COMPUTER
GENERATIONS

There's never been anything like the computer in the history of
civilization. Historians will eventually have a field day. Com-
puters have changed more in five years than the automobile
since its invention. In the twenty-five years of computing, many
performance and cost indices have improved by factors of
100,000. Every two years nearly twice as much computing
power is available for the same money; or conversely, every
two years computers halve in price.

Although computing goes back to the Chinese Abacus—or the
Japanese version, the Soroban—the roots of modern com-
puters are found in punch card equipment, particularly its
ancestor, the Jacquard loom, which may have operated in the
DEC mill atone point. Calculators were built by mathematicians
Pascal and Leibetz, but modern mathematicians have given up
computer design—leaving computers to the engineers. Though
calculators are historically and technologically interesting,
they're really dullin comparison to the modern stored-program
computer, which gets its power by variable programs, with the
ability to calculate rapidly, hold lots of information and even learn.

We mark computer generations by the logic technology they're
built from. We're currently in the fourth generation, called large-
scale integrated circuit technology. The first generation began
in 1945 with vacuum tubes and ran until about 1958. The single
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transistor package started then and lasted until about 1966. At
that time, multiple transistors were put in a package to form a
single functional array. In 1972 the fourth generation began, at
which time a whole processor was put on a single substrate.

The first modern stored-program computer was probably the
Manchester University prototype and we have a valve (tube, to
us) from it—so Prof. Sumner, who sent it to us, said (it's clearly
not from his TV set). The first useful stored-program computer
was EDSAC of Cambridge University, built by Maurice Wilkes'
group; Wilkes also invented the micro-programming concept.
Wilkes was at the University of Pennsylvania where Eckhart,
Mauchly and von Neumann worked to conceive the stored-
program computer, which we now also call the von Neumann
comptiter.

We now, overzealously | suspect, atiribute Charles Babbage as
being the father of modern computing. He had the notion of the
stored-program calculator in the mid-1800's, but never got one
of his computers to run, because each time he gota better idea
foranew computer before the old one worked. In fact, he estab-
lished other traditions carried into modern computing, includ-
ing working with unbuildable technology. This caused him to
solve a number of peripheral problems, such as making gears
better than they had ever been made before. He also was about
the first person to receive a government grant—for calculatlng
nauticaltables. These research projects were late and had cost
overruns.

If Charles was the father of computing, then Lady Loveless, his
benefactress, co-worker, and friend, was at least a midwife. But
more importantly, she was probably the first programmer. An-
other tradition established there was that she complained that
the machine specification was always changing.

If we look at the ancestry of the minicomputer, itis clearly MIT's
Whirlwind. These machines and people had a profound effect
on DEC. Ken Olsen, Dick Best, George Gerelds and several
others of DEC are Whirlwind alumni,and | even wrote aprogram

for it once. The PDP-1 was very much like Lincoln Lab’s TX-0

(one of the earliest transistorized machines), and TX-0 like
Whirlwind. Beginning with Whirlwind, we can see four genera-
tions of minicomputers. It was operational in 1950 and was
packaged in a two-story building. The second, our own PDP-,
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FOUR GENERATIONS OF MINICOMPUTERS

MIT BEC DEC DEC
WHIRLEWIND' PDP-1 PDPR-8/1 LSI-11

GENERATION  first second third fourth
(1950) (1960) {1268) (1875)

PRICE 2 $120,000 $10.000 5650

PACKAGE Building 4 Cabinels Board

SIZE 50'x50'%20' 8x2.5%6 "2%2' 8.5°%107x.5"

POWER

[Watts) 150,000 2.500

SPEED (Mem-
ory accesses/ 80,000 200,000 833.000
second)

(PART OF) EARLY COMPUTER HISTORY INFLUENCING MINICOMPUTERS

CAMBRIDGE MIT DEC DEC DEC DEC DEC
=EDSAC < WHIRLWIND —=TX-0 —PDP-1=PDP-4-~PDP-5—~PDP-B =PDP-11

bits/ ‘\
word: 17 3a/‘ 16 18 ia 18 12

/

year: 1949/ 1950 1957 1960 1862/ |1963 1965

\ 7
*TORONTO———CDC————MIT——DEC—PDP-12

= 160 LINC LINC-8

bitsiword 12 12 12 12

£

year 1951 1963 1966- 1969
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MIT Whirlwind (very early first generation)

PDP-8/L. (8/1 derivative: mid third generation) LSI-11 (early tourth generation)



was packaged in only four six-foot cabinets. The third genera-
tion PDP-8/I occupied about eight cubic feet and now, in the
fourth generation, we have the single-board LSI-11, which is 14"
x 8" x 10", but it also has over ten-times the calculating power of
Whirlwind. Mostimportant, the price has come down by a factor
of nearly 200 these last 15 years, which amounts to about 41%
compounded per year; that is, every two years the price has
halved. This permits new uses of the computer that are in the
scale of the application.

The size too has changed, going from a building to a single
board. The input power has decreased by a factor of 3,000
from Whirlwind. Whirlwind required 150,000 watts and when it
ran, the lights in Cambridge dimmed. A Whirlwind flip flop, which
stores a single binary-digit (bit) occupied a volume of about
eight cubic feet. In the LSI-11, the same function takes an area of
silicon thatis only-about one hundredth by one hundredth ofan
inch. Whirlwind had the five conventional computer elements:
input, output, control, arithmetic, and storage. Control was an
area of the room that one walked through. The storage tube
invented at Manchester University was initially used. The arith-
metic element gives us the notion of word length. Whirlwind
word length was thirty-two feetand a bit slice took up abouttwo
feet. We could walk along the bits and the various registers were
piled on top of one another. The console was also a place one
walked around to look atlights and flip switches. Here we've not
made similar strides in console design because there haven't
been advances in miniaturizing people.

