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Back of Front Cover

The Digital Computer Museum is an independent, non-profit, charitable foundation. It is the world's only institution dedicated to the
industry-wide preservation of information processing devices and documentation. It interprets computer history through exhibits,
publications, videotapes, lectures, educational programs, excursions, and special events.

Hours and Services

The Digital Computer Museum is open to the public Sunday through Friday, 1:00 pm to 6:00 pm. Thereis no charge for admission. The
Digital Computer Museum L ecture Series Lectures focus on benchmarks in computing history and are held six times ayear. All lectures
are videotaped and archived for scholarly use. Gallery talks by computer historians, staff members and docents are offered every
Wednesday at 4:00 and Sunday at 3:00. Guided group tours are available by appointment only. Books, posters, postcards, and other
items related to the history of computing are available for sale at the Museum Store. The Museum's lecture hall and reception facilities
are available for rent on a prearranged basis. For information call 617-467-4443.
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THE DIRECTOR'SLETTER

The museum's birth and parentage were responses to different needs that sprang from several sources. When Ken Olsen and Bob Everett
saved Whirlwind from the scrap heap in 1973 and arranged to exhibit it at the Smithsonian, they also envisioned a place where all the
treasures related to the evolution of computing could be preserved. Then Ken bought the TX-0, the first full-scale transistorized
computer, when it came up for auction. Soon word went around that he was maintaining a warehouse for old computers and the industry
responded with donations of aLILAC, a PDP-8, and other classic machines that otherwise would have been junked.

At the same time, Gordon Bell was also thinking about a computer museum, an idea which emerged while writing Computer Structures
with Allen Newell between 1967 and 1970. They studied all the computersto that date and developed PM S, a notation capable of
characterizing al information processing systems. While writing about the machines, Gordon started visiting them and bringing back
artifacts. Soon his office and home were filled with modules of the Atlas, the IBM 650, the ILLIAC Il, memory devices that predated
the core, and calculators that preceded computers.

Still, Gordon was complacent with the thought of a potential museum until he travelled to Japan where Fujitsu proudly turned on itsfirst
relay computer for him to admire. He was convinced. If the Japanese could pull this off, then he, Ken Olsen, and Bob Everett should be
ableto display the TX-0 and other early machines. But there was no budget or space for the Museum.

Thistime, RCA saved the day. The Marlboro "tower building" constructed by RCA in 1970 and later purchased by Digital had a grand
lobby and open bal cony waiting to be used for exhibits. Gordon thought that it might somehow provide a setting for the TX-0, and he
formed a volunteer committee to evaluate the space.

| was one of the volunteers. Having used the TX-0 in graduate schoal, | knew how the room felt at MIT, and the balcony area seemed
reminiscent of that. The building's residents agreed to accommodate the museum collections. Two college students were hired for the
summer to catalogue the artifacts in Gordon's office, photograph the computers that Ken had accumulated in the warehouse, and
assembl e exhibits with the aid of Digital'sindustrial designers. Gordon applied the PM S taxonomy from Computer Structures and wrote
the text panels for the exhibits.

On September 23rd, 1979, the Digital Computer Museum opened with alecture on the EDSAC by Maurice Wilkes. And while Ken and
Gordon were very proud, that the collections had been assembled, no one was available to attend to the business of maintaining the
collection, providing tours, or accepting new donations.

In November 1979, Jamie Parker, arecent Vassar College graduate, was hired as the first employee and the M useum became operable
on adaily basis. A year later, the Operations Committee of Digital Equipment Corporation decided to develop atruly representative,
industry- wide museum for the preservation of computing history and | was hired as the Director.
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Digital Equipment Corporation not only provided start up funding, but encouraged employeesin the legal, financial, marketing, public
relations, administration, sales and service, and engineering departments to donate their time and talents to this cause. The birth of the
Museum is coincident with the twenty-fifth anniversary of the founding of Digital Equipment Corporation; and the Museum isthe
corporation's twenty-fifth birthday present to the public as away to insure the preservation of the history of computing for future
generations.

Establishing the Full-Fledged Public Museum

My first task was to transform a private collection into a public foundation with full charitable status. A distinguished board of directors,
representative of the diverse nature of the information processing industry, was assembled. The Members Association encourages
participation by anyone interested in the Museum's focus and activities. These two groups provide the interface between the Museum's
public and its staff, keeping the direction on course and responsive.

The staff has grown and taken on specialized roles. Jamie Parker, exhibit coordinator, planned the Pioneer Computer Timeline, and finds
aplace for each significant new acquisition. Chris Rudomin, program coordinator, organizes the lectures and seminars, the store, and
educational programs. Sue Hunt is the Museum'’s coordinator of everything else and with abank of word processors provides our day-to-
day support. Jay McLeman, afull time staff member, cares for the operating machines. John McKenzie, who is TX-0's lifetime
technician, is working on the long and arduous re-entry of the TX-0 into the world of operating computers.

A phalanx of students tackle special projects. Since the fall of 1980, Professor Mary Hardell of Worcester Polytechnic Institute has
arranged that computer science students can complete their Interactive Qualifying Project at the Museum. These range from research
papers on benchmark programs, such as Space War on the PDP-1, to preparing explanations of exhibits, such as the Atanasoff-Berry
Computer breadboard. Beth Parkhurst has a part time position while she isafulltime PhD candidate in the History of Technology at
Brown University. She wrote the text for the Pioneer Computer Timeline and is editing a videotape of the ENIAC made from old
newsreel films. Five additional college students will be hired for this summer.

As Director, | have focussed on acquiring artifacts, conceptualizing projects, and acting as the Museum's spokesperson. On atrip to
England in February we acquired the micro-processor from the EDSAC 11 from the Science Museum, the console of the IBM 360/195
from Rutherford Labs, afull-scale Williams tube, and alogic door from the Ferranti Mark I' from the University of Manchester.
Documentation services and a photo and film archive will be realized in the next year. In October | chaired a session on Computersin
Museums at the Association of Science and Technology Centers meeting at the , Exploratorium in San Francisco and have consulted
with other Museums including the Capitol Children's Museum, Washington; The Science Museum, London; the Ampex Museum,
Redwood City; and The National Museum of Science and Technology, Ottawa.

Guiddinesfor the Future

Our main thrust is to develop the collection and continue the tradition of saving classic machines from the junk pile. We rescued the last
operational STRETCH, saved the major components of the very first CDC 6600, and collected the Philco-Ford 212 before it was to be
scrapped. Thefirst priority is saving history, the second isto display it, and then the third isto interpret its historic role. The exhibits,
therefore, are dynamic and evolutionary.

Five tested policies have crystallized.

1. The major purpose of the Museum is the historical preservation of the evolu- tion of computers. To that end, the PM S notation
formsthe basis of the taxonomy determining the extent of the kingdom of computing and providing guidelines for exhibits. Jan
Adkins of the National Geographic Society captured the essense of the venture when he said to me, "Y ou must feel like the
Director of the Museum of Natural History when he started to collect bones."

2. Thelecture seriesthat started with talks on pioneer computers by people who had personally worked with them will be expanded
to aseries of seminarsin asimilar vein. Andy Knowles, amember of the Museum's Board, is fond of reminding me that, "There
isno history, only biography." Thus, we are giving the podium to people who can give first-hand biographies of machines,
programs, and languages they have known.

3. Thefocal point of the Museum is the machines themselves. Frank Oppen- heimer, the Director and Founder of San Francisco's
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Exploratorium counsels, "Well-engineered machines speak eloquently of their own elegance. Museum designers can't equal
them." Revealing the intrinsic beauty and functionality of the exhibited machinesis our challenge and goal.

4. The main audience for the historic and archival collections are computer scientists, programmers, history buffs, and those with a
curiosity about computer evolution. The Museum will provide a sense of the feel of machines and programs from various eras.
Spacewar, the first computer game, feelstotally different run- ning on the 1961 PDP-1 than it feels on a small arcade machine.
Thisis hardly apparent to a youngster whose only Spacewar experienceisin an arcade, but it is the feel of the PDP-1 that amost
brings tears to the eyes of those who were computing during its era. As board member George Michael says, "Hey, thisisa
Museum for us big kids."

5. The Museum encourages broad-based involvement by maintaining a good working rel ationship between the enthusiastic
volunteers, donors of artifacts, patrons, students, scholars and a staff that can keep stirring the soup. Harold Cohen, creator of our
computer-designed murals, observed that the Museum doesn't. . . "have to convince the computer community to support the
museum because its artists are worth supporting; they are the artists. It is completely different from any other museum that |
know."

Because the Digital Computer Museum is unique, its rules need to be invented. Thisinaugural report provides a baseline from which the
Museum can flourish in a multitude of directions. | hope that you will join mein this process.

Gwen Bdll
Director

Unusual Photos

This 1953 transistor had its own serial number and was

individually packaged. The tube was indented to hook the D
transistor over the side and keep its 'whiskers" from becoming

bent.

The Pascaline (1645) is the first mechanical, single register
calculator built that is still in existence. Roberto Guatelli
reproduced this copy from an original in the collection of Thomas
Watson stored by IBM. The calculator was designed by Blaise
Pascal, the famous French scientist and philosopher, at the age of
19. Although a number were built during his lifetime, the tooling
was such that they were unreliable, and became curiosities as
much as calculators. The principles of Pascal machines were later
applied to key punch calculators such as the Comptometer.
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This drum isthe only remaining portion of the Atanasoff-Berry
Computer, the first electronic, digital calculator. Two drums were
built, each with 32 50-bit tracks of small paper condensers, with
the outer end connected to a contact stud and the inner ends
connected together and brought out through the mounting plates.
The space near the periphery, in which the condensers are
mounted, contains a high grade of wax for moisture protection. A
positive charge on the outer end of a condenser corresponds to
zero, anegative charge to one. The drum rotates on an axis at a
speed of one revolution per second. Brushes bear upon their
contacts to read the charges and recharge them.

LECTURE SERIES

Maurice Wilkes spoke at the inaugur ation of thefirst exhibits, September 23rd, 1979. The eleven other lectures given to date
include nine by people closely associated with the machines featured on the Pioneer Computer Timeline, one on the Computer
Muralsand one on the LINC. These lectureswererecorded on video-tape for the Museum's ar chives. Six major lecturesrelating
to the exhibitions at the Museum are planned each year.

Wesdley Clark, November 18, 1981 The Design, Building, and Use of the First L aboratory Computer: LINC "The concept of
putting thisin one box that an experimenter could take away to his laboratory and work with in a personal way was the essence of it."
"Onefellow looked at the LINC inside and out, and at this wire going over and to the other side. Then said, 'This thing can't possibly
work, thereis no way to get the datain.' He couldn't find any punched cards. We went back to Lincoln Laboratory exhausted but
triumphant, wanting to do more."

Maurice Wilkes, September 23, 1979 The Design and Use of the EDSAC
"We redlized that building the machine was only the start of the project; that there was a great deal to be learnt about writing programs,
about how to use the machine for numerical analysis, numerica calculation, and all the rest of it"

"As soon as we started programming, we found to our surprise that it wasn't as easy to get programs right as we had thought. Debugging
had to be discovered. | can remember the exact instant when | realized that alarge part of my life from then on was going to be spent in
finding mistakes in my own programs.”

George Stibitz, May 8, 1980 The Development, Design and Use of the Bell L aboratories Relay Calculators
"In 1939, it was funny to think of a machine that calculated in the ancient binary notation. | wasn't sure whether the idea was funny or
not, and for several weeks | thought it over, drawing circuits at home for areal calculator with desk-top capabilities.”

Jay Forrester, June 2, 1980 The Design Environment and I nnovations of Project Whirlwind '

"The Whirlwind experience was a very good beginning because we learned the problems of pioneering, we learned the need for courage
to stand up for what you believe." "Magnetic core storage, marginal checking, high reliability, cathode-ray displays, light gun, and a
kind of time-sharing were al part of Whirlwind."

John Vincent Atanasoff, November 11, 1980 The Forcesthat L ed to the Design of the Atanasoff-Berry Electronic Calculator

"I soon found that no machine or system available could solve the growing lists of problems of theoretical physics, technologies,
statistics, or business.” "There | wasin 1936, turning my mind to invent a digital machine, not knowing how it would be built or how it
would work .... In alarger sense no man invents anything; he builds and extends a little with his friends and on the shoulders of others."

Konrad Zuse, March 4, 1981 Designing and Developing ZI - Z4
"At that time, nobody knew the difference between hardware and software. We concentrated ourselves on purely technological matters,
both logical design and programming. "

James Wilkinson, April 14, 1981 he Design and Use of the Pilot ACE

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (5 of 221)6/21/2005 1:52:23 PM


file:////cray/Shared/COLLECTIONS/Curator/nn/TCMR-V01-P09.jpg

file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

Right from the very start, Turing was very obsessed with getting the maximum possible speed. That wasn't the popular view at the
time."

John Brainerd, June 25, 1981 Development of the ENIAC Project
"It was the world'sfirst large-scale digital electronic general purpose computer. Y ou have to put all those wordsin to tell some thing
about it."

David Edwards, September 9, 1981 The Evolution of the Early Manchester Machines

"F C. Williams's contribution was that he recognized that if you looked at the patterns on the face of atube after amillisecond, you
could recognize what they were, and in looking at them you wrote them back again.” "In June 1948, when the baby machine ran, our
confidence started to develop.”

T H. Flowers, October 15, 1981 Design and Use of Colossus

"During World War 11, | becameinvolved in code- breaking activities for which | conceived and built machines which became own as
Colossus. Colossus had features w associated with digital computers - semi-permanent and temporary data storage, arithmetic and logic
units including branching logic and variable programming. "

Arthur Burks, February 18, 1982 The Origin of the Stored Program
"This most important historical achievement [the stored program] did not come about in a straightforward way, but in a convoluted,
indirect manner."

October 7at 5PM LECTURE: HISTORY OF THE SIEVE MACHINESD. H. Lehmer Professor Emeritus Univer sity of
Californiaj at Berkeley.

With an exhibition of the electro-mechanical machine used for finding prime numbers exhibited at the Chicago World's Fair of 1932 and
the 1950 electronic prime number sieve.

October 8-9 EXCURSION: ANFSQ7 and NATIONAL MUSEUM OF SCIENCE AND TECHNOLOGY

Friday noon leave Hanscom Field for North Bay, Canada. Visit and tour the ANFSQ-7, vacuum tube computer in operation on the
SAGE early warning system. Hotel accommodations in Ottawa. Saturday morning tour of the Computing Exhibition, National Museum
of Science and Technology. Saturday noon leave Ottawa for Hanscom Field, Bedford. Contact Chris Rudomin for more information.

October 22 at 5 PM LECTURE: THE WATSON SCIENTIFIC LABORATORY, 1945-50
Herbert J. Grosch Asthe first assistant to Wallace Eckert and director of the computing program, Herbert Grosch will provide a
narrative of the development of the Columbia Laboratories up to the time of NORC.

Return to List of Reports
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. Whirlwind Before Core, Reminiscences of Jack Gilmore

The Apollo Guidance Computer

A Designer's View
Eldon Hall Designer, Apollo Guidance Computer

In the early sixties the so called mini-computer had not emerged and there was no commercial computer suitable for use in the Apollo
mission. Most of the technologies that were eventually used in the Apollo computer were just emerging from research and devel opment
efforts. The design was mainly atask of fitting the components together in order to meet the mission requirements for computational
capacity and miniaturization.

From Polaristo Apollo

Previous aerospace computers greatly influenced the development of the Apollo Guidance Computer. The demands that were placed on
these computers provided the mativation to miniaturize and develop semiconductors. The MIT Instrumentation Lab, now called Charles
Stark Draper Laboratory, had the responsibility for the design of the computers used in the Polaris, Poseidon, and Apollo programs.

Thelab'sfirst significant venture into the field of digital computing was for Polaris, avery small ballistic missile launched from a
submarine. A special purpose digital computer was designed to solve the specific equations required for the guidance and control system
based on analog techniques originally developed by the Navy. With the need for increased accuracy the Navy decided to use digital
techniques for the Polaris program, resulting in the construction of awired-program special purpose computer to solve the guidance and
control equations. In 1959 the first version of this system, called the Mark 1, flew in a Polaris missile. It was the first guided flight of a
ballistic missile flown with an on board digital computer providing the guidance and control computations. The computer occupied
about four-tenths of a cubic foot, weighed 26 pounds, and consumed 80 watts. Even before this first guided flight designs were being
explored which would reduce the size and improve the maintainability of the system. The new design, eventually designated Mark 2,
repeated the architecture and logic design with improvements in circuits and packaging.

In August 1961, when NASA contracted the laboratory to develop the Apollo guidance, navigation, and control system, the mission and
its hardware was defined in only very broad terms. A genera purpose digital computer would be required to handle the data and
computational needs of the spacecraft. Therefore a special arrangement of display and controls would be necessary for in-flight
operations.

The boost phase of the mission, which was the Saturn system, had its own internal guidance system to put the command and service
module in trandunar trajectory Then the Apollo system took over to guide the mission to the moon.

In effect, navigating in space is the same as navigating on Earth. One might take a star sighting with a sextant. That information is put
into the computer and from it the state vector, i.e. the position and velocity of the missile at any point of time, is computed. The
computer orients the missile such that the change in velocity will cause the state vector to be updated so the missile will free-fall into the
targeted point. While it is thrusting, the guidance system must control the attitude of the vehicle, the magnitude of the thrust in the case
of the Lunar Excursion Module (LEM), and the direction of the thrust in the case of the Command and Service module.

Design Constraints

Initially the need for avery reliable computer with significant computational capacity and speed was clear. The design constraints
included very limited size, weight, and power consumption. If the designers had known then what they |earned later, or had a complete
set of specifications been available as might be expected in today's environment, they would probably have concluded that there was no

solution with the technology of the early sixties.

Establishing interface requirements was a monumental task. The astronaut interface was one of these. In 1962, computers were not
considered user friendly. Heated debates arose over the nature of the computer displays. One faction, which usually included the
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astronauts, argued that meters and dials were necessary. Logically, the pressure for digital displayswon most of the arguments because
of their greater flexibility in the limited area allowed for a control panel. In late 1963, as the requirements for the LEM were being
firmed up, NASA decided to use identical guidance computersin both the command module and the LEM.

Major units of the CM Guidance. Navigation and Control System.

In the early manned orbital missions before Apollo, NASA learned that the human animal, confined in a spacecraft for aweek or so, was
not as clean as might be expected from observations on Earth. This additional constraint had a rather interesting and farreaching impact
on the mechanical design of the computers and other hardware. All electrical connections and metallic surfaces had to be corrosive
resistant and even though the computer was designed to have pluggable modules, everything had to be hermetically sealed.

The Suppliers

By the end of 1962, NASA selected three contractors: General Motors' AC Sparkplug Division for the inertial systems and system
integration; Raytheon, Sudbury Division, for the computer and computer testing equipment; Kollsman Instrument for the optical
systems; North American Aviation for the command and service module; and Grumman Aircraft for the Lunar Excursion Module.

In late 1959 and 1960 the lab began evaluating semiconductors, purchased at $1,000 each from Texas Instruments. Reliability, power
consumption, noise generation, and noise susceptibility were the prime subjects of concern in the use of integrated circuitsin the AGC.
The performance of these units under evaluation was sufficient to justify their exclusive use in place of the core transistor logic proposed
initially for the Apollo project design. The micrologic version of the Apollo computer was constructed and tested in mid 1962 to
discover the problems that the circuits might exhibit when used in large numbers. Finally in 1964 Philco-Ford was chosen to supply the
integrated circuits used in the proto type computer that operated in February 1965. These cost approximately $25 each.

Specifications

Approximately one cubic foot had been allocated in the command module for the computer. The first prototype was operating in the
spring of 1964 and utilized the wire wrap and modular welded cordwood construction which had been produced for the Polaris program.
It was designed to have pluggable trays with room for spare trays.

Since the clock in the computer was the prime source of time, it had to be accurate to within afew parts per million. The data and
instruction words in the memory were 15 bits plus parity. Data was represented as 14-bit binary words plus the sign bit. Double
precision operations were provided to supply 28-bit computations. The instruction word contained the address and operation codes for
the computer operation. The memory address field was extended by organizing the memory in banks.

The AGC had 2,00015-bit words of erasable core memory and started with 12,000 words of readonly memory, called rope memory. It
was quickly upgraded to 24,000 words. Then by mid-1964, when the first mission program requirements had been conceived and
documented, there was increasing concern about the possible insufficiency of the memory. This prompted a further expansion to 36,000
words.

Design and Use of the Console

A display and keyboard was devel oped for the astronauts and had the designation DSKY (pronounced "Diskey'). Functionaly the
DSKY was an integral part of the computer, and two were mounted remotely and operated through the discrete interface circuits. One
was for a sitting position and another one near the entry to the LEM, convenient for a reclining position.

The principle part of the DSKY display was a set of three numeric light registers. Each register contained 5 decimal digits consisting of
segmented electroluminescent lights. Five decimal digits were used so that a computer word of 15 bits could be displayed in either
decimal or octal. In addition, three two-digit numeric displays indicated the major program in progress, the verb code and the noun code.
The verb/noun format permitted communication in alanguage whose syntax was similar to that of spoken language. Examples of verbs
were display, monitor, load, and proceed. Examples of nouns were time, gimbal angles, error indications, and star identifications.
Commands and requests were made in aform of sentences, each with a noun and a verb, such as display velocity or load desired angle.
To command the computer the operator pressed the Verb key followed by atwo digit code. This entered the desired verb into the
computer. The operator then pressed the Noun key and a corresponding code. When the enter key was pressed, the computer carried out
the operation that had been commanded. The computer requested action from the operator by displaying a verb and noun in flashing
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lights so asto attract the astronauts' attention.

The read-only memory of the computer consisted of six rope
memory modules, each containing 6,000 words of memory. This
special type of core memory depended on the patterns set at the
time of manufacture. Its sensing wires were woven into a set
pattern information. It had five times the density and was far more
reliable than the coincident current core memory used for erasable
storage in the computer. Being unalterable, it also provided a
greater incentive for error-free software development. The AGC
rope memory is on display in the primary memory case.

In-flight Use

Shortly after liftoff of Apollo 12, two lightning bolts struck the spacecraft. The current passed through the command module and
induced temporary power failure in the fuel cells supplying power to the AGC. During the incident the voltage fail circuitsin the
computer detected a series of power trenches and triggered several restarts. The computer withstood these without interruption of the
mission programs or loss of data.

The module in the background is exactly the same as one in the foreground, but it has only been used on Earth. The Museum's prototype
computer ran at Draper Labs and was used to test the routines for the in-flight machines. In space al of the components had to be totally
"potted" to insure that all the parts would stay firmly in place and remain uncontaminated during space flight.

The Apollo 11 lunar landing had an anomaly which attracted public attention. The computer in the LEM signalled arestart alarm
condition severa times during avery critical period prior to touchdown. This fact was broadcast to the public and those who knew its
significance were close to a state of panic. After analysis, it was determined that the alarms were an indication to the astronauts that the
computer was overloaded and was eliminating low priority tasks from the waitlist.

The overload resulted from the rendezvous radar being set in the wrong mode during the lunar landing phase, wasting computer memory
cycles. The computer software was responding to overloads as designed.

Thisincident triggered a news brief in Datamation in October, 1969, faulting the computer design for being too slow. It rightfully
claimed that there were a number of minicomputers, including the PDP-11, that were at least an order of magnitude faster. In the eight
years since the initiation of the Apollo program commercial technology had far surpassed that of the Apollo design and capacity.
However, no commercial computer could claim to match the power consumption and space characteristics of the AGC.

The Apollo Guidance Computer, shown on the left, was
responsible for the guidance, navigation, and control computations
in the Apollo space program. The AGC was the first computer to
use an integrated circuit logic and occupied less than 1 cubic foot
of the spacecraft. It stored datain 15 bit words plus a parity bit and
had a memory cycle time of 11.7 microseconds, utilizing 2,000
words of erasable core memory and 36,000 words of read-only
memory. The frame is made of magnesium for lightness and
designed to hermetically seal the components.

The interface with the astronauts was the DSKY shown on the D
right. It used digital displays and communicated with the

astronauts using the verb and noun buttons visible in the

photograph and two digit operation and operand codes. A set of

status and caution lightsis shown in the top left corner of the

DSKY

The AGC and DSKY are on display in the Four Generation
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Gallery.

Excerpted from an Illustrated Lecture, June 10, 1982, by Ben Goldberg. The video- tape is archived by The Computer Museum.

The Apollo Guidance Computer

A Users View

David Scott Astronaut for the Gemini 8, Apollo 9, and Apollo 15 missions.

In 1963 when NASA was conducting the selection of the third group of astronauts for the U.S. space program, | had just received a
graduate degree at MIT and finished test pilots school. My interests and the program's need for a user to interact with the design of the
guidance computer at the MIT Instrumentation Lab was a good fit. | was part of those discussions whether to use analog or digital
controls that Eldon described.

TheMIT Interface

When | was studying at MIT, the ability to rendezvous in space was an issue for debate. It wasn't clear whether it was possible to
develop the mathematics and speed of computation necessary to bring two vehicles together at a precise point in space and time-a
critical issue for the Apollo missions successful landing on the moon and return to Earth. Between 1963 and 1969, with the flight of
Apollo 9 thiswas accomplished. | stayed in the spacecraft while Rusty Schweickart and Jim McDivitt got in the lunar module and went
out about 60 miles away. The computer behaved flawlessly during our first successful rendezvous in space.

Another assignment for Apollo 9 wasto take the first infra-red photographs of the Earth from space. To do this, alarge rack of four
cameras was mounted on the spacecraft. Since they were fixed to the spacecraft, the vehicle itself had to track a perfect orbit such that
the cameras were precisely vertical with respect to the surface that they were photographing. During simulations it was determined that
manual orbit procedures would be inaccurate. We were at aloss. About two weeks before the flight | called up MIT and asked if they
could program the computer to give the vehicle a satisfactory orbit rate. They answered, "Of course, which way do you want to go and
how fast?'. In amatter of a couple of dayswe had a program and a simulator that automatically drove a spacecraft at perfect orbit rate.
We got into flight with very little chance to practice or verify, but we put on the cameras and the results were perfect.

Potential Computer Failure

During the development process we ran many simulations of in-flight computer operations with particular concern for in-flight failure.
But in the 10 yearsthat | spent in the program there was never areal computer failure. Y et, people often wonder what a computer failure
would have meant on amission. It would have depended on the situation and the manner in which the computer failed. We probably
would not have expired, but there were some parts of the mission in which a computer fail- ure would have been especially
compromising. Navigation was not necessarily time critical but the lu- nar landing was very time critical. Y ou could have a situation
during alunar landing in which, if the computer failed, the engine would be driven into the ground. Unless the astronaut could react
quickly enough to stop it, the Lunar Module could have been flung on its side. Chances are that the astronaut could prevent such an
event by switching to manual control of the vehicle. It must be remembered that the computer had been de- signed to be asreliable as
pos- sible and the astronauts had a great amount of confidence in the machine.

And Problems of Success

We had a backup called the entry monitor system, which had a graphic display based on the accelerometers in the spacecraft. With this
display the vehicle could be flown manually using pre-drawn curves to be followed for attitude, g-loading, and velocity. It was reas-
suring to know that we were still able to return to Earth even if the Apollo Guidance Computer failed. During reentry there was a scroll
in the entry monitor system and we could see the computer tracking the predetermined curves all the way to the landing site. As our
skills and the computer programs improved over the years of the Apollo program, we came down closer and closer to the carrier.
Finally, by the last Apollo mission they didn't park the carrier on the landing point.
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Excerpted by Ben Goldberg from remarks after Eldon Hall's Lecture, June 10, 1982.

Whirlwind Before Core

Reminiscences of Jack Gilmore

In October, 1950, | joined the Whirlwind team. At that time the first thirty-two registers of toggle switch memory were working. The
four variable flip-flop registers could be assigned to any one of the thirty-two addresses. They were able to demonstrate small
mathematical programs such as the bouncing ball problem or solve simple differential equations. The first memory consisted of
electrostatic storage tubes totaling 256 locations. We felt really rich with afull 256 variable registers to write our programs. We
calculated the operation in the octal address and then looked up what was then called the sexidecimal conversion number (later the term
hexadecimal was used). We had alittle load program in the 32 registers and that bootstrapped the programs up into the memory in order
to run them.

This 1951 photograph of Whirlwind shows Joe Thompson seated

at the Flexowriter typewriting unit. Jack Gilmoreis standing in

front of the 256 x 256 point display used for a phanumeric and

graphic representations of various computations. The display was D
utilized to plot solutions of partia differential equations for
determining the optimal rate of pumping oil from underground

caverns and aso for displaying the optimal placement of television
antennas for compliance with F.C.C. regulations.

The first thing that we were very anxious to do wasto get an assembly program that would allow us to be able to write our programs
using mnemonic symbols and expressing the numbers in decimal and octal. My boss, Charlie Adams, was concerning himself with that
and so it became my job to write the assembly program. I'm fairly certain that if it is not thefirst, it is one of the very first assembly
programs ever written. The only onethat | know of that predates it was Wilkes' 'Load and Go' on the EDSAC.

In September, 1951, John Carr, later Chairman of Duke's Computer Science Department, and | wrote a document that explained how
people could actually use subroutines in conjunction with assembly programs, so that they didn't have to write all the various utilities.
People could write their programs in a relative fashion and then we would give them the library of subroutines and they'd actually pick
out the tapes that they needed. We'd then string the tapes together and literally make a copy not only of their program but also of the
subroutines. All of those would be pulled in through the bootstrap program and it would run. This was the indirect birth of the symbolic
address. The thing that we discovered, | think | actually discovered it, was that when we ran the tape through twice, you could refer to an
address above where you were, as opposed to everything going below. The two pass assembler came out of al that. | have arecollection
of Charlie Adamsand | briefing IBM's Nat Rochester on how to produce symbolic addresses.

The Ph.D. candidates who needed to use the Whirlwind really didn't know how to run the machine. There were full scale electronic
technicians who knew how to bring it up, and most of the systems programmers like myself knew how to do it, as well as some of the
engineers. It was afairly routine procedure so | went to Charlie Adams and suggested that | could train two people right out of high
school to be computer operatorsif | had enough funds to hire them for one year. Jay Forrester provided the funds and | went out to two
local high schools and asked for students that were college material but didn't have the money for college. | hired Joe Thompson from
Boston Technical High School (shown sitting down in the photograph) and Bill Kyle from Boston English. Within four or five months
they were competent operators, and Joe stayed on to complete his degree at Lowell Tech in the eve- nings. One day Forrester camein
and sat at the back of the room. He watched for about an hour while Bill and Joe completed eight or nine different jobs. Finally Jay said,
"We'vejust created a new voca- tion." He also recognized this as the solution to the problem of computer operators for the SAGE
project.

The flexowriter typewriting unit we used was aword process- ing system, originally designed for list processing and promotional
mailings. It had a mechanical reader and would create aform letter in aloop with stop codes to key in the personal information. We used
it as an integrated word processing system, circa 1951.
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One Sunday afternoon in December 1951 the Whirlwind was featured on 'See It Now', Edward R. Murrow's program. Ron Meyer and |
stayed up all weekend writing a program to display the tragjectory of aViking rocket on the display and another program that played
Jingle Bells. They wired Jay Forrester with a mike and had the wire coming up his back with cables on the floor so he could walk from
one part of the console to another. As he started to walk the wire snagged and the back of his coat started to come up. One of the CBS
technicians decided that he was going to undo the snag and started to crawl across the floor like a commando. Forrester, not realizing
that his coattails were at 90 degrees, couldn't understand why the technician was crawling towards him. We decided that Forrester was
getting too distracted and so the technician was pulled back across the floor by his ankles. Meanwhile, Edward R. Murrow and Jay
Forrester completed the interview which ended with Jingle Bells being played for the pre- Christmas viewers.

[The museum has archived a copy of the video tape of the Murrow in- terview in which Jack Gilmore may be seen loading the tape
reader]

Extracted by Ben Goldberg from a Gallery Talk by Jack Gilmore, June 16, 1982.
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Bell Telephone Laboratories Model 1 Complex Calculator

George Stibitz worked at Bell Labs as a mathematician in the 1930s. In his spare time, he experimented with using telephone relays for
electro-mechanical calculation.
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"The original notions that led to the series of relay computers had nothing to do with usefulness. | just wondered whether it would be
possible to make such simple things as relays do complicated calculations. . .

"I was then a'mathematical engineer' at the Bell Telephone Labs, and as such | was asked to |ook into the magnetic circuits of the
telephone relay. Asyou know, arelay isjust an electrically-operated switch that opens and closes one or a dozen electrical circuits.

"While looking at the relay's magnetic circuit | naturally noted the piles of contacts that could be closed or opened when the relay
operated. | knew that these contacts could be connected in large and complicated meshes, and when so connected they could do very
complicated jobs. So, | liberated a pair of relays from the Labs junk pile and tried out afew circuits.

"Y ears before in a freshman math course | had learned a little about the binary notation for representing numbers. That notation has
digits with only two values, such as zero and one, much as the relay has only two 'values': open and closed.

"It occurred to me that perhaps the two positions of arelay could be used to represent the two values of abinary digit. Then perhaps
circuits through the contacts of several relays might represent the two values of abinary digit. | soon found out that this was true-two
relays could be wired together to add two binary digits.

"I built an adder of the two relays | had borrowed, a couple of dry cells, two flashlight bulbs, and two strips of metal for keys. My wife
named it the K-model, after our kitchen table.

"When | took the K-model to the Labs to show the boys, we speculated on the possihility of building afull-size calculator out of relays.
Shortly thereafter the relay computer turned serious.”

George R. Sibitz, "Early Computers and Their Uses," presented at Computing and Chili-eating Society, 1981

Around that time, the head of the mathematical engineering group came to Stibitz with a problem. Recent developmentsin filter and
transmission line theory were overloading the desk calculator team with complex number work. Could alarge-scale relay calculator
handle the work? Bell Labs made Stibitz's relay project official with a budget and circuit designer. The Mode |, first in a series of Bell
Labsrelay calculators and computers, was finished in 1939. Technically, the Model | was not atrue computer because it was not
controlled by a program. Rather, it was operated directly through ateletype. Although it lacked the speed of the el ectronic computers
that were to appear afew years later, itsrelays were far less liable to failure than vacuum tubes.

