we were talking about an estimated machine cost of
$9 million a year. This is the machine cost required to support Ph.D
theses and Ph.D educatién at the level of 300 Ph.Ds per year. Thus: to
produce 300 Ph.Ds per year it is estimated that it will take 30,000 dollars

per Ph.D in machine time or a total of 9 million dollars in machine time




for the Ph.D production of 300 Ph.Ds.

For the Bachelor of Science program in computer science, assuming
six courses in their program that are in the core of computer science,
thus not counting auxiliary courses, and an education program that will
turn out 15,000 B.S. computer science students per year, a figure of 15
million dollars per year in computer time was arrived at. The calculations
will be laid out in more detail in the report.

For the Master of Science-program, a figure of 5 million dollars per

year in hardware costs was obtained.

The total cost in hardware is 29 ﬁillion dollars per year. One of
the figures that we used was that the EDP industry would be taking in
about 100,000 people per year. What percentage of these should be Ph.Ds?
Figuring that one percent should be Ph.Ds we get a desirability of produc-
ing a thousand Ph.Ds a year. Our feeling on the matter was that by 1975
we might be able to produce 1000 Ph.Ds in computer science, but that we
would not be able to produce 1000 Ph.Ds per year by 1975. If you can
get up to about 300 by 1975 this would be about what we could expect. It
seems to double about every two years.

From whence comes this figure of 15,000 BS students per year? Is it
attainable? At the present time in engineering and mathematics the output
per year is of the order of 50,000. Now assuming there is no major change
within engineering and science schools but that quality computer science
undergraduate programs do come into being, how many of the 50,000 per
year could we siphon off into computer science? We believe that we could
without a great deal of heavy advertising or pressure of any sort get

20-304 of the present undergraduate enrollment that are now in mathematics
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and engineering programs diverted into computer science programs, if there
were existing quality undergraduate programs in computer science. That
means of the 100,000 per year that are required in the EDP area, 85,000
are probably going to have to remain or be non-computer science bacca-
laureates, We also made an estimate of computer science faculty costs
and came up with an estimate of 45 million dollars per year for that part
of computer science faculty costs devoted to computer science education
alone at the three levels being well aware, of course, that there are
other costs associated with their education outside the computer science
department. But we're talking now about cost of a faculty of about 1500.
Waterloo argues that they are producing 200 Baccalaureates per year to
service 1,000 computers in the province of Ontario. There are 67,000
computers ‘in the USA. Consequently, if we assume that the ratios are
comparable, this leads to 13,400 output in the USA to service these
computers, if we adopt that ratio. This compares reasonably well with
our 18,000 figure.

John Giese came up with another set of figures arrived at differently

from the figures just cited which tend to corroborate this level by about

1975:

A conservative estimate of the prospective demand for the products of
the Computer Science educational system.
A. In the long run the overwhelming majority of computer science
graduates at all degree levels will go to non-academic employment.
For the estimates we shall make later, we shall need to estimate

the number of "computer science" positions which should be filled

with computer science trained people if possible at computer
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installations in the U.S.

(1) It has been said that there are about 67,000 computers in
the U.S, in 1969,
(ii) Let us assume the following distribution of sizes of

installations and staff,

SIZE OF INSTALLATION LARGE MEDIUM SMALL
NUMBER OF THIS SIZE 1000 10,000 56,000
AV, CS EMPLOYEES PER INST. 100 30 3
AV, NO. OF PH.Ds PER INST. 5 1 0

Then the desired number of TOTAL '"CS'" EMPLOYEES

1000 x 100 + 10,000 x 30+ 56,000 x 3 = 568,000

and the desired number of TOTAL "CS" PH.Ds = 15,000.

(iii) These positions are not now filled by computer science

graduates, We assume it would be desirable to replace

them gradually by computer science graduates to upgrade

the computing profession
Let us assume that the computing profession remains static at about
this level, i.e., that increases in efficiency make new people avail-
able for an inexhaustible set of new problems. Let us assume that
we have a rather rigid slowly varying working population, like the
Civil Service. This may not be too unreasonable to assume, since
these professionals might become union-organized (as teachers are

now). If we assume a working life of about thirty years, then

568,000 _ 19 09g

in the steady state we shall have to replace about 30 =

"CS" employees per year and about l§§%99 = 500 "CS" Ph.Ds per year.
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Composition of 19,000 computer science graduates.

If we assume that about 209 of these graduates seek advanced
degrees, this means about 4,000 advanced computer science degrees
per year, If we claim 500 PH.Ds per year, this leads to a need
for

500 Ph.Ds
3,500 Masters per year
15,000 Bachelors
in the computer science area.
Conservatism of this estimate.

(i) The assumed static "CS" employee pool is about 566%%%6?%%0 = 0.25%
of the total U.S. population.

(ii) 19,000 graduates per year is about half the number of
engineering grads (40,000) per year. That doesn't sound
unreasonable, Computer technology should be about as
widely appliable as engineering.

(iii) For comparative purposes consider the fraction oﬁ our man-
power resources devoted to medicine and associat;d subjects.
We produce about 9,000 physicians per year. They must be
backed up or supplemented by about 18,000 nurses, technici-
ans, dentists, and various forms of physiologists, etc,
As a guess, about 27,000 graduates per year are devoted to
problems of health.

You might argue that since medicine absorbs a fairly

small fraction of our economic output, and since computing

is (or will be) involved in all of man's activities, including
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medicine, perhaps the output of computer science graduates
could safely be increased to the level of medicine (and
associated graduates) or 27,000 eventually.
(iv) Some "CS" enthusiasts assert that the growth of '"CS" jobs
may be 100,000 per year.
In a steady state process, with thirty-year working
life, this would lead to a CS employee-pool of
30 x 100,000 = 3,000,000.
If the population of the U.S. remains static at 200,000,000,
this would mean that the pool would contain about 1.5% of
our population.
You have Bruce Gilchrist's estimates of staffing requirements to
provide faculty for these hordes of computer science students.
Nothing has been said about the provision of refresher courses for
the people in the pool who will constantly become obsolete. If you
provided a "refresher" or updating course once every five years,
this comes to 0.2 course (three weeks?) per year. Even if you
restricted this updating to the lucky employees at the large and
medium installations, somebody would have to provide about
0.2 x 400,000 = 80,000
student courses/year. Even if these things operate at 100 students
per section, you would have to run about 800 refresher course-sec-
tions per year.
If we aren't so generous and send only 104 of the pool to
refreshers, this cuts the total to 80 course sections per year,

That ought to be a tolerable burden for the educational system.




G. Nothing has been said about providing computer '"service" courses

for non-computer science students.

The other comﬁutations I performed are very original notes merely
paralleled (for very assumed populations) the calculations of Gilchrist.
I have therefore not repeated them here.

It may seems ridiculous to staff the small installations with gradu-
atés, To handle this I suggest that we reinterpret our imagined program.
Let us say that e provide instruction and facilities to produce 190,000
graduates per year., If about a third of these drip out after the first
two or three years, they would probably have to be content to work at
the small institutions. Actual graduates go to medium or large places.

I would assume that the computer industry would be included as part

of the large installations.

One final point. The figure of 15,000 baccalaureates is considerably
lower than we would like. Arguing that 100,000 entries into the EDP area
a year are needed, we figure that 25,000 come from business schools and
industrial administration programs, 25,000 by upgrading from their current
positions. This leaves 50,000 coming from colleges, and we're only provid-
ing 1/3 of that. That means that 35,000 are going to come from a lower
educational level than baccalaureate computer science programs. Jim Rowe
mentioned that one of the consequences of providing 15,000 baccalaureates
in computer science will be a temporary diminution of the number of people
needed in the field. But we all agreed that this diminution would be

temporary. The more trained people that you have presumably the less

total number you need. However, Rowe felt that he would really prefer




that all 100K came out of baccalaureate programs in computer science.
We merely want to point out that the figure of 15,000 per year is,
in our judgment attainable right now, if baccalaureate programs are

introduced.

John Giese

J. W, Graham
Bruce Gilchrist
James Rowe

A, J, Perlis
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Education in Computer Science

We see Computer Science as a coherent academic discipline. The educated
Computer Scientist will be trained in both hardware and software--the inextricably
interwoven elements of his field. Graduate study will, at first, lead to a |
broader understanding of complex hardware/software systems. Further study, (to
the Ph. D, level) will naturally lead to a more penetrating specialization.

We believe thatlthera is a core of knowledge fundamental to the under-
graduate's education and independent of his future course of study.  For this
reason we specifically reject the notion of a "homogenlzing" entry year of
graduate study whose object is to correct the deficiencies (soft or hard) in the
student's previous education (hard or soft). For tﬁis same reason we reject the
concept. of two educational paths-- one leading to a terminal professional degree
and the other leading to further graduate study. |

We find no compelling reasons that lead us to suggest that Computer Science
is appropriatelylplaced within any particular classical academic discipline., Our
strong concern is that in a given university, there be only one undergraduate progran
concerncd with the science and engineering of computing. (A student wishing ‘

to enter Computer Science from an "adjacent" field will have the traditional

academic remedy of "making up" the neccssary prerequisites.)

In broad terms, the areas of study we consider essential and at the core of

tho Computer Science undergraduate program are:

1. Mathematics 7. Subsystem Design §

2. Physics 8. Computer Organization

3. Hardware Technology 9. Compilers

L, Programming © 10. Systems Programming

5, Logic Design 11. Computer Systems Laboratories
6. Software Structures 12, Systems Applications

These are, of course, in addition to the fundamental education traditlonal to

the undergraduate curriculua.

e —
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Computer Systems Laboratories

We consider the laboratory-experimental aspect of the training of
students in computer science to be vital to their development. We therefore
recormmend the establishment of computer systecms laboratories as part of the
curriculun of both undergraduates and graduates in computer science.

There are many substitute plans that could conceivably serve to
fulfill the same purpose as the computer systems research laboratories, e.g.
summer employment in industry, cooperative work projects with industry, or
part-time employment in a computation center on campus. Each of these alterna-
tives was explored by the committee and considered to be difficult for one or
more reasons. Principally, these substitute plans lacked the supervised directed
planning of an organized laboratory. The success of any of these alternatives
is quite personnel dependent.

In the laboratory course the students are expected to work in a team of
about six students under close supervision of the faculty member and teaching
assistant. The student team is expected to concentrate on design, documentation,
scheduling of their work, performance evaluation, efficiency, error recovery,
diagnostics, maintainability and other features of a well-engineered system.

It is expected that each student should take the equivalent of two

of the below laboratories during the course of his study.

We propose the following computer systems laboratory courses as bésic
to a graduate comﬁuter science curriculums

c.S. Lab. 1. Construction of Assemblers and Computers

C.S. Lab. 2. Construction of Operating Systems

C.S. Lab. 3. Construction of Terminal Systems '
(both typewriter and graphics)
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C.S. Lab. 4. Construction of Switching, Communication
and Process Control

C.S. Lab., 5. Construction of Large Data Base Systems

In addition, we consider two additional laboratory courses that could
be given in addition to or in place of the above five:

C. S. Lab. 6. Management of a Computer Facility

C. S. Lab. 7. Construction of Large Application Systems

The above laboratory courses, particularly the first five, are graduate
level courses given concurrently with or following a lecture course covering
the subject matter. It is intended that the lecture course cover the theory,
models, and formal aspects of the subject matter. The associated laboratory
is intended to provide the student an experience that will sharpen his under-
standing of the theory and, so will, have given him an understanding of the
practical problems of implementing large systems.

The companion lecture courses associated with the above listed laboratory

courses are given below:

Laboratory Course Lecture
C. S. Lab. 1.. Construction of Lecture course such as I5 and/or
Assemblers and Compilers Al from Curriculum 68, A Report

of the ACM Curriculum Committee

on Computer Science. Includes
definition of formal grammars,
arithmetic expressions and prece-
dence grammar, algorithms for syn-
tactic analysis, recognizers, se-
mantics of grammar, object code
generation, organization of assem-
blers and compilers, meta-lan-
guages and systems.




C. S. Lab. 2. Construction
of Operating Systems

C. S. Lab.. 3. Construction of
Terminal Systems (both type-
writer and graphics)

C. S. Lab, 4. Construction of
Switching, Communication Systems,
and Process Control

C. S. Lab. 5. Construction of
Large Data Base Systems

Lecture course such as I and/or
A2 and/or A3 from Curriculum 68.
Includes operating systems char-
acteristics, structure of multi-
programming systems, structure of
time-sharing systems, addressing
structures, interrupted handling,
resource management, scheduling,
file system design and management,
input-output techniques, design
of system modules, sub-systems,

Lecture course such as Ij and A6.
Includes text editors, string
manipulations, data structures

for text editors, job control
languages, data structure for
pictures, syntax and semantics

of terminal and graphics lan-
guage, control of the console
system, meta-languages and systems.