Whirlwind made important contributions to computing includ-
ing the cathode ray tubes and light pen input which most com-
puters still don't have, but eventually will if they communicate
with people. But Whirlwind is probably most remembered for
its innovative magnetic core memory, which is still in use over
three generations.

The University of lllinois was particularly prolific. They used the
storage tube (invented at Manchester University) in ILLIAC |, a
direct descendent from the Princeton Institute for Advanced
Studies’ machine. A number of the ILLIACs were made and
distributed around the world. lllinois built ILLIAC II, and ILLIAC
Ill, second generation machines, but their most recent machine,
ILLIAC 1V, built with Burroughs, is still to be fully operational.



Industry began building computers in the early 1950's. English
Electric builta machine called the Deuce which came out ofthe
English National Physics Laboratory. Contrast this with mod-
ules from the IBM 650, and the 704. Probably one of the most
easily produced second-generation packaging technologies
was that of IBM for the 7090. Burroughs had an interesting
package called Cordwood.

DEC's own modules came at the beginning of the second gen-
eration. The first modules allowed experimenters to easily build
digital systems together. The systems modules allowed per-
manent digital systems to be made, but more important, they
provided the basis for building digital computers. These were
the modules from which the PDP-1, -4, -5, and -6 were made.

The flip-chip modules were built for the PDP-7 and -8 so that
modules could be made more easily and the back panels could
be wrapped automatically. Subsequently, this style of module
packaging has been used toinclude more componentsand has
lasted us through the third generation with the integrated cir-
cuits and on into the fourth generation, where itis uggd for the
LSI-11. And there's really no reason to change unless the fifth
generation is a big surprise, but that's a few years away, if past
generations are any indication.

i i GORDON BELL

Vice President, Engineering
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Digital Computer Muscum

First Annual Report

Although the idea for th2 Digital Computer Museum was a vision of
Ken Olsen and then Gordon Bell for a number of years, funding by
DEC did not bring results until last year. The first Computer
Pioneer lecture by Maurice Wilkes on September 24, 1979 mark=d
the completion of phase zero. The response from the September
event was so positive that it triggered staffing the Mus2um and
permanent establishment. At the end of the first y=ar, we have
accomplished the following:

* A format for building =xhibits was established;
* Literature and documentation was develop=d; and
* A Jecture and event series was started.

This document has three parts. The first section relates the
historical reasons for the Digital Computer Museum and outlines
the general scop= of the program. The second section expands on
the current status and plens for fiscal 19€1. The third section
outlines ideas for the future growth and development of the
Museum.

I. WHY THE "DIGITAL CCMPUTER MUSEUM"

Several unrelated events and decisions all worked in the
direction of Digitel Equipment Corporation daveloping the LCigital
Computer Museum. Ken Olsen took it upon himself to preserve and
store vhirlwind , TX-0 and early DEC equipment in a warehous=
facility. Gordon bzgan a collection of early calculators and
logic devices and wanted to continue and expand his interest in
the taxonomy of computers. A consultant/curator was hired and
came up with a report of other museums. Her activity was
shortlivad because the approach was to do a computer mus2um for
the public —- looking costly and not very sophisticated and was
further doomed by an industry depression. Both Ken and Cordon
went to other computer exhibits and were extraordinarily
disappointed that the Smithsonian was not making an effort to
appropriately classify and organize its material; fascinated by
the IBM wall (now in a warcehouse) but considered that its
emphasis on the interaction of social events and computing was
not the story to be told; impressad with the solid display at the
Museum of Science in London; totally dismay=d that th2 computer
exhibit at Boston's Science Museum was only a superficial display
ad for Honaywell; and de=lighted that the Boston Children's Musaum
could teach computing (hence DEC supported this effort.)

These events led to both Ken and Gordon to concludz that a
Digital Computer Mus=um was ncaded. Ken's goal, to create a
place to preserve machines so that computer scientists,
enginecers, and programmers can see the antiques that they had
worked on as little as ten years ago, and Gordon's goal, to
create an understandable taxonomy of all computers and related
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II. PRESENT STATUS

The PDigital Computer Museum, was sanctioned by the

Operations Committee of the company a year ago. January 1, 1980
the Museum staff was in place. Gordon Bell, Keeper provides
direction for the program, and through Mary J2ne Forbes,
Administrator, the Secretariat for the Operation. Gwzan B211,
Assistant Keeper, provides day to day direction on a full-time,
voluntear basis. Jamie Parker, Coordinator, is the only salaried
member of the Museum Staff. The security and building group at
Marlboro provide their services as nesded under th= direction of
Joe Savignano and Davz Yates. As landlord, Joel Schwartz's
support and assistance in direction setting has been essential.
While we pay for warehousing space, the Museum space itself
carries no charge since it is the lobby and balcony of 2z
beautifully designed Vincent Kling building (constructed for
RCA). Individuals who have contributed to specific exhibits are
acknowledged below. An advisory committee representing various
cooperating groups within DEC, eg., Industrial Design, Digital
Press, Public Relations, etc., meets occasionally to review
progress.

The activities can be categorized into five areas: archives,
exhibits, events, products, and public relations. Each are
discussed separately, and then related corporate activities
reviewed.

Archives.