The Bell Labs Model | was the first demonstration of alarge-scale digital machine for complex calculation.

"In September 1940, after several months of routine use at the Laboratories, the computer was demonstrated at a meeting of the
American Mathematical Society held at Dartmouth College, in Hanover, New Hampshire. . . | gave a short paper on the use and design
of the computer after which those attending were invited to transmit problems from a Teletype in McNutt Hall to the computer in New
Y ork. Answers returned over the same telegraph connection and were printed out on the Teletype.”

George Stibitz, "Early Computers,” in A History of Computing in the Twentieth Century, ed. N. Metropalis, J. Howlett, and Gian- Carlo
Rota, New York, 1980

George Stibitz built this replica of his"K-model" for the Computer D
Museum. (Gift of George Stibitz, DI127.80.)

Zuse ZI, Z3

Asacivil engineering student in 1930s Berlin, and later as an aircraft engineer, Konrad Zuse had to spend his time performing "big and
awful" calculations. Theoretical advances that would change civil engineering from "cut- and-try" to science were starting to appear, but
were not being applied because of the volume of computation required in the new approach. Zuse decided to build cal culating machines
to solve these problems automatically.
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Konrad Zuse examines a program tape.
"The work proceeded almost parallel to, but quite independently of, the developments in the United States.”

Konrad Zuse, "Some Remarks on the History of Computing in Germany," in A History of Computing in the Twentieth Century, ed. N.
Metropolis, J. Howlett, and GianCarlo Rota, New Y ork, 1980.

"Zuse describes. . . how hiswork was carried out in ignorance of that of his predecessors, or even the contemporary work by Dirksin
Germany on magnetic storage systems . . . During the war the various American computer projects were of course subject to strict
security measures; it was only a photograph that German Military Intelligence had obtained of the Harvard Mark | which eventually
aerted Zuse to the fact that the Americans had devel oped some sort of large scale tape- controlled computer. Nothing however prepared
him for the postwar release of information about ENIAC, which with its 19,000 valves far surpassed anything that he or Schreyer had
ever contemplated attempting to construct.”

Brian Randell, The Origins of Digital Computers, 3rd ed., Berlin, 1982.

The designs Zuse began in 1934 led to a series of machines that included the first program-controlled computer. He built an
experimental mechanical computer, the ZI, in the family living room. The ZI, completed in 1938, was followed in 1940 by the Z2, a
prototype electromechanical computer built with second-hand telephone relays. The Z3, afull-scale relay computer, was running in
1941. For the first time, the German government aided with funding. This machine had most of the basic features associated with a
conventional computer, including memory and aform of program control. Like Stibitz's electro-mechanical calculator, the Z3 was
several orders of magnitude slower than the first electronic computers. Its program was external, coded on punched film. Two special-
purpose models, the Sl and S2, were used in aircraft design.

These first machines were destroyed in the war. At the war's end, Zuse learned about the American computer ENIAC, and an American
observer published a description of a preliminary version of Zuse's next relay machine, the Z4. It was not until the 1960s that an
Englishlanguage account of Zuse's first machines appeared.

Programs were punched on recycled motion picture film. ]

ABC

Atanasoff Berry Computer

Beginning in 1935, John Vincent Atanasoff, a physics professor at |owa State College, pioneered digital electronicsfor calculating. His
students were working with linear partial differential equations, and he experimented with analog, then digital calculatorsto aid in their
solution.

"| tried again and again to sort these concepts out. Nothing seemed to work. After months of work and study | went to the office again
one evening but it looked asif nothing would happen. | was extremely distraught. Then | got in my automobile and started to drive. |
drove hard so | would have to give my attention to driving and | wouldn't have to worry about my problems.

"When | finally came to earth | was crossing the Mississippi River, 189 miles from my desk. Y ou couldn't get adrink in lowain those
days, but | was crossing into Illinois. | looked ahead and there was a light and, of course, it was atavern. | went in and got adrink, and
then | noticed that my mind was very clear and sharp. | knew what | wanted to think about and | went right to work on it and worked for
3 hours, and then got in my car and drove slowly back to Ames.

"I had made four decisions in that evening at the Illinois road house: use electricity and electronics - that meant vacuum tubes in those
days; use base 2, in spite of custom, for economy; use condensers, but regenerate to avoid lapses; compute by direct action, not by
enumeration.”
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Atanasoff built this simple model of the ABC to demonstrate his
concepts of digital computation. The number stored in one of the
capacitor drums is added to or subtracted from the number stored
in the other drum. (On loan from J. V. Atanasoff, X12.80.)

John Vincent Atanasoff, Pioneer Computer Lecture, at The Computer Museum, November 11, 1980
Professor Atanasoff lecturing to students at |owa State University in the late 1930s.

Atanasoff and graduate student Clifford Berry built a prototype ABC (Atanasoff-Berry Computer) in 1939, and a full-scale model in
1942. Like the Bell Labs Model 1, the ABC was not a computer in the modern sense, since it lacked program control and was not
general purpose.

The ABC was the first of several proposals to use electronics for calculation or logic in the decade after Atanasoff began investigations
in 1935. Other projects and proposals included those of Bush and Crawford both at M.I.T; Zuse and Schreier in Berlin; the British
foreign office; Rgchman at R.C.A. The makers of the ENIAC, the first electronic computer, were familiar with Atanasoff's and
Rajchman's work. The degree to which the ABC influenced the ENIAC design is still being debated by participants and historians.

IBM ASCC (Harvard Mark 1)

The IBM ASCC (Automatic Sequence Controlled Calculator), also known as the Harvard Mark 1, began in the mind of Harvard
instructor Howard Aiken, and was realized by ateam representing Harvard, the U.S. Navy and IBM.

"The desire to economize time and mental effort in arithmetical computation, and to eliminate human liability to error, is probably as old
asthe science of arithmetic itself . . .

"The intensive devel opment of mathematical and physical sciencesin recent years has included the definition of many new and useful
functions, nearly all of which are defined by infinite series or other infinite processes. Most of these are tabulated inadequately and their
application to scientific problemsis retarded thereby.

"Theincreased accuracy of physical measurement has made necessary more accurate computation. Many of the most recent scientific
developments are based on nonlinear effects. All too often the differential equations designed to represent these physical phenomena
may be solved only by numerical integration. This method involves an enormous amount of computational |abor. Many of the
computational difficulties with which the physical and mathematical sciences are faced can be removed by the use of suitable automatic
calculating machinery.

"The development of numerical analysis, including the techniques of numerical differentiation and integration, and methods for solving
ordinary and partial differential equations have reduced, in effect, the processes of mathematical analysis to selected sequences of the
five fundamental operations of arithmetic: addition, subtraction, multiplication, division, and reference to tables of previously computed
results. The automatic sequence controlled calculator was designed to carry out any selected sequence of these operations under'
completely automatic control."

Howard Aiken and Grace Hopper 1946 Electrical Engineering

Colossus

Inspired by Charles Babbage's nineteenth- century "Analytical Engine," the Harvard Mark | was mostly mechanical. Counter wheels
were electro-mechanical, and connections between units were electrical. An external program punched on tape controlled operation;
conditional branches were not possible when the machine was first in operation. The machine was largely built of standard IBM
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equipment. It was completed at IBM in 1943, and moved to Harvard in 1944,

The Harvard Mark I's contribution was not in its technol ogy-the electronic ENIAC, which would surpass the Harvard Mark |'s speed by
several orders of magnitude, was under construction when the Mark | was being dedicated.

Re-assembling the machine at Harvard, March 10, 1944.

"It isimportant because it was the first large scale digital calculator ever built and also because it stimulated the imagination and interest
of the world and thus gave impetus to the desire for more and better computing machines.”

G. Truman Hunter, "Modern Computing Machines," Journal of the Franklin Institute, 1952.

"If you hated Hitler enough, you would fight on against fearful odds. Y ou considered not just the small probability of success, but the
large payoff if you were successful.”

1. J. Good, "Pioneering Work on Computers at Bletchley" in A History of Computing in the Twentieth Century, ed. N. Metropolis, J.
Howlett, and Gian-Carlo Rota, New Y ork, 1980.

Pulley from a Col tape drive. (Gift of Toby Harper, X49.82.)

This spirit mativated the British Foreign Office's cryptanalytic effort at Bletchley Park. German forces relied on variants of the
ENIGMA machine for enciphering in World War 11. The simplest version of the ENIGMA had 9 x 102g initial settings, so breaking the
cipher was an awesomely complex process. The British built a series of machines to decipher intercepted German messages. The
culmination of the series was the Colossus line, el ectronic machines with many of the features of the computer, including electronic
circuits for Boolean logic, counting, and binary arithmetic; automatic operation, with logic functions set with plugs and switches, or
conditionally selected by electro- mechanical relays; and electronic registers changeable by an automatically controlled sequence of
operations.

Thefirst official release of information on the Colossus was not until 1975. Because of this secrecy, the Colossus did not directly
influence the computer projects which flourished in England and the United States after the war. The Bletchley Park effort, however, did
turn out a number of scientists experienced in electronics and logic. F C. Williams, head of the postwar Manchester University computer
project, remembered help he received from two Bletchley alumni who were also familiar with American computer projects: "Tom
Kilburn and | knew nothing about computers, but alot about circuits. Professor Newman and Mr. A. M. Turing in the Mathematics
Department knew alot about computers and substantially nothing about electronics. They took us by the hand and explained how
numbers could live in houses with addresses and how if they did they could be kept track of during a calculation.”

F C. Williams, "Early Computers at Manchester University" Radio and Electronic Engineer, 1975

Intercepted German messages were punched on paper tape and read into the Col ossus photoel ectrically

"The value of the work | am sure to engineers like myself and possibly to mathematicians like Alan Turing, was that we acquired a new
understanding of and familiarity with logical switching and processing because of the enhanced possibilities brought about by electronic

technol ogies which we ourselves devel oped Thus when stored program computers became known to us we were able to go right ahead
with their development.”

T H. Flowers, |etter to Brian Randell, February 15, 1972; quoted in B. Randell, "The Colossus," in A History of Computing in the
Twentieth Century, ed. N. Metropolis, J. Howlett, and Gian-Carlo Rota, New Y ork, 1980.

ENIAC

Each of these earlier machines had some of the features of the electronic computer. In the ENIAC, these features-el ectronic, highspeed
operation, general-purpose capability, and program controlwere combined. It is usually regarded as the first true electronic computer.

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (16 of 221)6/21/2005 1:52:24 PM



file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

The major difference between the ENIAC and later computers was that it was programmed by plugs and switches, rather than running a
stored program.

The ENIAC, funded by the Army Ballistics Research Laboratory at the University of Pennsylvania's Moore School, used electronics on
an unprecedented scale. Its 18,000 vacuum tubes belied the criticism that, given the failure rate of vacuum tubes, one or more tubes
would fail before a computation was completed. The success of electronics for large-scale computation inspired a number of postwar
computer projects.

The ENIAC was moved to the Army's Aberdeen Proving Ground after ayear of operation at the Maoore School. R. F Clippinger, a
mathematician who devised some of the first applications at Aberdeen, recalled:

"I had a couple of girls with desk calculators working out the test case that | would useto find out if | was getting the right answers from
the ENIAC. It took them two man-years to do one solution. We put it on the ENIAC, and the ENIAC ran off a case very hour...

"Y ou have to realize that the Aberdeen Proving Ground was the cradle of awhole lot of computers: the EDVAC, ORDVAC, and a
bunch of others. But even after they were delivered, the ENIAC continued to work for about ten years. There was a period when the
ENIAC was the only computer working. A lot of others were on the drawing boards or in the mill being engineered, but not working."

R. F Clippinger, galery talk at the Computer Museum, September 26, 1982

The ENIAC team, headed by J. Presper Eckert and John Mauchly, included a dozen engineers and programmers. Designer Arthur Burks
looks on as aprogram is set up on the ENIAC with plugs and switches.

EDVAC

The EDVAC was the successor to the ENIAC. While the ENIAC was being built, its designers realized the potential of the stored
program. They began designing a new computer, and were soon joined by distinguished mathematician John von Neumann.

The question "Who invented the program?' has been answered many ways. It cannot be attributed to any single person, but seemsto
have arisen in the course of conversations among ENIAC project members; other researchers may also have independently conceived
theidea. Arthur Burks, who worked on the ENIAC, beginning of the EDSAC, and with John von Neumann on the IAS computer, made
this assessment of the process of making the stored program practical.

"There were two main steps. Pres and John (Eckert and Mauchly
of ENIAC) invented the circulating mercury delay line store, with
enough capacity to store program information as well as data.

Von Neumann created the first modern order code and worked out the logical design of an electronic computer to execute it."

Arthur W Burks, "From ENIAC to the Stored- Program Computer,” in A History of Computing in the Twentieth Century, ed. N.
Metropolis, J. Howlett, and Gian-Carlo Rota, New Y ork, 1980.

The mercury delay line memory, borrowed from radar to utilize as computer memory, was the key device that made the stored program
practical. The ENIAC had only twenty words high-speed memory capacity, using expensive vacuum tubes- far too few to store
programs and data. In contrast, each delay line could hold hundreds of words, with bits circulating as ultrasonic pulsesin a column of
mercury. When each bit reached the end of the column, it was converted to an electrical signal, where it was cleaned up and could be
read.

Von Neumann's write-up of the EDVAC group's discussions was widely circulated in draft. The Moore School's 1946 summer lecture
series on the EDVAC design also helped publicize the idea of the stored program computer. The EDVAC, while till inits design stage,
directly or indirectly influenced all postwar computer projects. The EDVAC's theoretical design and construction stage lasted from 1944
to 1951.
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IAS Computer

John von Neumann left the EDVAC project to return to the Institute for Advanced Study bringing with him Arthur Burks and Herman
Goldstine. The three elaborated stored program computer design with the draft of "Preliminary Discussions of the Logical Design of an
Electronic Computing Instrument."”

The lAS Computer introduced asynchronous operation. For fast memory it used the Williams tube, a CRT memory developed at
Manchester University. The Williams tube was used in serial mode at Manchester; the IAS Computer wasfirst to useit in paralel.

One of the IAS Computer's most significant contributions was as a pattern for other computer projects. Julian Bigelow, who was the
computer's chief designer, recounts:

"Anather feature of the arrangement for financial support [by military agencies and the Atomic Energy Commission] provided that, as
sections of the computer were successfully developed, working drawings would be sent out by our engineering group to five other
development centers supported by similar government contracts, notably to Los Alamos Laboratory, the University of lllinois, Oak
Ridge National Laboratory Argonne National Laboratory and the Rand Corporation. For the first year or so this requirement that what
we produced was in effect going to be duplicated at five distinguished |aboratories el sawhere added to the anxieties of the IAS team,
especidly since these correspondents were mostly well established and supported by facilities and resources wholly lacking chez nous.
We anticipated that any mistakes we might make in sending out piecewise the fruits of our efforts would thereby be exposed to possibly
hostile or competitive criticism, leaving us no place to hide, but in fact problems of this sort never arose, and communication with all
people at these |aboratories was entirely friendly and stimulating.”

Julian Bigelow, "Computer Development at 1.A.S. Princeton,” in A History of Computing in the Twentieth Century, ed. N. Metropolis,
J. Howlett, and Gian-Carlo Rota, New Y ork, 1980.

The lAS computer.

EDSAC

"The EDSAC is based on principlesfirst enunciated in an unpublished report . . . in which ideas for a machine known asthe EDVAC
were set out.”

Maurice Wilkes "Programme Design for a High Speed Automatic Calculating Machine," Journal of Scientific Instruments 1949.

By 1949, a number of computers were underway. Maurice Wilkes, Director of Computation at Cambridge University, was the first to
complete a machine with the first program running on May 6th of that year. Maurice Wilkes started the project on his return from the
1946 Moore School lectures on the EDVAC design. Returning to Cambridge University, he set up the Computation Laboratory and
started work on a stored program computer. Wilkes used existing technologies to get a machine up and running. His decision on
memory technology was characteristic of this design philosophy: "We used the mercury delay- line because it was really the only thing
you could count on at the time."

Maurice Wilkes, gallery talk, at The Computer Museum, July 7, 1982
EDSAC memory delay lines plugged into this tank cover. (On loan from the Science Museum, London.)

"We redlized that building the machine was only the start of the project; that there was a great deal to be learnt about writing programs,
about how to use the machine for numerical analysis, numerical calculation, and all therest of it . . . As soon as we started programming,
we found to our surprise that it wasn't as easy to get programs right as we had thought. Debugging had to be discovered. | can remember
the exact instant when | realized that alarge part of my life from then on was going to be spent in finding mistakesin my own
programs.”
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Maurice Wilkes, Pioneer Computer Lecture, The Computer Museum, September 21, 1979

Valves (the English equivalent of vacuum tubes) on the EDSAC memory driver. Maurice WIkesis on the back cover holding the
memory driver's wiring. (On loan from the Science Museum, London.)

Manchester University Mark |

Computer work began at Manchester University in late 1946. F C. Williams and Thomas Kilburn's first project was to build a new kind
of memory, one that was large enough to store programs and data, but faster than the mercury delay line.

Several investigators, most notably Jan Rajchman of RCA, had
been working on cathode-ray tube memory. Williams and Kilburn
solved amajor drawback to the CRT, i.e., that the charged spots
that represented bits only stayed on the screen for afew instants
before dissipating.

"Looking back, it is amazing how long it took to realize the fact that if one can read arecord once, then that is entirely sufficient for
storage, provided that what is read can be immediately rewritten inits original position."

F C. Williams and T Kilburn, paper presented at Manchester University Computer Inaugural Conference, 1951

The Manchester group built an experimental prototype to test the Williams tube. The "baby machine" ran its first program in June 1948.
The machine was expanded in several stages, and the full-scale computer was complete in late 1949. Williams described its not-quite-
automatic operation:

"The two-leve store [fast Williams tube and slow magnetic drum] | have referred to was indeed on two levels. The electronic store was
in the magnetism room and the magnetic store in the room above. Transfers between the stores were achieved by setting switches, then
running to the bottom of the stairs and shouting, 'We are ready to receive track 17 on tube 1.' The process was repeated for tube 2 and
the machine set working. When the machine wished to disgorge information, it stopped and the reverse process was initiated."

F C. Williams, "Early Computers at Manchester University, Radio and Electronic Engineer, 1975
Graduate student Dai Edwards. A Williams tube set in the machine can be seen in the foreground.

Williams tube memory was borrowed by several computers of the day including the IAS Computer. Julian Bigelow, head of engineering
design for the IAS project, recalled his visit to see the Manchester Computer in its early state:

"My visit to Manchester was a delightful experience; E C. Williams was a true example of the British 'string and sealing wax' inventive
genius, who had built a primitive electronic computer from surplus World War 1 radar parts strictly on his own inspirationin the middle
of which were two cathode-ray tubes storing digitsin serial access mode-the 'Williams memory.' | can remember him explaining it to
me, when there was a flash and a puff of smoke and everything went dead, but Williams was unperturbed, turned off the power, and
with a handy soldering iron, replaced afew dangling wires and resistors so that everything was working again in afew minutes.”

Julian Bigelow, "Computer Development at |.A.S. Princeton,” in A History of Computing in the Twentieth Century, ed. N. Metropolis,
J. Howlett, and Gian-Carlo Rota, New Y ork, 1980

Pilot ACE
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After the war, Britain's National Physical Laboratory began a computer project. Alan Turing, who had written a paper on machine
intelligence in 1936 and participated in the Bletchley Park cryptoanalytic effort, was the central figure in the early days of the NPL
project. In the words of the NPL's director, "About twelve years ago, a young Cambridge mathematician, by name Turing, wrote a paper
in which he worked out by strict logical principles how far a machine could be imagined which would imitate processes of thought. It
was an idealized machine he was considering, and at that time it looked asif it could never possibly be made. But the great
developments in wireless and electronic valves during the war have atered the picture. Conseguently Turing, who is how on our staff, is
showing us how to make hisidea cometrue.”

Sir Charles Darwin, BBC broadcast, 1946 Turing designed several versions of a computer, but left the NPL in 1947. An NPL team
directed by J. H. Wilkinson built a pilot version of the ACE, which embodied Turing's highly original design philosophy. Turing
summed it up in a 1947 conference discussion: "We are trying to make greater use of the facilities available in the machine to do all
kinds of different things simply by programming rather than by the addition of extra apparatus.”

Discussion of "Transfer Between External and Internal Memory" by C. Bradford Sheppard, Proceedings of a Symposium on Large-
Scale Digital Calculating Machinery, Cambridge, Mass., 1947.

From Alan Turings ACE notebook. "In the ACE, we intend to represent all numbersin the binary system . . . Every number may be
represented in the binary system by a sequence of digits each of which is either azero or aone, and this provides us with a particularly
simple method of representing a number electrically."

J. H. Wilkinson, Progress Report on the Automatic Computing Engine, Mathematics Division, National Physical Laboratory, 1948.

National Bureau of Standards SEAC and SWAC

Before any of the stored program computers had been completed, the National Bureau of Standards decided to procure two computers
for its own use. After reviewing university projects and proposals from nascent computer companies, Standards decided to build their
own machines.

SEAC console.

The SEAC (Standards Eastern Automatic Computer), built in Washington, had two aims. One was to be operational as soon as possible
to run programs for the Bureau of Standards. The second objective was to be a laboratory for testing components and systems, since the
Bureau of Standards might be called on to set standards relating to computers.

SWAC (Standards Western Automatic Computer) was built at the Institute for Numerical Analysisin Los Angeles. Its main objective
was to be finished as soon as possible, using as much a readydevel oped technology as possible. Project leader Harry Huskey wrote,
"The plan was to build a computer with the minimum of circuit development. Thus, the circuits in the arithmetic unit were derived from
Whirlwind circuits, and the development of the memory circuits depended heavily on the published work of F C. Williams of
Manchester University."

Harry D. Huskey, "The National Bureau of Standards Western Automatic Computer (SWAC)," in A History of Computing in the
Twentieth Century, ed. N. Metropolis, J.

Howlett, and Gian-Carlo Rota, New Y ork, 1980 SEAC was the first computer to use all-diode logic, pointing the way for the solid- state
computers of later years. Diodes were much more reliable than vacuum tubes. The SEAC, however, required a good deal of
maintenance, like all computers of the day: "We actually had much more trouble from bad solder joints than we ever had from vacuum
tubes, diodes, or delay lines. | can well remember that we established two standard debugging techniques. After about two hours a day
of preventive maintenance, we would stmt atest program running. Then we applied the 'stir with a wooden spoon technique, which
consisted of taking something like a wooden spoon and going around the computer, tapping everything you could see. If the test
program stopped, you had found something. When that test was finally passed, we applied the Bureau of Standards' 'standard jump.’ We
were in abuilding with wooden floors that were not difficult to shake, so the standard jump consisted of jumping up in the air about 15
cm and coming down on the floor as hard as possible. If that test was passed, the machine was ready to tackle a computational program-
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and even more interesting bugs would show up."

Ralph J. Slutz, "Memories of the Bureau of Standards' SEAC," in A History of Computing in the Twentieth Century, ed. N. Metropolis,
J. Howlett, and Gian-Carlo Rota, New Y ork, 1980

SEAC was the first of stored program computer to be completed in the United States, followed shortly by SWAC. With thefirst English
computers, the Standards computers reassured workers on other contemporary computer projects of their feasibility.

SWAC block diagram.

Whirlwind

In 1944, the Massachusetts I nstitute of Technology contracted with the Navy to build a universal aircraft flight simulator/trainer. Jay
Forrester of the M. 1. T Servomechanisms Lab became director of the project. By 1945, the original conception of an analog machine
was dropped, and the Navy approved construction of adigital computer in 1946. A general-purpose computer could take care of not

only flight simulation calculations, but avariety of other scientific and engineering applications. Whirlwind was completed in stages; the
entire central machine was working in 1951.

The most important legacy of the flight- simulator concept was Whirlwind's real- time design. To allow the instantaneous response
needed for flight simulation, Whirlwind originally used its own version of cathode-ray tube memory, at that time the fastest available
type of memory. It was also, in the words of a 1952 project summary report, "the most important factor affecting reliability of the
Whirlwind | system.”

M.I.T. Project Whirlwind, Summary Report #31, 1952, p. 6.
Institute, Archives and Special Collections, M.LT Libraries, ]
Cambridge, MA.

An elaborate system of marginal checking identified hardware problems before they affected computational accuracy.

At the same time, new military applications which demanded higher-than-ever reliability were emerging. The Cold War was at its
height, and the U.S. military was on guard against atomic attack. Whirlwind, funded by the Office of Naval Research and then by the
Air Force, was part of the defense network; the production version of the Whirlwind 11 design, named AN/FSQ-7, was to become part of
the SAGE System. Project members, dissatisfied with CRT memory performance, researched a substitute.

Several researchersin the late 1940s, including Jay Forrester, conceived the idea of using magnetic cores for computer memory.
William Papian of Project Whirlwind cited one of these efforts, Harvard's " Static Magnetic Delay Line," in an internal memo. Core
memory was installed on Whirlwind in the summer of 1953. "Magnetic-Core Storage has two big advantages:. (1) greater reliability with
a consequent reduction in maintenance time devoted to storage; (2) shorter access time (core access time is 9 microseconds; tube access
time is approximately 25 microseconds) thus increasing the speed of computer operation.” M.1.T. Project Whirlwind, Summary Report
#35, 1953, p. 33. Institute Archives and Special Collections, M.LT Libraries, Cambridge, MA.

Whirlwind was thus the first full-scale computer to run on core memory the mainstay of primary memories until the 1970s.

The Pioneer Computers Comparative Statistics

Floor
. Memory
Start . Word Memory size [Add Space
Completion |Program length (words) time type /O Technology o
[secondary] s ft

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (21 of 221)6/21/2005 1:52:24 PM


file:////cray/Shared/COLLECTIONS/Curator/TCMR-V03-P13.gif

file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

4
Fglecl)_raZSStl\i/lb??zel function, 4 workin gzrl;orl ex Teletype
g 1939 |10/39 complex (8 digits . 9 P none or paper  [450relays (50
at Bell Telephone . . registers X (4
. arithmetic tape
Laboratories products)
calculator
punched
Zuse”Z3 punched |22 hits, film,
Konrad Zuse 1939 |1941 film flt. Pt 64 2s relays keyboard, 2600 relays (100
lights
ABC
John Vincent .
12/39 fixed,
At_an asoff and 12/37 |prototype |equation |50 bits 2X(30+2 32in1ls drum 0 f cards vacuum 125
Clifford Berry at spare) capacitors tubes
1942 solver
lowa State
University
fur:eched 23 digits o tane relays, 51 ft
IBM ASCC ap ' also 72 counters relays, Paper tape, motor- long,
1937 (8/44 function . 3s . cards, .
Harvard Mark | double |60 switches switches . driven cam, |Ig.
table, . typewriters
precision clock room
plugboard
1500
telephone 5hole photo- :’lfggm
Colossus (Mark 12143 (1) plugboard 5 bit 500 paper tape, |electric rdays(l) 200
| & 11) 1943 5/44 (11) (), characters |characters 2ms plugboard, - |paper tape, 2400 ()]
Bletchley Park switches keys & switches,
(m cords lights vacuum
tubes 800
relays (I1)
ENIAC 20 counter cards, 18,000
Moore School, plugboard, - accumul ators, tubes, lights, vacuum
University of 1943 | 2/46 switches 10 dgits 312 function -21MS relays, switches, [tubes, 1500 1,000
Pennsylvania table switches  |plugs relays
. 3,500
EDVAC delay lines, !
stored . vacuum
Mqore SChOOI’ 1/44 (1951 program (44 1024.(8x .85ms [magnetic paper tape [tubes, 400
University of 128) drum
Pennsylvania compulter (1953)] 7,000
diodes
IAS Computer
Institute for 2,600
Advanced Study, (6/46 |7/51 " 40 1024 09ms  [crt Teletype  |vacuum 100
Princeton tubes
University
I\E/Izusr?\cce:: Wilkes er tape 3,000 med
. 10/46 5/49 " 36 512 14ms  |delay lines PP 8 | acium :
at Cambridge teleprinter room
S tubes
University
NAMNA(\:SIE ISTER 6/48 crt, paper tape, (1,300 med
’ 1947 |prototype [ 40 128 + 1024  (1.8ms [magnetic  |teleprinter, [vacuum '
Manchester . room
L 7149 drum| switches  |tubes
University

file://l/cray/Shared/ COL LECTIONS/Curator/mondo_museum_report.htm (22 of 221)6/21/2005 1:52:24 PM




file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

PILOT ACE
National Physical 800
Laboratory 10/48 |5/50 " 32 352 54ms delay lines |cards vacuum 12
Teddington, tubes
England
crt, delay 1,290
SEAC lines, o tape. |VECUUM
National Bureau |6/48 |5/50 45 512+512  |.86ms  |[magnetic %" . 8 |t ubes, 150
of Standards tape & ype 15,800
wire] diodes
SWAC
National Bureau 2,000
of Standards ort, . cards vacuum
. 1/49 |7/50 " 41 256 .064ms  |magnetic ' 60
Institute for drum paper tape |tubes 2,
Numerical 500 diodes
Analysis
crt, core ort, paper 4,500
Whirlwind (1953), A ’e vacuum 3,100
Servomechanisms (1945 (1951 " 16 2048 .05ms [magnetic rﬁp n atic tubes, lg.
Laboratory MIT drum & ¢ ag 14,800 rooms
tape] S diodes

Warning: Use of any data on this table without prior checking with the Museum may lead to the proliferation of inaccuracies.

Additional Source Material

Primary sour ce bookswith excellent bibliographies, guiding the reader to great numbers of primary and secondary sour ces:

C. Cordon Bell and Allen Newell, Computer Structures: Readings and Examples, New York, 1971.

B. V Bowden, Editor, Faster than Thought, A Symposium on Digital Computing Machines, New Y ork, 1966.

N. Metropoalis, J. Howlett, and Gian-Carlo Rota, Editors, A History of Computing in the Twentieth Century, New Y ork, 1980.

Brian Randell, Editor, The Origins of Digital Computers, Selected Papers. Third Edition, Berlin, 1982.

Bell Telephone Laboratories M odel |

George R. Stibitz, videotape of lecture at The Computer Museum, 1980.

George Robert Stibitz papers. Dartmouth College Library.

Archives, Bell Telephone Laboratories.

G. R. Stibitz, "Calculating With Telephone Equipment.” Paper presented at Mathematical Association of America meeting, Hanover, N.

H., 1940.

ZuseZ1,73

A replicaof the Z3 ison exhibit at the Deutsches Museum, Munich.
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Konrad Zuse, videotape of lecture at The Computer Museum, 1981.

K. Zuse, Calculator for Technical and Scientific Calculations Designed According to a Theoretical Plan. Distributed by the Office of the
Publication Board, Department of Commerce, Washington, D.C. (n.d.).

ABC

A simplified moddl of the Atanasoff-Berry Computer built by 1. V Atanasoff is on exhibit at The Computer Museum.
J.V Atanasoff, videotape of lecture at The Computer Museum, 1980.

Archives, Division of Mathematics, National Museum of American History, Smithsonian Institution, Washington, D. C.
IBM ASCC (Harvard Mark 1)

Part of the IBM ASCC is on exhibit at the Harvard Computation Laboratory.

Records of the Computation Laboratory. University Archives, Harvard University Cambridge, Mass.

Archives, Division of Mathematics, National Museum of American History, Smithsonian Institution, Washington, D.C.
Colossus

T H. Flowers, videotape of lecture at The Computer Museum, 1981.

See also Randell.

ENIAC

Parts of the ENIAC are on exhibit at the University of Michigan, the National Museum of American History, Smithsonian Institution,
and at The Computer Museum.

J. G. Brainerd, videotape of lecture at The Computer Museum, 1981.
Arthur C. Burks, videotape of lecture at The Computer Museum, 1982,
R.F Clippinger, audiotape of |lecture at The Computer Museum, 1982.

"The ENIAC Film." Footage of the ENIAC operating in 1946, with introduction and narration by Arthur Burks. Videotape produced by
Arthur Burks and The Computer Museum, 1982.

ENIAC Archives, Maoore School of Electrical Engineering, University of Pennsylvania, Philadel phia.
Archives, Division of Mathematics, National Museum of American History, Smithsonian Institution, Washington, D.C.

ENIAC Trial Records. United States District Court, District of Minnesota, Fourth Division: Honeywell, Inc. v Sperry Rand Corp. et al.,
No. 4-67 Civ. 138, decided October 19, 1973.

F Robert Michael, "Tube Failuresin ENIAC," Electronics 20, 1947.
H. W Spence, "Systematization of Tube Surveillancein Large Scale Computers," Electrical Engineering 70, 1951.

EDVAC
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EDVAC Archives, Moore School of Engineering, University of Pennsylvania, Philadelphia.
Archives, Division of Mathematics,

National Museum of American History, Smithsonian Institution, Washington, D.C. Donald Eadie, "EDVAC Drum Memory Phase
System of Magnetic Recording." Electrical Engineering 72, 1953. S. E. Cluck, "The Electronic Discrete Variable Computer." Electrical
Engineering 72, 1953.

IAS Computer

The LAS Computer is on exhibit at the National Museum of American History, Smithsonian Institution, Washington, D.C.
Mathematics and Natural Sciences Library Institute for Advanced Study Princeton, N.J.

Archives, Division of Mathematics, National Museum of American History, Smithsonian Institution, Washington, D.C.
EDSAC

Parts of the EDSAC are on exhibit at The Computer Museum.

M. V Wilkes, videotape of lecture at The Computer Museum, 1979.

"The EDSAC Film." Produced by Cambridge University Mathematics L aboratory 1951; with introduction and narration by M. V
Wilkes, 1976.

M. V Wilkes and W Renwick, "An Ultrasonic Memory Unit for the EDSAC." Electronic Engineering 20, 1948.
Manchester University Mark |

Parts of the Manchester University Mark | are on exhibit at Manchester University.

D.B.G. Edwards, videotape of lecture at The Computer Museum, 1981.

