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



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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VACUUM TUBL MOWLR DRIVER TOR THL
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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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