* (Cataloging and storage. During the summer of 1979, all
the artifacts in the warehouse were photographed and
cataloged. The system is being kept up to date, with the
ability to track artifacts. The database is not yct
computerizad -- a task that we would like to accomplish in
fiscal 1981.

* Exhibit directory. A directory of all exhibits as of
September 24, 1979, is on the VAX system and can be
queried by Museum visitors.

* Video and audio tapes. Video tapes of all lectures in the
computer pioneer series will be madz. The vid=o tapes of
the first lecture by Maurice Wilkes are now available.
Gordon also plans to start to make audio tapes of informal
discussions with people who worked on the early machines.
Other video and audio tapves by computer pioneers will be
acquired as they become available.

Exhibits.

* Whirlwind. This exhibit of the memory, a register and
other parts is being supplemented with some photographs,
and the publication of a DEC Press book by Redmond and
Smith on whirlwind.

* TX-0. The TX-0, replicating its appearance at MIT in thz
1950s, has been installed by John McKenzie, the technician
who maintained the machine at MIT (now retired) and
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Stanley Schultz. A group of TX-f alumni are getting
together to discuss improving the display and psrhaps
getting the machine to run.

* Calculators. New cases were purchased for the calculators
and this exhibit, essantially complets, will continue to
be improved. We are looking for the Anita -- the first
electric calculator. Gwen is now working on a poster of
the generations of pre-computer calculating devices and
writing a A/V user activated slide talk to explain their
evolution. This should be complete by September 1928#.

The project may also result in a small picture book.

* .Office of the Past. Mary Jan= Forbes has put togzther an
exhibit (in a closet) of the office circa 191¢. This will
be completed prior to September, 19€4.

* Iogic Devices. Three cases arz used to exhibit the four
generations of logic devices. These are explained in 2
user activated slide talk given by Gordon Bell. This
exhibit will grow as we gzt more early artifacts from
critical early machines.

* Memory. Three cases show the four generations of primary
memory davices. In addition, a large disk and a
transparent RKC5 are exhibited. A secondary memory
devices exhibit and a user-activatad slide-talk are in the
planning stagaz.

* Analog computers. 2An analog computer is displayesd simply
give the visitor an idea of what these were like. This
exhibit should be developed.

* PDP Family of Computers. A poster of the family tres of
the PDCP computers has been completed and is aveilable.
This family tree will be used with all displays of DEC
machines to identify their relestions with the other
machines. Specifically, PCP-1 is running with the
original Space War program. Stan Schultz has taken this
as his project and is now putting joy sticks on the
machine. He also s2es to it that thz Classic 8 runs with
non-interactive demonstration programs. &n 11/20 is on
the floor along with the original hand-done artwork for
one of its modules. The other mainframe machines are
represented by consoles, documentation, and photographs.
The LINC is the first of DEC's personal laboratory
computers on display. The LINC-8, PDP-12, and a2 working
MINC are complemented by a user-activated slide talk
introduced by Dick Clayton, The basis for this comes from
two films —- one made by National Educational Television
and the other by the DEC LDP group. Peggy Sulliven has
been coordinating these efforts.

* Computer Art. 2n exhibit of four lithographs by Harold
Cohen, University of California-—-San Diego, is displayed on
the first floor. We have agreed with th2 artist, who uses
a PDP-11 to crecate artwork by artificial intelligence,
that he will paint a mural for the museum totally covering
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‘one of the balcony walls. We will document the making of
the mural for a user-activated exhibit. See events for
more information on this project.

* Computer Music. We have been in contact with Barry Vercoe
of MIT and John Chowning of Stanford. Barry Vercoe has
agreed to compose a piece of music specifically for th=
mussum space, probably making use of the computing
capability of the VAX. John Chowning composed music on
the PDP-1 and we are in touch with him to gain access to
this. These projects will probably come to fruition in
fiscal 82.

Events.

* Sept. 24, 1979. ILuncheon opening by the Operations
Committee of Digital Bguipment Corporation.

*

Sept. 24, 1279. Computer Pionezrs, ILecture 1, Maurice
Wilkes and the ELSAC.

*

April 5, 19889. VAX five-year birthday party celebration.
All of the people who brought VAX into the world came to a
celebration, each bringing a VAX artifact to contribute to
the Museum.

.

May 8, 1980. Computer Pioncers, Lecture 2, George Stibitz
and the Bell Labs Relay Computer. (A mailing list of 208
people outside of DEC has been developed. 2bout 5¢ of
these people are in the Boston/Amherst ar=a and are being
invited to the lecture.) The neswsletter format will be
usad to announce these public lectures.

* Sept. 22, 198@. Museum dinner for th= PBoard of Directors
’ of the Corporation introducing them to thc museum.

* Sept. 23, 1984. Opening, lecture - demonstration. Mural

. by Harold Cohen. Jamie Parker is coordinating this event

to bring in pzople from the "art" and "museum" as well as
the "computer" world.

* Employee family open houses to be coordinated with the
entire Marlboro facility through Joel Schwartz.

* Future events: Computer Pioneer Lectures -- Forrester
coordinated with publication of DEC Press book on
Whirlwind by Redmond and Smith; then Atanasoff, Eckert,
and Burks will be asked; Board meeting of the Charles
Babbage Institute.

Products.

The Museum is planning on having a small "store" of appropriate
products. In addition, we will do a number of things that will
be free. (First the free items.)