Lecture course such as I4 and/or
A2 of Curriculum 68. Inciudes
traffic control, interprocess
comaunication, system interfaces,
realtime data acquisition,
asynchronous and synchronous
control, telecommunication,
analog-to-digital and digital-to-
analog conversion,

Lecture course such as A5 and A8

of Curriculun A8. Includes organi-
zation of large data base systems,
data organization and storage struc-

ture techniques, data structuring

and inquiry languages, searching
and matching, automatic retrieval,
dictionary systems, question
answering.,

" o
These laboratories will require a certain amount of "hands on" use of a

substantial computer facility.

‘out the entire proje

case the use of the subsystem would have to be dedicated to the

stantial portion of time.

In some installations it may be possible to carry

ct in a subsystem or partition of a larger system. In that

project for a sub-



sl P

Ve believe that a team of six students can be given a very significant
experience for $1,000.00 per student or $6,000.00 for the whole team for a
one-quarter laboratory.

These laboratories are presented as examples of laboratories that
might be given. Each school will have different staff and facilities available
and will present variations on this proposal. The important emphasis is the
supervised hands on experience with attention to the practical aspects of

the systenm.

Subconmittee
Miller, Chairman
Coates

Andree
Gruenberger
Spinrad

*A. Forsythe
Seely
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The initials I+CS used in this paper may be read as Informatic:
< Conatirns Selarces " o Iv-'-"" Araa 4= = - 4~ 2
aind CGouputing Sclences or as Information Science or Computer Scienc:
as any oter parascs vhat describe the science ana the art coace:.ed
vhe study ol The complex structure that surrounds computers.

J.e parase "Computer Science" will contirue to have changing

.

~ e Bon g oo - - Pl TR S 3, % mi. B ] L
eaalnz3 as stall interests and abilities change. The ccunmittee
E— g . Jssianyrile S AR A S T o O : L
recosnizes that valid graduate prrograms may diifer widuiy in struct. ie,

55 . - ] do o o - ~ o~ D . a Y, de o ) J3 wrA TS d= 9 S
TUrH0sS and impLciientasion, ancd fcels That such diversity saould de
A Al Sy - - s 2 DY AA Y e de A Aade I R o T S A A ) = P s
soonrared, ot svifled., Ve sugnect that the following observation:
) Cond [ & )
- J neaa a 2 = Aesaen AR A p— i A 2 p -
o', seric .., conoideration ia 2ll zracuate programs in tiae various
(&) &£ L)

1, ‘e core of a graduate prosram in I+CS should contain a blend ol

Pure theory (Math, Physics, etc.)

Hardware-software systvens

Laboratory experience involving both hardware and
software

Applications of existing hardware-software systerni
to realistic problems from various areas

Administrative management (operations research)

7-1s should provide an extension (not a repetition) of the

0
'

underraduate experience.

ter's desree in I+CS should be able to i1cad

o o y RPN
SU&IQU‘AVS
-~ J ~a
2. A person who Lolds a mas

and understand (with reasonable effort) morethan half of the

e e e . . ——
articles in his area_of speclalilzation which are printed in the

existing computer related journals. A person with a Ph.D degrec




should be able to understand a much higher percentage of the

ol

articles in his area and in related areas and should be able

ct
o

create similar journal articles.

A student whose primary interest 1s in an existing discipline

(electrical engineering, chemistry, mathematics, business

administration, industrial engineering, economics, .tc.) should

continue to earn the Ph.D degree in the appropriate department
possibly with a minor in Information and/or Computing Sciences
rather than creating myriad diverse Ph.D's in the "Applications

of I+CS™, The Ph.D in I+CS should be primarily for students

interested in computing (including hardware-software and abstract

theory) rather than in the applications of computers to research

and work in other specific areas, vital as this may be.

(a) he masters progranmn of the persoh who will become a "professional
practitioner™ of the computer art should not differ markedly
from that of the pre-Pn.D in I+CS,

(b) There should be both undergraduate and graduate "service
courses" in I+CS which include appreciably more than mere
programning in compiler language. They may be the same or
different courses from those of 4(a), but should be substantial
in nature and include an understanding of the basic conceptis
of hardware-~software interface as well as related elementary
theories. Possibly there should be a second, very broad

vrush masters degree for students from other disciplines who

will then return to their own disciplines either for employ .ent

or for further training in that discipline.
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Courses in couputer related subject matter which are currently
being well taught in existing departments should continue tobe
taught by those departments (possibly with crosslistinz). If
new courses are needed, which existing departments are well qualified
to teach, they should be urged to do so before the I+CS departmet
undertakes additional teaching duties.
A department-ol I+CS should be aware of the publications related
©o curriculum including at least
A.C.M. recommendations in Curriculum 68

C.U.P.IM. recommendations for a curriculum in
Jomputer Jcience

D.P.IM.A. recommendation for certified Data Process
Certificate '

A,.C.M, recommendations for a curriculum in Busines:
Data Processing (being prepared by M. Tondow
and others)

COSINE recommendations on Engineering Computer degirees
(now being prepared)

Students of I#CS at both the undergraduate and the graduate levels
should have both theory courses and related laboratory experience
(the critical word is related) which will focus their attention on

the organization, implementation, and documentation of larger scale

L4

computing systems.
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\ - .
&. [?our suggestions are welcomeZ]

The commib tee hesitates to recommend specific course material
other than that suggested in 6 above, but does sincerely recomcnd
the creation of two courses not readily available at present.

a. Discrete Mathematics (with an awareness of computers)

To contain material on matrices, probability, logic, graphs,
combinatorics; automatfa theory, computability, linguistics
and pos sibly some simulation theory at a level suitable to
build on the students' undergraduate preparation, but not

in such depth that a reasonable selection cannot be completcd
in one or two terms. Suitable references for future readin;

are essential.

b. DBasic Computer Components (hardware and software)

To contain current information on hardware-software interphcse

and their symbiotic relations and hang-ups as well as possille

near future changes. Should be possible in one semester.
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Areas of application

A el
any/all

11 QoS e
wher oeie;s

P o

Formal "Lnfua"ﬁs
Hardware behavior
Conmputer algorithms

Automata/machines

Descriptive Error detection/relisbility

Serantics Pattera recognition

Syntactics Interactive prograru
Artificial intelligence

sciences vhich students with sn uwndergraduate

F

Areas in the nmathenatica

o e,
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najor should pive increased atibention as certainly useful for research
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in conputer science:
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. Probability
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merory and intuition,
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A PROPOSED UNDERGRADUATE COMPUTER SCIENCE PROGRAM

Dr. Alan J. Perlis

Freshman Sophomore Junior Senior
1st 1. Anal I Alg I Prob & Stat I OR IL
Sem. 2., Progl Prog III Comp.Sys. II Abstr. Sys. III
3. Phys I Anal III Lab II Elect. II
4, Hum, OR I Abstr. Sys. I Elect. III
5. Hum. Hum, Hum. Hum.
2nd 1. Anal II Lab I Prob & Stat II OR III
Sem. 2. Prog II Alg II Abstr Sys. IIL Comb. Anal.
3. Phys II Prog IV Lab I1IL Administration and finance
4, Hum. Comp. Sys. I  Elect. I Elect. IV
5. Hum. Hum. Hum. Hum.
NOTES :
Hum = Humanities
Prob. & Stat. = Probability and Statistics
Programming I - IV
1. Algorithms, programs and language organized by data
2, structures
3s Machines and their programs
4. Problems associated with the management of programs: file systems,
libraries; and Proofs of termination and correctness; Verification,
representation and documentation of programs
Computer Systems I and II
1. Devices
2. Representation
3. Synthesis
4, System design

Abstract Systems I to III

Logic:

Propositional Calculus; lst order Predicate Calculus

Automata Theory: Finite state machines and regular expressions

Turing machines
.Computability

Stages of computability
Math, Linguistics, correspondences (recognizers as machines)

———_




Operations Research

OR I Optimization Techniques
OR IT Simulation Techniques and modeling
ORIII Processing requirments of large data systems

Computer Science Laboratory I - III

Building, enhancing, auditing a sub-routine library
Interfacing two systems

Design of a system

Completion of a system

Managing a system design and construction

.
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amegae-~!\!¥@! ion Uﬁi‘w’@!’SlKﬁy Department of Computer Science
- Schenley Park
Pittsburgh, Pennsylvania 15213
[412] 621-2600
[412] 683-7000

June 16, 1969

Mr., Kenneth Olsen, President
Digital Equipment Corporation
899 Main Street

Maynard, Mass. 01754

Dear Mr. Olsen:

Enclosed is a copy of the invitation that was sent
to the invitees for the Computer Science and
Engineering Board Conference on Computer Science
Education. As a board member you are invited to
attend and participate in this conference.

You will receive preparatory material as it becomes
available. '

Sincerely yours,

ANz sr ”7//21/&—% /ﬂé/

’ Dr. Alan J. Perlis, Head
AJP:dg Department of Computer Science

ence.




Carneg:e»!‘\/iel lon Umverssty Department of Computer Science
Schenley Park
Pittsburgh, Pennsylvania 15213
[412] 621-2600
[412] 683-7000

May 20, 1969

A conference to study computer science education in the
United States will be held July 21 through 25, 1969 at the
Hilton Hotel in Annapolis, Maryland. The conference is being
sponsored by the National Academy of Science Computer Science
and Engineering Board under a grant from the National Science
Foundation. The purpose of this letter is to invite you, as
one of approximately 40 invitees, to participate in the work
of this conference. Naturally your travel and living expenses
will be provided by the Board; though if your organization
can support your expenses it would be appreciated since the
grant supporting the meeting is of a limited amount.

The Computer Science and Engineering Board has been formed
to provide a focus for those aspects of the computer field
that are important to science in general and the federal
government., Attached to this letter is a document that
describes the purposes of the Board.

The conference will be organized to make maximum use of the
participant's capabilities in the time available. It is
planned to hold all day meetings during the entire week and
to focus our attention on two specific topics:

1. Graduate education in computer science
2. Education in software (and hardware) systems

The conference discussions and conclusions may broaden con-
siderably beyond these two areas; nevertheless they seem
reasonable for initiating and focusing discussion. With each
of these issues there will be two major technical concerns:




A)

B)

It is p
with th
of the

groups,
working

There a
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Resources: By resources is meant the creation of input-output
models relating the development of programs, production of
students and faculty, and the needs of industry and government
for people so trained. Furthermore, a timetable establishing the
velocity and acceleration of these programs should be produced.
In accord with the postulated growth, a study should be made of
the sources (plant, people and money) required to provide this
educational development.

Content: A thorough study should be made of the content of the
undergraduate and graduate programs to be labeled as computer
science. Furthermore, an audit of existing programs should be
made to gauge what distances exist between what is being done

and what should be done. Furthermore, the subject of content and
standardization should be treated. Similar treatment should be
accorded to education in software (and hardware) systems.

lanned to organize the meeting as a sequence of open plenary sessions
e entire group meeting to discuss the partial results obtained in one
above areas; and in working sessions divided into working technical

A tentative schedule for the two major work groups (Content --
Group A and Resources -- working Group B) follows:
Morning Afternoon
' Monday
Introduction Work
Tuesday
Work Work
Wednesday
Report Report
A->B B—A
Thursday
Work Draft
Friday
Final Reading
re a large number of questions that the conference should attempt

to answer. Among them are:

Of the reasonably large number of graduate departments of computer
science now existing, are these programs producing in kind and in
number the graduates that are needed?

Are there needs, insofar as computer science is concerned, which
these programs are not meeting?

Are these programs separating the mathematical from the engineering
too much?

Whot alternatives to this mode of educational development can be
proposed?
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- Does there exist a natural education sequence in the field of
computer science like that, e.g., in another mathematical science?
Thus, how does one characterize education in computer science through
the range of junior college, B.S., B.A,, M.S., M,A,, Ph.D., and
professional degree?

- In the field of computer science what are the goals of the various
degrees?

- Is the education program best organized so that students from the

lower degree programs provide the major source of the students in

the advanced degree programs?

- Will computer science departments become as introverted as has
happened, for -example, in mathematics?

- How do the programs now in operation compare with those outlined
by the study groups such as the ACM Curriculum Committee and COSINE?

- Are the professional societies the appropriate groups to recommend
or set curricula? What orderly alternatives are there?

- Are there large problems in software production and use that are
largely caused by the lack of well trained software specialists?

- If there are such large problems, should they be solved within a
formal education system by educating specialists at various degree
levels?