F C. Williamsand T Kilburn, "A Storage System for Use with Binary Digital Computing Machines." Proceedings of the |EE 96, part 2,
1949.

F C. Williams, T Kilburn, and G. C. Tootill, "Universal High-Speed Digital Computers: A Small-Scale Experimental Machine.”
Proceedings of the |EE 98, part 2, 1951.

Pilot ACE

The Pilot ACE is on exhibit at the Science Museum, London.

J. H. Wilkinson, videotape of lecture at The Computer Museum, 1981.
Archives, National Physical Laboratory, Teddington, England.

E. A. Newman, D. O. Clayden, and M. A. Wright, "The Mercury-Delay-Line Storage System of the ACE Pilot Model Electronic
Computer." Proceedings of the |EE 100, part 2, 1953.

NBS SEAC

Parts of the SEAC are on exhibit at the National Bureau of Standards Museum. Library Division, National Bureau of Standards,

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (25 of 221)6/21/2005 1:52:24 PM



file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

Washington, D.C.
Archives, Division of Mathematics, National Museum of American History, Smithsonian Institution, Washington, D.C.

National Bureau of Standards, MDL Staff, "The Incorporation of Subroutines into a Complete Problem on the NBS Eastern Automatic
Computer." Mathematical Tables and Other Aidsto Computation 4, 1950.

National Bureau of Standards, Electronic Laboratory Staff, "The Operating Characteristics of the SEAC." Mathematical Tables and
Other Aidsto Computation 4, 1950.

S. N. Alexander, "The National Bureau of Standards Eastern Automatic Computer." Proceedings, Joint AIEE-IRE Computer
Conference, Philadelphia, Pa., 1951.

Alan L. Leiner, "Provisions for Expansion in the SEAC." Mathematical Tables and Other Aidsto Computation 5, 1951.

Ernest F Ainsworth, "Operational Experience with SEAC." Proceedings of the Joint AIEE-IRE-ACM Computer Conference, New Y ork,
December 10-12, 1952.

S. Greenwald, "SEAC Input-Output System." Proceedings of the Joint AIEE-IRE-ACM Computer Conference, New Y ork, December
70-12, 1952.

Ruth C. Haueter, "Auxiliary Equipment to SEAC Input-Output.” Proceedings of the Joint AIEE-IRE-ACM Computer Conference, New
York, December 10-12, 1952.

James L. Pike, "Input-Output Devices Used with SEAC." Proceedings of the Joint A(EE-IRE-ACM Computer Conference, New Y ork,
December 10-12, 1952.

Sidney Greenwald, R. C. Haueter, and S.N. Alexander, "SEAL." Proceedings of the IRE 41, 1953.

NBS SWAC

Parts of the SWAC are on exhibit at the National Bureau of Standards Museum and the Museum of Science and Industry Los Angeles.
Library Division, National Bureau of Standards, Washington, D.C.

Archives, Division of Mathematics, National Museum of American History Smithsonian Institution, Washington, D.C.

H. D. Huskey "Characteristics of the Institute for Numerical Analysis Computer." Mathematical Tables and Other Aidsto Consultation
4, 1950.

H. D. Huskey R. Thorensen, B. F Ambrosio, and E. G. Yowell, "The SWAC- Design Features and Operating Experience." Proceedings
of the IRE 41, 1953.

Whirlwind

Parts of Whirlwind are on exhibit at the National Museum of American History Smithsonian Institution, Washington, D.C., and The
Computer Museum.

Jay Forrester, videotape of lecture at The Computer Museum, 1980.
"See It Now: Interview with Whirlwind." Excerpt from Edward R. Murrow's CBS news program, 1951.

"Making Electrons Count.” Film produced by MIT, 1953.
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MIT Servomechanisms Laboratory Technical Publications File, 1944-1968, (AC-34); MIT Digital Computer Laboratory Records, 1944-
1959 (80-36); and Magnetic Core Memory Records, 1932-1977 (MC-140). Institute Archives and Special Collections, M.LT Libraries,
Cambridge, Mass.
Corporate Archives, MITRE Corporation, Bedford, Mass.
Archives, Division of Mathematics, National Museum of American History Smithsonian Institution, Washington, D.C.
S. H. Dodd, H. Klemperer, and P Y outz, "Electrostatic Storage Tube." Electrical Engineering 69, 1950.
Jay W Forrester, "Digital Information
Storage in Three Dimensions Using Magnetic Core.” Journal of Applied Physics 22, 1951.

R. R. Everett, "The Whirlwind | Computer.” Electrical Engineering 71, 1952.

William N. Papian, "A CoincidentCurrent Magnetic Memory Cell for the Storage of Digital Information. Proceedings of the IRE 40,
1952.

William N. Papian, "The MIT MagneticCore Memory" Proceedings of the Joint IRE-AIEE-ACM Computer Conference, Washington, D.
C., 1953.

J. W Forrester, "Multicoordinate Digital Information Storage Device." U.S. Patent 2,736,880, issued February 28, 1956.
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D.H. Lehmer's Number Sieves
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Richard Rubinstein

Richard Rubinstein, a human factors engineer at Digital Equipment Corporation and an active volunteer at The Computer Museum,
compiled this article, based on his experience planning and supervising the Lehmer Number Sieves exhibit.

Dick Rubinstein (Ieft) and Derrick Henry Lehmer (right) pausein
front of Lehmer's Photoelectric Number Sieve after Lehmer's
dedication of the exhibit, October 7, 1982.

This Photoel ectric Number Sieve, built by Dr. Lehmer in 1932,
performs 300,000 tests per minute using 30 gears arranged
tangentially. Each gear has a number of holes equal to amultiple
of aprime. For any problem, al holes that do not represent
solutions are plugged with toothpicks. A solution is found when
light, originally supplied by an automobile headlight lamp, passes
through all 30 wheels. A Photoelectric cell detects this brief flash
of light, and a vacuum-tube amplifier multiplies the resulting
signal 700,000,000 times to stop the motor.

Number sieves perform. tests an numbers to eliminate those numbers that cannot be solutions to a problem, and thus find those that are
solutions. Dr. Lehmer's machines search numbers sequentially, from any starting point that may be chosen, looking for a number that
has an acceptable remainder modulo, each of a number of primes.

Consider the following problem:

Find avalue of x for which
91894770302976x2 + 287722528867021824x + 256527596541064768
is aperfect square.

These large coefficients are not arbitrary numbers. In fact they arise quite naturally in an investigation into the possible factors of the
Mersenne number 279 - 1. The numbers 2" - 1 where n is a prime have been the subject of investigation since time time of Euclid.
Twelve of these numbers have been praved prime and twelve composite ones have been completely factored. Since 1924 it has been
known that if avalue of x exists for which the formula above is a square then

0 <x<39110012.

D.H. Lehmer explored the problem with his photoel ectric number sieve. The problem was considered in each of the finite arithmetics
corresponding to a prime or a power of a prime where p < 127, and the appropriate holes in the corresponding gears were stopped up.
This presents the problem to the machine, which, canvassing numbers at the of 300,000 a minute, can cover the above range far x in
about two hours without attention. As a matter of fact, during the first test the power was automatically shut off in 12 seconds and the
machine coasted to a stop.

Reversing the machine slowly and substituting the human eye for the photo-electric cell, the light was seen to shine through at

x = 56523

according to the reading on the revolution counter. Substituting this value of x in the formulawe obtain at once the number
309853160646773276521024,

which is the square of 556644555032. Hence our problem is solved. Incidentally this leads to the factorization:
279 - 1 = 2687 « 20202978 » 1113491139767.

Derrick Henry Lehmer is the son of aleading American number theorist, Derrick Norman Lehmer (1867-1938). D.H. Lehmer designed
and built the number sieves shown in the accompanying photographs of the Museum's Number Sieve exhibit to further his own research
in number theory. He presented the number sieves to the Computer Museum, and on October 7, 1982, he dedicated the exhibit with a
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lecture on the sieves. Videotapes of hislecture are in the Museum archives.

Asauser of ENIAC, Dr. Lehmer wasin charge of operations, maintenance, and much of the trouble shooting. Dr. Lehmer continues to
use computers, such asthe Cray 1 and ILLIAC IV, to support his work with number theory. He is professor of mathematics Emeritus at
the University of California, Berkeley

The number sieve idea dates back to the Greek Eratosthenes who lived in Alexandria about 230 B.C. His sieve provided away to find
prime numbers by removing composite numbers from alist of the positive integers.

The first mechanical realization of a sieve process was over 200 years ago, by Karl Hindenberg, a German, and Anton Felkel, an
Austrian. They invented what is now called the stencil method. Using this technique, Felkel produced a compilation of the factors of the
integers up to 408,000, published by the Austrian government in 1776. Few copies were sold, and those remaining were scrapped and
used for making cartridges for the war against Turkey.

These sieves were specialized, useful only for finding primes and for finding the factors of composite integers. A more general
approach, the strip method, used by A.M. Legendrein 1794, alowed searching for numbers with far broader properties, but was still a
slow and error-prone manual technique. The strip method was the best available technique when D.H. Lehmer developed his first
machine.

Dr. Lehmer built the first electromechanical number sieve in 1926. It used 19 bicycle chains, and performed a process similar to the strip
method. The rotating chains simulate the effect of the shifting strips of paper, and have the mgjor advantage that no upper limit of the
search need be established at the outset. The machine can be left running indefinitely in search of numbers with the desired properties.

In 1932, Lehmer built afar faster machine using 30 tangential gears, capable of performing 300,000 tests per minute. Later, he also built
asieve that used 16mm film, and another with vacuum tubes and delay lines. These machines did efficiently and inexpensively what no
commercial calculating equipment then available could do at all.

This small sieve, employing 16mm film as the computing

elements, was built as a complement to the large photo-electric
machine. It was used for relatively short problems, and D
performed about 3000 tests per minute. Easier to set up than the
photoelectric model, it could be supplied with as many as 18 film

loops.

The Bicycle Chain Sieve, built in 1926 but later destroyed, is
being replicated at the Computer Museum by Roberto Canepa,
Andrew Kristoffy and Richard Rubinstein. This photograph
shows the Museum's working model before the installation of
micro-switches and a counter. The original 19-chain machine
could perform 3000 tests per minute. It was used to factor the D
number:

9999000099990001
which is afactor of 1020 + 1. The machine ran for about two
hours, finding the solution:

1676321 « 5964848081

Constructed in 1966 as an unsponsored educational project of the Departments of Mathematics and Electrical Engineering at the
University of California, Berkeley, the Delay Line Number Sieve performed 1 million tests per second. Navy surplus delay lines store
the acceptable remainders for each modulus and circulate them synchronously. The machine has an idle mode in which al of the delay
lines are connected in series and the data recirculated, so that the machine may be "stopped" and loaded.

"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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Inside "The Soul of a New Machine"

Tracy Kidder and Tom West

Tracy Kidder (left) and Tom West (right) discuss The Soul of the D
New Machine during the Museum's Bits and Bites series.

Tom West: | think it's probably important to point out that Tracy and | have never done this before.. . . and will probably never do it
again! | am still doing com- puters and Tracy is still writing books. Neither of us has yet become PR. junk- ies, but that may change after
looking at such alarge group of people who seem to think we have something to say.

Tracy Kidder: Wewould like to find out what you are interested in and try to answer your questions.

Q: How did you two first get together? Did you start writing at the time the project was started? Kidder: About six years before |
started, | had been ajournalist writing for the Atlantic Monthly. | went in to my editor one day because | had nothing to do and asked
him what | should do next. He said "L ook into computers.” | asked where | should start and he told me to go see West, whom he knew.
So | did and then one thing led to another.

West: It was alittle more complex than that. Tracy decided that he was going to write "The Book" about all computers. He went to the
library and found that there had already been many stories written about the whole world of com- puters. Then it was going to be the
whole world of mini-computers, which | suspect even today is too big a story to tell. It kept narrowing and narrowing, until, rather
accidentally it became focused on a single machine.

Q: What wasit like for you, as someone who is used to working with machinesin a crisis situation, to be shadowed by a person with a
notebook?

West: There are some real advantages to having awriter on a project. Tracy was about the best early warning sys- tem you could
imagine. | would suggest that every program manager hire some guy from the street, teach him how to write on steno pads and have him
walk around listening to people. The young engineers walk around thinking that this must be an incredibly important program because
somebody iswriting about it. One disadvantage is that you could wind up with the most well- recorded failure in history.

Just Tracy looking at the thing actu- ally changes the way it works. Thereisal this uncertainty involved. It's not the way it would work
under normal circum- stances, it has been perturbed. It is alittle disarming to wake up in the morn- ing, go down to breakfast and find
Tracy Kidder interviewing your wife and two daughters with a steno pad.

Kidder: Most good journalists, and | certainly aspire to be one, think of them- selves as good anthropol ogists who come in to observe
the customs of the natives and don't want to change those customs in the process. Just the fact that you are there changes things. But, if
you are never there at breakfast then you would never know what happens at breakfast.

Q: What sort of reaction did you get from Data General and from people in the book, after the book came out?

West: For me, it was like three years of psychoanalysis embedded in about twenty-four hours. | hadn't read the book before Tracy went
to the printers with it and | don't think many of the other people had either. It was a shock then, to al of a sudden see awhole piece of
your lifein print, a piece that maybe you would have chosen to rewrite very care- fully.

| don't think Data General was cer- tain, even after reading the book, what the public reaction was going to be. It was afairly accurate
representation of what they do every day for aliving. And | don't think that the story is unique. Otherwise, why do so many people read
the book? Why do so many people buy the book and send it home to Mom to explain what they do? And why do they give it to their girl
friends to explain that thisis the reason they are not home until eleven o'clock at night? The general answer isthat the everyday life of
designing computers had been pretty opague.
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But from my point of view the re- viewers tell you what you are supposed to think about the character.

Kidder: That's right, you have been called Captain Ahab, The Prince of Darkness, Machiavelli, Tom Swift . . .

West: Gatsby and Horatio Alger. It's been kind of eerie.

Q: The paperback book saysit is soon to be made into a major motion picture. What is exciting to the lay person about high technology?

Kidder: | think thisis kind of fun, frankly Columbia wanted to turn thisinto a movie, one way or another. Asto why they find it
interesting, | don't know. | found the story interesting and | rate as alay person. At one time during my research, Data General had some
understandable fears about trade secrets. West pointed out in arather sardonic way that | would never learn enough to be able to convey
atrade secret.

West: When people ask why D.G. alowed a Pulitzer Prize winning book to be written about their machine, that is not what they agreed
to. A guy was going to write alittle piece about a couple of guys sitting down in alab sort of dreaming up their own thing. Even at
printing time there was really no way of knowing that there was quite so much interest in Tracy's book.

Q: What are some of the advantages of a closed management style versus a more open one?

West: In support of this sort of closed management style, | knew more about what was going on in every single one of those
organi zations than any manager at that level in most companies does. It's not a question of not having the information, it's a question of
not having the style.

If somebody walks into your office after five minutes of staring at a sheet of paper and asks: " Should we make this register sixteen bits
wide or thirty-two bitswide?' you know the answer to this question if you have been through it over and over and over again. So you
can tell him the answer, and he goes back and putsit in. Then he sits around for another five minutes before coming back with the next
guestion. In some sense that is sort of what happens.

If you can send him back to his office and he thinks alittle while longer, ten minutes, fifteen minutes, or a half an hour, and then he gets
alittle scared because he's got to have the right answer by the time he goes back in again, you extend his span of attention before heis
finally ready to go and scream for help.

It seems to me that that is one of the most valuable lessons that you can teach akid who is coming into this business right out of schoal.
A span of attention of five minutes or even a half an hour is not really going to do it. There are some problems that only yield after three
hours of just staring at them. I'm sure all of those who have been doing design work have seen exactly that same thing happen. It isthe
ability not to give up even after two hours of trying to stare something down. Part of that is what is embedded in that whole style of
trying to make the easy answers difficult to get.

Q: Itisvery clear at the end of the book that you couldn't keep a good team together, but it is also sort of sad that so many of them end
up leaving Data General.

West: At the end of this program, an awful lot of people, not only left the program, but also left Data General. Thisisnot atotally
anomal ous phenomenon to D.G. People don't leave projects in the middle, they leave them at the end, with an incredible postpartum
depression at the end of something that they poured so much adrenalin into. They go home and with more time on their hands. They
begin to ask themselves why the heck they ever did it in the first place and would they ever be willing to do it again. If the answer isyes,
then what are the odds of their doing it successfully again? Isit a coin toss, fifty-fifty each time, or do the odds keep piling up against
you?

| read in Time Magazine that statistically I'm burned out and washed up at forty-three. | think thereis going to be not only a shortage of
engineersin the next ten years but a shortage of engineering managers with enough street sense to be able to manage all the college
graduates who are graduating with all kinds of notions about things that can be done but quite possibly shouldn't be done. Just like all
these people who are putting 68000s on a board and calling it a computer. There is going to be agreat need for people to be able to see
the way technology is going and be able to manage these people coming out of school.

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (31 of 221)6/21/2005 1:52:24 PM



file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

In this machine we had a straightforward design. We were highly leveraged on PAL S because it provided quite a bit of logic
compression. Almost everyone drew out these PALS, except the guy who was designing the system cache. He was doing it al on four
by fivefile cards. Every week or so I'd ask him how he was coming on his design. He'd show me this big deck of file cards with Boolean
equations written on them and awhole room full of Karnaugh maps and things to try to reduce these down to something that made
sense. There was no way of telling where the guy was. Design review time was coming and all the managers were getting anxious. The
big deck of cards was still there, and he was still worrying about the various mapping things that he'd learned in college. We redly came
perilously close to firing that guy But finally when the design review day came, it was adeck of cards with awell-defined set of

Boolean expressions for each one of those PALS. We used one hundred and sixty of them in the machine and about forty of them on the
system cache. He built the thing, and it worked the first time. At that stage of the game | said to mysdlf; thank God | didn't fire him.

Q: Would you attribute the intimidation some of your subordinates felt toward you to their inexperience?

West: In the first place, | would sure hate to defend what | did four years ago. At some level in the organization you expect to have
people who are going to fight back, regardless of what theissueis, if they fedl strongly about it. If they don't feel strongly about it, then
they had better go away and do it your way

Q: The book mentions the fun part, the engineers doing the design, but | don't remember hearing about the paper work and bureaucracy,
meetings etc. Did you find some way around that?

Kidder: You know the old joke about the bum who islooking for his quarter under the street light, even though he dropped it half a
mile away because the light is better. This book doesn't take on, in any detail, the software part of the project which is at least half.
There were some things that | saw more of than others. | was aso able to drag a certain amount of that information out of Tom. Then
oneday | said to Tom: "I don't know much about what you've been up to lately," and Tom said, "Oh you noticed.”

| always thought that the salient characteristic of thisteam, which | thought was charming, was that no one ever seemed to take pert
charts at all serioudly. A nucleus had built computers before and they knew what was required. They knew, | think, that what was
required could simply not be embodied in a pert chart.

Q: If you could do this over again, would you fight harder for a mode hit?

West: No, quite the contrary. In hindsight | thought that was a really spectacular decision. Tracy said half the work may have been
software where | would guess eighty percent of the work was software. Without the mode bit we could drop sixteen bit programs on that
machine and run them. For along period of time that was exactly what we were doing. We also had three or four hundred thousand lines
of diagnostic code, all of which would have had to be rewritten. So for the time being, having that absolute compatability was the only
thing that could get it there on time.

The point is that the machine doesn't have a golden moment of when you all of a sudden stop implementing the mode bit and then move
on to adifferent identity Mode bits tend to increase in a geometric fashion, and I've seen alot of machine families that are now going
into their two-to-the-sixth mode bit. Intel is going to solve all their incompatability problems at the chip level with mode bitsand it is
going to go to huge numbers, | think.

Q: I wonder if you could say something about Ed DeCastro's involvement. The novel makesit seem like he was very rarely checking on
the project.

West: That is one of the most difficult questions to answer because once again | think most of the people who were working on the
project itself would assume that | had no visihility, barricading myself in my office. Mr. DeCastro is more than likely to let something
go with benign neglect, assuming that local management would find away to solve its problems. He was certainly not involved on a
daily or weekly or even monthly basis.

Q: What about Carl Carmen, who was the vice- president of engineering at that time?

West: He wasinvolved during the program, in making sure that the environmental issues were taken care of, that the PC shop worked at
the right speed and that things didn't get lost in the mill. He also barricaded the team against the rest of the organization.

Q: Since you weren't able to tell us much about software, those of uswho are in software felt alittle cheated. Could you tell us what the
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organization of the software development's side was?

West: When Tracy talked about looking under the street light for the quarter it is because hardware tends to be alot easier to see, it has
alot more of avisual effect than writing code does.

The reason for having the sixteen bit identity in the machine initially was because we didn't believe that we were going to have any
software at all. There was a guy who decided that he could take our existing sixteen bit operating system and by taking it module by
module convert it and run it initially in just a couple of the rings with only a couple of the features, and then incrementally get there over
aperiod of ayear and a half. He put together ateam of twenty volunteers all signing up for a kamikaze mission because nobody really
believed that it could be done. Then he decided that we were going to have the software to announce at the same time that we had the
hardware to announce. All we had planned to announce was thirtytwo bit hardware, which would get some pressure off our back and
point to futures. He managed to do it. The reason that he managed to do it was that he didn't decide okay, |'ve got a clean sheet of paper
and I'm going to develop an O.S. all the way from the ground up, based on the first principles of computer science. The relationship was
quite close. In the final analysis, the only thing we really had to de- bug in the thirty-two bit part of the machine was the operating
system which had already been run through thirty-two bit simulators. At that stage of the game we were using system software to de-bug
the hardware.

Q: What happened to the competing design?

West: The competing design is still alive. It's always difficult to know the answer to "What if?". It would be naive to suppose that D.G.
was only working on extensions to the Eagle family of machines. It would also be naive to assume that we are just pragmatically going
to follow technology and wander along incrementing the existing product line. The question is when, not whether.

Q: The book mentions a saying in Mr. West's office that anything worth doing is not necessarily worth doing well or something along
those lines.

Kidder: One of the thingsthat | began to learn about engineersis that they are aesthetes as much as they pretend to be something else.
I've seen this most vividly in the intersection of engineers and non-computer scientists. The engineer talks about technical symmetry and
the scientist says | just want something that works. | think that that was what that piece of cryptic puzzling advice was. How did it go?
Not everything worth doing is worth doing well.

West: | am very comfortable with that notion. | suspect that there are more people who fail in our industry because they try to do it
perfectly, as opposed to doing it on time and on cost.

Q: What are you doing now, respectively, and secondly, are you (Tracy) sick and tired of computers?

West: We are still basically doing the same thing - designing machines - at Data General. The book portrays people leaving, which was
true at the time Tracy had to go to press, but since that time alarge number of people did stay. All those people have formed a hucleus to
build multiple different machines, going in different directions, they build bigger ones, smaller ones, faster and cheaper ones.

Kidder: I'm digging out from under. I'm writing some articles about atmospheric research. To be honest, I'm alittle tired of my book. |
put it on my shelf and won't read it again for years. | think | know what's wrong with it. In some sense, writing abook is like building a
computer. There are rewards but one of the main onesis that Sisyphean one that if you do one you get to do another. So, | have an
opportunity now to write a better one.

Extracted from a talk by Tracy Kidder, author of The Soul of a New Machine and Tom West, the chief designer of the machine, Data
General's Eagle, in the Museum's "Bits and Bites" series, given October 17th, 1982.

Tracy Kidder autographed copies of The Soul of the New Machine for the Museum. Remaining copies of the autographed copy are
available for $18.00 (including shipping) from the Museum store.

Recollections of the Watson Scientific Laboratory, 1945-1950
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Herbert Grosch

The heroes of this story are Thomas Watson Sr. and Wallace Eckert. Tom Watson Sr., when | first met him, was in his seventies. In the
20's, 30's and 40's, he supported what he thought of as scientific research, but what we call applied research. At that time, this kind of
support was uncommon for even the most advanced American industries.

This famous photograph of Thomas Watson Sr. hung over the
fireplace in the Watson Laboratory at Columbia University for
which he furnished the money and alarge part of the inspiration.

In 1945, IBM remodeled this fraternity house and donated it to Columbia University for the Watson Laboratory. The first concept of the
SSEC was formulated in this building and the group that eventually built the NORC (Nava Ordnance Research Calculator) worked on
the upper floors and in the basement.

Wallace Eckert's prime life interest was the theory of the motion of the moon. Astronomy provided one of the earliest groups of people
who had substantial problems which had to be solved with computation regardless of the form, whether it be pencil and paper, logarithm
tables, or with the most advanced modern solid-state computing devices. In the thirties, amajor problem was that crossing the Pacific
required the measurement of both longitude and latitude. The chronometers were inaccurate and a very accurate clock was needed.
Many many years ago the motion of the moon among the stars was suggested as a clock. As a consequence, agreat effort was put on the
determination of the proper position of the moon. One of Babbage's interests was in building astronomical tables helpful for navigation.
Even today, people who are doing algebra on computers, often use the enormously complex and lengthy formulas of the litteral lunar
theory as an example.

Eckert discovered a series of articlesby L.J. Comrie, a New Zealander who by that time had penetrated the scientific establishment in
England sufficiently to become the Director of the Nautical Almanac office at the Roya Greenwich Observatory. These articles
explained how Comrie had rented Hollerith machines from the British Tabulating Machine Company and had done the calculation of the
positions of the moon for every hour or every six hours or something for hundreds and hundreds of years on a mass production

dlparallel basis.

Inspired by this, Eckert, with the help of the American Astronomical Society of which he was ajunior member and Columbia University
where Thomas Watson Sr. was a Trustee, approached the IBM Corporation, aless than one-hundred million dollar business. They
donated some special equipment which he installed and called it The Thomas J. Watson Astronomical Computing Bureau which
flourished in the late years of the thirties.

Then the War threatened. The U. S. Naval Observatory had to manufacture a new publication called the Air Almanac for the use of
navigators crossing the Atlantic by air, especially for bomber navigation, when the skies were clear and bubble sextant observations and
so on were possible. They had run out of old-fashioned people who could do this with paper and pencil and logarithm tables. Wallace
Eckert's war work was the real McCoy-carrying out very complicated calculations, the sort that strained the professional astronomer.
Done, however, in parald so you didn't have the problem of a complex sequence, but doing a single simple operation to hundreds or
thousands of pieces of data at one time and then moving on. With methods he developed for automatic proof-reading, he was able to
produce the Air Almanac. Since that time literally millions and millions of characters have been printed by the calculations of such
equipment, printed by his automatic printing machine, and proofread by automatic devices without one single error ever having been
detected.

In 1941, | became an optical designer which involved lots and lots of calculations on Monroes and Fridens. Then, in the early spring of
1945, an announcement in Science stated that Thomas Watson Sr. had called Wallace Eckert back from Washington and had asked him
to establish a new scientific computing laboratory at Columbia University. Before he left Washington, | wrote Wallace asking if | could
come around in the evenings and try out some of my ideas on optical design on his nice new shiny IBM machines. One of the incentives
for beginning the laboratory was that the computational facilities at Los Alamos had run out of capacity Wallace accepted the charge of
setting up a shop of IBM machines at Columbia with the first task to supplement the Los Alamos cal culations on the Alamogordo burst.
While | only hoped for an invitation to maybe around one night aweek, instead alittle man from the Manhattan Project showed up at
my optical company and took me away. | said, "Y ou know you can't do that, thereis no such thing as acivilian draft." He essentially
said, "Tell that to General Grove." The next thing | knew | was an IBM employee. In the rush they forgot to pass me through IBM
headquarters. As aresult, although | received an identification card and all that, nobody had paused to tell me that you could not have
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hair on your face and work for IBM. So | was not only avery early scientific punch card operator and supervisor but | also was the first
bearded sport-coated IBM employee.

1946. Boom. ENIAC. For the first time IBM felt threatened by a development that they had not really foreseen or understood. One of
the responses to the ENIAC announcement was the mass production (mass being about twenty units) of the 603 cal culating punch
operating at around six thousand cards an hour while its electro-mechanical competitors did six hundred. IBM had produced it out of
their own patents, their own Eccles-Jordan flip- flops and so forth, originating primarily with a gentleman by the name of Halsey
Dickinson. But, this card calculator was not enough for either Eckert or Thomas Watson Sr. who was incensed that someone would
produce something that he didn't know about and hadn't sponsored.

A group of people were brought together to write the specifications for a gigantic new machine, the SSEC. With almost no electronic
gear available on the market, the arithmetic units were designed around the standard 25L 6 radio vacuum tubes. The design of the SSEC
went ahead day and night, seven days aweek at the IBM engineering laboratory in Endicott. Along with the electronics, a complete
panoply of peripheral equipment was designed: high speed card readers, auxiliary tape punches, card punches, fancy console, storage
devices, and amajor table look up unit in contrast to the setting switches on ENIAC's function table pandl.

The whole thing wasto be installed in beautiful quartersin the IBM world headquarters at the corner of Madison Avenue and 57th
Street, since torn down. Since no sizable ground floor space was available, they bought out a store called the French Bootery around the
corner on 57th Street. They tore out the shoe store shelving and put power supplies with agigantic air- conditioning unit in the
basement. The equivalent of false floors was created by a raised floor with the enormous amount of electronic cabling under it. The
machine was put together at Endicott, ran, taken apart, and moved to New Y ork City.

On Mr. Watson's final inspection about two or three days before the opening ceremony, he was disturbed by the fact that there were
large columns marching down the center of the room. He said, "Everything islovely you gentlemen have done a beautiful job but | think
we should remove those columns." Unfortunately, they held the building up. Nevertheless, the four-color brochure which had been
printed for opening day was recalled and a two color sepia print center-fold inserted showing the machine room minus its columns.

After the dedication, Thomas Watson Sr. said, "It's wonderful how these people out at Endicott and these peoplein New Y ork have
slaved over this machine for the last year. Their wives have et them work all hours. They have been diligent and successful. We will
celebrate by having aweekend at the Waldorf." On two days notice telegrams went out to all of the senior people that had shared this
activity, inviting them and their wives to come to an ol dfashioned family get-together at the Waldorf. That is a somewhat large family.
Rumor had it that the Waldorf was chosen not only because Mr. Watson liked it very much, but because all bar bills were charged as
restaurant. At the luncheon, the old man got up and told us how he loved us, how wonderfully we had behaved, and how we were all
part of the IBM family. It was a fantastic exhibition of the kind of excitement that Watson, then in his mid-seventies, could generate.

The Lab's decoration wasin my hands and | worked with Mary Noble Smith, the curator of fine arts, who helped me furnish the place
with the IBM ceramics and paintings. The ceramics came from a program "the old boy" had sponsored at Syracuse University before the
war. Heliked it so much that he bought it al and put it in a warehouse where we retrieved some pieces. The old man objected to my
choice of French Impressionist paintingsin the lobby and remarked that there should be pictures of telescopes and so forth. The next day
Mary Noble said, "What are we going to do about those photographs that Mr. Watson wanted?" | said that we weren't going to do
anything about it. When they closed the building to move to 115th Street, those paintings were still on the wall. Wallace Eckert was
asked for his opinion on paintings of great American scientists commissioned by IBM. Wallace who was a Y ale man liked Willard
Gibbs, so we hung Willard in the library. Mary Noble came down to me wringing her hands saying, "l don't understand it, we wanted
you to have5 or 6 at least.”

| asked to see thelist and said, "We will take Ben Franklin."
"But Dr. Grosch," she objected.

| said, "Ben was sort of an amateur natural philosopher, lightning and all that business. But the rest of these guys like the Wright
brothers and Edison are inventors, we don't want them here in the Watson Lab."

She said, "l don't understand the difference. What do you mean by a scientist?'
About six weeks later the art van drove up and they delivered a portrait of Newton which | hung in the library with great pride. When |
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saw her again | asked her where she had found the portrait. She said; "I had it painted fox you."

The SSEC used conventional IBM 405 tabulators rehoused with the tape slugs turned upside down and the wires crossed so as to make it
work out of the back instead of the front for the sake of appearance. The 12,000 inch and a quarter diameter 25L 6 boggles out of which
the arithmetic circuits were made can be seen in the back of the photo.

The SSEC tape drive consisted of afour hundred pound reel of
card stock which had to be lifted with a chain hoist. It is sliced,
unlike the average roll of card stock, to the length of the punch
card rather than to the width. In other words, it is eighty columns
wide. It passes through a punch unit in the square box at the
upper left and is punched with two round sprocket holes and up
to seventy-eight conventional IBM rectangular holes. One line of D
this punching constitutes aline of instructions or data. It could
then go to as many as desired of the succeeding ten stations or
loops used as subroutines. Sixteen feet high racks of wire contact
relays (equivalent of what we would call core or central memory)
were behind the scenes. The electronic memory in the arithmetic
unit was only afew words, since the tapes were used as input and
longterm memory devices.

The Lab's electronics group was very special. Rex Seeber was recruited from Aiken's Harvard Mark | with the experience of running a
big machine which practically no one else in the world had at that time. He was invalu- able as the man who lived downtown with the
SSEC inits plate glass and stainless steel palace and turned out very useful work. Eckert was well aware of the fact that IBM did not
have modern pul se technology at its disposal. What was heeded was to go to the more modern mega-hertz kind of technology which was
available in large quantity at Bell Labsand M.LT With the help of 1.I. Robie who was Eckert's close friend from his days as an
astronomy professor, Eckert hired two young and one mature electronics engineers. They arrived simultaneously and put my nose out of
joint because they knew an awful lot of things | hadn't even dreamed of yet. Byhavens built the NORC and was interested from the
beginning in doing that kind of activity. John Lenz was more concerned with atool for individuals and less with building a gigantic
machine for number crunching. He built a smaller machine or the pieces of a smaller machine which led toward the IBM 610. Robert
Walker, who was the more mature man, first continued to play with analog circuitry and then ended up interested in a simultaneous
equation solver.