* PButtons with thz core memory symbol to replace the visitor
badge for people coming to the Museum.
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* Newsletter. Number 1 is attached to this document. We
distribute internally by EMS, and via hard copy to those
without EMS access and to our outside list. The '
newsletter will keep p=ople up to date on our progress and
be issued occasionally as th= need is felt.

- * PDP Family Tree poster.

* Products for sale.

— Pre-computer Generztions poster. (This is now being
designed and should also be ready for September.)

~ History books from DEC Press. The Press has an
allocation of two books per year on computer history.
‘These will be on sale along with the Bell/Mudge/Mcnamera

book on the DEC Computers.

- Cther books, such as Eames, Computer Perspectives,
Harvard University Press.

— Simple Calculating Devices. We are talking to the SEE
Corporation about selling their reproductions of the

Pascal Adder and Napier's Bones.
* Products on Display. The Annals of Computing History and

Charles Babbage Institute Newsletter will be display=d
with appropriate order forms for those

Public Relations and Museum Visitors.

OQur strategy has been to slowly open the Museum. DEC-related
groups and visiting computer scientists have begun to find the
Museum and go through it on their own. There would seem to be an
-opportunity to cooperate with both DECUS and the educational
groups to insure that the facility and the archives are
accessible and used.

We have provided special tours for classes from both MIT and
Harvard, as well as ssveral local high school groups. Unescorted
high-school groups can and have wrecked havoc in the Museum —-
the PDP-1 groaned for a week until Stan Schultz could come and
fix it. In the present state of exhibits, the viewsr needs to
have an appreciation for the delicacy of what might look like an
indestructible machine.

A guest book is on the desk for visitors to sign.

Relations with other institutions.

Although we can't take on the world, wz want to keep abreast of
what is happening so that we can allocate our time and efforts

appropriately.
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I1TI. FUTURE GROWIH AND DEVELORMENT

- We are trying to build a system to archive, build displays, slide
talks, etc. so that the museum will grow and develop. Two new
avenues appear to be appropriate -- the Mussum will fund people
who want to put up appropriate displays and we will formalize a
small outside group of advisors who are known as computer
pioneers and historians. On the first, w2 have written to
Professor Cohen at Harvard, Professor Randell at Newcastle, and
Professor Wulf at CMU suggesting that one of their computer
science students might propose to do an exhibit for thes Museum.
The TX-@ alumni group might also come up with some ideas for
displays. On the second, a small outside group of advisors might
be able to help the Museum acquire artifacts outside of DEC and
in accomplishing our goal of becoming the computer museum for
computer professionals.

On our own, funded at the present level, we are confident of an
exciting and growing future and are ending this document with a
short list of a few of the exhibits focussing on real time,
scientific and interactive computing and its predecessors.

Ideas for future displays.
* Scale dioramas of the development of card tabulating and

computing; '
Other pre-computer artifacts (eg. Network analyzer);
I/0 Bguipment, and communications equipmant;
Secondary Memory, including recording techniques;
Intzgrated Circuits- getting artifacts from TI and Intel
Important computers: Cray's maechines, 364/37¢, 2Amdahl,

Intel, Manchester, BTL, Penn. MIT and others;
First Generation computer photo gallery;

* Multiprocessors, multicomputer and network

structures--including CMU's;
* Computing in laboratories before computers;
* Miscellaneous application displays (eg. power control, air
traffic control, EKG's, trains, process control);

* A Programming Languages display;

*  On the importance of algorithms;
~ * Important systems (eq. UNIX/MULTICS, FCRTRAN, CCBOL, APL);

and
* Robots (including automatons).

* % ¥ * *

*

Attachment: First News

Brochur
GB1.S513.27

_Gordon Bell, Keeper

Cwen Bell, A551stant o}
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THE COMPUTER MUSEUM REPORT

SPRING/1983

“In competition with the IBM
7094 [it] makes a good showing,
especially on economic grounds.
It is roughly 10 times faster than
the 7094, and costs about 2 cents
an hour to operate.”

D.H. Lehmer
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A Salute to Our Supporters
We are grateful to all who provided
support this year.

Program Support

$100,000 and above

Digital Equipment Corporation
National Science Foundation
A. Neil Pappalardo

$50,000 and above

Goldman, Sachs & Company
Kapor Family Foundation
Massachusetts Cultural Council
Mellon Trust

Sun Microsystems

$5,000 and above
Andersen Consulting
Hybridon

Symantec Corporation

$1,500 and above
Charles River Ventures
Mitsubishi Electric ITA

Netscape Communications Corporation

The Computer Clubhouse
American Express Foundation
Argosy Family Foundation
Reebok Foundation

Bell Atlantic

Boston Gas/ServicEdge Partners
Peter E Drucker Foundation
DeWitt Wallace-Reader’s Digest Fund
The Boston Foundation

Boston Globe Foundation -
Kelvin E Cross

The Gillette Company
Massachusetts Cultural Council -
The Millipore Foundation

State Street Foundation

Shirley Resnick )

Anna B. Stearns Foundation

Stride Rite Charitable Foundation

 TJX Foundation -
" Robert Treat Paine Association

; Corporate Members

and Supporters

$10,000 and above - ¢
Adaptec :
BankBoston*

IEEE Computer Society

Medical Information Technology
Microsoft Corporation

Sun Microsystems Laboratories
The Weber Group

Unisys Corporation

$5,000 and above

Adobe Systems

Bay Networks

Bell Atlantic

CMP Media

Compaq Computer Corporation
IBM/Lotus Development Corporation
International Data Group
MathSoft