- Or can this matter be best solved by those now responsible for the
production of software using on-the- job training?

- Thus, can hardware manufacturers be depended upon to supply the
software systems that are needed and also train the personnel to
produce and service them?

- Would not software education in a university environment produce
technological derelicts since the software problem seems to change
so rapidly?

- Put another way, won't the very nature of software make the solutions
to these problems be solved by meta software produced by a very small
number of specialists?

- If one speaks of software engineering, then why not let the engineering
schools and disciplines define and develop the programs?

- Is it possible to meaningfully separate the software problem from
the hardware problem?

- How can national institutes of computer science, several of which
are now being proposed, contribute to education in computer science?

Other questions will arise during the course of the discussions, but

certainly the goal of the conference should be to focus not only on the
nature of the problem but to
additional questions that you

We would appreciate any feeling yo
the various topics which have been raised.

prepare recommended solutions. Naturally, any
feel should be discussed will be considered.
u may have concerning the priorities of
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Though it is not required for participation, the attendees would be pleased
to receive from you any written comments that you might care to make prior
to the meeting. While formal papers are not being asked for, careful
organization of your thoughts on these or other related matters would be
appreciated. If a working paper can be provided by June 22nd copies will
be made available to all the participants to study before the meeting
commences. These working papers will undoubtedly provide a strong basis
for discussion during the conference.

It is hoped that this conference will provide a reference for the field

of computer science -- at least in the two major areas -- that will be a
natural first source for information about the field. The conference will
be attempting to obtain in one week what the more established sciences

have developed over many years -- an overview of the present state,
logistics, and future directions of the field. Naturally it could not hope
to be complete, but it will provide a first overview of the field that up
to now has not existed.

During the conference, duplication and secretarial facilities will be
provided for quick preparation of additional working papers and intermediate
reports. The goal of the conference will be the preparation of a report
outlining the results of the conference. Toward that end, in each of the
two areas (resources and content), a chairman and two younger recording
secretaries will have the responsibility of preparing the draft of each
section, and these two reports will then be coordinated into a final report.

You may be familiar with a report of the National Academy of Science
entitled '"The Mathematical Sciences: A Report (NAS publication 1681:1968,
xiv + 256 pages, paper, $6.00). This report, and preceding reports by
the Pierce Committee and the Rosser Committee are the sole widely based
surveys conducted under federal auspices on computer science education,

It is hoped that the report of this conference will provide a major
technical expansion of the requiements and goals of computer science
education.

Please let me know as soon as possible, and in no case later than June 9th,
if you will participate in this conference. Upon receipt of your willing-
ness to participate in the conference you will be receiving a set of
preliminary documents on or about June 15th. These documents will include
the full list of attendees, copies of the above mentioned report of the
National Academy and the Pierce Committee, a report of the ACM Curriculum
Committee, and working papers as they become available. A partial list
of attendees and the groups to which we have tentatively assigned them

is attached. I would appreciate additional names of people whose presence

would materially improve the conference.

Sincerely yours>//i>
[lar J et /‘ZZ )
Dr., Alan J. Perlis, Head

Department of Computer Science
AJP:dg Carnegie-Mellon University

enc.




1X, ORGANIZATION AND APPROACH OF THE COMPUTER SCIENCE
AND ENGINEERING BOARD ’ ;

Introduction

Invviéw of the rapid evolution of th; field of computer science
and gngineering, the National Academy of Sciences has decided to eétablish
-a Computer Science and Engineering Board coﬁpfised of a diétinguished
group of experts in the field of comp;ter and information sciénce'énd
~ related areaé. The Board wil} be available to pro&ide advice to federal
agenciés andvto other organizations whicg may have pfoblems in thch the
. Board can be helpful. This step is in keeping with the offfcial role |
of the National Academy of Sciences to provide advisory assistance to
the federal government in mattérs of science and engineering.

. Since the field of computer science and technqlogy is developing
rapidly, the Board will have a special and continuing oﬁligation to keep
itself well informed. It should be.capable.of perceiving the current
state and the future prospects of computer science and engineering; and
of its professional practices in order to advise the gﬁvernment con-
Acerning the i;tellectual capital and the manpower resources necessary
to insure céntihuing U. -S. 1eade¥ship in the field. It éhould be able
to evalua;e in technical terms the true meaning of the enormous and
somewhat heterogeneous growth of'inforﬁation processing technology as
it-affects the public and private sectors of the nation. It shguld, in
general, be capable of aséessing the implications of advances in thié
brénch of science and technology for the national welfare.

The Board should therefore take a broad viev of this subject

and of its applications to research and education in other branches of




science and.engineering as well as to the workaday needs of government,
’ ‘ “~
commerce, industry and education. Consequently, it should interact

with other boards or committees under the various subdivisiaons of the

-.Academy.

‘The Organization of the Board

This view of the Board's broad role implies.a need to set priori;‘
fies among areas of potential interest by weighing the importance
éttached to these areas. .

The.féllowing recommendations on organization and'pr;oritiesA
refleét the thought the.Planning Group and its guests (Anne# A) have
given to these questions.

To function with a balanced and broadly representative group of
individuals without losing the working efficiency of smaller groups, the
Planning'Group reconmends that the Board organize itself into several
cqmmittees, each subsuming panels created to meet specific needs.

Between plenary séssions of the Boaf&, the committees would meet
on.schédules tailored to the work of the panels or working groups under
their wing. These panels or working groups should be created as needed,
often on a temporary basis. They should be chaired by a member of the
parent com%ittee and stéffed for.appropriaté competence and breadth of
.répreseniation by ﬁembers of committees other than the parent committee
ana also by the most competent individuals in the nation representing”

. significant points of view whether or not they belong to any committee
of the Board.

Specific.capabilities the Board should have at its inception

were studied by panels of the Planning Groun. The initial areas spelled




out by these pancls can be covered by starting the Board with the fol-

lowing three committees:

1, Edacation

2. Research and Dcveloément

3. National Programs

The interests and responsibilities of these three committees

clearly overlap. The committees should therefore have ovérlapping mem-
bership. This mechanism for insuring balanced coverage.of all significant
points qf view can be supplemented by the creation of joint panels to
deal with specific subjects. The staffing and the missi;ﬁ of such panels
would be determined by recommendations of the affected gommitgees to
the chairman of thé Boérd, who would be resﬁonsible for asshring broad
and balanced representation. Since competence and partiality often go
hand in hand, broad and balanced representation should be ‘interpreted

as assurance of full and free expression of contending professional

points of view.

‘Committees of the Board ’ -

The Committee on Education should be prepared to advise on edu-

cational questions, for example how to overcome the prevalent shortage
of personnel in computer science and engineering. ThisAcommittee very
likely will need a panel on data-gathering to make recommendaticas about
adequate statistics for describing manpower qeeds.

| This committee should perform for education in computer science

and engineering in a continuing, comprehensive and nationally repre-

sentative fashion the role that the earlier committees chalred by Rosser




(in NAS) and Pierce (in 0ST) (Annex B) could perform only for a limited

time under restrictive charters,

The Research and Devélopment Committee should be éoncerned with
assessing the current state of the art andAperceiving future directions
for research and development. Three principal panels recommended for
initial creation‘under the Research and Development Committee would
study (a) the appligation of computers, (b) the science of machines and
programs, (cj systems directions. .

" The first 'panel may advise on reséarch éolicy leading to better
applications methodology for éxtending current computer aéplications
and for developing new %pplication areas,

Tﬁe second panel may advise on the‘development of a formal
theoretical foundation for the developiné sciencé of machines and programs.

Tﬁe panel on systems directions may foster the development of new
syétems ¢oncepts and organizations. The.systems problems continue to
be of the most difficult type, heightening the importance to be attached
to great improvements in the depth of understanding and of skills for
‘tackling the wide variety of such problems which confront all levels of
_organization, both government and private. Panels concerned with specific
functionil aréas, e.g., data retrieval, can be formed in cooperation
with the Committee on National Programs.

Under the Committee on National Programs, panels dealing with

specific requests by governmental organizations would be formed as neecded.
The Committee on National Programs should perceive and assess
developments in computer science and engineering that affect national

programs providing direct support to policy formulation and policy




exccut;ou.- It should advise on how human, équigment, and methodological
resources may be combined to maximi%e the effectiveness and efficiency
of federal, state and local governmental organizations.

The implicationsAof the current state and future prospects of
computer science and engineering on the formulation of government policy

affecting computer science and engineering and related fields should

"also be a prime concern of this Committee.

Membership of Committees
The initial organization of the Board into three major committees

-,leads to natural emphases on membership for the three correéponding
areas.  For example, the Education Committee should include people
representing the universities, primary and secondary schools, the pro-
feséiopal societies, and such buginess organizations or government
agencies as»a;e concerned with education and training. rMembers out-
side the computer science field, per se, should be included to assure
s%tisfactory representation of other significant points of view.

- .~ 'The Research and Development Committee should include the indi-
viduals most knowledgeable in affected substantive areas without regard

for the ihstitﬁtional character of their primary affiliation.
The National Programs Committee should include among its'members
 pEop1e chosen primarily for their familiarity with éelevant aspects of
national civilian or military prograﬁs as well as experts in computer
science ana.engineering.‘

Liaison groups should be established to inform other organizations

within the Academy of the discussions and plans of the Computer Science




and Engincering Board and to keep the Board informed of the needs of

computer uscrs in various areas of science and technology. As the need
arises, more formal joint panels can be created in conjunction with

other boards or committees.

.y
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these, the Rosser Report,
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ed themselves to various aspects of

The first of

"Digital Computer Needs in Universities ana

Colleges", Publication No. 1233, National Academy of Sciences, 1967,

addressed itsell to particular needs and uses of computing in universities

as well as the history of both within the universities. The second report

vas the Pierce report entitled, "Computers in Higher Education", Report of

the President's Science Advisory Committee, The White House, Washington D.C.,

February 1967.

facilities for universities, the use of
p )

educational needs of colleges and universities.

This second report addressed itself to the computation

computers in teaching and the

The third report, the

COSRIMS report, National Academy of Sciences, 19681 addressed itselfl to

needs for support of research in the mathematical sciences.

This report

made a special appeal for increased support in the area of research for

computer science. These three reports have been very helpful in guiding

national policy in a very general way.

There is a great need now for a

report more directed toward the style considerations, man power considerations,

and organizational and financial considerations for the research and teaching

programs as well as for the institutionel service programs in the universit

1€

None of the previous reports addressed itself to the institutional service

programs, that is, the use of computation in the administrative areas, the

libraries, student records, and so forth.

questions to be answered on the basis of current investigations.

There are a number of important

A1l of

these are connected with how to better utilize available resources. Should

colleges and universities find small, de-centralized computation centers,

S
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relationships, what are the factors that will contribute to the success of

any one of these kinds of programs? There is a variety of experience now
available to draw on in each of these areas,and a national study that could
provide guidelines for goVernment policy and for guidance of the universities

and colleges would be of immense importance at this time.

II. Plan of Attack

This proposal is for a‘lé;month study into the needs and opportunities
of universities, colleges, and junior colleges in the area of computers fo
(1) their educational programs, (2) their research programs, and (3) their
institutional services (administrative, ete,) programs. The proposal
is not intended to carry out research in these areas, but is intended to
accumulate and interpret information that is now available or may become
available.

This study would address itself to such questions as:

1 FWhat segnent of the educational programs are receiving the most

attention in colleges and universities, and what segments are receiving

relatively little attention?

2. What will be the impact of the deficiencies uncovered above?

3. What are the experience factors of the colleges and universities

in terms of the amount of computer time or money needed per student

per unit of instruction for various types of courses, what kind of

- faculty attention is required, what kind of manpower and computer
systems are available to provide these services?

L, . What factors would contribute most to the success of a regional

network shared by a number of colleges and universities? What factors

- . . . » . ) 4 - -~
would contribute most to the utilization of small, independent computers?




5. What are the needs and current plans of universities and colleges

in the institutional service programs, that is the administrative

data processing, libraries, eéc.? What cost data is available on these
programs, what threshold has to be obtained for the success of these
programs? What other factors might contribute to the success or failure

of institutional service programs involving use of computers?

The study group would plan to utilize the information that is being
accumulated at a nunber of uﬁiversities engaging in their own self-study
as well as the information accumulating at regional centers and a number of
other institutions that have achieved success with one style or another of
computer utilization. It would also look into what factors contributed to
the failure of certain styles of utilization in institutions where this

is known to have occurred.