The Pioneer Computers

Floor
Memory
Name Start Completion |Program Word size A.‘dd Memory 1/10 Technology space
up length time [type est. 5
(words) it
20 decimal |8 words
IBM 78 hole digits (19 + |electronic, .
SSEC punched tape |sign), 150 words ;N' (?: &igl?m tubes
57th Street (IBMcad |double relay, 20000 ape, 3050
. 0.3 |relays, punched |21400 relays .
at 10/46 |1/48 stock), precision, |wordstape . (special
. ) . ms |widetape |cards, 40000
Madison, punched table (including line luoaable room)
New York cards, lookup, 14 (5000 lines finters Eon?]gecti ons
City plugboards. |x 14 of table P
arithmetic  |lookup)

| mention this because one of hisvisitors was Clifford Berry, the coworker of Atanasoff. Berry was interested in infra-red spectroscopy
and had published an article in The Journal of Applied Physics on a knob-twiddling analog simultaneous equation solver.

Walker wrote to him, had him brought in and they talked with Francis Murphy of the Columbia Math Department and others about how
to build amachine of this sort at the Watson Laboratory. By the time it was a useful tool, the technology had moved on towards digital
computers. With a 604 you could solve ten equations and ten unknowns to six or eight figures in a reasonable amount of time. In
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contrast, Walker's analog device took quite along time to twiddle all the knobs and was less accurate.

The practical computer shop was used by people in chemistry and geophysics at Columbia, by Wallace Eckert, L.H. Thomas, and

myself for our research, and for work for General Electric on unclassified nuclear energy and steam turbine design. We helped install the
604's, and watched the CPC devel op. We saw people like George Finn, Bill Woodbury and Rex Rice from the aerospace industry
demand that IBM build a more sophisticated machine for mass production. Ed Teller especially came to us for calculationsin partial
differential equations of partial integral differential equations which were tougher than what we had done on the punch card machines.
With those we used special relay calculators built for us by Hans Peter Loon who later became head of The Information Society of
America. He was a great guy at whomping up special machines using those L ake wire contact relays and his own design methods for
survey calculations, cryptography or whatever was needed.

Asword spread that a machine was becoming available at the consulting service at Columbia, people began to drift in and say, "Hey,
what should | do to start doing this?' In 1948 when | ran the conference at Endicott we were hard put to come up with fifty or sixty
people who really wanted to do advanced technical calculation on punch card machines. When the CPC's began to come out and word of
the Defense Calculator began to spread there began to be hundreds of installations that became interested in doing it with thousands of
people. A.C.M. had started in 1947, the |EEE and its predecessor societies began to talk about applications and not just about the details
of construction. There was atime around 1950 when computing went from a small coterie of enthusiasts to being commercially
practical. No mass production had occurred: the UNIVAC 1's had not yet been produced; the 701's were till two or three years from
major delivery; but the scent wasin the air. It was obvious that there were going to be large numbers of sophisticated number crunchers
which were going to need trained people, professional operators and software artists. And they were going to be used not only in science
and engineering where they were aready popular but in business as well.

Y et Wallace aways wanted to do astronomy. One of the things we built at the Watson Laboratory was an automatic measuring engine to
measure gigantic photographs of the stars. A punch card went in, the machine made arough setting, a photo-cell made a more accu rate
setting and the punch recorded it on the initial card. It sped up the process of astronomical measurement by a factor of five or six. If he
had wanted to abandon astronomy and become a computer man, I'm sure he would have been a much better known figure. His
contributions were enormous but they were disguised by the fact that he really did them in order to do better astronomy That helped us
al, helped astronomy, but it was a direction that did not please IBM so much.

The Watson Lab was very valuable as a consulting service and as a point of contact between IBM and academia. As a part of
astronomical research it was unequalled. As asignal that Thomas Watson Sr. who furnished the money and much of the incentive for
this was committing his rather small company to a scientific and engineering enterprise that was unfamiliar to it, it was very significant.
One of the things that we did was to teach courses in machine operation and numerical analysis. | think that the main thing that it did
was to bring awhole bunch of youngsters into the trade. Because of its location at a University, because we offered courses, because we
tried to get young people from customer installations to come and take special work on numerical analysis and punch card machine
operation, we passed several hundred bright new peopl e through that shop before it moved to physical research. In the long run, the fact
that we had Backus, McClelland, and people like that did more good out in the world than just telling GE that yes, they ought to get a
defense calculator.

NORC was the pinnacle of achievement of the old Watson Laboratory. Although it wasn't delivered until 1953 or so, the work had gone
on from 1948. It was a so, in a sense, the culmination of the decimal machine.

Extracted from a Museum Lecture given by Dr. Grosch on October 22, 1982. It provides a complementary, personal view of the Watson
Laboratory at the time of the SSEC to the two articles appearing in the October 1982 Annals of the History of Computing: "The SSEC in
Historical Perspective" by Charles J. Bashe and "A Large-Scale, General Purpose Electronic Digital CalculatorThe SSEC" by John C.
McPherson, Frank E. Hamilton, and Robert R. Seeber, Jr.

As a result of thislecture and the two articles, the Museum's Pioneer Computer Timeline is being revised to include the SSEC: the first
machine to combine electronic computation with a stored program and capabl e of operating on its own instructions as data.

Field Trip to North Bay
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(to see a SAGE installation)
Gordon Bell

The high point of the first Computer Museum members field trip was the visit to the SAGE AN/FSQ-7 computer prior to its
decommissioning after operating "around-the- clock™ since 1962. The "Q-7", once known as Whirlwind 11, grew out of the Whirlwind
project at MIT and became the prototype for the nation's air defense systems. In turn, this technology formed the basis of modern air
traffic control!

Seventeen museum members made the trip to North Bay, Canada and the National Museum of Science and Technology in Ottawa. The
group included Bob Crago from IBM, one of the key designers; Kent Redmond and Tom Smith, historians writing the SAGE story;
Henry Tropp, who iswriting an article for the Annals of the History of Computing; and Richard Solomon who photographed and
videotaped the Q-7 as part of an MIT Project on the History of Computing. We left Friday noon, 8 October, from Bedford, Mass. for
North Bay, arrived and visited the "hol€" where we were completely briefed by members of the staff and original installation team, had
dinner with the Canadian Air Force leaders, including the Commanding NORAD General (U.S.), flew on to Ottawa where we spent the
night prior to visiting the National Museum of Science and Technology and returned Saturday afternoon.

The Q-7

Bob Everett's paper on the SAGE computer was published in 'S7, and the machine was operational in Canadain '62. The machine
created many patents as by-products, including perhaps the first associative store (using adrum). The machine is duplexed with awarm
standby (I mean warm since the duplexed machine uses about 1 Megawatt of power to heat 55,000 tubes, 175,000 diodes and 13,000
transistorsin 7,000 plug-ins!). The 6 microsecond, 32-bit word machine has 4 x 64K x 32-bit core memories and about the same
memory intwelve 10.7" diameter, 2900 rpm drums, 6 of which are for secondary memory. There is no use of interrupts and 1/O is done
in an elegant fashion by loading/unloading parallel tracks of the drums with the external world completely in parallel with computing.
That is, the I/O state becomes part of the computer's memory state. A single 1/O channel is then used to move a drum track to and from
the primary core memory.

Themain I/O is ascan and height radar that tracks targets and finds their altitude. The operator's radar consoles plot the terrain and
targets according to operator switch requests. The computer sends information to be plotted on 20" round Hughes Charactron (vector
and alpha gun) tubes or displayed on small aphanumeric storage tubes for supplementary information. Communication lines connect
neighboring air defense sectors and the overall command. The operating system of 1 Mword is stored on 728 tape drives and the drums.

The computer logic is stored in many open bays 15' to 30" long, each of which has abay of voltage margina check switches on the left
side, followed by up to amaximum of 15 panels. The vertical panels are about 7' high by 2' wide and hold about 20 plug-in logic units.
The separate right and left half of the arithmetic units are about 30' each or about 2' per bit. Two sets of the AMD 2901 Four-bit
Microprocessor Slice would be an overkill for this 32 hit function today. The machine does vector (of length 2) arithmetic to handle the
co- ordinate operations. The room with one cpu, drum and memory is about 50" x 150", and the room with two cpu consoles, tapes and
card 1/0 printer is about 25' x 50'. The several dozen radar consoles are in avery large room.

The AN/FSQ-7 control room has been an integral part of the
SAGE air defense system from 1962 until powering downinthe  []
spring of 1983.

These are only afew of the 55,000 vacuum tubesin replacable
plugin modules that support the SAGE AN/FSQ-7 at North Bay,  []
Canada.

Underground Site

The enormity of the machine was dwarfed by the underground building which enclosesit. The building hollowed out of stone by
hardrock minersis 600" beneath the surface, and connected by a 6000' tunnel which can be sealed off in seconds if there are very large,
atmospheric disturbances. The building is about 150,000 square feet and has 10 standby 100 Kw generators and an air conditioner that
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can operate closed loop into an underground pond.
Cost and Reliability

The machine and software cost about $25M in 1962 and the site about $25M. The facility costs several million to operate per year,
including about $1M to IBM. Three people are needed to maintain the software. Initially, one hundred people were used to install the
machine and set up its maintenance. When you count the radar, planes, etc. and operational costs, the computer cost isamost an
incidental.

Thereliability isfantastic! With ONE COMPUTER, AVAILABILITY 1S99.83% and with DUPLEX OPERATION, AVAILABILITY
1S 99.97%! Having wondered why such an obsolete computer would be still used, it was clear: the reliability and the overwhelming
fixed costs for radar, airplanes, etc. Marginal checking and incredibly conservative design were the key. Each week they regularly
replace 300 tubes and an additional 5 tubes that are showing signs of deterioration.

Even though the program is about 1 Mword, written in assembly language and Jovial, the key here is the aging and the fact that the
program is NOT interrupt driven. The program simply cycles through the job queue every few secondsin around robin fashion. Thisis
an excellent example of superb software engineering with an incredibly simple overall structure sinceit is non-parallel, all the bugs that
an interrupt driven system would have had are avoided. Usersidentify overload by the lengthened cycle time. The high reliability
demonstrates learning curves as applied to reliability This obvious notion just occurred to me: since all the software | seeis aways
changing, it doesn't reach ultra-high reliability.

Bottom Line

| doubt if any of the existing personal computers that operate today will either operate or be found in 25 years, simply because
technology will have changed so much in performance and reliability as to make them uneconomical at the personal level. How many of
us still repair and use our 10 year old HP35's? Furthermore, al the floppies will have worn out and we'll be glad to be rid of them.

Gordon Bell,
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ILLIAC IV

R. Michae Hord

The most recent addition to the Museum's Hall of Super Computersisthe llliac 1V, an advanced computer designed and developed at
the University of Illinocisin the mid-1960's by Professor Daniel Sotnick and sponsored by the Defense Advanced Research Projects
Agency. On loan from NASA Ames where it was delivered in 1971 and used in computational fluid dynamics research, the llliac 1V
exhibit at the Museum includes the central unit, the processing unit cabinet with eight processing units and two Burroughs disks. The
following article is excerpted from R. Michael Hord's llliac 1V The First Supercomputer, published in 1982 by the Computer Science
Press. The book is available at the Museum store. (Reprinted with permission from the author.)

Project History

It was during the spring of 1970 that the llliac IV computer project reached its climax. llliac 1V was the culmination of abrilliant
paralel computation idea, doggedly pursued by Daniel Slotnick for nearly two decades, from its conception when he was graduate
student to its realization in the form of a massive supercomputer. Conceived as a machine to perform abillion operations per second, a
speed it was never to achieve, Illiac 1V ultimately included more than amillion logic gates-by far the largest assemblage of hardware
ever in asingle machine.

Until 1970, Illiac IV had been aresearch and devel opment project, whose controversy was limited to the precise debates of computer
scientists, the agonizing of system and hardware designers, and the questioning of budget managers. Afterward, the giant machine was
to become amore or less practical computational tool, whose disposition would be a matter of achieving the best return on a government
investment of more than $31 million.

Illiac IV was funded by the U.S. Department of Defense's Advanced Research Project Agency (ARPA) through the U.S. Air Force
Rome Air Defense Center. However, the entire project was not only conceived, but to alarge extent managed, by academicians at the
University of Illinois. Finally, the system hardware was actually designed and built by manufacturing firmsBurroughs acted as the
overall system contractor; key subcontractors included Texas Instruments and Fairchild Semiconductor.

Perhaps the greatest strength of Illiac IV as an R&D project, wasin the pressures it mounted to move the computer state of the art
forward. There was a conscious decision on the part of al the technical people involved to press the then-existing limits of technology.
Dr. Slotnick [. . .] madeit clear to his coworkers that the glamour and publicity attendant to building the fastest and biggest machinein
the world were necessary to successfully complete what they had started.

Design History

The story of Illiac 1V beginsin the mid-1960's. Then, as now, the computational community had requirements for machines much faster
and with more capacity than were available. Large classes of important calculational problems were outside the realm of practicality
because the most powerful machines of the day were 'too slow by orders of magnitude to execute the programs in plausible time. These
applications included ballistic missile defense analyses, reactor design calculations, climate modelling, large linear programming,
hydrodynamic simulations, seismic data processing and a host of others.

Designersrealized that new kinds of logical organization were needed to break through the speed of light barrier [186,000 miles per
second] to sequential computers. The response to this need was parallel architecture. It was not the only response. Another architectural
approach that met with some success was overlapping or pipelining wherein an assembly line processis set up for performing sequential
operations at different stations within the computer in the way an automobileis fabricated. The Illiac IV incorporates both of these
architectural features.

Thellliac 1V isthe fourth in a series of advanced computers from the University of Illinois; its predecessors include a vacuum tube
machine completed in 1952 (11,000 operations per second), a transistor machine completed in 1963 (500,000 operations per second) and
a 1966 machine designed for automatic scanning of large quantities of visual data. Thellliac 1V isaparallel processor in which 64
separate computers work in tandem on the same problem. This parallel approach to computation allowsthe Illiac IV to achieve up to
300 million operations per second.
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Thelogica design of thellliac 1V is patterned after the Solomon computers. Prototypes of these were built in the early 1960's by the
Westinghouse Electric Company. This type of computer architectureisreferred to as SIMD, Single Instruction Multiple Datastream. In
this design there is a single control processor which sends instructions broadcast style to a multitude of replicated processing units
termed elements. Each of these processing elements has an individual memory unit; the control unit transmits addresses to these
processing element memories. The processing el ements execute the same instruction simultaneously on data that differsin each
processing element memory.

In the particular case of the llliac IV each of the processing element memories has a capacity of 2,048 words of 64 hit length. In
aggregate, the processing element memories provide a megabyte of storage. The time required to fetch a number from this memory is
188 nanoseconds, but because additional logic circuitry is needed to resolve contention when two sections of the Illiac N access memory
simultaneously, the minimum time between successive operations is somewhat longer.

In the execution of a program it is often necessary to move data or intermediate results from one processor to another. One way of
regarding this interconnection pattern is to consider the processing elements as a linear string numbered from 0 to 63. Each processor is
provided a direct data path to four other processors, itsimmediate right and left neighbors and the neighbors spaced eight elements
away. So, for example, processor 10 is directly connected to processors 9, 11, 2, and 18. This interconnection structure is wrapped
around, so processor 63 is directly connected to processor 0.

lliac IV functional diagram. ]

This routing diagram shows schematically the neighbor-to-
neighbor linkages which form the 64 processing elements (PE)
into aring, as well as the connections of the PE's eight apart such
that data can bypass intermediate PE's when the distance to be
covered islarge.

The other major control feature that characterizesthe Illiac N is the enable/ disable function. While it's true that the 64 processing
elements are under centralized control, each of the processing elements has some degree of individual control [provided] by a mode
value. For agiven processor [it] is either 1 or O, corresponding to the processor being enabled "on" or disabled "off". The 64 mode
values can be set independently under program control, depending on the different data val ues unique to each processing element.
Enabled processors respond to commands from the control unit; disabled elements respond only to a command to change mode. Mode
values can be set on specific conditions encountered during program execution. For example, the contents of two registers can be
compared and the mode value can be set on the outcome of the comparison. Hence iterative calculations can be terminated in some
processors while the iteration continues in others, when, say, a quantity exceeded a specific numerical limit.

In addition to the megabyte of processor element memory, the llliac IV has amain memory with a sixteen million word capacity. This
main memory isimplemented in magnetic rotating disks. Thirteen fixed head disksin synchronized rotation are organized into 52 bands
of 300 pages each (an llliac pageis 1,024 words). This billion- bit storage subsystem is termed the llliac IV Disk Memory or 14DM. The
access time is determined by the rotation rate of the disks. Each disk rotates once in 40 milliseconds so the average accesstimeis 20
milliseconds. This latency makes the access time about 100,000 times longer than the access time for processor element memory. The
transfer rate, however, is 500 million bits per second.

This memory subsystem, the input/ output peripherals and the management of the other parts of the system [were] under the direction of
aDigita Equipment Corporation PDP-10 conventional computer. A Burroughs B-6700 computer compiles the programs submitted to
the llliac into machine language.

This Burroughs Disk exhibited at The Computer Museum is only
one of the thirteen synchronously rotating fixed head disksthat ]
comprised the 16M word main memory of Illiac IV.

Circuitry
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Initial plansfor llliac 1V circuitry envisioned bipolar emitter-coupled logic (ECL) gates capable of speeds of the order of 2-3 ns. The
ECL circuits were to be packaged with 20 gates per chipalevel of complexity that later would be called medium scale integration.

[ Texas Instruments was chosen as the subcontractor for these circuits.] Illiac 1V initial specifications called for a 2,048-word, 64- bits-
per-word, 240-ns cycle time memory for each of its processing elements. In 1966, the only technology that seemed to meet the
requirements was the thinfilm memory. At that time, a few developmental semiconductor memory chips were being studied, but no
computer manufacturer would yet consider them seriously for main memory use.

[However, achange] to smaller ECL circuit chips proved a death blow to thin-film memory. When the smaller chips' requirements for
added space on circuit boards and interconnections were taken into account, it turned out that there was not enough room for the
smallest feasible thin- film memory configuration. Strangely, the failures of the ECL circuits and thin-film memories also set the stage
for abrilliant hardware success: Illiac IV was to be one of the first computers to use all semiconductor main memories. Slotnick chose
Fairchild as the semiconductor memory subcontractor.

Called for were 2,048 words (64 bits/ word) of memory for each of the 64 Illiac processing elements, atotal of 131,072 bits per
processing element. The memory was to operate with a cycle time of 240 ns and access time of 120 ns. Slotnick recalls the development
proudly: "l was the first user of semiconductor memories, [and] Illiac IV was the first machine to have all-semiconductor memories.
Fairchild did a magnificent job of pulling our chestnuts out of thefire[. . .] the memories were superb and their reliability to thisday is
just incredibly good."

Results

The end results this pioneering [project] had on computer hardware were impressive: Illiac IV was one of the first computers to use all
semiconductor main memories; the project aso helped to make faster and more highly integrated bipolar logic circuits available; in a
negative but decisive sense, llliac 1V gave a death blow to thin- film memories; the physical design, using large, 15-layer printed circuit
boards, challenged the capabilities of automated design techniques.

Installing the llliac IV

Jay Patton

Jay Patton, Manager of Installation Planning at Burroughs Cor poration, coordinated the initial set up of the llliac IV at NASA Amesin
1970 and came to the Computer Museum in December to reinstall it. Comments made during his gallery talk follow, conveying an idea
of the massive size of the computer and its capabilities.

"In 1970, ARPA (Advanced Research Project Agency) determined that the Illiac IV parallel architecture could best be tested in an
environment that had research programs requiring the potential power of the machine. A new wing was built to house Illiac 1V It took
one month to disassembl e the unit from our testbed in Paoli, which had 100 tons of air conditioning built into it. The computer totalled
53" in length, and took 11 40’ vans to house it, weighing 99 tons. One truck alone had only power suppliesin it.

Illiac IV had atotal of 11,739 pc boards. Y ou can imagine what the spares problem was, and projecting what the failure rate would be.
There was a group of people who did nothing but work on equations such as the mean time between failure rate. Inside each pc board
were 12 layers of pc material. Each of the boards is coded with a letter code at the top, and a number code at the bottom. Y ou cannot
physically put awrong board in the wrong spot.

From the control unit to each one of the processing extenders (which is a separate computer all in itself) there were belted cablesin the
back running the length-in one unit aone, there's over 85 miles of cable. The cooling air was 45,000 cubic feet of air per minute. It used
over ahalf amegawatt of power. When we turned it on, we had to do it by sections, not al at once.

The disk system had atransfer rate of 500 x 106 bits per second, when you had two disks running in parallel. The parallel concept for
Illiac was used to bypass the speed of light limitation, because you could do 64 additions, subtractions, or multiplications
simultaneously. The maximum speed intended by the design was 200 x 106 operations per second; it actually achieved an effective
speed of over 60 million instructions per second on some applications.
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Y ou can imagine the traumatic experience | had when | compared the 1970 Nationa Geographic photograph of the Illiac IV and the
recent National Geographic (October 1982) photograph of Illiac being torn apart and having an autopsy done on it. Then you can
imagine how | felt when acall came from Marcie Smith [NASA Ames] to tell me that the Computer Museum was going to ask me to
help put Illiac back together - she asked me to control my laughter. The computer really was the dinosaur of the sixties. What you seein
the museum are the skeletal remains of a once-proud unit."

Collecting, Exhibiting and Archiving

The Exhibits and Archives department rarely refuses donations offered expand the collection. With computing technology changing so
rapidly, determining the future significance of apieceis difficult. To turn away a potential acquisition because it seems lessimportant
hinders the future growth of the collection. The collection now numbers about 450 pieces, representing the largest holding of computer
artifacts anywhere.

Asthe Museum has evolved, it has established a close relationship with its members and friends-engineers, computer scientists and
history buffs -who are responsible for many donations. Often they refer the department to an available artifact, or make a donation from
their own collections. When an object is offered to the collection, they act as curators, illuminating the importance of the acquisition,
and sometimes preparing text for an exhibit. While not actually employed by the Museum, they act in its behalf as the expertsin
computing technology.

The collections policy outlines the process of acquiring artifacts. A deaccessioning clause clarifies to donors at the piece they donate
today may not always be part of the permanent collection for reasons of space, alessening of historical value, or duplication. The
deaccessioning policy contributes to our habitual "squirrelling” of artifacts; the donor has agreed that the piece may be taken off the
catalog listing and traded with another Museum for another piece, or its parts, if it isa duplicate, could be sold to other collectors
through the Museum store. Very littleis ever scrapped.

After determining the significance of an acquisition, the artifact is pursued. Most acquisitions require a little detective work and some
phone calls to ensure shipment, while afew others are more elusive. In June of 1981, Greg Mellen from Univac in St. Paul called to say
he had located a part of the 1956 NTDS (Naval Tactical Data System) in an officein St. Paul. Seymour Cray was the director of
development for the NTDS project, the first automated command and control system within the Navy. Initial letters were mailed and
calls made to guarantee the CP-642's rel ease to the Museum. It was not until June of 1982 that the paperwork arrived in alarge package
from the Navy. In order to clear the CP-642, the Navy needed severd letters of intent and background from the Museum, al of which
had to be notarized, establishing ourselves as a reputable agency for the preservation of computing history. Another six months later,
after several follow-up calls, the Navy wrote that they needed a statement from the state of Massachusetts that the Museum was, indeed,
tax exempt. In January, 1983, the Navy informed us that the CP-642 was in an officein St. Paul, presumably not due to be shipped until
April, 1983, almost two full years after the process started.

When an acquisition arrives at the Museum, it is checked for damage and suitability for immediate display (this usually involves
climbing through 40 foot trucks, removing quilted covers and making some on-the-spot decisions). When the nine tons of Illiac IV
arrived completely disassembled on the shipping dock-with no Illiac IV experts available in Marlboro-most of the machine, with the
exception of the skeleton and several processing units, was sent to storage. Through a contact at NASA Ames, we located Jay Patton at
Burroughs, who had originally installed the computer at NASA. Jay spent two days at the Museum, retrieving what had been mistakenly
shipped away, and piecing llliac back together.

A sequential identification number is assigned, with the last two digits representing the year of the donation. Each artifact is catalogued
by manufacturer, serial number, physical description, date, and place in computing history, donor name and address, special
characteristics, and a brief explanation of the artifact. It is cross referenced to its archival documentation if any exists. An
acknowledgement letter, collections policy and receipt for tax purposes are sent to the donor for his records.

The Museum's archives and library began with active solicitation of documentation of collected machines. The understanding was that
original manuals would be worthwhile research materialsin years to come. This has evolved to the point where relevant photographs,
theses, books, films and videotapes are also collected. In collecting archival material, the leads of the Museum's friends and donors are
investigated. Contacts for archival materia include libraries who wish to donate surplus material from their shelves, and individuas
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going through personal document collections. On the night of Maurice Wilkes "Pray, Mr. Babbage" premiere, Mary Hardell donated
volume one, number one of the ACM Journal and Bill Luebbert donated afull set of the videotapes from the Los Alamos computer
conference. A new acquisition, such asIlliac IV, precipitates outside interest and donations. People who worked on the machine or at the
University of Illinois are going through file drawers and attics to collect supplementary materials for us.

This summer's Report lists the whole collection by appropriate categories. Only one-third of the permanent collection is exhibited, with
al material that isin storage documented and available for research purposes. As the collection and exhibitions grow, the ratio will
probably remain the same. Some parts of the collection are better devel oped than others, but by looking at what has been collected, it is
eas er to determine what should be pursued. The collection's growth reflects a new understanding of the importance of preserving
computer history, and the many milestones within the computer industry. Active involvement from members, friends and expertsin
certain areas of computing technology is an invaluable resource in this development.

Jamie Parker
Exhibits and Archives Coordinator

Return to List of Reports

Return to List of Reports
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The Director's Letter

Next fall, The Computer Museum should be operational in downtown Boston at Museum Wharf, a six story condominium for two
museums. The Museum will occupy floors five and six. Visitors will enter The Computer Museum viathe majestic elevator pictured on
the cover. The decision to move was made quickly, but with care.

Last summer, just after we had opened our doors as a public museum, Michael Spock, Director of Boston's Children's Museum and
member of The Computer Museum Board, called me and asked, "Would you consider moving to Museum Wharf?"

| retorted, "Y ou've got to be kidding, we just opened in Marlboro.” But the seed had been planted.

During the last year, the most common questions from visitors and members were: "In the long run, where do you think the Museum
should be?' "How long do you think the Museum will stay in Marlboro?"' To be able to respond to these, we evaluated alternative
locations that would be convenient to our public: people from around the world interested in computers. Proximity to the airport,
convention hotels and local universities were critical factors. The stumbling block was money. Unless a specia opportunity arose,
relocating would cost tens of millions of dollars and take years of planning.

In January Mike called again and asked if the Museum would consider moving to the top two floors of Museum Wharf. | knew we
should take him seriously, but | questioned the suitability of the Wharf space. Having just installed a 9,000 pound section of ILLIAC IV,
| asked, "What's the loading capacity of the floor?”

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (44 of 221)6/21/2005 1:52:24 PM


file:////cray/Shared/COLLECTIONS/Curator/TCMR.html
file:////cray/Shared/COLLECTIONS/Curator/TCMR.html

file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

He replied, "One hundred pounds per square foot."
"That's double our present loading capacity,” | said. "But, how can we get a 12 x 8 x 4 foot machine to the top floors?"
"No problem," said Spock, "Y ou can drive afire engine into one end of the elevator and out the other onto the floor.”

The location fit the criteria. The site has a canal-front park with aview of downtown Boston. It is minutes from the airport, a short walk
from South Station and the "redline”" subway that stops near MIT and Harvard, and is convenient to convention hotels. Also, BOSCOM,
a permanent international computer marketcenter opening in late 1984 on Commonwealth Pier, is within walking distance.

Exhibit coordinator Jamie Parker and | made an appointment to see the space. The Museum of Transportation had recently moved out
leaving a bare shell equipped to hold another museum. The sprinkler system, heating system and public facilities were al up to code.
And the structure itself, built as awool warehouse, had large generic spaces into which exhibits could be set. The Computer Museum
could occupy 60,000 square feet, six times more space than it has in Marlboro. While The Computer Museum'’s goals indicate an
eventua need for several hundred thousand square feet, Museum Wharf provides the appropriate next step.

But we did not let ourselves get excited. The Museum didn't have any funds to purchase the property and Mike Spock and the Board of
The Children's Museum needed to have arapid decision. | talked about the issue with Ken Olsen, Chairman of our Board. Hein turn
took the issue to the officers of Digital Equipment Corporation. The consensus was that if the building provided good value for the
Museum, and if enough support would be forthcoming, then it was appropriate to make the move. Digital had been happy to provide an
incubator for the Museum, and would be proud to have it move to proper museum quarters at the right time.

Two studies were undertaken to test whether we should purchase one half interest in Museum Wharf. Digital's real estate department
determined the value to be received was very high. For a down payment of $1,200,000 and half interest in a $1,600,000 Industrial
Revenue Bond (at 8.5% interest to 1999), The Computer Museum will own half of a 155,000 sguare-foot building equipped as a
museum. Thisisathird of the cost that most museums have to pay for similar space in similar locations. Simultaneously Robert J.
Corcoran Associates undertook a feasibility study to determine whether $5 million could be raised for this project. After more than sixty
interviews with industry leaders, they gave the project an unequivocal green light. The Board of Directors of The Computer Museum
then agreed to undertake the necessary fundraising to enabl e this move.

Since then, the staffs of the two museums have met together and started to work on appropriate ways to share and cooperate as the
owners of Museum Wharf.

The ground floor of the Wharf will be developed for public spaces. Both museums will have separate |obbies and separate museum
shops, accessible to the public without entering the museums. MacDonalds has along term lease on the bay on one end of the building,
and in the summertime "The Milk Bottle" is open as a refreshment stand.

The Children's Museum occupies floors two through four and is accessible by several interior stairways. Unlike many children's
museums, it is both collection based and hands-on. The Americana, Native American, and Japanese collections provide the basis for
exhibits, study and teacher resource material. The centerpiece of the Japanese collection is arecreated 16th century silk merchant's
house from Kyoto. Visitors take off their shoes, sit on tamamis and listen to an interpreter tell about life in the house. The collections
and study areas are housed in specia climate-controlled areas beyond the house. The curatorial staff of The Children's Museum will help
us understand how best to use the Wharf building for exhibits and the interrelation of study, collections and exhibitions-an important
concept for The Computer Museum to develop.

This move will bring the Museum to a new threshold in developing exhibits. The members, many who act as "curators," have helped us
acquire and interpret the exhibits, resulting in atechnical presentation. After an exhibit is up, they comment and criticize, and we make
changes. Many visitors at Museum Wharf will be laymen, so our exhibits must be more accurate from the start and must be layered from
ageneral to atechnical level. Because member input has been so valuable, the exhibits will open for members only as afield test. If all
goes well, next May you will be invited to Museum Wharf to review the first exhibition. And with all that has happened in this past
year, I'm betting on it.

Gwen Bdll
Director
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Creating Archivesfor the History of Information Processing
Symposium
The Computer Museum sponsored two-day symposium in May on archiving issues in information processing history.

In only 35 years, the Information Revolution has produced more historical records on itself in more forms than those availabl e about any
previous scientific era.

Symposium attendees included archivists and others from The MITRE Corporation, Lawrence Livermore Laboratories, Travellers
Insurance Company, the MIT Library and Museum, Elecitherian Mills Museum, Clark University, the Charles Babbage Institute, the
Annals of the History of Computing, and the National Museum of Science and Technology, Canada.

"Criteria and taxonomies must be established for collections," said Helen Slotkin, archivist at MIT, "Thefirst step isthe general
taxonomy of the field, such asthat provided in Bell and Newell's Computer Structures and adopted by The Computer Museum. The
second step is the decision of whether or not to save any particular document.” ,

Slotkin emphasized that a' record" isarecord" independent of the field, and contemporary standard archival criteriafor preservation
may be used. But contemporary standards are different from those passed down from librarians in the days when everything could be
saved, shelved and cataloged.

Gordon Bell and Jean Sammet, both authors of historical "trees," argued about the placement of limbs and branches and agreed that
getting the tree planted was the significant point. A forest with alimited number of species for various major collecting areas would then
give the overall picture.

The importance of different collections was also discussed. Arthur Norberg, director of the Charles Babbage Institute, described its
focus on the early papers of the individuals who formed the industry, and hence the evolution of the information processing industry.
Computer Museum archivists explained its collecting policy - the Museum starts with hardware and then collects the accompanying
documentation. It was recognized that each institution would provide archivesin keeping with its primary role. For example, universities
and company archives would be expected to be primary sources for the papers on people and activities primarily associated with them.

Computer historian Paul Ceruzzi made the case that although we need to see documents of al kinds, the artifacts themselves are also
valuable. A movie or aset of prints just does not provide the same understanding as the object itself, or even afew pieces of the object;
and whenever those have survived they ought to be saved.

The symposium opened with a showing of videotapes and films of information processing, followed by a discussion. The films were
grouped into three kinds:

1. "Vintage films' (at least 15 years old) that have been found and considered to be worth saving;

2. Contemporary documentaries made with a historic purpose in mind, which include the commissioned videotapes of The
Computer Museum and the video-history program at MIT under the direction of Ithiel de Sola Pool and his assistant, Richard
Solomon;

3. Videotaped presentations of lectures and conferences devoted to historic topics.

Video archives create separate archival issues. Videotapes are easy to make and getting less expensive every day, yet they aretime
consuming to edit, expensive to preserve, and require special equipment to watch.

Martin Campbell-Kelly, a collector of vintage filmswho usesfilmsin his classes at the University of Warwick, led off the discussion.
He suggested that all films and video should be rated. This set the group into discussion.

Jean Sammet: "Outside from the cavesat of cost (and | realize that isabig one), | think everything created on film ought to be kept. |
want to see expression on people's faces. | suspect that everyone has watched a rocket launch and gotten a thrill fromit. It's only a piece
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of machinery going up in the air.
And so what? Fifty or a hundred years from now school children will watch them and think they are hysterical."

Helen Slotkin: "There were 1,024 rocket launches that were filmed. The national archivist has asked, do we have to keep al of them?
There were 150 failures and everyone agrees to keep them."

Richard Solomon: "What would we give for afilm of Babbage and Ada Lovelace just chatting, not even saying anything of historical
interest?"