The MathWorks

Mellon Trust

National Semiconductor .
PricewaterhouseCoopers, LLP*
Stratus Computer

Symantec Corporation

$3,000 and above
Advanced Micro Devices
American Power Conversion
Boston Edison Company
Canadian National Railways
The Gillette Company

Inso Corporation

MCI Telecommunications
Mitsubishi ITA

Parametric Technology Corporation
Pegasystems

Raytheon Company

The Research Board

- Ropes & Gray*

Thomson Financial Services
U.S. Postal Service

; $1,000 and above

Advanced Technology Ventures
Alpha Industries

_ Analog Devices
. Andersen Consulting*

Applied Technology Investors
Aspen Technology

Automatic Data Processing

BBN Corporation

Cabot Corporation

Charles River Ventures

C.S. Draper Laboratory

Choate, Hall & Stewart*

Chubb & Son*. -

Computervision

Cunningham Communication -
Dataware Technologies

Deloitte & Touche LLP

Dialogos

Dow Chemical Company

EMC Corporation*

Ernst & Young

Fleet Bank

Global Competitiveness Corporation
Greylock Management Corporation
GTE Laboratories

Harcourt General Charitable Foundation

Hewlett-Packard

Hill & Barlow

Houghton Mifflin Company
Intermetrics

" Loomis, Sayles & Company, LP

Mangosoft Corporation
McGraw-Hill Companies
Mercury Computer Systems
Miller Shandwick Technologies
The Millipore Foundation
Moreira Consulting

Motorola 1SG

Nagler, Robins & Poe
Network General

New England Financial
Oak Industries

Parlance Corporation
Performance Motion Devices
Quantum Corporation
Robertson Stephens
Shiva Corporation

Silicon Valley Bank*

State Street Bank & Trust
Sterling Hager

SWIFT

Sybase

Teradyne

Trust Insurance Company
Volvo Group North America
Wolfram Research

World Trade Center -

XRE Corporation

$500 and above

Boston Gas Company
Concept Five Technologies
Feinstein Kean Partners
Wyman-Gordon Company

*Breakfast Seminar Series Sponsor

. Friends of the Museum

$10,000 and above

Lynda Schubert Bodman

Richard and Nonnie Burnes

Robert Davoli and Eileen McDonagh
Paul and Joanne Egerman

Gardner C. Hendrie and Karen Johansen

David House

Mitchell Kapor

David and Pat Collins Nelson
A. Neil and Jane Pappalardo
Paul and Kathleen Severino
Leonard J. Shustek

Larry and Dawn Weber

$5,000 and above
Anonymous

Richard and Virginia Case
Kelvin E Cross

Burgess Jamieson

Laura and Ken Morse
Benjamin and Maureen Robelen
Howard Salwen

E Grant and Dorrit Saviers
Michael Simmons

Lee and Bob Sproull

$2,500 and above

Albert Aiello, Jr.

Richard and Judy Anders
Erich and Renee Bloch
Vinton and Sigrid Cerf
William Foster

Terri Holbrooke

John Mashey and Angela Hey
Jim and Stephanie Nisbet
Dan Schwinn

Susan Sereno and Juan Collas

Dorothy A. Terrell and Albert H. Brown

Ann Winblad

$1,000 and above
Sam Albert
David L. Anderson

Charles and Constance Bachman

Carol Bartz

Edward Belove and Laura Roberts

Jeff Braun
Rod Canion

Richard and Elizabeth Carpenter

Arthur and Virginia Carr
Robert and Elizabeth Charpie
Steve and Maureen Cheheyl
Howard E. Cox, Jr.

Stephen Crosby and Helen Streider
* Brian Cullinan

John and Agnes Cullinane
Andrea Cunningham

David Cutler and Deborah Girdler



$1,000 and above (continued)
Jean and Sylvia deValpine
Mr. and Mrs. Charles Digate
Tom Franklin and Leonie Gordon
' Robert Frankston and Eleanor Elkin
Sam and Carol Fuller
Gideon 1. Gartner
Alain and Carol Hanover
Christine Hughes
Theodore Johnson
John and Linda Loewenberg
| Carl and Wilma Machover
David Mahoney 1 -
. John and Catherine Mandile
' Barry W. Margolin '
! Howard and Colleen Messing
! Isaac and Ronee Nassi
; Barry and Catherine Nearhos
i Katherine C. Patterson
! Paul R. Pierce
Shirley Resnick
| Fontaine and Judy Richardson
Dennis Ritchie
~ William and Judy Seifert
Richard Shaffer
Hal B. Shear
John E Shoch
Irwin J. Sitkin
Max and Nancy Steinmann
Joel D. Sugg
Rich and Cindy Tennant
Gary and Janet Vacon
Eliot and Louisa Vestner
Allan and Nadine Wallack
William Wulf and Anita Jones
The late Charles Zraket and Shirley Zraket

Annual Supporters, $500 and above
Howard and Holley Cannon
John G. Carberry
Walter M. Carlson
William and Vicki Christensen
Randall Davis
Nick and Margaret DeWolf
Peter and Kate DeWoll
~ Lucien and Catherine Dimino

William T. Elliott

Andrew and Sarah Feit
Barry James Folsom

Ernest and Elizabeth Jennes
Gail A. Jennes

Jeffrey and Marlene Kalb
John and Marilyn Keane
Mike and Kathleen LeRoy
John N. Little

Joseph C. Morris

Deborah Owen

James N. Porter

Robert W, Puffer and Jane Wilson
Mitchel Resnick

Douglas and Patricia Ross
Michael J. Samek

Jean E. Sammet

Ralph Savir

Oliver and Harriet Strimpel
Lawrence Tesler

Michael and Marcella Thompson
Harvey W. Wiggins, Jr.