ITI. Budget

The budget is for a project from August 1, 1969 to July 31, 1970.
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Direct Costs

Project Head

Full-time one month August 1969 $ 000
Full-time one month July 1970 25

No charge for remaining 10 monthls

Executive Director

Full-time 14 months 26,000

Overhead and benefits ?
Three student assistants at l/2~time, 3 months each

(or l/h—%ime for 6 months)

One on Teaching Requirements * 1,000

One on Research Requirements 1,000

One on Institutional Service Programs 1,000
One student assistant 1/2—time for 6 months 2,000
One secretary full-time for 12 months 6,600
Materials and Services (including telephone) 000
Travel 5,000

Subtotal $ 51,600

Academy Expenses - Overhead (?) + (?7)

TOTAL
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Introduction: The Charge sl

The panel was charged with the investigation of patterns of support
from the computer industry to the colleges and'universities of the country.
The panel undertook the survey of a few companies in the computing industry
and a number of the officers of colleges and universities. Our approach
was fo see on the basis of a quick sample whether we could identify. any
changing patterns of support and whether it was necessary and/or useful

\
to go into a second phase. The companies and universities sampled and

intervieved are listed in the appendix with the written replies from their

representatives.

Academic Discounts

One of the forms of support to colleges and universitics that has
been most prevalent until recently has been the academic discount (or
educational allowancé, as it is sometimes called) for computing equipment.
The usual form of such support was a discount by the manufacturer for
either the purchase or the rental of equipment. There have been some
restrictions on the utilization of the equipment so acquired but the form
of these restrictions has also changed over .the years.

Before 1962 the IBM educational allowance agreement prohibited the use
of the discounted machine for "sponsored research". Sponsored research
here referred to work done by faculty and/or students on a federal government

contract or grant. In 1962, PM changed the nature of this restriction
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" I. The Chargé
A succession of reports have addressed themselves to various aspects of

the needs and uses of computérs in universities and colleges. ‘The Tirst of

these, the Rossér Report, "Digital Computer Needs in Universities and

Colleges", Publication No. 1233, National Academy of Sciences, 1967,

addressed itself to particular needs and uses of computing in universities

as wéll as the history of both within the universities. The second report

vas the Pierce report entitled, "Computers in Higher Education", Report of

thelPresident’s Science Advisory Committee, The White House, Washington D.C.,

February 1967. This second report addressed itself to the conmputation

facilities for universities, the use of computers in teaching and the

educational needs of colleges and universities. The third report, the

COSRIMS report, National Academy of Sciences, 19681 addressed itselfl to

needs for support of research in the mathemaﬁical sciences. This report

made a special appeal for increased support in the area of research for

computer écience. These three reports ha?e been very helpful in guiding

nationél policy in a very general way. There is a great necd now for a

report more directed toward the style considerations, man power considerations,

and organizational and financial considerations for the research and teaching

programs as well as for the institutionel service programs in the universities.

None of the previous reports addressed itself to the institutional service

_programs, that is, the use of computation in the adminis%rative areas, the

libraries, student records, and so forth. There are a number of important

questions to be answered on the basis of current investigations. All of

these are connected with how to better utilize available resources. Should

colleges and universities find small, de-centralized computation centers,
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relationships, what are the factors that will contribute to the success of

any one of these kinds of programs? There is a variety of expefience now
available to draw on in each of these areas,and a national study that could
provide guidelines for govermment policy and for guidance of the universities

and colleges would be of immense importance at this time.

ITI. Plan of Attack

This proposal is for a.lé;month study into the needs and opportunities
of universities, colleges, and junior colleges in the area of computers fo
(1) their educational programs, (2) their research programs, and (3) their
institutional services (edministrative, etc.) programs. The proposal
is not intended to carry out research in these areas, but is intended to
accumulate and interpret information-that is now available or may become
available.

This study would address itself to such questions as:

1. .What segment of the educational programs are receiving the most

attention in colleges and universities, and what segments are receiving

relatively little attention?

2. What will be the impact of the deficiencies uncovered above?

3. What are the experience Tactors of the colleges and universities

in terms of the amount of computer time or money needed per student

per unit of instruction for various types of courses, what kind of

- faculty attention is required, what kind of manpower and computer
systems are available to provide these services?

L, . What factors would contribute most to the success of a regional

netvork shared by a number of colleges and universities? What factors

jould contribute most to the utilization of small, independent comprters?




5. What are the needs and current plans of-universities and colleges

in the institutional service programs, that is the administrative
data processing, libraries, etc.? What cost data is available on these
programs, what threshold has to be obtained for the success of these

programs? What other factors might contribute to the success or failure

~of institutional service programs involving use of computers?

The study group would plan to utilize the information that is being
accumulated at a number of uﬁiversities engaging in their own self-study

as well as the information accumulating at regional cenlers and a number of
other institutions that have achieved success with one style or another of
computer utilization. It would also looﬁ into what factors contributed to
the failure of certain styles of utilization in institutions where this

is known to have occurred.

ITTI. Budget

The budget is for a project from August 1, 1969 to July 31, 1970.
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BUDGET

Direct Costs

Project Head

Full-time one month August 1969
Full-time one month July 1970
No charge for remaining 10.months

Executive Director

Full-time 14 months
Overhead and benefits

Three student assistants at l/2~time, 3 months each
(or l/h—%ime for 6 months)

One. on Teaching Requirements

One on Research Requirements

One on Institutional Service Programns
One student assistant 1/2~time for 6 months
One secretary full-time for 12 months
Materials snd Services (including.telephone)
Travel

Subtotal

Academy Expenses - Overhead (?)

TOTAL
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$ 5,000

26,000

* 1,000
1,000
1,000
2,000
6,600
000

| 5,000

$ 51,600
+ (2)
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to prohibit classified research or research not done as a part of the | °Mssion o auzcuiy.

academic mission of fhe university or college. Their decision to change '
vwas based on the idea that they could not police source of funds but
could better judge on other criteria such as openness and the association
with faculty and students.

A second restriction imposed is if %he equipment is resold within a
five-year interval after purchase, the educational institution must retate
to the'manufacturer a pro-rated amount of the discoﬁnt.

The amount of discount made available to the colleges and universities
has been decreasing over the last several years. There are a nunber of
forces clearly moving in the direction of the elimination of this form of
support to colleges and universities. In the mid-1950's the discount was
often as high as 60 percent; that is, the college or university would pay
4O percent of the listed price of eduipment.l This discount would apply
either to the purchase of equipment and subsequently to the equipment maintenance
contract, or to the rental (including maintenance). In the case of the
rental contracts it was common for the university or college to pay 40 percent
of the first shift rental and be permitted to utilize the equipment on as
many other shifts aé possible with no additional charge. Discounts have
been decreasing2 in percentage until currently they are about 20 perceut
everage nver the whole line of equipment for IEM and either about 20 percent,

or in many cases nothing,3 from other manufacturers.

1. Reference will te to a specific contract still being identified.

2. G.S.A. reference (1966)

3s Letter from James G. Miles, Vice President, Control Dsta Corporation, to
W. F. Miller, Stanford University, 13 March 1967.
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In the opinion of the panelists and the representatives of academic

institutions surveyed, the-academic discount was a very important form of
support in the early years. It contriﬁﬁfed immensely to the growth of the
computing industry in the country. The computing industry grew iq its most
spectacular growth "from fhe ground up". When the colleges and universities
began to graduate engineers, scientists, business school graduates, etc.,
who had teen introduced to computing through introductory courses (and
often had taken advanced coufées in computing), they began to introduce
computer methods into their respective businesses. This in turn stimulated
the great demand for computers and the spectacular growth of tke computer
industry in the early and mid-1960's. There is no doubt that the colleges
and universities who first introduced large teaching programs in computing
would not have been able to support thgsé educational courses on such an
extensive scale without the benefit of the academic discount.

Before the so-called Carnegile decisionLL the colleges and universities
were able to treat the academic discount as a gift and utilize that contri-
tution solely for support of their educational and unsponsored research
programs. This practice was eventually disallowed. Also academic discounts
began to decrease in percentage coptribution. Colleges and universities now

have to look to other sources of support for their computing equipment to

_carry out their educational programs.

=% %

It is quite clear to the panel itast this form of support will soon te

very small or completely eliminated. Control Data Corporation” has

4. Carnegie Institute of Technology (1964) ASBCA No. 4299, 1964 BCA  L026.
Credits against computer rental - A non-profit institution contractor
using an IEM 650 computer for sponsored research could not include the
full rental for the computer as a research cost under a cost-reimbursement
contract since it was allowed a 60-nercent deduction in rental payments
for a so-called educational contribution regardless of whether or not the

prerequisite to the taking of the deduction was fulfilled.

-
e
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Zg?g%sgily eliminated the academic discount. It does suppbrt research at
tﬁg“égiieges and universities in areas of interest and/or unusuval merit.
The IBM Corpération5 has indicated that their tendency is toward unrestricted
grants of a general type. In the interview with Dr. Spinrad of Scientific
Data Systems he made it cléar that the academic discount was utilized only
when necessary to keep them competitive.and that they followed the lead of
the larger companies in this area. .

There is an additional force that will very likely contribute to the
. vanishing academic discount. In the anti-trust suit of the U. S. Government
against the IEM Corporation,6 the IBM Corporation is charged with the
utilization of the academic discount as a means of affecting a monopolistic
position. It is clear that the recommendation will be to enjoin IBM to
cease and desist the offering of thg academic discount. In the civil suit
of the Control Data Corporation against the IBM Corporation,7 CIC also
charges IBM with damaging them through use of special pricing mechanisms
to control the mafket. These pressures will certainly encourage IEM in
the difection of the elimination of the academic discount whether or not
th» Control Data quporation and the Justice Departument suits are successful.

It is clear from the letter of Dr. Piore that IBM is tending in that

direction anyway.

5. Ietter from E. R. Piore, Vice President, IBM Corporation, to
A. G. Oettinger, Harvard University, 19 February 1909.

6. Civil Action No. 69 CIV.200, U. S. District Court for the Sogthern
District of New York, Filed: January 17, 1969. See COMPLAINT § 20(ad)
and PRAYER § k.

7. Civil Action No. 3-68-312, Filed December 11, 1968, in the District

Court of the United States for the District of Minnesota Third
Division. COMPILAINT § 23(f) PRAYER FOR RELIEF § (2).

I
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Other Support

Aside from the area of the academic discount, the trend for support
of research and teaching seems to be taking two different turns. IBM on
the one hand is tending to turn toward a general university support and in
the form of funds that may be used at the discretion of the president of
the university and may not necessarily be directed toward computer research
or computer education. Control Data Corporation and Scientific Data Systems
on the other hand are emphasizing support of relatively specific research
projects that might be aimed at advancing the capatilities and techniques
of the computer industry. These two tendencies are leaving a widening gap
in the area of general educational support of the universities and colleges.
These institutions are having to turn to other sources of funds, both
internal and external, for their tegching and general educational programs.
The support of Scientific Data Systems and Control Data Corporation8 is
normally aimed at those facilities which have acquired their company's
machines. In any‘case, there seems to be no indication that there are very
large amounts offered in support of research although we are unatle to get

precise quantitative data.

8. "Practice and Procedure for Sponsored Research", Control Data Corporation,
Minneapolis, Minnesota, March 22, 1968.




Draft of letters to be sent to educational institutions.

Dear Mr.

The Computer Science and Engineering Board of the National Academy of
Sciences is conducting a census to assess the impact of industrial support
on computer-related activities in educational institutions. This study is
being carried cut under a contract from the National Science Foundation.
We believe that the results of this study will be invaluable to the Board
in its deliberations and recommendations concerning support for computers
and computer science. ’

We are initially interested in determining the internal and external
factors which impact the nature and effectiveness of industrial support.
We would like to inquire:

L. In what forms do you now receive industrial support for compuling
from equipment manufacturers, software companies, or user companies
such as banks, oil companies, and so forth? By forms of support we
would include equipment discounts, unrestricted grants, value received
research contracts, or other.

2. Can you fully take advantage of this support or are there
auditing or government research administration policies that are
detrimental to this end?

3.' Do you have any policies within your own institution that
restrict the form in which you can receive industrial support?

We should like to set up an informal interview between the appropriate
person in your institution and Prcfessor W. F. Miller of Stanford University
who is chairman of the Board panel that is conducting this. study.

. Would you kindly let me know at your earliest convenience the person
to whom we may speak on the topic.

Respectfully,

Anthony G. Oettinger
Chairaan, Computer Science and
Engineering Board

Mr. Iyman Spitzer, Chairman
University Research Policy Committee
Princeton University

Princeton, New Jersey 08540

Mr. W. F. Miller
Associate Provost for Computing
Stanford University

Stanford, California 94305

Professor James G. Brophy

Vice FPresident for Academic Affairs
I1llinois Institute of Technology
Chicago, Illinois 60616

Professor A. G. Norman
Vice President for Research
University of Michigan
Ann Arbtor, Michigan L1810k

e B T L e e et




This is a draft of a letter to be sent to the manufacturers and
software houses for the NSF study on patterns of industrial

support. There will te one each for IBM, Control Data Corporation,
Scientific Data Systems, and UNIVAC. The addressees are listed below.