Gwen Bell: "We not only have to be concerned with what we save but also what we create.”

Helen Slotkin: "An archivist is passive. Only gathersthings. In creating records, you are saying there are holes and we will fill them. It
is conscious and after-the-fact.”

Gordon Bell: "Guidelines are needed for making films, because the Museum commissioned two films of decommissioning of machines;
oneisgreat and the other isawful."

Ithiel de Sola Pool: "The important thing is the groups of people and their relationships and how this comes across on videotape. Factual
information can be better transferred in other ways."

Helen Slotkin: "Unless you know who the user will be, you can't make the decision about what to save. If you decideto film a
conference, it could be used five different ways, and in each case it would be done differently."

Gordon Bell: "Let's only deal with the producer/storey problem, not the consumer problem. Nice to have the L os Alamos tapes and the
Museum lecture tapes-in the first case the people were in agroup and defending their turf and in the second they were on their own- the
star. We need a set of rules of how to cut at the source.”

Barbara Costello (Lawrence Livermore Laboratories): "Accuracy in videotapesis relatively difficult; not the same control as books;
especialy on the made tapes.”

Gwen Bell: "At present, for the produced tapes, thereis no reviewing system asthereis for an article or book. They don't have the same
kind of close scrutiny."

The Origin of Spacewar
J. M. Graetz
|. BEFORE SPACEWAR!

The Lensman, The Skylark, and the Hingham Institute

DPi cture of SpaceWar! on PDP-1 CRT

It's Kimball Kinnison's fault. And Dick Seaton's. Without the Gray Lensman and the Skylark of Space there would be nothing to write
about. So most of the blame falls on E. E. Smith, but the Toho Film Studios and the American Research and Development Corp. have
something to answer for aswell. If Doc Smith had been content designing doughnuts, if Americanlinternational Pictures had stuck to
beach blanket flicks, if (most of all) General Doriot hadn't waved money in front of Ken Olsen in 1957, the world might yet be free of
Spacewar!

It all came together in 1961 at the Hingham Institute, a barely habitable tenement on Hingham Street in Cambridge, MA. Three Institute
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Fellows were involved: Wayne Wiitanen, mathematician, early music buff, and mountain climber; J. Martin Graetz (which is me), man
of no fixed talent who tended to act superior because he was already a Published Author; and Stephen R. (Slug) Russell, specidist in
steam trains, trivia, and artificial intelligence. We were all about 25 (the more or less to be the same).

At the time, we were crashing and banging our way through the "Skylark" and "Lensman” novels of Edward E. Smith, PhD, a cereal
chemist who wrote with the grace and refinement of a pneumatic drill.

In apinch, which is where they usually were, our heroes could be counted on to come up with a compl ete scientific theory, invent the
technology to implement it, build the tools to implement the technology, and produce the (usually) weapons to blow away the baddies,
all while being chased in their spaceship hither and thither throughout the trackless wastes of the galaxy (he wrote like that) by assorted
Fenachrone, Boskonians, and the World Steel Corporation.

In breaks between books, we would be off to one of Boston's seedier cinemas to view the latest trash from ???. These movies depended
for their effects on high quality modelwork, oceans of rays, beams, explosions and general brouhaha, and the determined avoidance of
plot, character, or significance. They were the movie equivalent of The Skylark of Space.

If that's the case, we asked ourselves, why doesn't anyone make Skylark movies? Hearing no reply (our innocence of current film
technology, economics, and copyright laws was enormous), we often passed the time in the Hingham Street common room in deep
wishful thought, inventing special effects and sequences for agrand series of space epics that would never see a sound stage.
Nonetheless, these books, movies, and bull-sessions established the mind-set that eventually led to Spacewar!

When Computers Were Gods

In early 1961 Wayne, Slug, and I, by no coincidence, were all working at Harvard University's Littauer Statistical Laboratory. A large
part of our jobs was to run statistics computations on an IBM 704.

To a generation whose concept of acomputer is founded on the Z80 chip, it may be hard to visualize a 704 or to comprehend the place it
held in the public imagination. It was a collection of mysterious hulking gray cabinets approachable only through the intercession of The
Operator.

Everything about the 704, from the inscrutable main frame to the glowing tubes in the glass-walled core memory case, proclaimed that
thiswas a Very Complicated System operated only by Specially Trained Personnel, among whom programmers and other ordinary
mortals were not numbered. In short, a computer was something that you simply did not sit down and fool around with.

A Stone's Throw From Olympus

In the summer of 1961 | went to work for Professor Jack B. Dennis, who was then the proprietor of the TX-O, a machine that to me was
only dlightly less legendary than its ancestor, Whirlwind. The TX-O was transistorized, and while solid-state computers were beginning
to appear on the market, the "Tixo" was the original. Even in 1961 it was acknowledged to be a historically important research facility;
many of the programs devel oped on the TX-O, such as Jack Denniss MACRO Assembler and Thomas Stockham's FLIT debugging
program, were the first of their kind. So the chance to work on this computer was in many ways arite of passage; it meant that | had
joined the ranks of the Real Programmers.

While hardly your average populist Apple, the TX-CS was definitely a step away from the Computer-As-Apollo. Instead of being sealed
into its own special chapdl, it sat at one end of atypical large, messy MIT research space: With its racks of exposed circuitry, power
supplies and meters, and its long, low L-shaped console, the TX-O looked for all the world like the control room of a suburban pumping
station. And the thing of it was, you were expected to run it your self.

The TX-O'sinput and output medium was a Flexowriter: an all- inone keyboard, printer, paper-tape reader and punch, that worked like a
mule and had a personality to match. There was also a "high-speed" paper tape reader, a Grand Prix whiz that could read programsinto
memory almost as fast as the cassette-tape reader on a TRS-80.

And the TX-O had a scope. Console-mounted, programmable CRTs were not unheard of at that time but they were generally slow,
inflexible, and awkward to program. The TX-O scope, on the other hand, was easy to use; you could generate a useful display with
fewer than a dozen instructions. And if that weren't enough, there was a magic wand: the light pen.
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That was the TX-O: the world's first on-line computer, and the training ground for the designers and programmers of later generations of
hands-on machines. The first computer bums- hackers-were the products of this training; without it, and them, there would have been no
Spacewar!

Tixo's People

The users of the TX-O were amelange of students, staff researchers and professors with not much in common other than their need for
large amounts of largely unstructured computer time. The feel of the place, however, was established by the hackers-mostly students,
but including a professor or two-whose lives seemed to be organized in 18-bit strings.

Out of this cloud of computer bums emerged the group that brought Spacewar! to the silver (well, light gray) screen: Dan Edwards (Al
Group), LISP specialist; Alan Kotok (TX-O staff), who wrote the MIDAS Debugger; Robert A. Saunders (TX-O staff), who wrote
MIDAS, the successor to MACRO; Peter Samson (Al Group), who made the Tixo and PDP-1 play Bach, and Steve Russell and 1.

"You Mean That's All It Does?"

When computers were still marvels, people would flock to watch them at work whenever the opportunity arose. They were usually
disappointed. Whirring tapes and clattering card readers can hold one'sinterest only so long. They just did the same dull thing over and
over.

On the other hand, something is always happening on a TV screen, which iswhy people stare at them for hours. On MIT's annual Open
House day, for example, people came to stare for hours at Whirlwind's CRT screen. What did they stare at? Bouncing Ball.

Bouncing Ball may be the very first computer-CRT demonstration program. It didn't do much: a dot appeared at the top of the screen,
fell to the bottom and bounced (with a"thok" from the console speaker). It bounced off the sides and floor of the displayed box,
gradually losing momentum until it hit the floor and rolled off the screen through a hole in the bottom line. And that's all. Pong was not
even anideain 1960. (Note: Well, maybe not Pong, but something very much like it. Watch these pages. -DHA)

The TX-O's counterpart to Bouncing Ball was the Mouse in the Maze, written by Douglas T Ross and John E. Ward. Essentially, it was
ashort cartoon; a stylized mouse searched through a rectangular maze until it found a piece of cheese which it then ate, leaving afew
crumbs. Y ou constructed the maze and placed the cheese (or cheeses-you could have more than one) with the light pen. A variation
replaced the cheese with amartini; after drinking the first one the mouse would stagger to the next.

Besides the Mouse, the TX-0 also had HAX, which displayed changing patterns according to the settings of two console switch
registers. Wellchosen settings could produce interesting shapes or arrangements of dots, sometimes accompanied by amusing sounds
from the consol e speaker. The console speaker is a phenomenon whose day seems to have passed. (More than just a plaything, for the
experienced operator the speaker was a valuable guide to the condition of a running program.)

Finally, there was the inevitable Tic-Tac-Toe, with the user playing the computer. The TX-O version used the Flexowriter rather than
the scope. (The gameis so simple to analyze that there was even aversion for the off-line Flexo. )

These four programs pointed the way. Bouncing Ball was a pure demonstration: you pushed the button, and it did all the rest. The mouse
was more fun, because you could make it different every time. HAX was areal toy; you could play with it while it was running and
make it change on the fly. And TicTac-Toe was an actual game, however simpleminded. The ingredients were there; we just needed an
idea.

TheWorld'sFirst Toy Computer

For all its homeliness, the TX-O was still very much a god. It took up lots of space, it had to be carefully tended, it took special
procedures to start it up and shut it down, and it cost alot of money to build. All this changed in the fall of 1961, when the first
production-model PDP-1 wasinstalled in the "Kluge Room" next door to the TX-O. It had been anticipated for months; an early

brochure announcing the machine (as well as a couple of noshows called the PDP-2 and PDP-3, in case you were wondering about that)
had been circulating in the areafor awhile. It was clear that the PDP-1 had TX-O genes; the hackers would be right at home.
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The -1 would be faster than the Tixo, more compact and available. It was the first computer that did not require one to have an E.E.
degree and the patience of Buddha to start it up in the morning; you could turn it on anytime by flipping one switch, and when you were
finished, you could turn it off. We had never seen anything like that before.

1. SPACEWAR! BEGUN
The Hingham Institute Study Group On Space Warfare

Long before the PDP-1 was up and running, Wayne, Slug and | had formed an ad-hoc committee on what to do with the Type 30
Precision CRT Display which was scheduled to be installed a couple of months after the computer itself. It was clear from the start that
while the Ball and Mouse and HAX were clever and amusing, they really weren't very good as demonstration programs. Zooming across
the galaxy with our Bergenholm Intertia ess Drive, the Hingham Institute Study Group on Space Warfare devised its Theory of
Computer Toys. A good demonstration program ought to satisfy three criteria:

1. It should demonstrate, that is, it should show off as many of the computer's resources as possible, and tax those resources to the
limit.

2. Within a consistent framework, it should be interesting, which means that every run should be different.
3. It should involve the onlooker in a pleasurable and active way-in short, it should be agame.

With the Fenachrone hot on our ion track, Wayne said, "L ook, you need action and you need some kind of skill level. It should be a
game where you have to control things moving around on the scope, like, oh, spaceships. Something like an explorer game, or arace or
contest . . . aflight, maybe?"'

" SPACEWAR!" shouted Slug and I, as the |ast force screen flared into the violet and went down.

The basic rules developed quickly There would be at least two spaceships, each controlled by a set of console switches (" Geeg, it would
be neat to have ajoystick or something like that . . ."). The ships would have a supply of rocket fuel and some sort of weapon; aray or a
beam, possibly amissile. For really hopeless situations, a panic button would be nice. .. hmmm . . . ahal Hyperspace! (What else, after
al, isthere?) And that, pretty much, was that.

The Hackers Meet SPACEWAR!

By the end of summer, 1961, Steve Russell had returned to the Artificial Intelligence Group (he'd worked there before Littauer);
consequently, what ever ideas the Study Group came up with were soon circulating among the hackers. Spacewar! was an appealing,
simple concept, and the hackers were the appealingly simple people to bring it to life. First, however, there was the small matter of
software.

The PDP-1 was a ho-frills machine at the beginning; except for afew diagnostic and utility routines, there was no program library. In a
way this suited the hackers just fine; here was a chance both to improve on TX-O software and to write new stuff that couldn't have been
done before. First, and fairly quickly, MACRO and FLIT and translated from TXish to PDPese, FLIT becoming the first in a continuing
line of DDT on-line debugging programs, Steve Piner PDP-1 wrote a text display and editing program called Expensive Typewriter.

With the software taken care of we could write real programs, which isto say toys. Bouncing Ball was successfully converted to PDP-1
use, but HAX for some reason, was not. But no one really missed it, because we had a brand-new toy invented by Professor Marvin
Minsky. The program displayed three dots which proceeded to "interact,” weaving various patterns on the scope face. Aswith HAX, the
initializing constants were set in the console switches. Among the patterns were geometric displays, Lissgjoudlike figures, and
"fireworks." Minsky's program title was something like " TriPos: Three- Position Display" but from the beginning we never called it
anything but The Minskytron. ("tron" was the In suffix of the early 1960s.)

First Steps
By the end of 1961, all the elements were in place, a brand new, available computer, a cloud of hackers, tolerant when not actively
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implicated employers, and an exciting idea. Slug Russell was getting the heat from everyone to "do something" about Spacewar! (1 was
in adifferent department at MIT by this time and Wayne, alas, was one of those unlucky Army Reservists called to active duty during
the Berlin Wall panic in October. He never got to participate in developing his own idea.)

Russdll, never one to "do something” when there was an alternative, begged off for one reason or another. One of the excuses for not
doing it, Slug remembers, was "Oh, we don't know how to write asine-cosine routine . . ." Then Alan Kotok came back from atrip al
the way to Maynard (DEC headquarters) with paper tapes saying "All right, Russell, here's a sine-cosine routine; now what's your
excuse?' "Well," says Slug, "l looked around and | didn't find an excuse, so | had to settle down and do some figuring."

With the heavy mathematics in hand, Slug produced the first objectin-motion program in January 1962. This was nothing more than a
dot which could accelerate and change direction under switch control. Even without a hardware multiply-divide capability (on the early
PDP-1s, anything stiffer than integer addition and subtraction had to be done by subroutine) the computer was clearly not being pushed.

From dot to rocket ship was a surprisingly easy step. "l realized" Slug says, "that | didn't have to worry about the speed of the sine-
cosine routine, because there were only two anglesinvolved in each frame-one for each ship. Then the idea of rotating the grid came
out." The ship outlines were represented as a series of direction codes starting from the nose of the ship; when the ship was vertical and
taildown, each code digit pointed to one of the five possible adjacent dots that could be displayed next. To display the ship at an angle,
Russdll calculated the appropriate sine and cosine and added them to the original direction code constants, in effect rotating the entire
grid. With this method, the ship's angle had to be calculated only once in each display frame. The outline codes were kept in atable so
that different shapes could be tried out at will, but this meant that the table had to be searched every frame to generate the outline. Asthe
game developed, this arrangement proved to be a sticking point which, as we shall see, was neatly solved by Dan Edwards.

By February, the first game was operating. It was a barebones model; just the two ships, a supply of fuel, and a store of "torpedoes’-
points of light fired from the nose of the ship. Once launched, a torpedo was a ballistic missile, zooming along until it either hit
something (more precisely, until it got within a minimum distance of a ship or another torpedo) or its "time fuse" caused it to self-
destruct.

The classic needle and wedge ship outlines and the opposite-quadrant starting positions were established at this stage, as shownin
Figure 1. Acceleration was redlistic; it took timeto get off the mark, and to slow down you had to reverse the ship and blast in the other
direction; the rocket exhaust was a flickering "fiery tail."

Rotation, on the other hand, was by something we called "gyros’-a sort of flywheel effect invented to avoid consideration of messy
things like moments of inertia. | guess they were really rotational Bergenholms.

It was apparent amost immediately that the featurel ess background was aliability: It was hard to gauge relative motion; you couldn't tell
if the ships were drifting apart or together when they were moving dowly. What we needed, obviously, were some stars. Russell wrote
in arandom display of dots and the quality of play improved. The only thing left, we thought, was hyperspace, and that was on the way:
In fact, we'd just begun.

1. SPACEWAR! COMPLETE

Please keep in mind that what follows did not happen in a neat first-onething-and- then-the-next progression, but rather all at oncein a
period of about six weeks. When hackers are aroused, anything that can happen will.

The Control Boxes

Spacewar! worked perfectly well from the test word switches on the console, except that the CRT was off to one side, so one player had
avisual advantage. More to the point, with two excitable space warriors, jammed into a space meant for one reasonably calm operator,
damage to the equipment was a constant threat. At the very least, ajittery player could miss the torpedo switch and hit the start lever,
obliterating the universe in one big anti- bang. A separate control device was obviously necessary, but joysticks (our original idea) were
not readily available in 1962. So Alan Kotok and Robert A. Saunders, who just happened to be members of the Tech Model Railroad
Club, trundled off to the TMRC room, scrabbled around the layout for awhile to find odd bits of wood, wire, Bakelite, and switchboard
hardware, and when the hammering and sawing and soldering had ceased, there on the CRT table were the first Spacewar! control boxes
(Figure 2. These boxes have long since disappeared, but the sketch is a reasonably accurate reconstruction).
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The box iswood with a Bakelite top. The two switches are doublethrow; the button is a silent momentary switch. Their functions are as
follows:

a. Rotation control. It is pushed to the |eft to rotate the ship counterclockwise, to the right to rotate clockwise.

b. A two-function control. Pulled back, it isthe rocket accelerator; the rocket continues to blast as long as the switch is thrown.
Pushed forward, the switch is the hyperspace control, as described below.

c. Thetorpedo button. It had to be silent so that your opponent could not tell when you were trying to fire. (There was afixed delay
be- tween shots "to alow the torp tubes to cool" and fire was not automatic; you had to keep push- ing the button to get off a
missile.)

With the control boxes players could sit comfortably apart, each with a clear view of the screen. That, plus the carefully designed layout
of the contrals, improved one's playing skills considerably; making the game even more fun.

The Stars of the Heavens

One of the forces driving the dedicated hacker is the quest for elegance. It is not sufficient to write programs that work. They must also
be "elegant," either in code or in functionboth, if possible. An elegant program does its job as fast as possible, or is as compact as
possible, or is as clever as possible in taking advantage of the particular features of the machine in which it runs, and (finally) produces
itsresults in an esthetically pleasing form without compromising either the results or operation of the other programs associated with it.
"Peter Samson," recalls Russell, "was offended by my random stars.” In other words, while a background of miscellaneous points of
light might be all very well for some run-down jerkwater space fleet, it just wouldn't do for the Galactic Patrol. So Peter Samson sat
down and wrote "Expensive Planetarium."

Using data from The American Ephemeris and Nautical Almanac, Samson encoded the entire night (down to just above fifth magnitude
between 221/a degrees N and 22'/z degrees S, thus including most of the familiar constellations. The display can remain fixed or move
gradualy from right to left, ultimately displaying the entire cylinder of stars. The elegance does not stop there. By firing each displayed
point the appropriate number of times, Samson was able to produce a display that showed the stars at something close to their actual
relative brightness. An attractive demonstration program in its own right, E.P was "duly admired and inhaled into Spacewar!"

The Heavy Star

Up to this point, Spacewar! was heavily biased towards motor skills and fast reflexes, with strategy counting for very little. Games
tended to become nothing more than wild shootouts, which was exciting but ultimately unrewarding. Some sort of equalizer was called
for.

Russell: "Dan Edwards was offended by the plain spaceships, and felt that gravity should be introduce, pleaded innocence of numerical
analysis and other things'-in other words, here's the whitewash brush and there's a section of fence-"so Dan put in the gravity
calculations.”

The star blazed forth from the center of the screen, its flashing rays a clear warning that it was not to be trifled with. Its gravity well
encompassed al space; no matter where you were, if you did not move you would be drawn into the sun and destroyed. (As a gesture of
good will towards less skillful or beginning players, a switch option turned annihilation into a sort of hyperspatial trandation to the
"antipoint,” i.e., the four corners of the screen.)

The star did two things. It introduced a player-independent element that the game needed; when speeds were high and space was filled
with missiles, it was often sheer luck that kept one from crashing into the star. It also brought the other elements of the game into focus
by demanding strategy. In the presence of gravity b ships were affected by something yond their control, but which a skillfully player
could use to advantage.

Thefirst result of this new attention to strategy was the opening move in Figure 3, which was quickly dubbed the "CBS opening"
because of its eye like shape. It took awhile to learn this maneuver but it soon became the Stan dard opening among experienced
players, asit generally produced the most exciting games.

The addition of gravity pushed Spacewarl over the edge of flicker-free display. To get back under the lim it, Dan Edwards devised an
elegant fiddle to speed up the outline display routine.
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In Russell's original program, the outline tables were examined and in terpreted in every display frame, an essentially redundant
operation. Ed wards replaced this procedure with an outline "compiler," which examined the tables at the start of a game and compiled a
short program to generate the outline for each ship. This dramati cally reduced calculation time, restor ing the steady display and making
room for the last of the original bell: and whistles.

Hyper space

While all thiswas going on, | wasin my secret hideaway (then known a: the Electronic Systems Lab) working on the ultimate panic
button; hyper space. The idea was that when every thing else failed you could jump into h e fourth dimension and disappear, this would
introduce an element of something very like magic into an otherwise rational universe, the use of hyperspace had to be hedged in some
way. Our ultimate goal was afeature that, while useful, was not entirely reliable. The machinery, we said, would be "the Mark One
Hyperfield Generators . . . hadn't done a thorough job of testing . . . rushed them to the fleet"* and so on. They'd be good for one or two
shots, but would deteriorate rapidly after that. They might not work at al ("It's not my fault, Chewie!") or i1 they did, your chances of
coming back out intact were rather less than even. Slug: "It was something you could use, but not something you wanted to use.

The original hyperspace was not that elegant. "MKI unreliability' boiled down to this. you had exactly three jumps. In each jump your
ship's co-ordinates were scrambled so that you never knew where you would reappear-it could be in the middle of the sun. Y ou were
gone for adiscernible period of time, which gave your opponent a bit of a breather, but you came back with your original velocity and
direction intact. To jump, you pushed the blast lever forward.

Hyperspace had one cute feature (well, | thought it was cute). Do you remember the Minskytron? One of its displays looked very much
like aclassical Bohr atom, which in those days was an overworked metaphor for anything to do with space and sciencefiction.
Reasoning that a ship entering hyperspace would cause alocal distortion of space-time resulting in awarp-induced photonicstress
emission (see how easy thisis?), | made the disappearing ship leave behind a short Minskytron signature (Figure 4).

Crocksand L oose Ends

In retrospect, it is remarkable that the original Spacewar! managed to include so many features, given the limitations of our PDP-I: 4K
words (about 9K bytes) of memory, an instruction cycle time of five microseconds, and a subroutine multiply- divide. It's hardly
surprising, then, that we had to let a few unsatisfactory (all right, inelegant) bits go by.

The most irritating of these (and the first to be improved in later versions) was the appropriately-named Crock Explosion. Something
dramatic obviously had to happen when a ship was destroyed, but we were dealing with a plain dot-matrix screen. The original control
program produced a random-dot burst confined within a small square whose outlines were all too discernible (Figure 5). This explosion
was intended merely as a place-holder until something more plausible could be worked out, but after all the other features had been
"inhaled,” there wasn't room or time for afancier calculation.

Similarly, the torpedoes were not quite consistent with the Spacewar! universe after the heavy star wasin place. The gravity calculations
for two ships was as much as the program could handle; there was no time to include half a dozen missiles as well. So the torpedoes
were unaffected by the star, with the odd result that you could shoot right through it and hit something on the other side (If you weren't
careful getting round the Star, it could be you.). We made the usual excuses . . . mumblemumble photon bombs mumblemumble. . . but
no onerealy cared.

The heavy star itself was not entirely Newtonian. The common tactic of plunging down the gravity well to gain momentum by whipping
around the sun (Figure 6) gave you somewhat more energy than you were really entitled to. As this just made the game more interesting,
nothing was immediately done to correct it.

IV.AFTER SPACEWAR

The game was essentially complete by the end of April, 1962. The only further immediate work was to make Spacewar! presentable for
MIT's annual Science Open Housein May. A scoring facility was added so that finite matches could be played, making it easier to limit
the time any one person spent at the controls. To provide for the crowds that we (accurately) anticipated, alarge screen laboratory CRT
was attached to the computer to function as a slave display. Perched on top of a high cabinet, it allowed aroomful of people to watch in
relative comfort. Also in May, the first meeting of DECUS (Digital Equipment Computer Users' Society) was held in Bedford, MA. At
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that meeting | delivered the first paper on the subject, pretentioudly titled " Spacewar! Real-Time Capability of the PDP-1."

Over the summer of 1962, the original Spacewar hackers began to drift away. Alan Kotok and | went to work for Digital. Steve Russell
followed John McCarthy to Stanford University. Peter Samson and Bob Saunders stayed in Cambridge for awhile, but eventualy they,
too, went west. Dan Edwards remained with the Al group for afew years, then moved to Project MAC, Jack Dennis and the PDP-1 also
wound up at Project MAC, which evolved into MIT's Laboratory for Computer Science. Others took up the maintenance and
development of Spacewar! Program tapes were aready showing up al over the country, not only on PDP-Is but on just about any
research computer that had a programmable CRT

A Mystery Just For Good Measure

Slug tells me that thereisa Lost Version of Spacewar! There would be, of course. He says the game is pretty much like the original, but
the scoring is much more impressive. After each game of a match, cumulative scores are displayed as rows of ships, like aWorld War |1
fighter pilot'stally. Slug says he saw this version for a short time on the PDP-1, but never found out who produced it or what became of
it.

Twenty YearsLater

The original Spacewar PDP-1 was retired in 1975 and put in storage at DEC's Northboro warehouse, where it serves as a parts source for
the similar machine now on working display at Digital's Computer Museum in Marlboro, MA. At thiswriting, DEC engineer Stan
Schultz and | are trying to put the original Spacewar! back into operating condition. So far, all attempts at finding the original control
boxes have been futile; we will probably build replicas (the plastic Atari joysticks we have now got no class).

Dan Edwards still works for the U.S. Government, devel oping computer security systems. Alan Kotok is still a consulting engineer with
DEC. Peter Samson is now director of marketing for Systems Concepts, Inc., in San Francisco. Bob Saunders had gone to Silicon
Valley, where he is an engineer- programmer for HewlettPackard.

Jack Dennisis aProfessor of Computer Science at MIT, in the Laboratory thereof.

Marvin Minsky is Dormer Professor of Science in the Electrical Engineering Department at MIT.

John McKenzie, the chief engineer, is retired, but over the past year or so has been helping to restore the TX-O and PDP-1 to life at the
Computer Museum.

And what of the Hingham Institute? Wayne Wiitanen has recently become a Senior Research Scientist at the General Motors Research
Laboratory, where he is happily designing eyes for robots. Slug, after various adventures, is now a programmeranalyst for Interactive
Data Corporation in Watham, MA. | am reduced to writing for aliving, but tend to act somewhat |ess superior therefor.

Spacewar! itself has bred arace of noisy, garishly-colored monsters that lurk in dark caverns and infest pizza parlors, eating quarters and
offering degenerate pleasures. | think | know afew former hackers who aren't the dlightest bit surprised.
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Developing Univac's Plated Thin Film Metal Recording Tape
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L

Ted Bonn, April 17, 1983

While | was at the Moore School of Engineering at The University of Pennsylvania, | took a course with John Mauchly. Then, after |
received my Masters degree, Eckert made me an offer. In early September 1947, | climbed to the second floor over a haberdashery in
downtown Philadel phia and started to work in the offices and labs of the Eckert-Mauchly Computer Corporation.

Since avail able acetate base tape materials and magnetic laquer coatings were not good enough, | was assigned to devel op plated thin
film metal magnetic recording tape for the Universo |. We chose 1/2" wide phosphor bronze tape as the substrate. | knew nothing about
plating or magnetic alloys. My starting point was the fact that someone in the Brush Development Company had learned how to
electroplate nickel iron permalloy and someone at the Bureau of Standards had learned how to deposit permalloy chemically without
current. Since plating was a chemical process | obviously needed alab with afume hood, water drains and so forth. One powder room
became my lab and the other was | eft for itsintended purpose. The window would be opened to clear out fumes. | would get water out
of the sink and the toilet was an ideal drain. Of course, | had to be sure to flush a couple of times when | dumped in acids so that they
would not eat the pipes. Being an electrical engineer | would frequently miscal culate the amount of ammonium salts needed and the
room would fill with fumes. Then | would throw up the window and stick my head out. But occasionally the door would be opened and
the wind would be blowing in the wrong direction, then all Eckert-Mauchly would fill with ammoniafumes.

The chemistry went faster than the electronics. We could deposit afilm before we could measure its magnetic properties. We made a
piece about three feet long, soldered the ends together to make aloop and mounted it on aloop tester. We tried to record on it. John
Mauchly was excited and right at my shoulder. No output. | checked the electronics, and the head, and the write current. Still nothing.
Then John remarked that there appeared to be a signal at the joint where the two ends of the tape were soldered. | had seen it too, but it
didn't look like arecording signal and | ignored it. John correctly interpreted it as asignal caused by improved magnetic properties due
to the heat of soldering. His astute observations started me on a series of experiments on heat treating tape. It was not the final answer,
but it was a key answer along the way.

| built a pilot production line and Reed Stovall built and debugged the actual production equipment. The same thin electroplated
magnetic film was used by Univac on the LARC drum and on the Fastrand, and many other recording drums and discs throughout the
industry. Plated tape was used exclusively with the Univac systems until about 1956 or 1957 when mylar base and epoxy resins became
available.

Y ou could see the holes in cards, but we had difficulty convincing some people that there was actually information recorded on the tape,
since thereis no visible difference between recorded and unrecorded tape. So we made the recording visible. Fine magnetic particles
were suspended in a solvent and applied to the tape. The particles were attracted to the magnetic poles and when the solvent evaporated
you could clearly see the recorded information. The tracks and the interblock gap stood out. Y ou could pick the pattern up with scotch
tape and apply the tape to paper and carry it around to demonstrate.

The design of the tape handler, called "Universo," set the standard for the industry. It featured 100 inch per second tape speed; 120 bits
per inch recording density; eight tracks on halfinch wide tape for adata rate of 12,000 characters per second; a start/stop time of 10
milliseconds, this meant the 720 digit block could be recorded in 5.6 inches and the interblock gap was only 2.4 inches long. Thus the
Eckert-Mauchly team established magnetic tape as the high speed input/ output medium for computers and designed and successfully
produced a complete line of magnetic tape based peripherals.

This narrative explanation given by Ted Bonn at a Sunday Bits and Bites talk corrects misinformation printed in the Summer Report
(Page 16) describing the UNIVAC tape.

Captain Grace Hopper on theHarvard Mark |

April 14th, Captain Grace Hopper spoke on her experiences with Commander Howard Aiken and the Harvard Mark 1. Thetext of this
lecture will be incorporated into her contribution to a book on the same sub- ject that is being edited by Professor I. Bernard Cohen.
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Speaking to a rapt audience of more than 500 people, Captain Hopper told of her introduction to the machine: "Aiken waved his hand at
Mark 1, all 51 feet of her, and he said, "That's a computing engine.' Not a computer. Not a calculator. And there's a difference in the
concept that was in his mind as well. Computers are what we have nowadays, black boxes, one unit, one thing. Calculators were those
wonderful things you sat on your desk and then you ground out the answer, you moved the register, ground some more. | think when he
said computing engine, he was referring to its different parts that took on different functions. That's a concept we've lost that we'll need
to bring back again, because we'll be building systems of computers with different functions. He was right when he called Mark | a
computing engine; it had many parts that worked simultaneously together with each other and performed functions.”

"Howard Aiken was a tough taskmaster. | was sitting at my desk one day and he came up beside me, and | got on my feet rea fast. He
said, 'Y ou're going to write abook.' | said, 'l can't write abook.' He said, 'Y ou're in the Navy now 'And so | wrote abook. | haveit here
with me so that | can answer any questions. Thisisthe Mark | manual, the entire bible for Mark I. Y ou could take this and build Mark |
again, if anyonefelt likeit."

Return to List of Reports

Return to List of Reports
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The Computer Museum is temporarily closed in preparation for
its move to Boston. It will reopen at Museum Wharf in downtown
Boston in fall 1984. For more information, call (617) 467-4036.

TheDirector's L etter

The Museum isin atime of change: location, staff and exhibits. But our plan isto keep this Report in its familiar form enabling usto
communicate our activitiesto you. ,

One of the greatest changes has been the departure of Jamie Parker, the Museum's first employee and devel oper of al the exhibits. She
left in August to get married and join her husband in Geneva. In her four years with the Museum, she used her photographic memory to
conceptualize exhibits. Jamie had an intuitive feeling for the artifacts and how they could be exhibited even though her education wasin
art history not computer science. While with the Museum, she cataloged and put three times as much in the warehouse as we had on the
floor. One of Jami€'s last chores was to organize our yard sale.

The yard sale allowed Jamie to weed our "warehouse." In her first years, she accepted everything because that was her job. The Museum
ended up warehousing a number PDP-12s, 338 display systems and PDP-6s. Since Jamie knew what was what and what was best, she
selected the itemsto sell, thus cutting down our storage costs and providing the members with a good day of poking through old junk
and taking apart computers. The cover photo isatribute to Jamie: one of the yard sale customersis carrying off hisloot and inspecting
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the display of the ENIAC, an exhibit put together by her.

A new crew of exhibit and archives employees will help us plan the space for Museum Wharf. Meredith Stelling has taken over asthe
Coordinator. She has been with the Museum for ayear handling publications and archives. Meredith, Greg Welch and Bill Wisheart are
the main exhibit staff and will be joined in January by Oliver Strimpel, on leave from The Science Museum in London.

In September, the new space at the Wharf seemed vast and barren, except for chalk marks on the floor indicating where the new exhibits
would be positioned. But the space is already beginning to fill out with two truck loads of the SAGE (30,000 pounds), an IBM 1401 card
system and a collection from the University of Illinois.

Reviews of exhibit plans started in September. Sheila Grinnel, developer of ASTC's travelling " Chips and Changes' exhibit, Bruce
Mclntosh, adesigner, and Paul Tractman, senior editor, The Smithsonian, spent a day consulting on the proposed organization. Then on
October 13th, board members Brian Randell and consultant Dick Eckhouse reviewed the next iteration.