$250 and above

Art and Betty Bardige, Jim and Roberta Bell,
Leo L. Beranek, Richard J. Clayton, Ed
Council, Donald and Edith Daykin, Lloyd and
Fleanor Dickman, John Esbin, Bob and Maria
Evans, Robert and Ann Everett, Craig and
Alison Fields, William Gallagher Associates,
Donald A. Gaubatz, Chad and Anne Gifford,
Robert and Deanne Glorioso, Stewart and
Constance Greenfield Foundation, Steve and
Terry Golson, Robert and Marion Grimm,
Theodore A. Hess, Jr., Winston and Sarah
Hindle, Robert B. Hoffman, David and Jane
Hubbard, Steve Keane, Richard H. King,
Arnold and Gail Kraft, Thomas E. Kurtz, Faith
E. Lamprey, Richard Lary, Jon and Judith
Liebman, John and Elizabeth Little, Arthur
Luehrmann, Thomas and Carol Marlowe,
Melvin J. Mason, Jr., Richard McCluskey, Tron
McConnell, Todd Medlock, Charles and Kathy
Minter, Arthur H. Nelson, Bernard J.
Nordmann, Northbridge PTA, Ocean Software
Services, Ltd., Anthony and Marilyn Oettinger,

Paul Pangaro, David and Linda Patterson,
James R. Payne, Edward and Rhonda Perkins,
Ellen Poss, Duane A. Rice, Rita Seplowitz Saltz,
Sarah Schiermeyer, Benn L. Schreiber, W. Lee
Shevel, Ellen and D. Bradford Spear, Robert
and Jean Spencer, Robert and Diane Stewatt,
Juliet Sutherland and Jay Koven, Warren and
Jane Tisdale, Robert Trudel and Thanh Vu,
Ralph O. Weber, Fiona and Rob Wilson,
Michael and Joann Witman

$100 and above

Ken R. Adcock, Walter and Olga Attridge,
John E. Bagalay, Jr., Donald L. Baker, Mario R.
Barbacci, Russell and Jacqueline Barbour, John
Barstow and Eugenia Ware, Walter and Lillian
Bateman, Jeffrey E Berg and Debra H. Paget,
Robert Blake, Jr., Joshua Boger, David Bonner,
Mr. and Mrs. M.W. Bouwensch, Boston
University, Brown University, Bruce G.
Buchanan, Nancy and Bill Carter, Laurence
and Ann Chait, George and Judy Chamberlain,
Richard and Beverly Charlton, Judith Clapp,
William L. Cohagan, Daniel and Sandra
Cohen, Clement Cole and Margaret Marshall,
John and Nichola Collins, Mr. and Mrs.
William H. Congleton, Fernando J. Corbato,
Michael Cronin, Mary J. Culnan, Philip and
Pamela Curtis, Edward and Kathy Czeck,
Charles Dana, Dr. and Mrs. Barry A. Davidson,
Thomas A. DeFanti, John L. Delgado, Jack B.
Dennis, Michael L. Dertouzos, Ray Duncan,
Richard Dwyer, Joseph J. Eachus, Susan
Erickson and Bruce Phillips, Robert and
Jacqueline Fano, Andrew and Joan Farber,
FAYFOTO, Michael and Barbara Feldstein,
Ronald Fisher, Tom and Carla Fortmann,
Myron Fox, Steven and Wendy Frank, Daniel
Freedman, Joyce Friedman, RoseMary and
Daniel Fuss, Bernard and Enid Galler, Paul D.
Garmon, G. Gervaise, Bruce Gilchrist, George
and Cornelia Gilder, Paul L. Gomory, Jr., S.
William and Jacqueline Gouse, Paul and
Martha Green, John J. Guarrera, Richard H.
Gumpertz, John and Cynthia Haldeman,
Cynthia Hamlin, Jim and Karen Hayes, Frank

and Jane Heart, David and Marilyn Heebner,
Anthony Helies, William Hoffman, Charles
Hood, Thomas P Hughes, Allan Hurst, John
Ippolito, Nolan and Joan Jones, Ann Karpick,
Richard Kenner, Gary and Carol Kessler,
Joseph W. Kmoch, Alan Kotok, Terry Kwan,
Bernard and Ronni Lacroute, Bruce and Sandra
Laskin, Sheldon Laube and Nancy Engel, Carol
LeBlanc, David Leinweber, John R. Levine,
Joshua Levine, Joyce Currie Little, Kirk M.
Loevner, Anne Lovett and Steven Woodsum,
Carl and Claudia Lowenstein, Herman
Luttermann, Toni Mansfield, Craig J. Mathias,
Victoria C. Mattscheck, Thomas and Emily
McClintock, E Warren and Karen McFarlan,
John E. McNamara, Medallion Enterprises,
R.W. Meister, Mitretek Systems, George
Miyashiro, Moco, Robert Moe, Thomas H.
Moog, New England Pension Consultants, Carl
A. Niehaus, David C. Noderer, Landon Curt
Noll, David Novak, Miah Shull Olmsted,

Monty Peters, Ernie Petrides, Michael Pique, .. '