Dear Mr.

The Computer Science and Engineering Board of the National Academy of
Sciences is conducting a census to assess the impact of the industrial
support of computer-related activities for our educational institutions.
The study is being carried out under a contract from the National Science
Foundation. We believe that this information will be of great importance
to the Computer Science and Engineering Board in enabling it to make its
recommendations on national programs.

We are principally concerned with the internal and external factors
vhich contritute to policy of the industry. In particular, we should like
to determine:

1. What needs in the educational institutions does your company
believe it is meeting?

2. What direct or indirect returns do you expect for your company
or for the computer industry in such areas as manpower training,
research and development, or sales?

3. What facets of federal government policy such as taxation,
_research support, or research administration influence the type
or level of industrial support?

We ghould like to set up an informal interview btetweer the appropriate
officer of your company and Professor W. F. Miller of Stanford University
who is chairman of the Board panel that is conducting this study.

Would you kindly let me know at your earliest convenience the person
to whom we may speak on the topic.

Respectfully,

Anthony G. Oettinger
Chairman, Computer Science .nd

Engineering Board
Dr. E. R. Piore

Vice President and Chief Scientist Mr. William Norris, President
IBM Corporation Control Data Corporation
Armonk, New York 1050k 8100 34kth Avenue South

: Minneapolis, Minnesota
Mr. Max Palevsky, President

Scientific Data Systems - Mr. Fletcher Jones, President
1649 Seventeenth Avenue Computer Sciences Corporation
Santa Monica, California 1901 Building, Suite 1900

Century City, Los Angeles 90067

Mr. R. McDonald, President
UNIVAC

Box 8100

Philadelphia, Pennsylvania




March 4, 1969
W. F. Miller

Summary of Interview with Dr. Robert Spinrad
Vice-President, Programming
Scientific Data Systems

4
1. SDS does not make grants to universities or colleges.

2. Academic Discounts are on the basis of field experience. SDS views

universities and colleges as a source of business (1like any other
source of business). Field experience means that SDS follows the lead

of larger companies such as IEM and CDC.

3. Research and Development Contracts to colleges and universities are

mostly on a services rendered basis. Spinrad described this support
as "enlightened self-interest". The R and D contract may not call for
an immediate payoff, but SDS does not engage in very much (if any)

speculative R and D.

I, SDS has a summer student program intended to introduce students to SDS

and to computing research and development. It has as a secondary goal

the support of students.
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January 24, 1969

Mr., Anthony G, Oettlingery; Chalrnan

Conputer Science & Engincering Board

Aiken Comnputation Lab,

Harvard

University

Cambridge, Mass, "~ 02138

Decar Mr,

Oettingenr:

Your letter of January 21, 1969 to

Mr, McDonald has been turned over to Mr». Frank D,

Swecten,
My, Swvccten 1s current
back until February 3, As soon as he returns,

not bec

r
v

y out of the country and will

Vice President of Personnel, for response,
1

your letter will be called to his attention.

JRS : dmh

Sincerely,

i

r

'

fi # N .
J¢ R, Stahl, Dircctor
Enployce Benefits

Sweeten




. - - ILLINOIS INSTITUTE OF TECHNOLOGY
CHICLGO coa1s

OFFICE OF THE VICE PRESIDENT

January 28, 1969

Mr. Anthony G. Oettinger,

Chairman, Computer Science
& Enginccring Board,

. Aiken Computation Laboratory,

Harvard University,

Cambridge, Mass, 02138

Dear Mr, Octtinger:

A relatively small fraction of our financial support for
IIT's computer related activitics is derived from
industrial sourccs, with the exception of educational
allowance for equipment purchases, We will, however,
be pleased to meet with Professor W, F, Miller to
discuss our situation at his convenience, Prof, Miller
should make arrangements for his visit with my office
(312/225-9600, Ext, 521-522) for I {ecel he should mect
with mc as well as Professor P, G, Lykos, Director,
JIT Computation Center,

We are most plecased to participate in this effort of the
Computer Science and Engineering Boaxd.

Very truly yours,

James J. Brophy
Academic Vice President

JIB/dla

cc: Professor P, G, Lykos




‘ THE UNIVERSITY OF MICHIGAN
. . ANN ARBOR, MICHIGAN 48104

~lin

3

A. G. NORMAN
Vige-Presides! for Research January 28, 1969S

Dr. Anthony G. Oettinger, Chairman
Computer Science & Engineering Board
Aiken Computation Laboratory

Harvard University

Cambridge, Massachusetts 02138

Dear Dr. Oettinger:

In reply to your letter of January 2], we wifl, of course, cooperate in
supplying your committee the information requested, though frankly we are
becoming a little tired of responding to sub-contracted questionnaires from
the National Science Foundation., You are, of course, aware of the very

extensive one handled by the Southern Regional Education Board last year,

I believe that as far as the University of Michigan is concerned the
answer to the specific questions you pose are:

(1) There is very little industrial support for computing, direct or indirect,
other than that which may be present in setting leasing rates or purchase
prices to educational establishments generally.

(2) & (3) There are no constraints that would inhibit acceptance of support

For more detailed information, I would suggest that Professor Miller
get in touch with Dr. Robert Bartels, Director of the Computing Center (area

313) 764-2412.

Yours sincerely,
. . _-—';; I‘
T\ »/1' \\'\:\‘v\\ O~

A, G. Norman

AGN/my

(o] 0% Dr. Robert Bartals
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Professor Uilliam F. Miller
Stanford University

Computer Sciences Department
Stanford:, California 94305

Dear Bill:

It was a pleasure to talk with you this morning regarding the study
that you are conducting for the National Academy of Sciences re-
garding the impact of industrial and financial support of computer-
related activities for educational institutions {I refer to Anthony
Oettinger’s letter of January 21, 1969, to William C. Norris.
President of (DC.}.

I am enclosing two copies of (D(C’s PRACTICE AND PROCEDURE FOR SPON-
SORED RESEARCH {revised 11/22/L8} that best states (D(’s objectives,
policies and procedures for sponsored research.

As I mentioned to you this morning: two years ago (DC changed its
policy with respect to grants to universities and other non-profit
research institutions from a policy of granting discounts in prices
on computer systems to a policy where we will quote only full list
prices on computers to education and research institutions: and at
the same time consider the sponsoring of research programs by which
(DC pays the qualifying institutions for research work to be done on
programs of irterest to (DC and/or which (DC believes have unusual
merit. Ue have specifically concentrated in the past two years on
grants re hospital/medical and CAI, as well as the development of
specific new softwares and applications.

I believe this generally answers the question raised by Dr. Oettinger’s
letter. ‘

I will look forward to seeing you at the time of your forthcoming trip
to Minneapolis to view the ?b00 computer and STAR. I would also
appreciate the opportunity to schedule'you to see some of our systems
directed toward some of our business management data systems in line

with Stantord University’s interests.
Very truly yours:

CONTROL DATA CORPORATION
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James G. Miles
Vice President
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Professor Anthony G. Octtinger
Aiken Computation Iubom tory
Harvard University

,

Cambridge, Magssachusetts 02138

Dear Tony:

Your letter of January 21, on behalf of the Computer Science and Engincer -
ing Board of the National Academy of Sciences, inquires into the nature of

JBM support of computer-releted activities of educalional ins dn,uuom.

First let me point out that IBM's educational support program is not restricted
to computer-rclated activities, and an increasingly large pm tion of our
support is, in fact, uvnrestricted. Nevertheless, I will atternpt to provide
meaningful answers to the questions asked in your letter:

1.  What needs in the educational instilutions does your cormpany

believe it is me oting ?

IBM's prograim of support to educationzl institutions falls generally
into the Iollo‘.ung categories:

Unrestricted Support

A7

is the most useful to a college
nrestricted grants.
lping the institutions
lems, including those
C activities.

Because unr
president,
Such grants she e of a2

to cope with their over-all financizal pro
which may be associated with compuler-related

—
t
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Spacial Program Support:
_—‘ —a N

‘\

A good example of this type of grant is IBM's support of the
Harvard University Program on Technology end Society.




Professor Anthony G. Oettinger -2 - February 19, 1969

While it is not directly computer-related, the effects of
technological developments, which mclude the computer,
are under study in this program.

Another example is a grant made to one university to assist
in the development of an engincer ing design curriculum.
Other examples would be support toward the development of
a PhD program in computer science or toward the improve-
ment of undergraduate mathematics teaching.

BEguipment Education Allowances:

One traditional method of support is IBM's educational
allowances, applying to a variety of equipment.

Gra e I'ellowships:

IBM maintains a regular program of fellowship support to
leading graduate schools. The selection of fellows is made by
the institutions and their schools or departments.

Post -doctoral Fellowships:

IBM awards a small number of post-doctoral fellowships
directly to institutions each year. In addition, some faculty
members are provided the opportunity for post-doctoral
research in JBEM laboratories.

Visiting !’rofessors:

IBM encourages professional personnel exchanges between
faculty members and its professional employees. Several
IBM scieatists are engaged in full -time teaching and research
on work assignments, and a. large number contribute through
part-time teaching.

e

Q’“\

Negro Educational Subport:

IBM provides both unrestricted and D:r?ograz"n supvort to a
number of historically Negro ¢ olle; 2

supports 53'\;:: al {ellowship program
other institutions.
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Contract Sd port:

At any given time, IBM, thr ough ils divisions, sponsors

specific research tasks thr oauh contraciual relationships

and joint studies. The scope of this activity ranges from
.applied technology to software development.

2. What direct or indirect returns do Vou expect for your compeny or for

th(‘ COoImp. ater ]IlLlU‘ LT“V in such areas ag I,lc»J'JDOWOl' LL‘EiI’}].HC[ I'CSOn._u,Cﬂ

and dev clopmmu, or sales?

Since most of ITBM's financial support is in the form of unrestricted
grants or program support aimed at specific institutional needs, any
returns we & ould receive would be very indirect and not easy to
mesasure. The benefits accrue more to the institutions than to us,
although obviously we, as others, are dependent upon the output of
co]]cou‘ and universilies in terms of educated manpower and basic and
appll_c\x_ research. In cases of s )“cmc research sponsorship, howeves
in the calegory described above as “contract Qumpm t, " IbM aatlcjm"\s
cm‘cu return comimensurate with our investment.

.

res C‘E H

supwr L, o. qu"rw afumm)b__*e,uom Jm]ue
indusirial support ?

We have been unable to identify any federal government policies relating
to taxation, resecarch suopport, or rwm rch administration which have
any specific influence on the type or level of IBM support to educationzl
institutions.

his study is being made. We hope that its results will
i S

encourage broader 211 segrments of industr / not only
7 [a) 1

for comput

- Sincerely,

Mgt

E. R. Piore
Vice President and Chief Scientist

L."F ]:3 I-1Ir
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COMPUTERS AS MANAGERIAL TOOLS

NJ
\C\ ! IN THE FEDERAL GOVERNMENT
’DO )
vy
\/

Ft—seems—that Lhe Nixon Administration -may convené{a new "Hoover Commission"
to review managerial practices in the federal govermment. This,ﬁbuld offer an
excellent opportunity to evaluate the role and capabilities of computers as
managerial tools in the federal government.

Such a review would be justified on several grounds. Many feel that the
computer has not been used as effectively as a managerial tool within the public
as in the private sector. This is of course merely a suspicion, and formal
documentation of the point is certainly lacking. Nevertheless, a good deal
of informed opinion tends to this view.

This is not to assert that computers are n

R;\écd in the federal estab-

lishment. The federal government is the singleé ar ngcustomer of the computer
nz;;) willingness to bear

industry. It has also shown foresight Qé a\comu
\ \§§>

NN
risks in developing new and be’ter\rgipptq
\ W\
The question, rather, E&oricerns “\\ ade of the computer within the

government as an aid gs managemegz an rticularly whether that use is as
effective as it SQFEI be. Akxﬂ; the cuestion arises of whether the
"information exy utldn\\“gdhtéd by the computer has really permeated public
managerial proc eq\/1 the way that it should if the computer is to make a
maximum contribuq\on to improving government management and operating practices.
The computer should not be envisaged as simply a device for reducing
data processing costs or the total clerical or computational bill. Computer
installations very often do not create the 'savings" that "justified" or
ntherwise rationalized the original purchase of the computer. However, even
when expected '"savings" do not materiaiize, che computer application usually
does result in some jobs being done more thorough}y or better or in entirely
hew tasks being undertaken. In particular, management, after replacing
clerical help with computers, often steps up demands for information or for
the speed with vhich information is prepared for management.