Successive refinements bring our plansin line with reality. The SAGE system will form the fulcrum of the exhibits leading into the
computer generations on one floor, and backward in time to the revolutionary one-of-a-kind computers on the other. The process of
moving has now started and the enormity of the task ahead is clear. But the team is together and progress can be seen.

Gwen Bell
Director

Harvard Mark 111. Magnetic drum storage was pioneered on the
Harvard Mark 111. the drum rotated at about 3,600 rpm and its

randon access time was 17 micro{ milli} seconds. By modern

standards that was quite slow, however, it was the only way to D
have moderately priced memory in any quantity in the early 1950s.
With its tapes and plugboards the Harvard Mark 111 covered 40

square feet, and was one of the first hardwired assemblers that
transformed mathematical symbols into machine code.

Computers: A Look at the First Generation

In 1955, Martin Weik compiled a"Survey of Domestic Electronic Digital Computing Systems,” providing a remarkable snapshot of the
computer population. The survey briefly describes and gives specifications for about 100 different machines in existence as of
December 1955.

Weik's inventory supplied the base to compile afundamental reference for collecting and research at The Computer Museum. Records
for each machine were gathered from contemporary historical accounts in recent books and journals, operating manuals, and in some
cases the machines themselves. Then the findings were checked against those appearing in Weik's original survey.

This research was done by Paul E. Ceruzzi, assistant Professor of History at Clemson University with the aid of Rod McDonald of Rider
College, and Greg Welch of The Computer Museum. Different specifications and descriptions have been given to the same machines
over time for various reasons. Rather than arbitrarily selecting one description, the data was collected and explained.

These differences occurred for avariety of reasons. Specifications liven in one account often do not agree with those given in another,
because a computer's characteristics usually changed from the time of its early design to itsfinal days of operation. The characteristics
of some were entered after they had been redesigned and rebuilt, (e.g. SEAC) and others before such redesign (e.g. Johnniac).
Nomenclature was also a problem-one manufacturer's "rapid access registers’ might be another's "accumulators'these differences were
reconciled through research.
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Different metrics were often used for speed: the time it took to fetch a number from memory in a drum machine may have been given as
the fastest possible, the slowest possible, the average, or the fetch time using optimum coding techniques. A time frame for each
machine was established to provide a subjective though reasonable assessment of its historical significance.

Thefirst phase of the survey is complete: the datais stored on disks, and printouts are available for scholars. The next phaseis to build
the collection, define additional research topics and to develop a very accurate map of computing up to 1955.

Gwen Bell
What did computing look like during its "first generation”-the time from the dedication of ENIAC in 1946 to the mid-fifties?

The variety was astonishing. Experimental one-of-a-kind computers, each with its own unique character, ruled, even though most
incorporated vacuum tubes and drum memories, stored programs and data internally, and communicated via Flexowriters.

While most were built with vacuum tubes, many also used relays and crystal diodes.

For memory, they relied on delay lines, cathode ray tubes, drums, magnetic tape loops, paper tape, punched cards, magnetic wire, and
toward the end of the period, magnetic cores.

For input and ouput, they used teletypes, punched cards, other paper tape readers, and CRT displays aswell as Flexowriters.

Their sizes ranged from that of asmall desk to severa large rooms full of equipment bays with consoles one could walk into. And their
speed ranged from one to tens of thousands of operations per second.

Preliminary Findings: Technology

Most first-generation computers did use vacuum tubes, but not all in the same way. After ENIAC's dedication, designers saw the
advantage of tubes for speed, but sought to minimize their number. Those computers used fewer tubesin their circuits, and thus were
more reliable and compact. Solid state diodes, not tubes, performed logical operations. This was pioneered in SEAC in 1950, after which
only afew computers, such as the Circle and Monrobot, continued to use tubes for logic as ENIAC did.

Between 1946 and 1955, at |east a dozen relay computers were built, an indication that some designers did not agree with the prevailing
view of the superiority of vacuum tubes. One such person was Howard Aiken, who on visitsto Continental Europe in the 1950's
influenced the choice of relays for several computers. Konrad Zuse's computer company also produced aline of successful relay
computers installed mainly in Continental Europe. Some of the relay computers, like the Bell Labs 5 and 6, were based on se quence
calculator designs of adecade earlier. Others, like ERAs"Abel" and the British "ARC," were designed along the lines of stored-program
€lectronic computers, but used relays to save money or to get a prototype working quickly.

By late 1955, afew transistors already were finding their way into computer circuits: in Bell Labs TRADIC, the IBM 608 Calculator,
and perhaps one or two others.

Memory

A wide range of memory devices were used in first-generation computers. None of the mass storage techniques available in the early
1950's was clearly superior; the choice always involved a trade-off of access time versus reliability. This unsettled situation persisted
until the end of this period, when the magnetic core memory was perfected.

Drum from the English Electric Deuce. Built in 1957, the Deuce drum stored 8K x 32-hit words on 256 track: of 32 words each. It
measured four inches by six inches, most first generation drums were eight to 20 inches in diameter and two to four feet in length. The
Deuce drum is on exhibit at The Computer Museum.

The drum was by far the most common memory device. A third of the stored- program computers used it for their primary memory, and
most of the others used it for secondary storage. The most popular of the early computers, the IBM 650 with severa thousand
installations, was a drum machine. A drum is fundamentally an electromechanical device; its reliability, high capacity, and relatively
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low cost made it the most successful medium.

The designers of thefirst stored program computers had high hopes for purely electronic, parallel memories. Williams tubes were
widely available, but their performance was erratic. Developed in Manchester, England in 1948, they were used onthe IBM 701 andin a
variant form on the Whirlwind.

John von Neumann, unsatisfied with their reliability, contracted with Jan Rajchman at RCA to produce a electronic, parallel memory,
but von Neumann had to make due with Williams tubes on the IAS machine and its offspring in Los Alamos and elsewhere. Finally Jan
Rajchman's Selection was completed and installed, but worked well on only one machine, the Johnniac at the Rand Corporation.

SWAC Williams Tube. The Williams tube was invented by Sir

Frederick Williams at the University of Manchester in 1948. It was

thefirst purely electronic parallel memory, but it was unreliable.

Although magnetic- core memories superseded the Williams tube D

by 1954, the Williams tube was still faster than drum memory and

delay lines. Unlike the earlier version of the Williams tube, the

Williams tube from the SWAG (Standards Western Automatic

Computer) was more compact and featured higher reliability.

It enabled the calculator from the SWAC to fully utilize the speed of the Williams tube memory by completing arithmetic operationsin
afew microseconds. Instead of handling numbers as atrain of pulses, there were parallel circuits in the SWAC that transfered numbers
amost instantly. This transferring of numbersin parallel made it possible to do computations at many times the speed of serial
computers. The SWAC was the first Williams tube computer to be completed in the United States. Its rate of success was also dramatic,
producing useful results seventy percent of the time. The Williams tube from the SWAC is on exhibit at The Computer Museum.

IBM 650. The IBM 650 was the most widely used first-generation
computer. Hundreds were delivered between 1955 and 19509.

Although the 650 teas faster than other magnetic drum computers, D
its high success rate was aresult of awell-integrated, punchedcard

input and output and its adapt ability to existing punched-card

systems.

Huskey L ecture. Harry Huskey giving alecture next to his Bendix G15 at The Computer Museum in December 1982. He said: "In
1952 and 1953 while at Wayne University (Detroit), 1 dusted off the ideas and designed a computer which the Bendix Corporation
elected to build, the Bendix G15. The memory was a magnetic drum with separate read and write heads. All information was read,
erased and rewritten every drum rotation just like the mercury delay lines. This gave some technical advantages-the read heads and the
write heads could each be optimized for their functions.”

Some 15 first-generation computers used mercury delay lines for their main memory. The delay line was more reliable but slower than
the Williams tube, while it was less reliable but faster than adrum. The UNIVAC's delay line memory, for example, could access a
number in 400 microseconds, compared to 25 microseconds for IAS's Williams tube store, and 2,500 microseconds for the IBM 650
drum. Delay line computers included many historically significant machines: the Cambridge EDSAC, the EDVAC, the SEAC, the Filot
ACE, and the UNIVAC. A few other machines, such as the Pegasus, used magneto-strictive delay lines.

The development of magnetic core memory finally gave computer designers a memory that was reliable, fast and parallel, but expensive
at the outset. In 1953, core memories were installed on the Whirlwind computer at MIT and the ENIAC at the Ballistic Research Lab.
By 1955, only two commercial computers, the RCA BIZMAC and ERA 1103A, used core memory. Without the new manufacturing
technology to build cores, manufacturers of machines based on drums, delay lines, and other devices continued to plan and build these
architectures until the price of core fabrication fell.

Harry Huskey, who designed a superior version of the Bendix G15, says: "Bendix made more than four hundred of the G15's- in fact the
fittings on number 400 were gold plated. Bendix did plan atransistor version of the G15 but the declining costs of magnetic cores and
their improved reliability marked the end of the cyclic memory computers.”

I nput/Output
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Nearly al first-generation computers used a Flexowriter or comparable electronic typewriter with a paper tape reader attached for both
input and output. The Flexowriter was simple and rugged, but slow. Photoelectric readers, pioneered on EDSAC and quickly adopted in
the United States, read paper tape 20 times faster. A photoelectric reader could input data at 120 characters per second (cps) instead of
the six cpsthat a mechanical reader could handle.

Other computers used punched cards or teletype. The CRT display, so familiar to modern computer users, first appeared on one or two
experimental computers like the Whirlwind, and finally on acommercial computer, the ERA 1103, in 1955.

Almost from the beginning of this era, designers recognized the advantages of magnetic tape as a medium for bulk input/output, but tape
was slow in being adopted. The use of metalic tape was pioneered on the UNIVAC while the SEA C used magnetic wire mounted in
compact cassettes for off-line storage.

Size The smallest stored-program computer was probably one built by Hughes Aircraft for aircraft guidance and control. It measured
about two feet by one foot, used a drum memory, and was installed aboard a C-47 airplane in 1953. The largest was perhaps the
Whirlwind, which occupied 55,000 square feet. Other large-scale installations that could claim the honor of "biggest” include the IBM
701, the RCA BIZMAC, and the Harvard Mark I, which filled alarge room at the Naval Proving Ground in Dahlgreen, Virginia

Commercial drum computers were generally quite small, ranging in size from that of a small desk to severa large cabinets. The cost of
development and construction ranged from a few thousand dollars for a prototype Circle Computer (surely the cheapest) to several
million for Whirlwind. However, the Whirlwind was more than a single computer, it was an ongoing project involving computers,
memories and applications programming.

Architecture

Quite afew computers without a stored- program design were produced and sold into the 1950's. The advantages of the stored program
design were slow in being accepted, and many companies built computers of both types. ERA, for example, built a"Logistics
Computer” in 1952, which incorporated a fixed program for certain types of problems.

Computer Research Corporation built a general -purpose drum computer, the CRC 102, and also produced the popular CRC 101, a
specia-purpose machine called a Digital Differential Analyzer. The aircraft industry, abig customer for digital differential analyzers,
kept the market alive and several companies were the suppliers. Several externally- programmed drum computersinstalled in
Continental Europe reflected the design of Howard Aiken's Harvard Mark 111 and Mark 1V

Of the stored program computers, about an equal mix handled numbers serially, digit by digit, and in parallel, aword at atime.
Similarly, they were equally mixed between binary and decimal machines, with some commercial models like the CRC 102 available
either as abinary or a decimal machine.

Core Memory Stack. This core memory stack from the Whirlwind, which is on exhibit at The Computer Museum, measures 17 x 10 x
9 inches. Each core memory planeis arranged in an array of 32 x 32 cores. Thefirst core memories were designed by Jay Forrester for
the Whirlwind in 1953 at MIT. Computer access time dropped from twenty-five microseconds for tube storage to nine microseconds for
magnetic cores.

A wide range of instruction sets also existed, from CALDIC with only a dozen or so instructions, to the RAY DAC with afour-address
code and built-in fixed and floating point instructions. When random access core memory replaced serially-accessed magnetic drums or
delay lines, the "von Neumann" architecture of binary arithmetic, single- address instructions, and parallel memory prevailed.

Reports by Burks, Goldstine, and von Neumann on the IAS computer discussed the stored-program principle in detail, especially with
regard to modifying the address field of an instruction during a program's execution. Severd first- generation computers used special
index registers to accomplish the same thing. These were called "B-lines' on the Ferranti Mark 1, the first machine to use them, and the
name stuck. In the United States, the Consolidated Engineering 30- 201 and its descendents had B-lines. Descriptions of computer
architectures nearly always mentioned the stored program in connection with indexing. Some descriptions, including one by Alan Perlis,
point out that computers with B- lines were superior in many waysto the simpler |AS design.

Programming
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The first generation of computers were programed in machine language, typically by binary digits punched into a paper tape. Activity in
higher-level programming was found on both the large-scale machine and on the smaller commercial drum computers.

High-level programming languages have their roots in the mundane. A pressing problem for users of drum computers was placing the
program and data on the drum in away that minimized the waiting time for the computer to fetch them.

It did not take long to realize that the computer could perform the necessary calculations to minimize the so called latency, and out of
these routines grew the first rudimentary compilers and interpreters. Indeed, nearly every drum or delay line computer had at |east one
optimizing compiler. Some of the routines among the serial memory computers include SOAP for the IBM 650, IT for the Datatron, and
Magic for the University of Michigan's MIDAC.

Parallel memory machines had less sophisticated and diverse compilers and interpreters. Among the exceptions were SPEEDCODE
developed for the IBM 701, JOSS for the Johnniac, and a number of compilers and interpreters for the Whirlwind.

Use

Thelist of computing installations up to 1955 reveals dominance of the military, followed by laboratory and then business use. In 1954,
aMagnefile wasinstalled for inventory control at B. Altman & Co. in New Y ork, and aMODAC 404 was used by Reader's Digest for
keeping track of subscriptions, but these were exceptionsto the rule.

Installations found at air force or army bases often had not just one, but several computers. Though not a "typical" instalation, the
Ballistic Research Lab at Aberdeen, Maryland illustrates how military agencies commanded the greater fraction of all computing power
in the mid- 1950's. It included: ENIAC; aBell Labs Mode V Relay Computer; EDVAC (a stored program, serial computer); ORDVAC
(astored-program, parallel computer); several digital differential analyzers; punched card multipliers; analog computers; desk
calculators, and other computing devices of various shapes and sizes.

Conclusion

The "milestones’ of the first generation were brought about by many people who continue to be leadersin the field. Grace Hopper
worked on the UNIVAC; Maurice Wilkes on the EDSAC; Joe Weizenbaum and Harry Huskey on the Bendix G-15; Gene Amdahl on
his dissertation machine, the WISC; Max Palevsky on the Bendix D-12 Digital Differential Analyzer; An Wang on the Wedilog; Ken
Olsen on MIT's memory test computer; and Seymour Cray on the ERA 1103.

Computing was about to change rapidly. In the next few years installations jumped to the thousands. Serially-produced,
commerciallymanufactured, standardized machines became the rule. Over the years, experimentation has continued, but never with the
diversity of ideas about the basic architecture of thisinaugural era.

Paul Ceruzzi, with Rod M cDonald and Gregory Welch.

The Core Process: How Ferrite Cores Were Made For Computer Memories

A manufacturing process for core memories was developed by Lincoln Labsin 1952. Core memories were always strung by hand, and
production of the first cores was complex and expensive. The following picture story is from the unclassified manual, Ferrite Cores For
Computer Memories. These cores were used in the Whirlwind and the Memory Test Computer.

1. CorePressing. After five days of getting the material ready for making cores, core pressing was done automatically by a Stokes
press which was capable of 60 pressing operations per minute.

2. Dimensional Check. The machine die and the weight of the pressed cores had to be continually monitored to insure maximum
uniformity of core size. Before each press run adimensional check was made with atool- maker's microscope in order to assure
quality control.
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3. Firing. Firing was the most critical operation of core production. The firing temperature was approximately 2400 F, and
elaborate controls were necessary to maintain the correct temperature.

4. Cooling. After the cores left the tun- nel of the kiln, they were still at an elevated temperature of 500 F Cooling took place
quickly in the open air, and then the cores were ready for counting and electrical testing.

5. Electrical Testing. Core drivers helped in electrical core testing. The cores, which were temperature sensitive, were tested at a
uniform 25 C. The temperature was controlled by core handlers in temperatureregulated boxes or airconditioned rooms.

6. Pulse Testing. A sample of 50 cores from each ot was used for hysteresis-loop measurements. The test equipment for pulse
testing and semiautomatic selection testing consisted of an electronic core counter, an evaluation pul se tester, fully automatic and
semiautomatic core testers, and a plane tester.

7. Evaluation Test. Evaluation pulse testing was performed on a sample of 20 cores. The data obtained from the hysteresis-loop
tests and the evaluation pulse tests yielded important information concerning the performance of core lotsin amemory. It was at
this step where lots could be rejected on the basis of the evaluation test.

8. Stringing. After core testing had been completed, the magnetic cores which had been accepted were hand strung into memory
planes of 4096 cores each.

9. Final Test. The coresin the plane were then given afinal pulseresponse test in order insure their acceptability. If damaged,
removal of defective cores from a plane was easy at this stage.

10. Finished Product. Thefinal operation in the construction
of a plane was the insertion of the inhibit winding and sensing D
wire which linked all the coresin the plane.
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The Computer Museum is temporarily closed in preparation for
its move to Boston. It will reopen at Museum Wharf in downtown
Boston in fall 1984. For more information, call (617) 467-4036.

TheDirector's Letter
I'm often asked, "Will there be alot of interactive exhibits in The Computer Museum?"

| don't have a short answer. The long answer compares two exhibits: the TX-0, the first transistorized computer, one of the first
computers used for interactive graphics, and a planned exhibition called "The Computer and the Image.”

Seeing the TX-0 exhibit-with its banks of switches, bulky Flexowriter, rows of toggle switches, wall of supplies, with its heavy steel
chairs with peeling vinyl covers, tile floor and venetian blinds-sends the viewer back to the late fifties. And on days that John McKenzie,
with his dapper bow tie, set of tools and complete machine log, is busily maintaining the machine, the visitor has the extra advantage of
ademonstration or discussion of the machine's state. One of its demonstration programs of a mouse learning its way to cheese (or a
martini) has been afavorite for 25 years-even though its graphics don't measure up to those on a handheld child's toy. For many, this
seems to be involving enough, although not redly "interactive.”

To take the next step, to make the TX-0 operable by the visitor, isto put the clock back: the machinefillsaroom, yet is less powerful
than many program- mable calculators, takes a half-hour to start and demands programming in its assembly language MACRO. Thisis
an investment in time that most museum- goers don't make. But what about the rare person who feels that they must program the TX-07?
For them, the machine isto be simulated on the Museum's VAX. Dan Klein from the Mellon Institute has put a number of the
instruction sets for the classic machines, including the TX-0, on the VAX. The serious visi- tor can then have easy accessto classic
machines at aterminal in the new library of the Museum.

Another way to experience the TX-0 in action istruly vicarious: watching a 1961 made-for-television film about the machine, how it
was used, with demon- strations of many of the programs. Such classic films will be used with many of the exhibits on super computers
and vacuum tube machines that took in the order of 100,000 watts to turn on. Even if we got one of these machines together, the
Museum could never afford to run it. Nor does it make any sense when the same computing power is available on a machine that
requires a hundredth of the electrical power. To experience the size and power decline of the machines through the generations brings
home the point better than any textbook statement.

Historic machines will only be one dimension of The Computer Museum when it moves to Boston. Several exhibition areas will
emphasi ze contempo- rary computing with interactive exhibits that demystify the "black box." The first of these is"The Computer and
the Image Gallery" now being planned by Oliver Strimpel, on leave from The Science Museum, London. The aim of the exhibitionisto
convey the full breadth of computer imaging, from computer- aided design to the simulation of galaxy evolution, from Landsat image-
processing to computer-drawn animation.

In explaining the concepts of computer graphics, interactive displays will be used. What better way to understand how resolution affects
apicture than to alter the resolution yourself? Or stretch the contrast, or distort the image with a simple mathematical function?
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Computer graphics can also portray objects that do not exist in real life. Interaction allows the visitor to walk around them or zoom in on
areas of inter- est. Simulations using computer graphics often rely on the choice of param- eters by the user, who gets more involved by
entering his own choice.

The focus of The Computer Museum is not to create "interactive” exhibits, but to preserve and explain the scientific and technological
history of comput- ing in the most appropriate and exciting way that it can be done.

Gwen Béll

The TX-0: Its Past and Present

Up and Running. For the third timein its history the TX-0 was fully operational, thistime at The Computer Museum. It was built at
Lincoln Laboratory in 1955 as an experimental computer to test transistors, and had its first birth in 1956. Then in 1958 it was
dismantled and reborn at Massachusetts Institute of Technology (MIT) where it operated until the mid-sixties.

The TX-0fillsaroom, yet has less memory than many personal computers. And unlike today's personal computers, the TX-0 demands a
skilled user to maintain full-scale operation. The machine is a good example of what computing was really like 20 years ago.

Jack Dennis and John McKenzie were responsible for the TX-0 at MIT before its shutdown. Thistime around McKenzie was the
operations manager and the first to witness it come back to life. He worked for months preparing the classic, 1955 computer for its debut
at The Computer Museum.

His efforts paid off when TX-0 alumni, Museum members and other computer buffs united on Sunday November 13th, to display their
enthusiasm for keeping the artifact in working, order. For one day, those who had be vital to the development and day-to day operations
of the TX-0 reminisced about the days when it was at the apex of computer technology.

A series of events were held touch- ing on all phases of the TX-0's past. The day's events were videotaped for the Museum's archives.
Included in the program was alecture by TX-0 alumni and MIT Professor Jack Dennis on the history of the machine; aluncheon for the
alumni; and a hands-on demonstration of the star attraction-the TX-0.

One alumni favorite was the mouse and maze program. Everyone focused on the mouse as he scurried across the cathode ray tube
(CRT) screen to catch a piece of cheese. Old stories about the TX-0 abounded during the reunion with some alumni suggesting they
should have brought cards for old times' sake, because bridge was often played during breaks in the TX-0 room.

The TX-0 at Lincoln Labs

O

The TX-0 and its original software were created at Lincoln Laboratory. Its original team included Wesley Clark asthe logic designer
and Ken Olsen as the engineer in charge of building the machine. Phil Peterson, Jack Gil- more, John Frankovich and Jim Forgie
worked on logic design under Wes Clark. Bob Hudson and Chuck Norman were involved in the construction working for Ken Olsenin
the engineer- ing group.

The following quotes are excerpts from discussions and presentations at the Museum's TX-0 alumni reunion held November 13th.

Jack Gilmore: The racks of logic that became the TX-0 were used to test both transistor circuitry and one-half of the 65K memory for
the TX-2 computer that was on the drawing boards. Ironically, when everything was put together it turned out to be a fascinating
general- purpose computer.
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Phil Peter son: Imagine when the power was first turned on. We had no other machine to talk to the TX-0. In order to communicate with
the ma- chine, the toggle switch panel allowed a sequence of bootstraps so that you could start a function, such as read-in the paper tape.
The first thing we wrote was an octal assembler to read- in symbolic codes.

Architecturally, the machine intro- duced the idea of micro-coding. Y ou could hit the carry pulse having never done anything else. A
random num- ber generator that would make nice little patterns on the face of the CRT could be done with no instruction. Once the
programmers got the idea of micro-programming they were only limited in their experiments by their imagination.

Jack Gilmore: Wes Clark wrote an as- sembler called Hark. It was arranged so that the symbolic addresses could be any length
symbolic string, so we could incorporate English-language words, making programs easier to read. We put together one of the first on-
line operating systems that could input software in avery easy fashion.

One of the most significant pieces of work was a brain-wave pattern rec- ognition program. Because the TX-0 had 65K of memory and
an analog- digital 1/0 device, brain wave infor- mation was brought in as a moving window display. We were trying to teach the
machine to recognize the "sleeping spindle.” And because the TX-0 was the first machine with a coupled light pen and oscilloscope, the
work was done four to five times faster than without these features.

Jim and Karma Forgie did voice recognition on the TX-0 before they did it on the TX-2. Because the program took 10-20 minutes to
execute, Jim h -* the problem of finding .out where was. We rigged up atechnique so he could draw aflow chart, put it on celluloid over
the CRT, and in his soft- ware, slow down or speed up the pro- gram from the toggle switches. He could literally watch the voice pro-
gram running through its steps. He could trap it and see it at a particular iteration using the Flexowriter or the toggle switches.

Most software was for testing the 65K memory. The complete cadre of software included a print program, Hark, the assembler, a
technique for online assembling, a search program to search through memory and find things, a debugging routine, and the dynamic
flow chart program. A fair amount of thisinitial software was not usable for the new 4K environment that the TX-0 had when it moved
toMIT

The Move to MIT

In July 1958, the TX-0 was taken out -*f Lincoln Laboratories and installed . room 26- 248 at MIT John McKenzie recorded that it took
100 days of work to get the machine up and running.

The following is from a memorandum, dated July 23, 1958, to TX-0 users from Earle W Pughe, Jr.:
This memo is written as an aide to those who wish to write programs for the computer before the computer isin operation.

The TX-0 has 4096 words of magnetic core storage. The cycle timeis six microseconds, thus each order normally will
take twelve microseconds. The inputs consist of a direct typewriter and a photo-electric tape reader. The outputs are a
typewriter, a paper tape punch and a display scope. Other inputs and outputs are the toggle switch register and indicator
lights on the control console. Provision has been made for users to connect their own equipment to the computer.

It is expected that in the future the TX-0 computer will have more orders and more memory. Every effort will be made not
to obsolete existing programs as new features are added. However to help meet the objective of not obsoleting programs
as the computer is modified, the unused bits of an instruction must be zeros. This restriction means that such tricks as
shifting aword to change instructions will obsolete a program when changes are made to the computer. Bits"0" and " 1"
are now used for the instruction, bits"6" thru "17" are now used for the address and bits"2", 3", "4" and "5" must be zero
for al orders except "operate.”

The Ad Hoc Committee on Experimental Computation (Chairman: Prof. J. E Reintjes) is the faculty group in charge of
the computer and they have final decision asto who may use the computer. It is expected that with the cooperation of the
users there will be aminimum of paper work in assigning computer time. Since the computer isto be used for
experiments instead of for numerical computations, the blocks of assigned computer time will be considerably longer than
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with other types of computers.

The Speech Research Group at MIT. Osamu Fujimura, Hiroya
Fujisaka, John Heinz, Gordon Bell (with his hand over his mouth) D
and Professor Ken Stevens watch Pete Brady at the TX-0 console
in1959 at MIT

The TX-0 at MIT

Professor Jack Dennis: Because the TX-0 was created as a memory test computer, it had some peculiar characteristics. The size of the
address for the TX-2 memory was 16 bits, while the TX-0 had an 18-bit word. How do you build a machine with a 16-bit address and an
18-hit word size? Since an ordinary single-address instruction format was used, only two bits were |eft for the operation code.

Wesley Clark was a magjor force behind both computers. When asked what happened to the TX-1, his response was, "We don't build odd
computers.” So the plans for the TX-1 were scrapped just like the DEC PDP-3.

Ben Gurly was responsible for engineering the display system for the TX-0, a unique piece of hardware that influenced his later design
of the PDP-1 at DEC. The TX-0 was one of the earliest computers that allowed the operator to use the cathrode ray tube for interactive
computation. In contrast, the displays on the Whirlwind were mostly used for recording information. The TX-0 display was used to
show immediately the results of changes made to a program.

In the fall of 19581 had just finished my doctora thesis and had been appointed instructor at MIT | also had just moved into an officein
Building 26 near the TX-0. Not wishing to pursue further my doctoral investigations in operations research, | was open to new and
interesting adventures. With a new computer down the hall, the hackery in my blood soon got me involved in its programs.

This computer, unlike MIT's number cruncher, the 7090, had the feature of being intimate with its users. Y ou could actually go up to the
console and ask the machine to execute instructions and programs specifically for you. The display program, which generated
interesting patterns, triggered immediate reactions to fix it up and try it again. If one was careful in choosing the number in the "live"
register of the machine, you could cause some wonderful patterns. Y ou could do this with a program consisting of a single instruction-
repeated endlessly. Such informal interaction with a computer was completely new to the world.

How do you build a sensible machine code with just two bits?
1. You must be able to store information into memory locations.

2. You must be able to get information out of the memory, so one can operate on it in the central processing unit. The TX-0 does
not have an instruction code "load.” In the TX-0, one got information into the accumulator by clearing the accumulator and then
executing an "add" instruction.

3. Thethird instruction of the TX-0 was transfer negative: transfer control to the location specified by the address.

4. The operate instruction was next. Anything not done by the other three kinds of instructions was done by operate instructions.
The remaining 16 bitsinstead of referring to a memory location were simply a micro-coded extension of the operation code. One
combination would cause a point to be displayed on the cathrode ray tube (CRT) whose coordinates were the right half of the
accumulator and the left half of the accumulator. In the same instruction you could transform the contents of the accumulator so
that it would cause (on the next repetition of. instruction) a different point to be plotted on the CRT

Debugging
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In the fifties a substance called FLIT was used regularly around the house to get rid of flies. Thomas Stockham and | called the
debugging program we wrote for the TX-0, FLIT, which meant Flexowriter Interrogation Tape. It was a successer to UT3 written at
Lincoln Laboratory and provided a medium for symbolic debugging. Y ou could take the symbol table generated by the assembly
program and load it into the debugger. The debugger could then talk to you about your program in terms of your symbolic addresses and
symbolic instruction codes.

FLIT alowed oneto insert breakpoints in a program and then run it. The debugger would take over control whenever a breakpoint was
reached, whereupon the user could interrogate the state of a program and decide to go on or not.

The project to write FLIT was suggested by Professor Thomas Stockham who, perchance, shared my office in Building 26. We wanted
FLIT to be avery interactive program, but we could not work with the cathrode ray display, perhaps because the character tables would
take up too much memory. But more likely because many users would want to debug programs that used the display. Tom suggested
that as soon as the typist had typed something that 1' was in error-something that would not make sense for any continuationthe program
should tell the user about it. Tom invented an idea he called "hands lapping." Immediately upon typing an error, the program would type
back ared question mark. This meant alot of repairs to the Flexowriter because one would try to continue while it was typing back at
you. Fullduplex communication and displays have now eliminated that problem.

About thistime | heard of something called a"macro assembly" program and that Doug Mcllroy had programmed one at Bell Labs.
From thisinspiration | wrote the program MACRO for the TX-0. This program was to lead to macro assemblers for the PDP-1 and other
computers. MACRO turned out to be alarge program. To debug it, it was necessary to use a simpler debugging tool than FLIT because
FLIT took up too much memory, so | wrote a program called MicroFLIT FLIT and MicroFLIT were forerunners of debuggers written
for other computers, including DDT (Digital ital Debugging Tape) written by Alex Kotok for the PDP-1.

Managing the TX-0

After the TX-0 had been at MIT for about ayear and half, | took over responsibility for the machine and immediately set about
extending the machine's instruction code. Since we were not likely to afford the 65,000 registers the TX-2 had, we enlarged the op code
to four bits and added an index register. The operate command was redesigned to provide more capability, including logical "and" and
"or"; and more input/output orders. With these changes the TX-0 lost its original power to generate fancy patterns through repeated
executions of a single instruction.

Installing the new instruction set was a big undertaking. The machine was constantly in use by research staff and students. We made the
changes by pulling one panel at atime during scheduled maintenance periods, and almost always had the machine back in operation on
time. The correctness of the aterations had already been checked through simulation using a register transfer language to describe the
new instruction set.

John McKenzie has managed every move the TX-0 has made, and managed operation and maintenance of the machine while it was at
MIT He can tell you what it was like to replace the switches on the TX-0 console. | recall that when the machinefirst arrived at MIT,
several switches had special designations: one was labelled " Suppress Wes;" and another was labelled "Dump Phil." These functions,
doubtlessly referring to Wes Clark and Phil Peterson, are no longer present in the machine.

In my time one principle user of the machine was Gordon Bell who was working with Professor Ken Stevens and Arthur House on
speech recognition. Pattern recognition was of great interest also.

Some of the people who worked on the TX- 0 became heads of the Information Processing Technology Office (IPTO) of the Advanced
Research Projects Agency of the government, where MIT has obtained lots of money to carry out research. One of the directors of IPTO
was lvan Sutherland, who created the program " Sketchpad" on the TX-2. This benchmark graphics * program allowed a user to create
sketches on the display by using alight pen. Using the TX-0 light pen, Ivan and Claude Shannon wrote a program that would search a
maze. It would act like it was inside a cave and would decide how to move by following the walls.

Larry Roberts, who also became director of IPTO, used the TX-0 for creating akind of artificial intelligence program. His program
recognized hand-drawn letters by learning from its experience.
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In 1961, when John McCarthy was advocating timesharing as away to use computers effectively and DEC donated a PDP-1 computer
to the Electrical Engineering Department, my attention shifted to building a time-sharing system around the new machine.

TX-0transistor. The first TX-0 transistors were in tubes to make it
easier to test and replace them. The TX-0 had only 12 transistor D
failures, and amost every transistor that lasted more than 500

hoursis still operational today.

Maintaining the TX-0

John M cKenzie: When the TX-0 was built, transistors that operated at a five megahertz speed were not available. Lincoln Lab put
Philco surfacebarrier transistors, costing $40 each, into bottles that contained 10 transistors. These were designed to be tested in a
"transistor- checker." Ken Olsen, Ben Gurley and other designers didn't know whether transistors were here to stay. The engineers
thought they might have to replace transistors like they replaced vacuum tubes, or at least annually check them. With little deterioration
after 10,000 hours, it was clear that these transistors were good. It wasn't worthwhile testing them anymore. No one cared and the
industry was moving ahead to new products. At MIT, only a dozen unaccountable failures may have been due to transistors. Most
transistor failures occured within 500 hours after installation. Otherwise they made it, and are till working today.

Every time another feature was added to the machine, another power supply was added as a self-contained unit. The machineis cycled
on in sequence and cycled off in sequence. Y ou get the memory pulses before you turn on the read-write memory current.