Joyce Plotkin, Jonathan Postel, Practical
Solutions, Vickie Prescott, Randall M. Presuhn,
Peter and Peggy Preuss, John and Helen
Quilty, David and Katherine Ragone, Marvin
and Sheri Rasmussen, David and Jessica Reed,
Stephen Reilly, Audrey R. Reith, Herbert
Richman, William Ricker, C. Mike Riggle,
Robert and Rosalie Rosin, Kenneth and Alison
Ross, Jonathan Rotenberg, Stephanie M.
Rousset, P. B. Schechter, Michael Sedita, Aaron
and Ruth Seidman, Vijay Shah and Company,
Daniel and Karen Walker Siewiorek, Linda C.
Smith, Frank and Betsey Solensky, Karen
Sollins, David and Joan Solomont, Lillian and
Richard Sparacino, David G. Strachan, David
Tarabar, Joseph and Cynthia Thompson, Erwin
and Adelle Tomash, Frederick and Nomi
Trapnell, G. Michael Uhler and Laurie Lee,
Richard M. Van Slyke, Willis H. Ware, Robert
and Ann Wells, Eric Werme, Christopher G.
Westbury, Gary and La Donna Wicklund,
Thomas Worthen, Joan Blout Wylie, Zentrum
Fur Kunst ZKM

Matching Gifts Companies

Autodesk, Bay Networks, Computer
Associates International, General Mills
Foundation, Hoechst Celanese, 1BM
Corporation, Lucent Technologies, Microsoft
Corporation, Pfizer, Sun Microsystems
Foundation, United Technologies

Donors to
Charles Zraket Memorial Fund

Alpha Industries, Chris and Renee Argyris
and Family, Jack and Norma Arnow, Ruth
Helen Banghart, BankBoston, Walter and
Lillian Baternan, Mary Ann Bedick, Larry
Belvin, Boston Edison, Paul and Arlene
Breen, Elrita and Russell Callahan, Richard
and Beverly Charlton, Dr. Robert and
Elizabeth Charpie, Concept Five
Technologies, Dr. Barry and Mrs. Davidson,
Thomas and Blanche Duff, Robert and Ann
Everett, Chad and Anne Gifford, S. William
and Jacqueline Gouse, David and Marilyn
Heebner, Jim Henderson and Mary
Pulvermacher, Lawrence and Martha
Holmes, Steven B. Lipner, John Paul [11 and
Margaret Locher, Holly Magna, Medallion
Enterprises, LLC, Mitretek Systems, Joseph

. and Gail Monayer, New England Pension

Consultants, Pfizer, Fan Lucy Pope, John
and Helen Quilty, David and Katherine
Ragone, Elizabeth and John Ronayne,
Steven and Ellen Freeman Roth, Shirley
Rouleau and Family, Alan Salisbury, Vijay
Shah and Company, Alan and Barbara
Shoolman, Maria Stokes, Bruce and Sandra
Tuthill, Eliot and Louisa Vestner, Volvo
Group, North America, Isadore and Marilyn
Wasserman, Glen and Lynn Wegner,
Wyman- Gordon Company.



In-Kind Gifts

$25,000 and above

Ames Research Center

NASA’s Center for Excellence for
Information Technology

Bay Networks

Diamond Multimedia Systems

Digital Equipment Corporation . :

Forbes Magazine

Info World

Information Week

Interactive Week

MILT. :

Mitsubishi Electronics America .

PC Computing g b

PC Magazine .+ -

PCWeek =~ -0

- SONY ;

Volition Cabling Systems from 3M

$10,000 and above
Arnold Communications
Bose Corporation

BYTE Magazine

CIO

Computer Reseller News
DBMS

Dr. Dobbs

Internet World

Microsoft Corporation
MicroTouch Systems
Network Magazine
Network VAR

Software Magazine
Stewart Filmscreens Corporation
Windows Sources

$5,000 and above

ACM Communications

Bingham Dana, LLP
CyberSparks

Database Programming & Design
Eastern Rainbow

Electronic Imaging Center

IBM/Lotus Development Corporation

Mac Home Journal

Marketing Computers
Maxell Corporation
Microsoft Systems Journal
NEC

Performance Computing
Software Development
Technology Review

$1,000 and above

Adobe Systems

auto.des sys

Barbizon Lights of New England
Boston Software Newspaper

. Boston Marriott Copley Place

Chicago Software Newspaper \
Claris Corporation 25

‘ACraig Orsini Studios ~ © =+

Image Marketing

John Harvards Brew House
Legal Sea Foods
Macromedia

Motorola ISG

New York Software Newspaper
North East Brewing Company
OpCode Systems
Primesource Corporation
Racore

Symantec

Xeikon Corporation

$500 and above
Autodesk

Le Boulanger

Creative Gourmet
Creative Interactive
Game Developer
Harmonix Software
Lighthouse

Lightscape Technologies
Mindseye Technologies
Ocean Spray

$100 and above
Grande Concessions, Rossini’s, Sebastian’s

History Center
Capital Donors

Gordon and Gwen Bell

' John R. Mashey and Angela M. Hey

Len Shustek
Curt Widdoes

- Lead Founding Corporate Members

. Network Associates

Oracle Corporation
Real 3D

" Lead Founding Members

" Gene and Marian Amdahl
" Edward Belove and Lauta Roberts
%~ Elwyn Berlekamp V 5
o 'Jeff and MacKenzie Bezos
“" Richard and Nonnie Burnes
- Cunningham Communication
"~ John and Ann Doerr

Roger L. Evans

Federico and Elvia Faggin .
Ed Frank, Sarah Ratchye and Family
John and Patricia Grillos

Jim Guzy

Elaine and Eric Hahn

Roy and Virginia Harrington

Trip and Lisa Hawkins

Gardner C. Hendrie and Karen Johansen
Christine Hughes

Interval Research Corporation
Mitchell Kapor

Harold R. Kellman

Vinod and Neeru Khosla

Steven and Michele Kirsch Fund

Bill and Gay Krause

Richard Lowenthal

William D. Mensch, Jr.