Often, nonrealization of "expected cost savings" is taken as a sign of

failure. It is highly probable that computers have often been applied where

they should not have been. Nevertheless, the fact that the total clerical bill




does not always decline when a computer is installed is hardly significant as
evidence of failure: it is sometimes merely a sign that the computer was
bought on improper grounds.

There are good economic reasons why one would not necessarily expect
the total clerical bill to decline with the advent of computers. The same
arguments apply to other major technological innovations. The '"total trans-
portation bill" of most modern societies has not declined with the advent
of the railroad and automobile. It is higher today, and life is different
in many ways, some presumably more productive and better. Much the same
applies to the computer. It would be impossible for some sectors of our
complex society and economy to operate in their present manner without the
availability of large computers.

The phenomenon observed in these cases of major technological change

is described by economists as the case in which price elasticity of demand for

a service or product is greater than unity. <%§ fleans that the total con-

sumption of the good or service rises mor \I ionally to any price
reduction. If you observe a 10% reducflon étgplt price or cost of
rendering a particular service, a reater t an ity price elasticity would
imply that you would observe more t an a 1 / increase in the quantity consumed.
There are many goods or services\for wh greater than unity price
elasticities seem to ho%ﬂ If youiégke a good thing cheap enough, you
should not be surprised\lf in Lhé>agg1egate, people spend more rather than
less on it as it ce\ls\\9 lu ed

The essen he omputer revolution'" is that once an initial
investment has bee <S£§; information becomes relatively cheap and,as a
consequence, larger amounts of information are consumed or used. The increase
in consumption of information may well rise to the point where the total bill
for processing or obtaining information actually goes up even though the unit
cost of obtaining that information falls dramatically. From the standpoint
of managerial practice, the real question then becomes just exactly what does
the increase in availability and quality of information really imply?

The direct effects are reasonably obvious. Management demands and
receives quantitative information more promptly than before. Usually more
and sometimes better analyses of data are brought to bear upon individual

management decisions. Management feels freer to go back to subordinates and

to ask that additional numbers be processed or additional facts be obtained
demands

before reaching decisions in marginal or difficult cases. Simply put,




are made for analyses that could not have been conceived or justified before
the computer. As a consequence, fewer decisions are made on the basis of
hunch or so-called "rules-of-thumb'", or other simple short cuts that tend to
reduce the information requirement. Justifiably or not, greater emphasis
than before is put on the quantifiable factors in decision-making.

The indirect effects upon management of the computer information
revolution may, however, be more important than the direct effects. Indeed,
it seems highly likely that we do not even yet comprehend all of these
indirect influences.

Perhaps the most obvious of these secondary effects concerns personnel
policy. When the computer comes on the scene, the personnel requirements for
an organization shift in important ways. Fewer clerical people performing
rote tasks are needed, and those that are required need different skills, such
as keypunching. More people with mathematical and analytical skills will
be sought for employment. Such highly talented people do not easily fit

into existing patterns of pay and responsib t . essary changes in

recruitment policy can have subtle effec 0*" nization. It not
only changes the quantities of g;ff{ﬁént t" ls available for

T\
promotion, but also tends o\-nfiuenc
AR

for more respon51billty\\ Slmilarl§§

tho%erar icular talents singled out

t extent that adoption of new
technologies a trac Lhe more, venturesome and imaginative elements in
the work force qt K§ﬂg§§é}éidA that accelerates computerization will find

itself with a be(\\ quality or at least a more flexible and innovative work

force, at least f ¥ awhile.

Whatever the particulars, it is clear that there are many ways in
which personnel policies and organizational development can be and are being
altered with the advent of the computer. Questions concerning public
administration arise from all of this. Do civil service rules and other
rigidities that characterize employment relationships in government inhibit
the best use of computers in government? Does governmental observance of
rather strict seniority rules tend to insure that government administrators
‘realize fewer managerial adventages from computerization than would otherwise

be the case? ,
. It is often observed that'many sectors of the so-called service industry,

and in‘particular medicine and government, have lagged badly in terms of

productivity gains compared with other sectors of the economy. Yet the computer

is particularly adaptable to service ipdustries. The natural question is:




have various kinds of government record keeping or bookkeeping activities
(and that after all constitutes a fairly considerable proportion of total
government activity) experienced the same gains in productivity as equiva-
lent record keebing or bookkeeping activities in the private sector?

If government hiring and personnel policies have not or are not ablé
to adapt in the same way as those in the private sector to the advent of the
cgmputer or other technological changes, this may induce personnel selection
policies that are self-reinforcing and negative. For example, some think
that the government's inability to recruit its "fair percentage" of the more
imaginative and innovative spirits in recent college generations is a chronic
and worsening condition. The long-run tenor and success of government
operations may be better measured by the Post Office than by the Apollo
program, and the evidence is disquieting.

If there is any merit in the notion that €ﬁ/> pu has not made the
same contribution to public as to privatexedw1h sb that the costs
of this omission can accumulate over ti e,“this ho known to responsible
men in the government and tg\vhe ghbllc a \ue } While it could be argued

that inefficiency can regke Jobs, it an bé a quite expensive means of doing

"

so. One wonders vhéﬁher\'delgpera;e\ér allowed inefficiency” is ever a very
A\

constructive approac Jto allqvmgting unemployment. What we all need to know

is whether there 1a\K?mg}igt({neff161ency. Then we can choose whether or not

to remedy it.

Some other indirect effects have a revolutionary impact. Some of our
major textile firms, for example, are using linear programming to control
the entire operation of their fabric production and merchandising through
the astute application of linear programming techniques. They control
production down to the individual loom in plants which are widely dispersed
geographirally, Likewise, the sales mix and the marketing effort are largely
determined by considerations of profitability relative to virious capacities
which are analyzed by linear programming techﬁiques. Clearly, here is
practice which would not be possible without computers and which ten or
’fifteen years ago would hardly have been within the vaguest understanding of
top management. ) .

| On the other hand, another secondary or indirect effect of the use of
computers in management might be termed "the rapture of the measureable'.

Contemporary management is fashionabl; secking to become more "scientific"




v in its methodology or practice. This thrust causes a preoccupation with
forcing the decision-making process to become algorithmic or formula-like;
and this in turn depends on management's ability to quantify or measure input
data relevant to a decision and to quantify or measure the results or
probable results of alternatives. The availability of computers tends to
facilitate such formalized decision—making since computers make possible
data and algorithm testing on a vastly more efficient and practical basis than.
before.

The rub comes when -- because all sorts of data are available -—- we

begin to factor into our decision making only those factors which are

measurable and to judge the results of our decisions only by the measurable

factors.
Many decisions —-- perhaps even most decis%g'%iﬁ— nvolve factors

which are not now measurable. While the chdggi h%F¥ in these decisions,

judgment, style, and inspiration are ‘nife g% S

A management in its rapture wit%<fhe SB\NE&QASE

i ] zgt;éks.
0 °§&§£héés,6ffﬁe hanization of management practices is

not well-underste Qg\\b\\ .

of managerial and\\dai\xafrat ve choices in many situations, especially those

\
in which any interpi%ﬁgéTég of the rules comes into play. A chosen alter-

he\ eogmputer cannot handle.

v

y vverlook this limitation

and ossify rather than mecgﬁﬁzée=£i§ PY
VL N A
The depth of ¢ \E
VUL s
qchine sysfpens in fact may tend to diminish the range

native will, of course, most likely be one provided within the framework of
the system, which, in turn, can be expected to take its own side in any
question of interpretation. Likely pragmatic result: over-simplication of any
situation not anticipated by the system designers.
Perhaps the vast middle of the managerial hierarchy is of greater
concern here than are the extremes. Top managerent is generally entitled .
to augment and even to ccntravene the system in order to arrive at sound
decisions, while at the supervisory level and below there are always people
who are expected to beat the system when necessary to get the job done
(though the civil service is a bit deficien? in this regard).
Middle-management, on the other hand, has seldom been characterized by

either imagination or enterprise, and to reduce its freedom of choice to a

level even below its present, rather modest level of improvisation might
well accelerate hardening of the civil arteries. It would be unfortunate

indeed if we unwittingly lost what few middle-management flexibilities do

-exist in managerial and administrative procedures through algorithmic zeal.
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This concern is scarcely a new one, of course, and there is always
the hope that rapid, organized access to great masses of information will
jazz up even middle-management. But we all know that system designers are
poor, finite beings of well-bounded prescience and that the Machine tends to
dazzle and dominate. » |

Finally, computer systems themselves, like the ways of using them, are
still in a state of rapid flux. Until now, we have seen mainly '"single-user"
systems. Obviously, in the case of, say, ihe Navy procurement program or

Standard 0il management information system, these are very large systems,

with management at various levels having access to riate sets of
procedures and datax~and one hopesybeing prev cessing data
inappropriate to the level of the inqui Q\} Q\B owever, some
government systems are likely to th\s multiple-user systems,

with several agencies (feder l\sgtg e axd\ldc having access to a system.

The value and by—producgiégf\such sy
solely by the cri ied }of:t e)e rlier single-user systems. In par-
ticular, the degréé, \1‘¥é>9n agency may maintain control and self-

confidence may be\¥%553§

achieved.

ems\hay no longer be measurable

tant a measure as the integration and streamlining

In short, an important task of any new 'Hoover Commiss$ion' should be
to consider the extent to which government administrative practices hinder

or aid adaptation to and use of effective new managerial technologies,

broadly construed.




HOOVER COMMISSION STATEMENT

CL.Clmbﬁkﬁt :S‘GVwan C;l«uzg;gﬁa_‘\/<nﬁ;;cpa

Thgltrend is %owargkfhe use of grealyr amounts of capital equipment
in many areas of industry and government. In the administrative areas
of government alone, the amount of capital equipment is increasing at
a % rate per year and __ % of this figure is data processing
equipment. (&’/Q.QL, A’\A«.\ (RN FEs A %mm M}

:>v‘ﬁa£§7::IEven though the federal government is the largest single customer of
Wi, the computer industry, there are many areas in which the computer is
not being used as effectively as is possible. If a "Hoover" commission
is appointed to review managerial practices in the federal government,
this seems like an excellent opportunity to evaluate the role and
capabilities of computers as administrative or managerial tools in the

federal establishment.

F]A seemingly important question tha*\ r eesﬂaﬁ how can capital equip-
a \ggitrative and managerial

his question is actually part of

AAY

ment be better brought to bea{\{og\ths5
N\ X ;\\

problems of the fedcral-governw t£>

KR

\

a deeper questio (\\ow can\megor technological innovations be introduced

into this e§€{§ ibi}g&éj\vgme emphasis here is on the innovative

characteristic Qg e problem rather than on the aspects of utilization

(such as effectiveness).

:]The essence of the "computer revolution'" is that, once the investment
in capi*al cquipment has been made, information comes relatively cheap
and as a2 consequence larger amounts of information are consumed or used.
The increase in consumption of information may well rise to the point

where the total bill for processing or obtaining information actually

fa1ls

goes up even though the unit cost of obtaining that information




dramatically. From the standpoint of managerial practice, an important
question then becomes jpst exactly what does the increase in availability
and quality of information really imply?

:]This question is best answered by analogy. A computer can play a better

game of checkers than anyone but a master. Who(:aught it to do this?
m

playing against

r
experts. What 1is significsn{iﬁﬂ}e 1§Lthg§épc ine was not instructed

(\\ \
by a person who was Q@y\knowlgégea 1le about checkers and who painstak-
ingly worked out</~§1 \\/jsiiie moves and responses. Success, in
S «gthls case, rs_a re \ adaptive behavior in automatic equipment.
‘A.u..x».\-—-

Much more effort will be required to generalize from the simple task

of playing checkers to _more complex types of moves and _mone ngtle

T | Lot (T:'I:.., -
J )M ‘41"""”“‘””" L% “Q«(/! o D e M a'—(-\/» s ;-N'-“*;é oty ¢ ;. Les N
measures of success. Th}&—exe%c&se-ﬁorces—ﬁs-{gﬁgoﬂeenéée%@—e' ““\U J/
o P %;1

‘decision procedures rather than &ff moves H—takes-the—progranmer—a—

H-ttte—bit—further—fromthe—subject—matter—on-vhich~the-mnachine—ig=

operating-
tJWhen this type of system is utilized by managerial personnel, it will

T ﬂ%%ﬁ f; remove them from a specific understanding of the phenomena on which

M ﬂ’\_" A,
the computer is acting, ai%hougbkit will demand of hi@la higher under:

standing in terms of procedures for dealing with generalized situations

and phenomana.