John McKenzie. who spent months revitalizing the TX-0 for its Computer Museum debut, enjoys watching the machine perform on TX-
0 aumni day.

Electronic Systems Lab Group

Doug Ross: John Ward had only observed the art of programming on the Whirlwind. When the TX-0 came, John decided he should
program.

John Ward: | signed up and there | was in the room alone with the computer. | was terrified.

Doug Ross. Earlier at Egeland Air Force we built an elementary mouse solving a maze problem on the 1103. So John and | did a mouse
and maze program. | did the logic and John the display.

John Ward: . .. very slowly. There was no assembler. Y ou had to figure out al the addresses yourself. The style of the program was
reminiscent of Shannon's mouse that used relays.

Doug Ross: It had more flexibility because we were able to use the light pen to place the mouse and either hide the three chunks of
cheese or the three martinis.

For MIT's centennial in 1961, CBS did some specials on the Institute. The CBS director said, "Gee, Westerns are so cut and dried
couldn't you write a program for one?' And | was talked into it. The memory was used to keep, track of everything down to the actors
hands. The logic choreographed the movement of each object, hands, guns, glasses, doors, etc. A line of English script was written for
each direction, even if it went wrong. That's how we got the loop sequence which was an actual error run. If you watch closely, the
sheriff puts his gun in the robber's hol ster, and other strange things.

Doug Ross. Seated at the TX-0's"L" shaped console, Ross explains how he and John Ward designed the Mouse and Maze program: "1
did the logic and John did the display."
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Doug Ross explains the flowchart for the logical choicesin "Saga,”" the 1961 TX-0- written Western.

Dit Morse: I've been asked if the error sequence was rigged. Well, it turns out that the CBS people were in the TX-0 room when the
machine got into that loop. They saw what the programmer was doing and they grabbed that sucker so fast-they knew it was theater.

The program's 13,000 line code was macro generated. One of thefirst and only programsthat | wrote with areal deadline. CBS would
not postpone the shooting under any circumstances. It took six calendar weeks to deliver six skits.

Cognitive Information Processing Group (CIPG)

Don Troxe: Asagraduate student | used the TX-0 because | had al ot of numbers to reduce statistically, and . was the best desk
calculator around. People in our group started to use it because of the display capability. At CIPG under the late Sam Mason we
measured reading speed.

John Allen: The first speech synthesis by rules scheme introduced in England by Holmes, Mattingly and Scherm was first implemented
on the TX-0. It made heavy use of thiswonderful bank of switchesto control the various parameters of that synthesis.

Don Troxel: When Francis Li called me over to hear it, | expected it to have a Chinese accent, but it had an English one since that was
where the rules were made.

John Allen: We did experiments with pitch using the switches for control. The TX-0 and PDP-1 were used to start to build areading
machine for the blind. The character recognition part ran on the PDP-1 and the speech synthesis on the TX-0. The tenuous connection
was often lashed together firmly enough so that we could read characters on the PDP-1 and have speech output on the TX-0.

When John McKenzie let you turn the machine on, you were then part of the in group. One Saturday, a professor, who will go hameless,
called me on the phone and said, "1 just turned the TX-0 on and it won't go."

| said, "Just put your hands on the console and don't do anything until | arrive." Fortunately he hadn't done anything disastrous. He just
hadn't started up the clock sequence.

Gordon Bdll: Actualy with improper clocks when you started you could ruin the core memory.
John Allen: The price of the TX-0 was $3 million - from the development costs on the books at MIT
Gordon Bédll: That was abargain because it led directly to the TX-2 and Digital Equipment's first products.

Actor Jack Gilford played the role of the robber in a"shoot out with the sheriff.” The climax of "Saga" written in 1961
by the TX-0 with the help of programmers Dit Morse and Doug Ross.

Speech Research Laboratory of the Research Laboratory for Electronics

Gordon Béll: | was amember of the research staff of Professor Kenneth Stevens' speech research laboratory The laboratory continues
to train researchers and do research in analysis and synthesis of speech. Some colleagues who worked on the TX-0 included Arthur
House, now at the Institute for Defense Analysis; Osamu Fujimura of Bell Labs; Hiroya Fujisaki, University of Tokyo; John Heinz, John
Hopkins; Morris Halle, MIT, and Pete Brady.

Speech was taken into the computer using a tape loop with sampling pulses on one tape channel. The audio (speech) signal was passed
through a bank of 24 filters and read in via TX- 0's Epsco analog-to-digital converter. The goal was to recognize the speech by analyzing
the frequencies of the resulting acoustic input. The analysis was carried out by a technique we invented called analysis-by-synthesis; the
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computer posted a model of the speech and compared it with that to be analyzed by adjusting the model's parameters.

Gathering vignettes. Steve Levey (left) who iswriting a book on hackers, gatherstidbits from recollections of Electronic Systems Lab
Group alumni Doug Ross (center) and Harrison (Dit) Morse.

Reminiscing. Shag Graetz's first hands-on programming experience was at the TX-0 console, although he was a seasoned programmer
before coming to MIT.

The Hackers

Alan Kotok: Inthefall of 1958, | was one of the earliest of the undergraduate crew to come in. Jack gave a couple of introductory talks
to the Tech model railroad crowd, and brought us over to demonstrate the TX-0. When we saw it, we said, "Oh, neat-there's all thistime
available." We negotiated with Earle Pughe and John McKenzie for time. They said if the faculty advisor was amenable, then we could
use the machine without any supervision.

Jack Dennis: As an undergraduate | wrote a large linear program on the Whirlwind to solve the transportation problem. After midnight,
I could get my hands directly on the Whirlwind, and get scope postmortems all on my own. Thisled meto believe that informal direct
programming by students was the way to work with machines. Then we formalized it on the TX-0.

Dave Gross. | was afreshman at MIT in 1957 and got a tour of the new TX-0 computer room. In 1958 we, the model railroaders,
discovered the TX-0. | wastold that under no circumstances could | turn it on, since | was not an authorized user. The most elaborate
program | wrote for the machine was athree by three matrix of dots that made a search. One night Alan Kotok and | had the idea that it
would be awfully niceif you didn't have to run your program tape through the reader twice. So we wrote a program that put it on mag
tape the first time with enough space for binary to be added.

Alan Kotok: Before that no one had used the tape except to write from the beginning and fill it full. Here we wrote-and then | eft space
along the way.

Dave Gross. We tuned it to leave just the right amount of space.

Alan Kotok: We put two load points on all tapes, with the utility at the beginning and then a point that allowed use at the end. We did
anything to avoid having to punch another binary program on this Flexowriter that punches ten characters per second.

Dave Gross. Alan, do you remember the expensive tape recorder program? Y ou had your FM receiver here in the computer room and
we said we'd hook up the audio to the A to D converter and write a program to record on that tape. Alan Kotok: That was digital
recording more than 20 years ahead of itstime.

Dave Gross. It would write the whole tape as one long record. Play back through the accummulator created awhistle, so we used the
scope's D/A converter fed back into the speaker that was under the console.

Jack Dennis: Could you recognize Beethoven?
Alan Kotok and Dave Gross: It wasn't bad, considering . . .

Alan Kotok: After the PDP-1 arrived and before any of the fancy high speed links had been installed between the machines, the hackers
of the day and | were contemplating how we could make use of both computers. We hooked up a serial line between the two with a
buffered program to the typewriter. Y ou could type aline at one machine and it would come out on the other.

After we got it working, | said, "What can we do with this?"

Someone said, "Play chess."
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Since some of us had been working on chess on the 7090, we got together a panel of chess playersin the TX-0 room with a chess board.
Some of us sat in the PDP-1 room with a chess board and waited for an unsuspecting chess player to walk down the hall and into the
room. Some fairly gullible graduate student was enticed to play this great new PDP-1 chess program. Our victim typed his playsin. The
group in the other room replied. It worked well for awhile, but then there was confusion about one of the moves with an argument over
the terminal. Alas, our victim smelled arat and started for the door to the connecting TX-0 room.

Gordon Bdll: In the spring of 1960, 1 went out to DEC and bought some modules so that we could add a mag tape unit on the machine.
Alan Kotok: And that took us into big time computing.

Jack Dennis. | remember that my dream at the time was getting support for interactive programming on the TX-0, even though the one
itty-bitty tape unit was the only bit of auxiliary storage we had. | was dreaming up schemes to keep peoples files and images on this tape
unit, so that one user could take the machine over from another, but that project was scuttled when the PDP-1 arrived in 1961. Then we
started to use it to build a timesharing system.

Shag Graetz: By 1961 this machine was alegend among programmers. | had been eased out of the nest at Harvard where | used the
704, with about three times this amount of equipment, that no ordinary programmer could ever use. | came to write adiagnostic program
for the 906/2 tape drive-every hit the kludge that it appears to be.

My first question was, "Who is the operator and how do | submit my programs?' Jack Dennis said, "Thisisit. What you see is what you
get." The entire room of machinery was under the control of whoever was signed up to useit at the time. During the next academic year,
I went to work for Doug Ross; the PDP-1 arrived and | moved over to work on it, where in our spare time we developed SPACEWAR!

Deja vu. John McKenzie who was the technician on the TX-0 at MIT, once again readies the machine, but this time at The Computer
Museum.

The Move to the Museum

John McKenzie: The TX-0's life came to an end when each of the labs got their very own computers. When | saw a note in the paper
that Bob Everett was presenting the Whirlwind to the Smith- sonian, then | thought that's the place for the TX-0. However, they weren't
interested. A little bit later, | saw a short paragraph in a DECUS newslet- ter that DEC was starting a museum. And we said that was the
way to go. Stan Schultz came down and we started to plan the move. We were about to move the machine on April 19th (a holiday),
when the contract officer at MIT said, "Hey you can't give away this $3 million to a private individual." Everything came to a halt for
two years. First it had to be offered to all military groups, then to all groups with government contracts, then vari- ous universities, then
secondary schools, and finally to general ser- vices who could advertiseit. On the first go-around DEC was outbid $2500 by an outfit in
St. Louis that wanted the I/O. Then it was re-advertised. This time DEC was outbid $50 by a surplus dealer in Ohio. Roy Gould got busy
on the phone and noted that it would cost a lot more than the price of $350 to move the machine. DEC gave them an extra $100 and took
title to the machine.

Stan Schultz: John Connally and | spent many hours labelling al the wires.
John McKenzie: The dismantling took about aweek, and then unfortunately it went into a warehouse for about two years.
Stan Schultz: Initially we set up the processor and console, and it was on exhibit from the summer of 1979 until 1981.

John M ckenzie: We never burned any bridges so that we could make it run again. Fifteen different power supplies were lost in the
warehouse. Then we had to buy some new ones. But the CPU is pure. Twice in bringing up the machine | was stymied. Once with the
core memory, and | called on Dick Best to do some circuit analysis and he got me out of that hole. Later on, in setting up the paper tape
reader, Alan Kotok did some analysis and we made it work. It needs to be in a computer room environment with a cooler, steady
temperature.

Stan Schultz: While on exhibit, some people must have taken souvenir bottles from the console. When we let it be known that the
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machine was being brought up again, bottles would mysteriously appear on the console.

OtisKing's Pocket
Calculator D

isarare pocket-sized cylindrical dlide rule manufactured by Carbic, Ltd. in London in the early 1920's. The spira logarithmic scale,
printed on both the smaller rotating and larger fixed tubes (called "cylin- der" and "holder") is a double scale with five places of
accuracy. The cylinders can be moved relative to each other either axially or rotationally. Two arrows at either end of the sliding black
cover form the tubular cursor (that mark the logarithmic numbers and their roots).

OtisKing's Pocket Calculator, gift of Harvard University Professor |. Bernard Cohen, was moved to Boston with the Calculator
Collection in February and will be on permanent display in the Pre-Computing exhibit.

Return to List of Reports

Return to List of Reports
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Computer Engineering Attitudes
From Eckert-Mauchly to Analogic

Bernard Gordon

In 1948 Bernard Gordon graduated with a bachelor's and master's degree in electrical engineering from Massachusetts I nstitute of
Technology (MIT). After starting with Philco Corporation, he joined the Eckert- Mauchly Computer Corporation. Today heisthe
president and technical director of Analogic Corporation which is engaged in the development and manufacture of high-precision, high-
speed signal tranglation and information processing equipment. The following abbreviated and edited excer pts have been derived from
a lecture presented by him at The Computer Museum on October 20, 1983. For historical purposes, the original presentation has been
archived at the Museum on videotape.

About ayear after | left MIT to start work at Philco Corporation, | received a call from Presper Eckert who told me | had been
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recommended by a professor at MIT and asked if | would come over for ajob interview. Eckert, then about 28 years old, gave me such
an intense technical and personal interview that even before he made me ajob offer | told him I'd take the job just because he had
motivated me to show him what | could do. He was so taken aback by thisthat, | guess, he felt he had to hire me and so he did.

Therefore, in 1948 on a hot summer day | reported to work at the Eckert-Mauchly Computer Corporation in Philadelphiain an old
building near Wissahickon Park. One of my first memoriesisthat of seeing A1 Auerbach, now along-time friend, standing literally in
his underwear working in the middle of the heat of the circuitry which was supposed to become the BINAC, forerunner of the UNIVAC.
As| recall most of the small group of engineers were nearly all in their twenties. The chief engineer was Jim Weiner who had come
down from Raytheon. Jim ruled over us like a master sergeant and engendered in us reactionary passions. . . but he made us do our jobs.
In later years | learned to bless him because he and Eckert inculcated in me, and | believe in the others who worked at the Eckert-
Mauchly Computer Corporation, engineering disciplines which have served me well during the past 35 years.

It isinteresting to note that EckertMauchly had figured out that they would need about $100,000 to engineer the UNIVAC and ready it
for production. They had raised about this amount of money from the American Totalizator and had figured out this amount of money
based literally on the number of solder joints in the machine and multiplying that by so many pennies. They therefore had predetermined
the rate at which all of the work must be accomplished from logical design, the software, the electronic design, the construction, and the
debugging.

Eight to ten engineers were to build, not knowing any better, all of the original circuitry for the UNIVAC and as well the first high-
speed startstop digital tape mechanisms, the tape plating and manufacturing facilities for those tapes, the first-known card-to-tape
converters, and the many other major sub-units of the UNIVAC system.

The machine was to have approximately 5,700 vacuum tubes, used primarily for amplification and pulse forming and 18,000
semiconductor diodes used primarily for high-speed gating. (It may be interesting to recall the semiconductor diodes utilized were
purchased as war surplus materials from Western Electric.) When | arrived for work one of the engineers, Bob Shaw, had already
essentially single-handedly drawn all of the detailed logic diagrams. | recall Eckert saying to me: ™Y ou are going to design the circuits,
standard flip flops, standard gates, and so forth." He had allowed only afew working daysto do this. | didn't know | couldn't doit, so |
set out to do it. In arelatively short time, no more than afew weeks, we had designed and proven the capabilities of the standard gates; |
then designed the 1/O circuitry, supervisory control circuitry and tape control circuitry, standard flip flops and what we'd call pulse
formers.

Eckert then set me to work to design the crystal transducer system for the acoustic memoaries of the UNIVAC and then all of the
electronics for the memory system. The time allowed for each major design was always measured in days, not weeks or months. At that
time | thought | was working on the world's first acoustic memories and it wasn't until a considerable time later that | found out that
Maurice Wilkes, who is present at this lecture, had actually built a unit earlier in England. While | was carrying out this work together
with the other engineers at the Eckert-Mauchly Computer Corporation, Pres Eckert and Jim Weiner taught me viatheir direction a
number of factors about engineering and engineering supervision. | do recall that at the time we were receiving this type of direction we
felt that they were very tough. But in the process of being apprentices to these master engineers, most of us went through a maturing and
learning process which, in retrospect, | wouldn't have traded for anything. If in my later years | have myself developed areputation for
being atough engineering task master, | am pleased to say-and | hope that he will be pleased by my saying it-that Eckert was
responsible.

For example, after Eckert more or less gave me a'gold star" for doing the acoustic memory, he put mein charge of afew other even
younger engineers who were then being hired into the company. He gave me the following directive: "If you ever see an engineer
studying during work hours, | want you to give him hisfirst warning. If he doesit a second time, terminate him." His view was, and it
till remains mine today, that people owe it to themselves to further their career, to study at home, and that they should come to work
prepared to get the physical work done.

The philosophy of "worst case design” probably originated, or at least was formalized, at the Eckert-Mauchly Computer Corporation.
Eckert and Weiner insisted that when we design something, we must design it thoroughly, into the ground so to speak, and release our
circuitry to production without ever breadboarding. In the first UNIVAC they established rules for derating such that every 25L.6
vacuum tube must properly function in its circuitry with its emission dropping to approximately 50 percent with the screen voltage
varying, with the heater voltages varying, with carbon resistors changing 20 percent, etc.

Although | didn't really prepare for thislecture in any formal way, as| stand here, | can remember the derating numbers of 35 years ago
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like a catechism. For example, every germanium diode which had a nominal back resistance of about a megohm with a back voltage of
30 volts had to continue to work satisfactorily if that back resistance went to 18,000 ohms. Every carbon resistor had to be able to
change 20 percent and each power supply voltage had to change in the worst possible combination, about five percent. As aresult, we
were able to design with parts that really weren't very good and design equipment that could be predicted to work right essentially the
first shot.

Eckert taught me to pay great attention to every detail. He taught me that the design engineer was responsible for every aspect of the
design. The engineer should know how the components were made. What were their strengths and what were their weaknesses. There
should be extreme tolerances on everything. He knew that only by doing thiswas it possible to make a machine with 5,700 vacuum
tubes each with anominal emission life of about 5,000 hours work at al. However, by applying the rules of derating everything, it was
possible to make a machine at that time which worked for acceptable periods of time.

At the end of every week, Eckert and Weiner would come around and we'd show them our big schematics with 40 to 100 vacuum tubes
on them. He would look at adrawing, ailmost closing his eyes, and point to aresistor at random and say: "Why is that resistor that value?
Why isn't it five percent higher? Why isn't it five percent lower? Show mein your notebook where you proved absolutely that that
resistor is exactly theright value." | think | almost got fired one day because | had a grid resistor returned to ground, and he asked me
why. | said that it was half way between plus and minus infinity, which was an unsatisfactory answer.

Every once in awhile something humorous related to the disciplines that were put in effect would take place. For example, whenever
the power came on the UNIVAC, ared light went on at the top of the machine's frame. Jim Weiner established the rule that whenever
anybody made a mistake such as putting a screw driver or a scope probe in the wrong place and blew up a diode, he would haveto buy a
Coca-Colafor al the employees of the company, approximately 30. However, one day Jim Weiner himself put his screw driver into the
wrong place and blew up al 18,000 diodes! It made us all feel much better. No one ever found out how he was able to blow them all up
simultaneously, but he sure did.

| have always felt that Eckert conveyed a particularly important engineering philosophy to us. He felt, | believe, that any engineer worth
his salt should be able to design anything at any time, either electrical or mechanical. If he didn't know how to do it, then it was his
responsibility to go out and learn how to do it. | remember his saying to me: "When you go home tonight, your wifeis going to want
you to cut the grass. Don't do it. Hire somebody else to cut the grass who is a grass cutter, and you study and design for the company.”
He said: "This effort will come back to you many timesin the future." | nearer did cut the grass and always felt as aresult of his
direction that it was my mother-in- law's job to take out the garbage and not mine! In any event, | have always spent continuously over
the last 35 years two hours aday studying at home or at the MIT library or elsewhere. . . every day.

Al Auerbach and Jim Weiner (right), who according to Bernard Gordon, "established the rule that whenever anybody made a mistake
such as putting a screwdriver or a scope probe in the wrong place and blew up a diode, he would have to buy a Coca-Colafor all of the
company, approximately 30."

J. Presper Eckert Jr. is shown with aBINAC Mercury Memory Tank. To engender his attitude, every once in awhile Eckert would
notify all the engineers that they would be given awritten test. The test material generally had nothing to do with our then

went work. The test material would touch upon avariety of subjects, such as the workings of an aternator or a power station or how to
design afilter. If an engineer could not pass such atest, he was likely to be terminated. This, | believe, was Eckert's way of making sure
that his engineers had a very broad interest and would be prepared intellectually to tackle anything that they had to. It was not unusual
that one engineer such as myself would design wide band IF amplifiers one week and stainless steel tanks with crystal transducers for
sonic mercury systems another week.

Eckert, through his personality and the fact that we were building the first commercial computer, got us very excited and interested in
our work. Not only the theoretical and technical aspects but aso the economic aspects. He used to get us to think in terms of how much
everything cost, how much did the solder joint cost, how much did it cost to make a drawing, how much did it cost to have a secretary
prepare a technical document, how many lines sould a draftsman put on a piece of paper each day, etc.

To try to keep within his original $100,000 budget, it was required at the Eckert- Mauchly Computer Corporation that every day one
vacuum tube's worth of circuitry be released into production about every half hour by every engineer. There was no getting around it.
Those were the standards set and that is what was expected. As| recall it was less than ayear after the design started that the UNIVAC
fully stood on the floor at the Eckert-Mauchly Computer Corporation complete with the first high-speed start- stop tape mechanisms,
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first acoustic memories, tapeto-card converters, ready to be system tested.

We probably didn't know it at that time, but nearly all of the engineers at the Eckert-Mauchly Computer Corporation were highly
motivated by the atmosphere which | have briefly described. About the time of the completion of the UNIVAC 1, the then Sperry Rand
Corporation bought out the company and the culture began to change "big time management" attitudes began to permeate the company.
Many of the origina engineers, including myself, then began to leave the company. Eckert, who had been my mentor, said to me when |
left: Y ou may never build another computer again, but it is probably true that everything you build in the future will in one way or
another resemble a computer." He was right.

After Eckert-Mauchly

Eckert's prediction was proved on my next job. | moved back to Boston because the weather was too hot and muggy in Philadel phia. In
Boston | worked for a company called Laboratory for Electronics, founded and popul ated with very famous names from MIT's radiation
laboratory and who indeed had made major contributions to the series of well-known books entitled RADIATION LABORATORY
SERIES. The company wanted to build a computer. But since the guys from MIT wanted the job, they were given the opportunity. | was
assigned to work on the development of a doppler navigating radar. One day we realized that every half cycle of the doppler return
signal represented the distance that the plane had traveled. So we thought that if we could count these half cycles, in turn we could build
adigital doppler radar. Thus, consistent with Eckert's prediction, the doppler radar which would normally have been an all analog
system ended up resembling a digital computer.

It was also on thisjob that | met An Wang who had just started his own company. He and | built a sequenced number generator which
resulted in patents for wire core memories. We pulsed stacks of magnetic cores in sequence and read them out to generate arbitrary
codes for controlling our rate multiplying navigational computer.

In 1953 | decided that it would be useful to tie computers together with analog signals and built a device called aDATRAC, thefirst
known shift programmed successive approximation A/D converter. At that time together with another gentleman named Joe Davis, |
started a company called EPSCO, Inc. and began hooking up analog to digital convertersto computers. . . an activity | have been
heavily involved in ever since. Today at Analogic we build a variety of measurement devices that compute, varying from very
sophisticated phased- array ultrasound medical imaging machines to high-speed signal processing computers.

| have consciously and unconscioudly tried to follow some of the principlesthat | orginally learned in my younger days when | worked
at the Eckert-Mauchly Computer Corporation. At Analogic we expect that project engineers should personally be able to do the variety
of tasks required on their projects. We rarely put more than three or four engineers on even the most complicated equipment that we
design, such asthe very first instant imaging CAT scanner or signal processing communications computers that make hundreds of
millions of computations a second. Our project engineers who can be assigned from project type to project type are the keystones of our
company.

Very often people from all around the world ask us: what do we at Analogic do that is different to get the engineering productivity and
stability of our engineering staff. | always answer by saying: "We don't do anything different. Y ou are doing things different. We are
doing the same old things that we learned 30 or more years ago."

Let's briefly look at how things used to be and how they are today. In 1948 there were about 2,000 electronic engineers being graduated
in the United States. Today with 250,000 el ectronic engineers nominally at work in our society and about 17,000 graduating each year, a
hue and cry is heard across the nation that there is a shortage of engineers. What iswrong? In the 40's, engineers were taught, in addition
to the type of disciplinesthat | have referred to, a breadth of mathematics and physics. They could be prepared to do anything because
they'd been taught fundamental principles.

Recently | attended a seminar where a speaker stated that "the complexity of current projectsis such that the mind of asingle project
engineer cannot encompass the breadth of the work." That fellow was talking about an engineering work station. Another fellow made a
similar point about personal computers. Those of you who are in the audience who are about my age know that thisis nonsense, because
we were al called upon, when we were younger, to build and be totally responsible for much more complicated things. Certainly thereis
not a heck of alot of real physical hardware engineering in any personal computer. Any good engineer could design a personal computer
hardware-wise in afew weeks. The software would clearly take longer. But for the hardware, he needs to have an organizational concept
utilizing available chips or have them laid out in gate arrays, buy a display and storage elements, and essentially "glue" it together. It
would probably take longer to get the tooling for the plastic case than to actually design the personal computer. Bear in mind that with
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Eckert's $100,000 engineering goal (even if that translates to $500,000 today) he intended to design from scratch the world's first
commercial computer, the world's first card-to-tape converter, the world's first commercia acoustic memories, etc. Keep in mind that
there was typically a half to one engineer working on each subsystem.

Now, let'slook forward a couple or so years when you will probably be able to hold in the palm of your hand a 10 megaflop 32-bit high-
speed computer with about a million bits of memory whose factory cost will be $200 or $300. When such building blocks are available,
much of the "beauty" of this fellow's computer architecture or that fellow's computer architecture will fall by the wayside. The tasks for
computer-related systems will be more and more related to being able to harness that computing power and design and build useful real-
world machines encompassing a breadth of technology

Now, what has happened to engineers? | would like to state my opinions and | am aware that not everyone will agree. In most
companies the attitudes of Pres Eckert or Jim Weiner are no longer taught nor is the mentor relationship available to most young
engineers. It isvery rare for ayoungster out of school to go to work for a 28 year old truly experienced engineer. Heisliable to go to
work for another youngster who has only been out of school for two years, who in turn has worked for a youngster with asimilar limited
level of experience.

| believe that with about five percent supervision by a broadly experienced motivating engineer, less experienced engineers can increase
their productivity somewhere between two and three times. At Analogic we jokingly call this"Gordon's Rule" and are certain that the
theoretical parameter of improvement is"e" or 2.7183.

Now, some people such as the people devel oping work stations claim that by the appropriate use of engineering work stations it should
be possible to increase engineering productivity by 4 to 1. Possibly they are right and possibly Gordon's Ruleisright. Of coursg, if they
are both right, then it must be possible to achieve aten-fold increase in engineering productivity. If thisis so, you would think that this
combination would easily solve the engineering shortage!

However, in my opinion the reality is that the true problem is that there is a grave shortage of engineers whose education and orientation
givesthem avery broad view. Recently | became concerned about the breadth of capability of many software engineers. The following
may be instructive. When Eckert interviewed mein 1948, | had learned a great deal about "pole and zero- based transfer functions' by
working at Philco. When | had to design an |F amplifier for the UNIVAC, | was able to achieve an overall transfer function by matching
the effective poles of the transducers to an optimum complementary transfer function of the amplifier. Recently | started playing with
my little home computer and just to exercise myself decided to write a program for an arbitrary number of poles and zeros to calculate
the phase and amplitude transfer functions and the transient response. Having once known how to do this very well mathematically and
particularly knowing the graphical interpretation of pole zero relationships, it took me only afew hours to achieve the result | desired.
The next morning upon arrival at Analogic | asked one of our relatively new but previously experienced software engineers how long it
would take him. His answer was six months! At first | was startled, but as | proceeded to talk to him, | discovered that he could probably
write the program in two hours also . . . if he knew something about poles and zero mathematics. . . but that he felt it would take him
five months 29 days and six hours to learn about poles and zeros! Then he could write the program.

We can all recount examples of projects where hardware engineers, software engineers, marketing people or customers could not
interact effectively because they did not understand each other's needs. It is my belief that in the 36 years since | went to work for
Eckert, | have withessed a continual decline in the average productivity of engineers. Let's take a measure of it. Only 25 years ago it was
common to say that there should be a development engineer for every million dollars worth of electronic production in the United

States. Now, 25 years later, with an inflation factor of at least four and with the availability of CAD/CAM techniques, LS| and VLSI and
al the other modern wonders, a computation of the total el ectronic output in the United States divided by the number of electronic
engineers at work yields avalue of only about a half amillion dollars. This combined factor of eight is of great economic significance. It
should cause most business managers and technical leaders to pause and give consideration to whether they have allowed the standards
of engineering excellence and productivity to decline in their own organizations.

Question and Answer Period
Q: Did Eckert ever really fire someone for failing one of his tests?
A:Yes.

Q: How could you keep working if you thought your job was on the ling?
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A: I'm not suggesting that somebody should be fired because they don't know something, but if they won't learn something, that is
different. Not too long ago | fired a mechanical engineer who would not draw. He said that he thought up designs "in his head" and he
would then trandlate his thoughts to adraftsman . . . and that it was beneath his dignity to draw. We found that he really couldn't draw
and didn't want to learn. He had a degree in mechanical engineering . . . but had never taken a drafting course!! He's not atypical.

Q: What was the role of John Mauchly? A: | believe that Mauchly was the origina driving force behind the ENIAC. He was a professor
at the University of Pennsylvania, and Eckert was a graduate student. They founded the Eckert-Mauchly Computer Corporation. At the
time | was employed, Mauchly was somewhat less active for reasons, as| recall, that were very personal.

Q: Wasthere a strict hierarchy and structure?

A: Although Jim Weiner was the chief engineer, Eckert would often jump up to the top of afiling cabinet and sit on it and squat. He
would take on the characteristics of a guru to anyone that was around at the time. As| recall there really wasn't a pecking order at al. He
used to have what | thought was a wonderful idea of saying to people, "Say anything that comes to your mind. Idea. Idea. Idea. You
have 99 inadequate ideas and maybe the 100th will be invaluable." Eckert would always engender an atmosphere where people would
not be afraid to be wrong about anything. We all had alot to learn and to conceive.

Note: Recently the Massachusetts Board of Regents has authorized the formation of a new institute to be called The Gordon Ingtitute, a
school of engineering leadership to be located in Wakefield, Massachusetts. Its aim will be, consistent with Eckert's philosophy, to teach
engineers a breadth of knowledge involving technology, ethics, and philosophy, considered to be musts for true leaders and to develop
an orientation toward the successful economic accomplishment of projects undertaken.

October 20, 1983

IBM System/360
Bob O. Evans

Bob O. Evansis |BM vice president, engineering, programming and technology. He joined IBM in 1951 as a junior engineer in
Poughkeepsie, New York, where he took part in the devel opment of IBM'sfirst large scale computers. After various assignmentsin
computer development, he was promoted in 1962 to vice president, development, for the Data Systems Division which included overall
management responsibility for development of IBM Systen/360. The following article is based on a lecture presented by himat The
Computer Museum on November 10, 1983. For historical purposes, the original presentation has been archived at the Museum on
videotape.

The System/360 and its direct descendants have accounted for more than a hundred billion dollars worth of revenue and considerable
profit for IBM and has been the foundation of our basic business for years longer than we anticipated. | wish to tell you something of the
environment, actions and people who made System/360 happen.

IBM wasformed in 1911. At that time it was called the Computing, Tabulating and Recording Company and was an amalgamation of
three tiny companies that worked on products such as meat slicers, scales and nurse call systems. One part of the small firm was the
Tabulating Machine Company that had been built upon the intellect of Herman Hollerith, inventor of the punched card. Thislittle
company, recording afew tens of thousands of dollars of revenue, grew slowly in those days. By the early 1930's, CTR had grown and,
amazingly, had shed itself of most of the prior products, the nurse call system, the scoreboards and the meat dlicers, concentrating upon
the Hollerith concept to become an electric accounting machine company.

Several factors accounted for CTR's success: first, the strength of the Hollerith concept itself; second, the young leader who ran the
company Thomas J. Watson, who had come from the National Cash Register Company; and, third, the U. S. Social Security Act of
1931, which created an enormous demand for the types of machines CTR built.

The Computing, Tabulating and Recording Company's name was changed to International Business Machinesin 1924. In 1930 IBM's
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revenue was $19 million ayear and then grew by 1939 to $38 million ayear. A more important measure of the effectiveness of the
company is net earnings after tax-which were 36.8 percent in 1930. Of course the tax structure in those days was substantially different.
Nonethelessin net: IBM was a healthy small company, producing €lectric accounting machines for a growing demand.

By 1949 IBM had grown to be a $200 million ayear business that primarily leased electric accounting machines. The view within was
that IBM was the product leader in electric accounting machines; it was a profitable institution and investors loved IBM. If you had
bought afew dollar's worth of stock then, you would not have to work now. IBM had very strong user loyalty, and most importantly,
there were abundant opportunities for new electric accounting machines.

Let us examine IBM in the decade of the 40's in more detail. There was a revenue bulge that came during the war years as the company-
likeall U. S. industries-turned to the national effort. Then there was some downturn as the company recaught its breath after the war to
return to its basic business direction. Profit was 20 percent of earningsin 1939 and by 1949 profit had grown to $33 million or 18
percent net after tax.

In the national interest work during the war years IBM produced fire control systems and navigation and bombing systems among other
products. From this IBM's Military Products Division grew, and was later renamed the Federal Systems Division, although the revenue
of that division istoday a small percentage of IBM'stotal.

New events led IBM to turn another radical corner. One often wonders how these things happen and, on reflection, the change was most
unusual, for here was IBM doing well with electric accounting machines when the Korean war started. Shortly after the war broke out,
Mr. Watson sent atelegram to President Truman offering IBM resources for the national effort. The consequence of this telegram was
that two IBM executives surveyed the National Laboratories and other national interest work around the United States to determine what
IBM might do. One was an engineer named Ralph Palmer, in my viewpoint one of the geniuses that IBM was fortunate to attract, who
established the foundation of the IBM development community asit still exists today. The other was a master salesman, Dr. Cuthbert
Hurd. Dr. Hurd and Mr. Palmer, under the aegis of the Watson telegram to the President, toured the U.S. They visited such places as
Livermore, Los Alamos, National Security Agency and aerospace companies to determine how IBM might contribute. When they
returned they told Mr. Watson the best thing IBM could do was build a high-speed computer much like the high-speed com puter that
Dr. John von Neumann was building at the Institute for Advanced Study and Professor Maurice Wilkes was building at Cambridge
University. They concluded there was great need for such computer power in national interest areas and that IBM should do it.