Nathan Myhrvold

Jim and Stephanie Nisbet

Max Palevsky

Suhas Patil

Bernard L. Peuto

Disk/Trend, Inc.

Arthur Rock

Harry and Carol Saal

Grant and Dorrit Saviers

Michael Simmons

Jay M. and Arlene B. Tenenbaum

Ann Winblad

Pierluigi Zappacosta and Enrica D'Ettorre

Founding Members

Aaron Marcus and Associates, Inc., The
Agarwal Foundation, Michael Albaugh, Allan
and Katie Alcorn, Frances E. Allen, David L.
Anderson, Paul Armer, ASCII Corporation,
Dennis and Janet Austin, Dave and Madalyn
Babcock, Tim Bajarin, John and Sheila Banning,
Craig and Barbara Barrett, Carol 7%

- A Banz, Charlie Bass, Brian A. Betg-Berg ¢
*' Software Design, Paul Bergevin; Lyle P Bickley,

Maurice and Mary Sue Bizzarri, Eric and

Renee Bloch, Barry Boehm, Gary Boone-
Micromethods, Steve and Jane Bourne, Michael
and Leslie Braun, Howard Bromberg, J. Reese
Biow‘n, Jr., Owen Brown, Jack Burness, Dennis
Lee Carter, Ned Chapin, George E. Comstock,
Cooper Interaction Design, Steve Crocker,
Yogen and Peggy Dalal, Peter and Dorothy
Denning, Lloyd Dickman, Whitfield Diffie and
Mary Lynn Fischer, David R. Ditzel, Daniel
Drake, Donna Dubinsky, Les Earnest, John R.
Ehrman, Gordon Eubanks, Jr., Douglas
Fairbaimn, Irwin Federman, Ed Feigenbaum and
Penny Nii, Roger C. Ferguson, Bob Frankston,
John R. Galloway, Jr., Katrina and Terry
Garnett, Donald A. Gaubatz, Charles and
Nancy Geschke, Ralph Gorin, Martin and
Selma Graham, Layne Gray, John C. Greene, Jr.,
Forrest E. Gunnison, David B. Gustavson, John
Hall and Rebecca Derrington, Lorraine Hariton
and Stephen Weyl, John and Andrea Hennessy,
Andy Herizfeld, Stephen E. Hill, Shuji Honjo,
Colin Hunter and Alexia Gilmore, The Ignite
Group, IEEE Computer Society-SCV Chapter,
Sellam Ismail, Jacque and John Jarve, Jerry A.
Klein, Leonard and Stella Kleinrock, Don and
Jill Knuth, Mr. and Mrs. David A. Lane, Cecilia
A. Larsen, Richard and Ellen Lary, Gary and
Laura Lauder, Harold “Bud” Lawson, Marc and

Marian LeBrun, Arthur E. Lemay and joan
Rogers, Ted G. Lewis, Don and Alice Loughry,
Carl D. Lowenstein, Tom Lyon and JoAnn
Kahn, Robert and Katherine Maxfield, Frank
McConnell, Patrick and Lore McGovern, Carver
Mead and Barbara Smith, Tom Melcher, Avram
Miller, Glen and Cathy Miranker, Tim Mitchell,
Morgridge Foundation, Lee J. Neal, Hal Nissley.
Landon Curt Noll, The Noyce Foundation,
Susan Nycum and George Bosworth, Mike
Park, David and Linda Patterson, Charles
Pfefferkorn, Christopher Poda, William A.
Porter, William and Rochelle Pratt, Rex Rice,
John Phillip Riganti, Robertson Stephens, David
J. Rossetti, Lynn and George Rossmann, Jon

i Rubinstein, Jean E. Sammet, Peter R Samson,
- Allen Samuels, John and Christine Sanguinetti,

Morey and Barbara Schapira, Ted Selker and
Ellen Shay, John Sewell, Michael J. Skok, Alan
Jay Smith, Alvy Ray Smith, Robert and Verna
Spinrad, George Spix, Skip and Leilani Stritter,
Bob Supnik, Richard Swan and Claudia
Mazetti, Edward A. Taft, Steve Teicher and

Del Thorndike, Larry Tesler, Geoffrey O.
Thompson, Mochio Umeda, University of
Minnesota-Computer Science Department,
William M. VanCleemput, Amos and Ruth
Wilnai, James and Rosie Wong, Lowell Wood,
Jean and Bill Worley, William Wulf and Anita
Jones, Peter and Cindy Zeibelman, John and
Mary Zolnowsky

Members

Doug Coward, David DiNucci, Joseph Paul
Fredrick, Amos and Marilyn Goldhaber,
Norman Hardy, Kevin Hogan, Gail Jennes,
Suzanne Johnson, Ted Kaehler, David Lichtman,
Dru Nelson, Edgar Nielsen, Michael Pique,
Heidi Roizen, Alison and Ken Ross, Roy L.
Russo, Robert Sherwood, David C. Smith,
Joseph M. Smith, Ellen Spertus and Keith
Golden, Tom Stepleton, Duane K. Wise

We apologize for any inadvertent omissions from our dono
list. Please inform us of any errors so that we
may corvect our records.
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Samuel Fuller
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