:]Hence, the implication of a vast increase in quantity and quality of

QM ngy”mm.“&
information is th&t thetmanagerial estdblishment ia—the. federal

-goucrnmcnt will be able to concentrate on the methods of decision naking,
rather than on the subject matter itself. Since the system willA?dapt

jtself to the user, there should be less apprehension in regard to.

technological innovation.
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:]At present, the efforts of managers both in and out of the
governmcnt tend toward one-of-a-kind solutions to problems.

offa. e a
This isAPecause ofAtendency to emphasize the characteristics
of the solution instead of the characteristics of the problem.
;jA principal task of a.”Hoover" commission is to delineate a plan
for introducing technological innovation into the administrative
and managerial areas of the federal government. There are many
problems associated with the introduction of automatic equipment
which exhibits adaptive behavior.
:]The problem of bias 1s a major concern. As ;hfse systems are
used and adapt to the situations with w iéﬂ(;;é9<are presented,
the machine may introduce bias iqlo\thf\deci%é;:éjit makes. As
managers rely increasinflj :n.auggxatlaga fpment these biases may

A\ :
become harder to detect because\the anagers become increasingly

further removeq\from\ R&ifubJCCt with which he deals. As the
activities become\QSYe complex the manager faces with increasing
seriousness the problem of undetected errors which may introduce
subtle influences into the results he derives from computers.

:zThe very mystique of these operations may lead to an overreliance.
This overreliance may be especially distressful when we are
attacking problems which are not otherwise accessible to analysis.
As we move the human intellectual problem farther from the subject
matter itself, we lose the reliance of the user on his intuition

and we must substitute grcat care, formality, and rigor. Al-

ternafively, we must develop new levels of intuition and judgment

in our managerial personnel.
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Hence the "Hoover" commission must plan not only for the éﬁ&%&%%&&hmtl
of capital equipment but for the upgrading of personnel who must
develop an intuition which is capable of reaching through the

automatic equipment to a continuing understanding of the administrative

science which J4-as~beneath #t.

lZ;aaa




NATIONAL ACADEMY OF SCIENCES
PROPOSED STUDY FOR
FEDERAL COMMUNICATIONS COMMISSION
OF

COMMON CARRIER/USER INTERCONNECTION



SERVICES:

PARTIES:

PROBLEM:

AREAS:

STUDY FACTORS

VOICE, DATA, COMMON USER COMMUNICATION

PRIVATE COM, TEL COMPONENT MANUFACTURER,
GOVERNMENT, DOD, DATA SERVICES AND

MANUFACTURER, METER READ

IMMEDIATE
NET CONTROL, QUALITY, PROTECTION,

METER READ

NEAR- AND FAR-TERM TRENDS AND RECS

TECHNICAL, DEMAND, COSTS, LEGAL



OBJECTIVES

NEAR-TERM TRENDS
TECHNOLOGY
REQUIREMENTS

IDENTIFY PROBLEM AREAS AND POSSIBLE SOLUTION

IMMEDIATE PROBLEM
INFORMAL CONFERENCES - USERS/TELCO
RESOLUTION OF DIFFERENCES

TARIFF RECOMMENDATION

FAR-TERM TRENDS

DEVELOP FRAMEWORK FOR FUTURE CONFIGURATION




APPROACH

HIGH LEVEL COMMITTEE
TECHNICAL

LEGAL/ECONOMIC

SUBCOMMITTEES
NEAR- AND FAR-TERM TRENDS
DATA SERVICES
VOICE SERVICES
COMMON CARRIER
IMMEDIATE PROBLEMS [FCC]

INTERCONNECTION

MONTHLY OVERALL AND SUBCOMMITTEE MEET

TO COORDINATE AND RESOLVE



ORGANIZATION AND PROBLEMS

LARGE GROUP (APPROXIMATELY 10 MEMBERS), FLEXIBLE
COMMUNICATORS, DATA USERS, PRIVATE COMMUNICATION
NETWORKS, LEGAL/ECONOMIC, INDUSTRY, GOVERNMENT,

NOT-FOR-PROFITS, UNIVERSITIES

HIGHLY INTERESTED

CONFLICT OF INTEREST
INFLUENTIAL IN COMMUNITY
AVAILABILITY OF BACK-UP SERVICES
SPREAD WORK LOAD

MUCH CONTROVERSY

MINORITY REPORTS

CONFIDENTIALITY OF INFORMATION




BUDGET

DAYS TRIPS
MAIN PANEL + SUBPANEL 10 MEMBERS
12 MEETINGS/YEAR 2 DAYS/MEETING 240 120
INFORMAL CONFERENCES 3 MEMBERS
4 TASK AREAS, 5 MEETING/AREA,
1 DAY/MEETING 60 60
300 180
COSTS
TRAVEL $150/TRIP 180 TRIPS $27, 000
EXPENSES $25/‘DAY 300 DAYS 7,500
CONSULTANTS

' 2 STUDIES/TASK AREA, $3K EACH 24,000

$58, 500




NEXT STEPS

APPROVAL
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Snkorse cron? A
GRADUATE SCHOOL
Office of the Dean of the Graduate School
and Coordinator of Research Munson Hajj

April 13, 1970

Mr. J. F, Kettlep
National Academy of Sciences .
Computer Science and Engineering Board

2101 Constitution Avenue

Washington, D, c, 20418

Dear Mp, Kettler:

There is one point that warrants special attention, The recommendations
g0 to great length to Support the idea of Computer Science degrees at a1l
levels, and yet the very extensive review of Computer Science at the
University of Waterloo (and I recommend that most of this be eliminated)
Suggests that Computer Science b§én option in Mathematics, These are
not critical disparities, but perhaps somewhere o0 pg. 3 a sentence
should be included to the effect that opinions diffep as to the most

Sincerely yours,

7
di.éu.& 8% //Q( LL&Z ’

/ {
" Samuel Seely

Associate Graduate Dean
SS/s




PREFACE

In July 1969, a group of approximately thirty experts
from industry, government, and eduration met in Annapolis,
; eola, ax f(‘:;:,<,77. )

Maryland to discuss pre—febere=of ‘ducation in Computer
Scierce. The chairman of this con’erence was Alan J. Perlis.
In Merch 1970, a smaller group met in Washington D.C. to
prepare this report which presents the findings and

reconmendations of the original conference. Final editing

of tre report was done by Thomas H, Bredt.




1. INTRODUCTION

Scope of the Conference

A confereﬂce to study Computer Science Fducation in the United States

l

was held in Annupolls, Malyland,_ln July, 19¢9. The conference was sponsored
by the Natlonal Academy of Seiences' Computer Science and Engineering Boaril
under a grant from the National Science Founcation. The conferees attemptad
to identify both the proper goals for a college or university education in
Computer Sciencc and, in a broad sense, the routes and structures for ach1>v1ng
those goals. fgaécu351on and récommendatlgﬁéwggcéé;d on the ¢ /.imated 20% >f
the computer f1<1d pcrsonnel who, even in the near future, must be college

/ur Qupalens g /Ql/'z‘f s that
trained. However, the bulk of the people working in computlng for the nex:
5 to 10 years wfllf;ot be four-year college graduates but will, rather, re:eive

their final treining in high schools or two-year colleges. This meeting did

not address the critical problem of training such people. A conference-on this

Jrbar ,///r,ur({'-ma/ f#:muu; )
uba@eﬁAsﬁould e organlzed ;

A Profession or a Science?

A recurrent question that threaded its way through most of our discﬁssions
was whether "Conputer Science" ought to be a "professional™ or "scientific"
stuay. The issue, which in the end proved to be somewhat vaéuous, was whether
the graduate was to go on to "design things" (1ike the engineer) or "illuminate
truth" (like the mathemutician) The conclusion of the group was that a—variety
of graduates Ts‘necossary and should be produccd but that the distinction in
their education should be ac%}gved by the extent and, therefore, the depth and
richness of the’r gducatioﬁK;;HComputcr Science and not by "separate tracking"

or education in different disciplines. Computer Science, therefore, is a

discipline which has both practitioners and scholars.




. .The Numbers Probhlem

The Tirst :.ssuc addressed was the numbers problem: How many and what

S\ 009

kind of people 'lo we need to educate? Two approaches vere used in'attack%ng

a( ,",'\"Il'.‘-"?"w‘\
this—problem:

(1) extrajolation of equipment-support requirements.
(2) reasoning by analogy with other fields.

| The first approach assumed the existence of about 10,000 computers in the

Unitéd Stateéwiu the 1975-1980 period (these are machines that need the support
of computer pro?essionals).' A further‘assumption was that the number of cam-'
puters and the staff needed to support‘them vould "plateaun" thereafter.g-Qg;s
provided a base for the manpower computation}>

With due consideration for the "mix";of large, medium and small installa-
tions, a suppor: group of about 600,000 pfofcssionals was deemed necessary.
The long term, ;teédy—state condition (ebout 30 years from now) assumed that
these people wiil all be college trained. hen, assuming a working life of
30 years, the replacement raﬁe will be about 20,000 per year.

The curren; college-educated "professional" population in the computer
industry is bel.eved to be about lO0,000.i This number is se far below that
needed to competently staff the nation's éomputer installatibns)é§§£ even a
'30,000 per year influx of trained people would be desirable. Such a "produc-
tion" rate, of course, is not currently possible. This number is presented
only to support our contention that a 20,000 per year rate is a reasonable
national goal,

The second approach to the "numbers game" adopted was to estimate the
support popﬁlation in relation to other, better understood and more mature,

disciplines. Compared to the 40,000 engineering graduates per year (from all

engineering disciplines) our chosen target of 20,000 per year seems reasonable.
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. Compared to the 10,000 medical doctors per yec¢ar and the 20,000 nurscs per
year, the anticipated rate retains its plausibility.

We, of course, understand the fatuity o:* attempting to make these kini
of predictions for periods beyond the next five years. Our chief concern

is that we are not overstating the needs 'We believe we are not.

The Mix of Graduvates
/}' /v'v‘ ~,‘.,1\‘ é\'l )z:;f"z’/{//Lyg';_"[!/_;; /f‘zb . o
A'ﬂwenty théusand graduates per year is the goal. What kind of training

should they hawé? What is the "mix" of degrees? These were the next issuzs
addressed.

Many factcrs influenced the aséessment of the proper proportions. In
net, it is the judgment that the 20,000 per yéar should be broken dowvmn as

follows:

5C0 PhD's/year
.3,500 Master's/year
16,0C0 Bachglor's/year

The Educational Path

As mentioned above, Computer Science is seen as a single, coherent

o Mo R oude ad Ofter Bebid kg / 8t a ikt QXL

pcademic discipline, We rejeet—themotiom that "theoretical"” Computer
g CLopply thd piniccrs o Lo der ne) ShoCA
it A2 Y B A Chartibu, YOG Oatd orlila

Science and "practical” Computer Science are So—different, that—they—ecannot

share the same base. For that reason we recommend that there be, in any

K;‘(f.‘::'."/
university, a singlekpomputer Science "track". An undergraduate "core"
Fra Qe f ST oud peer- Fild s

curriculum (with electives) will produce a bachelor-level graduate who has a
thorough grounding in the fundamentals of his field. Graduate study will lead,
inevitably, to deeper undcrstandiné and greater éccomplishment.
Single-tracking the Computer Science studer creates a number of serious
problems as to the content of the core curriculum. We understand the
/

complexity of the issues raised and do noty hereg propose Or reconmend any 7

curriculum. We are convinced, however, that the benefit of not having a
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splintered discipline far outweighs the disadvantages induced by the
necessities of tccomodation.

The Neglected Mz jority

An importént though paradoxical result of our deliberations is what we
might call the!plight of the neglected majority. At the present time, about

80 percent of fhe computing done in the United States is in support of business

AL "> N\

epplications. JTogramminﬂ in COBOL, bus1ness data processing systems desipn,
/ =

development, anc operation, represent‘ihe é:ié aétiv1ty of the majority of “he
people in the computer field today. These, iiqas of activities, similarly, will
represent the m:jor involveﬁent of people during the projection period.
Why not, tlen, direct our educational policies and courses towards the
more specializel. needs of this group? The arzuments come, in essence, to “he
notion that the data processingAcommunity bena>fits from students educated in

the fundamentals of Computer Science.

Costs of Educational Cownuting in Commuter Science

{ Txcept for the cost of providing compute ? services}‘yhe cost of edﬁcating

\
the Computer Science student is not significaitly different from that of

1"/1,

educating the Prysics or Chemisty student (amaia—Wi%%oat laboratory expcnses) D4
Jk;uazan,ian_impoxtant, Put costlyg—part of the student's training is the
provigion of experience with a computer (or with computer services). This

necessary laboratory experience is estimated to cost:

$ 20 per man per year for the non-Computer Science student
.$1,000 per man per year for the Computer Science BS years
$2,000 per man per year for ‘the Computer Science MS years
$4,000 per man pe;(ycar for the Computer Science PhD years

a

‘This reprecsents a, cost of about $90 million per year for Computer Science

education.




o, RECOMMENDATIONS

1. At the present time there exists a ~ecognized shortage of

professionals trained in Computer Science. fhis shortage is felt in all

arcas where cormpulers are used. To remedy this shortage. st a fairly expert
levely we recormend the establiéhment of strong master's programs in Computer
Science in degree granting institutions.

By 8 strong master's program we mean a program that will provide a

Iy
o b1t s
sufflclent educatlon Tor those profe551onals who are going to fill the need
for trained practlploners of Computer Sc1enc> in 1ndustry and govermment, end
I, Rhi3 , Wy d 7§

whoﬁwill improv= the efficiency and scope of computer operations.

Furthermore, we recommend that master's programs in Computer Science
ot well G Ll ilo &t

/,contaln strong elements of laboratory trainidgjln the development and

utilization of computer systems.

NeloA e L/f”'
2. To renedy the choue mentioned shortage/at a less expert level, we
[‘l. (

recommend the establishment of strong bachelor s programs in Computer Sc1ence
in degree granting institutions.

By a strong bachelor's program, we mean a program which will prepare
students for employment as working comouter professionals)and for advanced
education in eibher—or-both master's end PhD programs in Computer Science.

Furthermore, we recommend that bachelor's programs in Computer Science

contain strong elements of laboratory training in the development and

ubilization of computer systems.




3, We reccommend that the development of dockoral programs in Computc*

S
. ghtvits . _
Science/continue ab jts present rate.

ﬁ r

While ‘these programs have done vcll

(1) graduate teaching
(?/\- 01
(2) post- doctoval teaching fellowships to aid in

it is recommended that they continue to be susported by

and research fellowships,

acquisition of new faculty, and (3) support ol new and dlfferent computer

facilities. Exemples of these new and differznt facilities are satellite

processors for £11m and TV anination for instructional purposes,

120

d from other systems, and ddvanced equipnent

computers,

hybrid computer:, converters to an

Horews !, . .
sueh as is developed &8 &—feeu&%—of thp 1nvestent of national resources 11l

yesearch and development programs for defense, space and other sciences.

4. Tt will. be essential for the uulversntles and colleges to greatly
R Iy n Mé, /Qlugf:,(l/‘
expand thexr*s%+dentb' op ortunntles to learn the essentlals and principle:n

4 f £
of all o]emenZs from piéblem ;ofmulatlon to computing realization,and-for
sy be made Yutle : 3 , - dtp (il 1l
}heoe institutions to-be, awaré of (the part that Computer Sc1erce/can play in
i Ly vy Ble g ageriln ly be. /Y\'v“;, /NCUU;

this expansion. It is recommended that suppo,t—be_prov;ded.%e~&mplement coon-

eration between computer scientists and 1nd1VLdualS of other departments, to—the

ienéngﬁot indivicuals from othef departments b: gncouraged and supported in

providing opportunities for students to gain insight and knowledge in part

or all of Computer Science. All reasonable efforts should be made to

encourage interdépartmental coopefation in this area. Finally, both research
Yot/ o

jin the general srea of application and., materials preparutlon directed toward

teaching deserves support, especially when eaﬂh is planned to support the other.




5. Tt is rieognized that the need for professionals in Computer

Letrs:

geience is & national one and, therefore, a1l effort should be made to provrde

support—for the levelopmcnt of pachelor's and master's progrems with the

widest p0351b1e[§eographica1 distribution.
6. In the: rapidly changing field of Comouter gcience and computer
' I
related activities, up-to-date informatlon on research is needed erid is hard
to get. Under ¥SF sponsorship, the Southern Regional Education Board has
prepared gurveys of college and unlverS1ty educational act1v1ty in the
f{(‘lu a /f ,\‘ “uit '.“ \'l!':' / (] \”"',."$
computing sciences, but apparently no aﬁency is-doing- anythtﬁg~81m11ar for

Qunf oy it G
research in this field. At the same time, graduate departments heve—e—grext

ﬁgg%:¥5§,~bu%—passessaxery—&rttie informatici on what research in computing
gsciences is beiag sponsored; who does the research, who sponsors it, and et
what levels.
a{u sl onde ‘ . .

n e relatlvelyﬁstable field like mathematics, & strong need has bee
felt for up-to- date information sbout the nature of educatlon and researcil
in the field, und the smounts and sources of its funding. These needs resulted
in the NSF-sponsored survey of Research Potentiel and Training in the
Mathemztical gaiences (c. 1957); end the reports of the Ford Foundation—sponsored
survey Committee of the Conference anrd of the Mathematical Sciences £ 6 1967),
The latter cormittee apparently will maintain & continuous jnventory from nov on.
%—— We recomend thagfgdp£;;L pbe provided for a continuing research and man-

pover commltt(e whose mission would be to maintain a continuing national

1nventory of yesearch act1v1ty and manpower needs in Computer Science.




7. In the current environment, there exists a 1arg,e and grovnm .

—f » i‘/" 4

number of highly trained and competent PhD's from re]ated fields. 1\} lany of

these people woald like to I‘CdLI‘CCt ’chelr ta ents to Computer Seience. Ve,
;‘jj f& 'g,‘l,","' ¢ & ? ( 'k)/‘/’f auts i”'l ar ([/’ ",«./‘ ,‘/;‘——7

therefore, rcconmend %Wlmﬁon—%e—?&hd.i,@ the invaluable g

)1, / (l//f -
opportunity,for c,reatlng applications prograrmers, systems progranmefs, ani
Ib 7 w
Computer Science faculiy an)d research persom,by relrending fecent PhD's in
et T Mesl

-other fields, In pal ticular, \\e recommend the institution of transdoctural

A{I/(HM/{ s‘/"f e 0}‘,.‘\»/ &tk
programs thal will ‘eompled Jernc training of‘ such pcopl° in one to two yeers.




area of design and developument of large compuber programs for such large

systems that there appears to be a lack of organized instruction in higher

! .
education, hcr? or anywhere, at the present time.
I

Systems Ishoratories. We consider the 1zboratory-experimental aspect of
- the training of students in Computer Science to be vital to their developmant.
We therefore believe that the-estbablishnent—ef gomputer systems 1aboratorias.ﬁﬁzﬁf'
is an important part of the curriculum of both undergraduates and graduates
in Computer Sciecnce. -

There are nany_substitute plans that could conceivably serve to fulfill
the same purposc as the computer systems research laboratories, e.g., sum:r
employment in industry, cooperative work projects with industry, or part-time
employment in a computation center on cempus.

We believe that a team of six students can be given a very significan?’
experience for $1,000,00 per student or $6,0€3.00 for the whole team for a

one~-quarter laboratory.

The Master's Desree Program., The nation nas need for people to do a

variety of jobs connected with computers. A substantial mumber of these
people will be invol&ed with the design and implementation of large computer
systems each consisting of an assembledge of equipment (hardware) and a
complementary.collection of systems and library programs (software).* Those
people involved in such design and implementation activities are carrying on
& profession which is in a very real scnse similar to that pursued by prof-

essional engincers. It is our belief that professional educational programs

* time-sharing systems, traffic control systems, command and control systems,

management information systems, etc,
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should be available which are specifically p-.anned to provide the knowledg:
necessary to carry out these computer system design activities. By analogy
with the engineering situation, it secems cleur that these educafional prog-ams
should be at thz graduate level, leading to &« master's degrec; that they
should build on a relevant bachelor's level education; they should be |
specifically plinned as terminal, professiontl master's programs; and that
they should consist of courses at the level of scientific generality offer:d
to beginning doctoral céndidates, i.e., should not be vocational type courses.
Initially, the dachelor's level education of those entering this master's
program will probably tonsist of a degree in engineering, physics, mathemaics,
ete. with a minor iﬂ Computer Science. As tle number of C~mputer Science
baccalaufeates increases, & larger proportior. of the students entering the
master's.program will have a deeper preparation in Computer Science that w.ll
bring ebout improﬁements in the quality of tre program,

It is recognized that there may be a master's program in other academ.c
areas which accent computers and their applicaﬁions It is felt that these -
programs should be designed by and largely be manned from w1th1n thesc QCQdemvc

oy ¢ Qo

areas. The Computer Science faculty should be used to teach the' Computer

Science courses included in these applied programs.




a fignare of 5 million dollars per

For the Méstcr of Science program,
year in hardwarec cosfs was obtained.

The totalécost in haerdwere is 29 million dollars per year. One of the
figurés that w; used was that the EDP industry would be taking 1n about
100,000 people per year. What percentage of these should be PhD's?
Figuring that ore percent should be PiD's we zet a desirability of producing
a thousand PhD't a year. Our Teeling on the matter was that by\}gzg.we mijcht
be able to prodice 1000 PhD's in Computer Sciznce, bub that we would not be
gble to produce 1000 PhD's per year by 1975. If you cag get up to about
300 by 1975 this would be about what we could expect. It seems to double
about every two years.

From whence comes this figure of 15 000 38 students per year? Is
4% attainable? At the present time in engineering and mathematlcs the
output per year is of the order of 50,000, Now assuming there is no major
change in size cf total ﬁndergraduate enrollmant in engineering and science

schools but that quality Computer Science undsrgraduate programs do come into

being, how many of the 50,000 per year could e expect to prefer an education

in Computer Science? We believe that without a great deal of heavy advertising

or pressure of any sort, 20-307%, of the undergraduate enrollment in mathematics

and engineering programs would shift into Computer Science programs, if there

were existing quality undergraduate programs in Computer Science. Furthermore,

the percentage is probably conservative. That mcanshPT the 100,000 per year

that are required i~ the EDP area, 85,000 are probably going to have to remain

or be non-Computer Science baccalaureates. Ve also made an estimate of Corputer

(o

.
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(J.W. Graham)

Computer Science at_the University of Waterlon

Hlsiorv ané. Philosophy. Computer acienca courses have been taught

atA the University of Waterloo since the acad:mic year 1959- -60. They were
actually taught before the university installad its first computer. It
was ﬁot until 1¢06h that a program in Cémputer Seience and a philosophy
of operation of that program became evident i1 any formal sense.

y At the present it is fe]t that stthough “omputer Science is starting
to. gi;;ée a cohecrent body og knowledge Jt is 3till not at the stage

AL Aite (127 ‘ P

where it can be.taught as a;;é;pl;té.unéé{graiuate discipWingjaaé—be
Hal o th fas v geb dLoLLppeA T M eace
condidered=as a basic body of &nowledgg)such 18, mathematics. It is

felt by the Facilty at Waterloo and by many oshers in the field L]

that

. o e e o ot S B o P S e Bt S e

mbers i o~ racket o 4 -
Numbers in square b%dCLCbﬁ, e.g. [6) , refer to references found at the
end of this subscction.
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analysis and programming courses and coureces in allied areas such as
probability ind statistics and logic. Any curriculum that was devecloped
for the co-operative program was applicable to the regular program and
vice-versa.

Th> honours mathematics program with Computer Science option
has now been established on both a regular and co-operative basis since
1964, althou:h it is still under development and will continue to change
in order to remain current. The present progrém is based on a solid
foundation o’ mathematics with the optionzl courses primarily iﬁ later
years. Ther: are three ways a student may pursue an option in Computer
Science. He may enroll in the Co-operative Honours Mathematics Program,
the Regular dlonours Mathematics Program or the Regular General Mathematics
Program. In an honours program a student attends university for four
years and conpletes 17 or 18 mathematics courses (including Computer
Science) and 9 elective courses. The difference between the regular:
and co-operative program has been explained previously. In a general
program he attends university for three years and completes 9 mathematics
courses and 7 elective courses. The elective courses may be.chosen from
the sciences, humanities or engineering and the student may study such

courses as philosophy, psychology, economics, ChLmIQLTy, physics, ctc.

e S

A dLStriptlon of the undergraduate program on a year-by-ycar

—

basis is presented next. Where a choice of Mathematics courses 1s
indicated some typical examples are shown; elective courses are indicated

where taken, but no course titles will be given.
L—

\

/o 4.".@, )(r,L %( CouL 00 (//1 ’r’/u/ff,".v =
‘/9),."%4/&?(4}’;""_'/5/_’}7\ //ﬁf vo 4/-—5?/ Le 0l T d

/ /
/ é/?kﬁ {4

V]

I