The government was not al that interested, so Mr. Watson, anxious to keep his pledge, decided that IBM would fund the effort, thusin
1950, the project began.

A principa viewpoint thenin IBM was that such a project was an intrusion on the mainstream. The estimated demand for such
€lectronic systems was ten or so and the prices were certain to be astronomical. Thus the view was the project was indeed a sacrifice, but
IBM should get on with it and then get back to our basic EAM (el ectronic accounting machines) business as swiftly as possible.

The project was called the Defense Cal culator and was formally named the IBM 701 Electronic Data Processing Machine. The first
system wasinstalled at IBM's World Headquartersin New Y ork City in December 1952.1 was lucky to be one of the engineers who
went to New Y ork City to get that system installed and operating. Nineteen 701's were built betwen 1952 and 1954. The rental for the
system was a staggering $20 thousand a month at atime when other IBM machines rented for $300 a month or so. Thus, the 701 did not
seem to have much promise. Fortunately Mr. Watson's son, Tom Watson, Jr., saw the potential of electronics. He had become President
of the company and pressed for more effort in electronic computers. Y ou can imagine the reaction of some senior management. They
knew the accounting machine business, they loved it and there were long lists of new EAM features and equipment needed to meet
customer requirements. Thus many pressed to continue focusing on EAM. But Tom Watson, Jr. led the business into electronics.

In the 1952 and 1956 era of vacuum tube technology, a number of computers came from IBM. The business computers were
characterized by being a phanumeric, handling both a phabet and numbers, and operating serially by character on those voluminous
strings of variable character length data. Business systems also had more extensive peripherals, usualy tape drives, card machines and
printers. In contrast to the business systems were scientific systems such asthe IBM 701, which were parallel, binary and had more
limited peripherals.

IBM 701 Electronic Data Processing Machine, 1952.

IBM 704,1955.
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IBM Growth: 1930-1939.
IBM Growth: 1940-1949.

In ashort time an improved version of the 701 was produced called the IBM 704. Gene Amdahl had come to IBM from the University
of Wisconsin, where, as his doctoral thesis he built a machine called the WISC. He, John Griffith, and a small group worked on the
architecture of what became the 704 with new innovations such as floating point, indexing, and other bright new functions. Later core
memory replaced the old Williams tube memories and, still later, the IBM 709 evolved from the 704 base. In that era another business
computer was produced, the IBM 650, centering about a magnetic drum storage device. More than a thousand 650 computers were sold,
far more than the forecast.

The 305 RAMAC was a new system conceived by Ralph Palmer, IBM's engineering genius. He wanted to see business data
immediately accessible to the processors and he envisioned adisk device. Palmer set up alaboratory IBM's third, in San Jose,
California, to develop disk products. The 305 RAMAC became the first disk system that IBM produced. The sales forecast was for four
or five thousand athough fewer were sold.

Also on the business systems side, several hundred 702 and 705 systems mere produced. They rented for more than $30,000 a month,
taking the place of alot of sorters, collators, gang punches and calculators that were then the mainstream of IBM's business. Some 250
704's and 709's were sold to scientific users.

These big rental, big ticket items brought in alot of revenue to IBM in that exciting period. So Tom Watson, Jr.'s hunch about
electronics proved correct and IBM was on its way into anew era.

How did the business do? Through the decade of the 30's and the 40's the company grew to $200 million. Now we see the consequences
of the shift to electronics for, in the decade of the 50's, IBM grew swiftly to approximately a billion dollarsin 1957, and in the following
two yearsto $1.6 billion, fueled by our movement into electronics.

IBM Growth: 1950-1959.
IBM Vacuum Tube Computer Families: 1952-1956.

Some companies working on the early computers were ahead of IBM, and | would have to say that IBM was able to succeed so well
because of our marvelous sales force and outstanding service which were the keysto IBM's ability to grow from a small company to the
very significant company we becamein the 1950's.

Profit margin for that period was somewhat reduced as heavy investments were going into electronics. After tax margin declined to 10.9
percent, still healthy by most measures.

Then we entered the transistor age. IBM announced its first semiconductor system in 1957 and delivered it in 1958. Through the period
of 1959 and 1960, IBM brought out a number of systems, some with new architectures and some with evolved architectures based on
their vacuum tube predecessors.

For example, the 7080 was a semiconductor version of the 702 and 705 business systems. It was brought out because the new
architecture 7070 business system had not done as well as had been expected. Customers that had 702's and 705's were not converting
their programsto the radically different architecture of the 7070, thus the compatible 7080 was produced. L ess than 100 of the 7080's
were produced, yet the system was a business success.

A specid story, however, was the 7070 which was IBM's new business architecture entry for the semiconductor age. RCA had produced
their vacuum tube BISMAC series and then moved to their transistorized 501 series. The 501 had good performance and price, and IBM
was racing to compete before we lost initiative in the business systems area as business applications were viewed as being 80 or 85
percent of the demand in those days while scientific applications provided the rest. Thus the 7070 was a hew era system that we hoped
would retain IBM's position and .allow us to grow from that base.

Ralph Palmer had done something that was typical of him: he held a competition to determine which laboratory was going to design the
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7070. Poughkeepsie, IBM's large systems laboratory, had a design that was attractive and they vied for the responsibility of building
IBM's new transistorized business entry, essentially the plum of the development community.

The Endicott laboratory, which had earlier produced the 650 system, had its own version of what to do: they proposed to build upon the
650 architecture and Endicott worked hard to win the prize. When the dust settled, Endicott had won the mission with alot of
aggressiveness in proposing features and function in what was to become the 7070. It turned out, however, the 7070 was such a complex
system that it did not sell aswell as had been expected.

Dawning of Transistor Age for IBM Computers: 1957-1960.

In the meantime, in Endicott there was work on replacing el ectric accounting machines with stored program computers. IBM had been
struggling for seven yearsto find away to consolidate in an electronic system the capabilities that were found in the assorted unit record
machines such as gang punches, collators, sorters and calculators. Several approaches had failed because the people working on the
designs had tried to build systems with plug boards which were the control unit in the electric accounting machines.

A bright engineer in the Endicott |aboratory, Fran Underwood, conceived avon Neumann stored program system that became the IBM
1401. That system, announced in 1957 and shipped first in 1958, went on to become, from IBM's standpoint, the Model T of the
computer industry. It rented at $2495, an unprecedented bargain in contrast to the $20, $30, $40 and $50 thousand per month that
customers were paying to rent the bigger systems of the times. We expected to sell 5000 1401's but eventually installed more than
12,000. The 1401 led IBM into the computing big time, bringing to the company a much broader set of systems customers.

On the scientific side, the 7090 was a transistorized version of the 704 and 709, just like the 7080 was a transistorized version of its
vacuum tube predecessor. Something like 300 7090's machines were installed. They were profitable and were very popular in the
scientific and aerospace communities and that had something to do with some of the arguments that arose during System/360's design.

There had been a gap in the middle of IBM's scientific product line and alot of clamor came from the demanding sales force for small
scientific computers. A group at Poughkeepsie devel oped a machine called the 1620. However, instead of a small binary design they
produced a decimal design. Its rental was $1600 making it the first IBM system with arental price smaller than its serial number. We
sold more than a thousand of those systems to the fledgling minicomputer area.

The 7030 was a special machine. Y ears earlier, Dr. Edward Teller had wanted a new scientific system for three- dimensional
hydrodynamic calculations, and Dr. Teller talked about his need to IBM super salesman Cuthbert Hurd. Dr. Hurd had guessed that such
a system might take a couple of years to build, might cost $2.5 million and might run at one or two million instructions per second. Dr.
Teller went to Congress and got the funds. And so asmall group that included John Griffith and Gene Amdahl, worked on a design that
we called LARC for Livermore Automatic Reaction Calculator. A Univac team also worked on their version of LARC. We thought we
had a great design and were on the way out the door of the Poughkeepsie laboratory to present our design to Dr. Teller when Ralph
Palmer stopped us and said, "It'samistake." Transistor technology was changing rapidly, and we were going to build this system with
point contact transistors or surface barrier transistors, the semiconductors that produced the best speed in the early days. Palmer had
noticed the newly invented diffusion process promised better control of the speed of semiconductors and thought it would be a mistake
to build the LARC system with obsolete semiconductors and occupy the estimated 350 people required to build it. So Palmer, to our
dismay, forced usto tell Livermore's Lou Nofrey and Dr. Edward Teller that we had decided not to build the design we had worked on.
We showed Livermore our design approach to illustrate the kind of system we were capable of building but said, "We are not going to
build that machine for you; we want to build something better! We do not know precisely what it will take but we think it will be
another million dollars and another year, and we do not know how fast it will run but we would like to shoot for ten million instructions
per second." So Dr. Teller bought the Univac machine, and we went back to lick our wounds.

Later, with the Univac LARC system commencing development for the AEC and the able Sperry salesmen selling it, IBM concluded
that we had better fund a new system ourselves. The thesis was to build the fastest system. It was internally called Project Stretch, for
stretching the technology. we did design the Stretch system ultimately producing atotal of seven. Its IBM type number was the 7030
and it was the fastest system in the world for a period. The 7030 was quite expensive to build, costing IBM tens of millions of dollars.
However the technology and the architecture that flowed from Stretch later had important influences. All of usin the IBM development
community have a soft spot in our hearts for taking on such "one-of-a-kind, break-the-sound-barrier” projects.

It would be relevant to describe the company organization in the 1950's when IBM was till very small. Although it was a $200 million
firm, there was one vice president for engineering and he handled all engineering business such as the national interest business,
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supplies, typewriters and electric accounting machines, the largest engineering activity and, the few engineering tasks in electronic
computers. And so it was with manufacturing with one VP overseeing all aspects and so it was with marketing that a VP oversaw both
sales and service. That was an inappropriate structure for the growing IBM which crossed a billion dollars of salesin 1957, thusthe
organization was changed. A major reorganization started in 1955 and in four years the change was completed. In essence, the company
decentralized and formed new divisions.

The World Trade Corporation, that had started years earlier was beginning to grow. It had its own marketing for the countriesin which
IBM was present, its own service, its own manufacturing and its own development with its own laboratories and engineers. World Trade
had rationalized their countries needed products that were different from what the Americans were producing, so it set out to build its
own products for its customers.

In the mainstream was a senior vice president for data processing, T Vincent Learson. His organization was set up in a new structure
consisting of three divisions. The General Products Division in Endicott, New Y ork and San Jose, California had the mission of

devel oping and manufacturing products with rentals up to $10,000 per month. In Poughkeepsie, New Y ork the mission of the Data
Systems Division was the development and manufacture of systems renting above $10,000 per month. The Data Processing Division
handled sales and service and was headed by a super professional, Gilbert E. Jones. Inits heyday it was as fine a marketing force as ever
existed.

One important point: In this structure the financial books were controlled by the product divisions; marketing and service were run on
apporionments that were doled out by the product divisions. Thus the product divisions did the market forecast; set prices and had
general responsibility for the financial health of the products they produced.

Now let us consider the IBM product offerings at the time System/360 devel opment was commencing. There we werein 1960 with six
families of new systems, most of them doing well. The 7070 was not selling as well as we had hoped but the rest were selling well and
some, such as the 1401, far exceeding our forecasts.

The major reorganization had just been completed in 1959 when Tom Watson, Jr. called the new senior management together and, in
what | thought was real vision, said that our new products should serve IBM well but we should start thinking about where we are going
in the future and should have someone start working on that future. His conclusion was the Data Systems Division would be given that
mission.

Now some irony: the General Products Division, which had won the internal competition to build the 7070 was struggling with that
system'’s design and release to manufacturing. It was late in schedule and its architectural complexity was affecting programming.

IBM's Immediate Products to Strengthen the Product Line: 1961- 1963.

However in the mgjor reorganization of the 1950's as luck would have it, the Data Systems Division took over responsibility for the
7070 and its problems. Some of DSD's leaders thought the best thing to do was to get rid of 7070 so they started aproject in
Poughkeepsie to build a better system. The development leader in Poughkeepsie, Steven Dunwell, gave a simple charge to the engineers
under him: "l want amachine that is twice as fast as the 7070, at half the cost." He had another little codicil on his charge: he wanted it
packaged in one rollagon, which was one of the packages we used then in larger systems.

So the people in Poughkeepsie began the new design. Bolstered by Tom Watson's assignment of a corporate mission to plan the next
series, they expanded their 7070 replacement into afamily called the 8000 series.

The proposed 8106 was the specific product Poughkeepsie conceived to replace the 7070, and it was furthest along. As a matter of fact,
it was being prepared for announcement in March 1961. To fulfill their worldwide mission, Poughkeepsie quickly planned other systems
around the 8106. They added a scientific attachment called the 8108; it was not a standal one machine-you had to buy an 8106.

Burroughs was working on a technigue called push down stacks and Polish notation and that concept enamored some of our people.
Thus Poughkeepsie decided to build an analogous high performance system called the 8112. The General Products group was so
successful with the 1401 that they did not want anything to do with the 8000 series but Poughkeepsie required small systems to handle
peripheral management and to provide growth for their bigger systems. Therefore, they wanted a small commercial machine and started
adesign called the 8103, a small business computer. To fill the gap in the scientific area, Poughkeepsie proposed a machine called the
8104. These systems had some architectural similarities but, by and large, were quite dissimilar and that was perhaps the fatal flaw.
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Other groupsin IBM were working away too. The General Products Division, with their 1401 success, had planned to take that machine
in all directions, down and up. They proposed a 14016, 1440, 1410 and 7010. They had a 1620 model 11, and because of the success of
the 1401 and 1620's it appeared that General Products was headed for success with aline of systems competing with Data Systems
proposed 8000 series.

The World Trade Corporation did not like the 1620, it was a decima machine and World Trade wanted a small binary machine. Thus
the Hursley England Laboratory started a design of a 48-bit, small binary machine called SCAMP-I1, a credible machine that might have
succeeded had it proceeded. Unhappily, the computer demand in Europe in those days could not generate enough volume to pay
SCAMP'sway, so the machine wasin financia trouble. The aggressive Hursley Laboratory then said, "We can build a faster version
called SCAMP-11 on the SCAMP-1 base, get more volume and fix the business case." They tried just that but it was not enough to fix the
business case. So, undaunted, they hypothesized a business version of SCAMP called SCAMP-I11, and were evaluating that approach.

In net then, World Trade had its evolutionary plan, Data Systems had the corporate mission and its 8000 series plans and Genera
Products had its plans based on the success of the 1620 and the 1401. All the camps were in competition. It appeared as if atime would
come when a customer would call up and say, "l would like to hear about an IBM machine," and three salesmen would get stuck in the
door waving their catalogues saying, "Don't listen to him, listen to me."

My role in this came in January 1961 when Vin Learson asked me to leave Endicott, where | was working on the 1401, 1620 and the
1410, and to go over to Endicott's rivals in Poughkeepsie. Hisinstructions were simple: "Look at that 8000 series-if it isright, build it; if
itisnot right, build what isright." That is about the length of the discussion | had with Learson.

One of the problems we had with al those architecturally dissimilar systems, was that peripherals had to be customized by family. If
you wanted to build a peripheral that was optimized for parallel binary machines, that was tough to justify businesswise. If you were
going to build something that was serial by character for commercial machine, that was another design. None of these systems had
enough volume to sustain new investment in avariety of types of peripherals, so the peripheral groupsin San Jose, Endicott and
Poughkeepsie worked at what they believed best to build, and the system adapted those devices to the processors.

Since most of the technology work was going into the processors the peripherals were not keeping pace with the processors. It was
possible to go from one processor to another and get 100 percent gain in internal performance, but because of slow peripherals a user
might realize only a 10 or 15 percent gain in thruput performance and that is before you take programming into account.

Circuit technology was also different by type of machine. Here | must say that Ralph Palmer and senior development management had
strived to standardize our semiconductors from the beginning. Previously in IBM every project had its own designers who would design
the circuits for their projects, optimizing their products for their intended applications. In 1955 Ralph Palmer established central circuit-
design laboratories, with the centralized group providing circuits to the systems groups. It caused much disagreement in the laboratories
but, in hindsight, it was the right decision.

To aid standardization we designed a printed circuit card called SM S - the Standard Modular System. One card was approximately the
size of your hand and held one circuit of discrete transistors, resistors, diodes and capacitors. We developed alot of automated
equipment to insert components, to solder them in place and to test the cards. In the early days of transistors and the Standard Modular
System, the management theory was that if we did it right, about a hundred of these SM S card types would serve all the IBM systems
which would bejust fine for service, service training, engineering refinement and further evolution.

However by 1960, the requirement had exploded out of control and had grown to more than 2500 card types. The Standard Modular
System plan had missed its target significantly. There were so many card types the circuit engineering force spent its time designing new
circuits. And, of course, field inventory, field engineer training, and such things were expensive and complex.

Perhaps the worst problem that plagued our many types of systems was programming. In 1960, during the heyday of the 1600 and the
7000 series, our programming budget was $5 million, less than five percent of the development budget. With so many types of
architectures, not only did we have to produce FORTRAN for each type of architecture but there had to be a FORTRAN for the disk
version of the 7090, and one for the tape version of the 7090 as well as specia assemblers and utilities. We were in trouble with respect
to programming in 1960 and we knew it.

Moreover, we had split our customers' computing with scientific and business machines. Boeing is atypica example. It had two very
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able yet separate computing shops-one had 7080's, one had 7090's- vying for funds, vying for applications and vying for people. What
really was happening, we perceived, was that business systems needed more of the logical and computing abilities of the scientific
systems, and the scientific operations needed more of the variable field length and alphanumeric capahilities of the business systems.
We had unwittingly put our customers into two camps and the camps were competing.

The user programming investment was high and growing rapidly, and our customers had sent us a signal with the 7070: no matter how
powerful the architecture, no matter how much better the price-performance ratio was in contrast to older systems, they were not going
to make the move. Most users could not afford to convert and did not.

In 1960 most IBM development resources went into the evolution and propagation of processors. Only a small amount went into
peripheral research and enhancements. Most peripheral R& D went into tapes, abit into disks and printers, and atiny amount - $5
million in 1960-for programming.

Thus, with all these problems, in considering the 8000 series in 1960, we concluded it had frailties such as the incompatibilities between
the architectures themselves, had other missing elements in the program and were planning implementation in existing technology. In
May 1961, a decision was made to build anew family of systemsin new technology. Each system in the family would be equally
adaptable to business and scientific use. And while it was easy to produce machines that were upward compatible, we were going to try
and design the new systems to be both upward and downward compatible. Thus if any systems had the required peripherals and the
amount of memory specified by the programming, it could run the same programs, whether it was a big machine or asmall one. More
importantly, the approach unfettered programming from the specific systems themselves. The entry-level programming could run on the
whole family, and large systems programming-more complex programming with higher function-could also run on the whole family.

And to fix the I/O problem, the new systems thesis was standard interfaces for peripherals. We decided to have the peripheral devices
adapt to the standard interfaces so that control programming would not have to be changed extraordinarily by new peripherals, and we
hoped the new peripherals could achieve high volumes.

Lastly, the plan was to build the new systemsin a new technology that was under development in IBM. Internally it was called the
Compact technology, later named SLT-Solid Logic Technology. Basicaly, it was a hybrid, micro- miniaturized technology which,
instead of using the pam-sized SM S card to package the circuits, Compact used fingernail-sized chips, each containing a single circuit.
Erich Bloch, John Gibson and | agonized alot in 1961 about whether we should go to large scale integration instead of pursuing the
hybrid micro-miniaturized technology. Fortunately, we elected to build what we had in hand. Heavy investment went into automating
the production of SIT technology and production was very sophisticated. Significant volumes were turned out at high quality and low
cost.

The architecture of the systems had a decimal and variable field length base structure with optional binary and floating point. Each
system could perform scientific as well as business cal culations and we also tried to design in the basics needed to allow usto expand to
new applications such as real time or event driven applications as they unfolded.

Another problem: IBM has an aggressive sales force and they were paid largely on commissions. Our salespersons did receive a base
amount which would buy baloney sandwiches, but if they wanted to eat steak, they had to sell. Our sales force's long range viewpoint
was that "tomorrow istoo long." They certainly had atough time waiting for afew months, let alone afew years. However, anything as
significant as shifting gears to a new technology, new architecture and new programming was going to take alot of time. We estimated
that we would announce in 1964. It turns out we did announce in 1964 and shipped in 1965. But in 1961, such adelay seemed like an
eternity to the salesforce.

In the meantime Seymour Cray at CDC and lots of able companies were beginning to succeed, bringing out competitors for the IBM
product lines. Our sales force felt their homes were burning down and they wanted some solutions quickly. So we put in place some
programs | called "temporizers'; | hate the word, but that is what we called them then. The project consisted of extensions to the current
product lines. There was to be a higher speed version of the 7090, called the 7094, which turned out to be so successful that we built a
7094-2 and we actually worked on a 7094-3. Two new extensions of the 7070 were built-the 7072 and the 7074-intended to aid the
lagging 7070 sales.

A bigger version of the 1410 was built for 1401 growth, the 7010. A 1620 Model 2 was built, and for that gap in the small scientific
area, two systems were built that were related to the 7090 architecture-the 7040 and 7044.
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All these systems were undertaken starting in mid-1961. Some were announced in 1962 and the rest by May of 1963. IBM suffered
competitive losses but we were able to keep the sales force alive during the time the gears were being shifted to System/360.

In net: System/360 solutionsin terms of the problem was to standardize peripheral interfaces across the system; the circuit technology
used throughout the system was the new solid- logic technology; programming was independent of the hardware, and the scientific and
business split was solved by integrating into one system the capability of addressing both classes.

The key issue of 1962-63 became one of program conversion. For along time Fred Brooks, Gene Amdahl, John Griffith and others
worked on how to do this. The first thought was to have machine translation. Bright people worked on a conversion program that would
allow one to dump a program in a hopper and have the conversion produced run effectively on the new architecture System/360. After a
couple of years of hard work and several million dollars of investment, we concluded automatic conversion was not going to make it.
The theory then was that we had better back off to machineassisted translation where we would translate as much as we could and signal
the items that had to be handled manually.

We knew our customers were not going to convert manually; we had to have atool. Necessity breeds invention, and a couple of
professionals found the solution. We found that if we examined the 1401's registers and data flow in the light of the 360, the 360 had all
the registers and more, and all the data paths and more. Since we had decided to use some of Professor Wilkes work in the controls of
these machines, namely read-only memory instead of hard-wired logic, the controls were vastly simplified. Thusit wasrelatively easy to
add to a 360 machine the instruction set for a 1401 and literally throw a switch so the System/360 would run credibly as a 1401.
Emulation proved out for the 1401, 7070, 7090, and 7080- fortunately for IBM.

Systems running in emulation mode did not run at full 360 performance, of course. But, by and large, through the combination of read-
only memories for control that let us add the instruction repertoires of the older machines, the 360 machines did take on the form of the
older systems and customers could run the old machines' programs with reasonabl e priceperformance and then convert at their leisure to
the newer architecture when they wanted. But believe it or not, some users are still running in emulation mode after all these years.

1962 was a period in which we found ourselves asking can we make it? Can we design the family? For awhile it appeared that we could
not design a processor that was inexpensive enough at the low end while containing the instructions of the big machines; similarly for a
processor at the high end, would their performance be limited by staying compatible?

But senior management realized that if we produced a five-times 1401 and Honeywell produced a four-times 1401, the whole question
would be quickly reduced to plant capacity. Honeywell might sell 5000, we might sell 5000, and conceivably there would be a price
war. Worse, the 1401, invented years earlier, was inadequate for future applications.

In contrast to the existing product lines, there were so many attributes in the new product family that in February 1964 IBM decided to
go ahead. We announced System/360 on April 7, 1964. We announced five machines; the Model 30 was developed in Endicott and the
Model 40 was developed in Hursley England. As a side point, World Trade wanted to play arolein the 360 development. Its labs were
full of bright people, but young and inexperienced, thus | wanted to give them supporting roles. However, Vin Learson said "Absolutely
not. They have to have a head-held-high role; we want to give them awhole system.” So we did. We exported a number of U. S. people
to help Hurdley, and after that Hursley became one of the senior labsin IBM's devel opment community.

Poughkeepsie devel oped the Models 50, 60 and 62, and Model 70.

Later, through the last part of the 1960's, there were successors and additions announced: the entry System 20 and the 22, the 25, and a
scientific optimization Model 44. Some new memory came into the 65, which replaced the 60 and the 62, and the 75 with the new
memories replaced the 70.

The 360 model 67 grew out of MIT's criticism of System/360. MIT scientists were important in computer research, and we wanted to be
certain we stayed close to MIT's thinking. And during this period, as busy as we were, 360 design people would go occasionally to MIT
However, in retrospect, MIT did not hear us, we did not hear them, and | presume we did not speak clearly enough to them.

When the 360 system was announced on April 7, we all settled down to the happy task of making it happen. But on June 6, 1964, |
traveled to MIT to see what they thought of 360, which by then had been announced for a couple of months. To my dismay Professors
Corbato and Fano told me that they did not like System/360.
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Three of MIT'sfour criticisms were trivial and could have been fixed quickly but, criticism one was deep in the concrete and that was
MIT'sview.., that time sharing was just around the corner, thus dynamic, address translation would be a fundamental part of any
system'’s architecture in the future. Without it, management of the storage by the programmers would be an impossihility.

There was some debate in IBM, but | decided that MIT was right, and we had missed it. It took us several years, but we did fix it and
finally got dynamic address translation across the family. However, back in 1965-66, we produced a specia version of the Model 65
called the Modd 67 which was built for leading-edge customers like Bell Labs that wanted time sharing and demanded dynamic address
trandation.

Unhappily for us, MIT decided to buy a General Electric machine and not the 67 that we were designing to supplement the 360 family
and answer their requirements. Through the 1960's, the only 360 machine that had dynamic address translation was the Model 67. A
specia version of that design, called the 9020, became the system used in the FAA's enroute traffic control system.

We thought in those days we would be lucky if the series would last one generation-3, 4 or 5 years-and if we were really lucky it would
last 8 or 10 years. However System/360 has lasted 20 years, and we are working now to extend its life into the 90's. Possibly it will not
make it, but the durability of the 360 architecture has far surpassed our expectations.

By the late 1960's, technology had marched on to the point that instead of one circuit per solid logic chip, we could do three or four
circuits per chip: the early days of large-scale integration. So we produced afamily of follow on 360 systems: the 115, 125, 138, 148,
158 and 168 and, in between, there is some detail of what were called "vanilla' machinesthat | will skip. The bottom lineis that all
these machines had dynamic address translation and our control programming was substantially evolved to accommodate virtual
systems capability.

The mid-range and high-performance systems of the 1970's were all direct members of the 360 architectural family. And since 1979 the
43X X machines and the 308X 's were added and they are all members of the 360 architecture. These systems, over the years, have
produced more than $100 billion of revenue. IBM margin has stayed strong even through the thick and thin of such periods such as the
recessions of 1971 and 1975.

| said earlier that we tried to design into the roots of System/360 the abilities that would let us work in future applications. One that we
sensed clearly in 1962 and '63 was tel eprocessing, for it was beginning during that period. But we did not get our hands enough around
teleprocessing to know just what to do, so we put hooks into System/360 to add teleprocessing capabilities later.

Our estimate was that in the United States we would sell 2500 of the 40, 50, 60 and 70 systems, and by 1970 athird of those would have
remote terminals and thus require communications, hardware and programming. What actually happened, fortunately for IBM, was that
we sold twice as many of those systems as we had expected by 1970, and by 1968 we had already passed in teleprocessing what we had
expected to reach by the end of 1970. And by 1970, we had sold two and a half times what we had expected to sell in terms of
teleprocessing.

In hindsight, just building those 360 machines and the complexities of the technology, new peripherals and control programming so
consumed our resources that we really did not tend swiftly enough to communications. And that explains the a phabet soup that existed
in 1970 teleprocessing for one laboratory or another would develop a piece and a customer would produce something else and the
assemblage was inadequate and inconsistent for teleprocessing in 1970.

Thus, starting in the early 1970's, we set out to do the same thing to the communications subsystem that we had done to the central
processing subsystem. It was called Systems Network Architecture (SNA), and some of you may be familiar with SNA. We shipped
SNA first in 1974 and, it has been generally accepted by the International Standards Organization as an architecture that straightens out
the protocols, disciplines and structures of the communications subsystem.

In 1973, when we were finishing work on SNA, our hope was that we might install 3500 SNA systems worldwide early in the 80's. Last
year an IBM team gathered to celebrate our 10,000th SNA customer.

At present in the hey-day of PC's and the exploding world of work stations, we are talking in terms of hundreds of thousands of SNA
installations.

SNA has had a succession of sophisticated additions to the structure, the features you would expect once abase isin place; aternate
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routing in the case of line outages, dynamic reconfiguration non-IBM terminal attachment, and those types of abilities.

Thereis an explosion taking place in computers and communications. Today we find computers connected to computers by
communication lines and control units connected by communication lines to hundreds and thousands of terminals. Then, of course, there
are minicomputers pioneered by Digital. Whether it is realtime applications, batch applications or interactive applications,
minicomputers a so require communications from distant terminals, and more and more, these terminals need access to central data
bases and vice versa. Thusthere is great need for computer communications.

If | would characterize where we are today in allocating our resources, we spend a good deal more on communications and still spend a
handsome amount on programming and peripherals.

The computer-communi cations explosion caused us to decide to do something more significant in communications.

Weworried about AT&T for, if they controlled all communications and also provided computers, IBM might be at a disadvantage. Thus
we invested in a communications satellite company that is providing new communication services. It will be agood businessin its own
right and is bringing new communication capabilities to teleprocessing users, keeping pressure on the telephone companies. We think
that is good for the industry.

How did general management operate? First there was a strategically minded management in the 1960's. Tom Watson assigned ateam
to work on the next generation.

A broad direction was set but the senior management delegated detail; they did not strive to manage the architecture. They heard the
debates and worked to resolve problems but never stepped in to dictate designs such as 36-bit words.

The 360 undertaking stressed IBM to the limits and senior management organized and reorganized IBM to meet the needs of the times.

Lastly | must say that through alot of countering viewpoints, senior management such as Tom Watson, V.P. Learson and Al Williams,
had alot of tenacity and did risk alot.

Asto whether it wasworth it, | will just say that from the period 1964 to 1980, the profit after tax on 360 systems was far greater than
the total sales we had anticipated back in 1964. This System/360 was an outstanding business success. More importantly, it gave usthe
foundation to move resources into new peripherals, to do the things like SNA and all that went with SNA in terminals and
teleprocessing, to specidize in certain industry areas and to diversify into businesses such as satellites.

It has also given us a new complexity for in the 1960's came the compatible peripheral competitors. A small company in Oklahoma,
Telex, started making copies of IBM's magnetic tape. A number of customers bought the copies. And soon, manufacturers produced
copies of our disks, multiplexers and main memory and by the 1970's we saw copies of our terminals and finally, the piece de resistance,
compatible central processor from Fujitsu, Hitachi, Amdahl, Magnusson and others.

Those copies were expected. When we started to work on System/360 our rationalization was that, in the face of copies we had to insure
that IBM was constantly the best, that we had the best technology and the best programming and the best price performance. Those
ideas sold in IBM and we still believeit.

One negative consequence was the anti-trust litigation that was very costly and stressful.

In the last days of Lyndon Johnson's administration alaw suit was filed by the Department of Justice. Also, Telex had filed suit saying
that we had damaged them with our "predatory” practices. We filed against Telex for stealing and in a curious decision in 1972, the
District Court in Tulsafound for both companies. It found Telex guilty of stealing and fined them $20 million and found us guilty of
damaging Telex and fined us $120 million. After trebling under U. S. antitrust law that fine went to $360 million.

At the end of 1972 IBM stock went from $365 to $140.

IBM System/360 in Conclusion
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Immediately other companies thought they had been damaged too and filed their own law suits - TransAmerica, Memorex, Calcomp,
and others. So, with much senior management and lawyers time expended, IBM went through the gauntlet of several anti-trust trials.
That story is over for now, and | hope forever. We won every case on the merits and, recently, the last one, the TransAmerica case went
to the Supreme Court which refused to hear it, thus upholding the lower court's decision. And alittle over ayear ago, the government
dropped their anti-trust suit as being without merit. So that enormous weight has been lifted and we are back to getting on with life.

Y et the debate goes on that, had we not standardized and designed the System/360, we would not have had these kinds of copies, and we
woula not have had those lawsuits, and thus would not have had such difficulties. Thus, wasit all worth it?

Of course my biasisthat the driver of our productsis the end user, and we have an accountability to that user. We also have an
accountability to conduct ourselvesin an ethical manner. Overal | believe devotedly the 360 decision was the right decision.

| cantell you that if | were faced with that decision today, we would make the 360 decision again, although | am certain it would be
much tougher these days.

Thenet is: System/360 was conceived, born of a need, weathered alot of tough gauntlets and went on to be a success for IBM and to be
asignificant part of the computer industry.
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TheDirector's L etter

In our countdown to opening the Museum, | am pleased to have the opportunity viathe report to reflect on the evolution of the Museum.
Five years ago, | was charged with the task of creating a"computer museum.” The only models at that time were IBM's dismantled
history wall done by Charles Eames in the sixties, the small exhibit of historic machines at the Smithsonian, and the interactive and
historic collections at the Science Museum in London. None of these could be collected and brought back. And | felt as though | had
been told to "Go fetch arock.” Every time | brought an idea back, the feedback was quick: "That's not the rock," or "How did you ever
get that-it'sjust great."

Two and a half years ago, on June 10, 1982, The Computer Museum opened its doors for the first time: we had 50 Founders, 200
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members and 3,000 square feet of dedicated exhibit space. Our goals were to develop an international collection, create exciting
exhibitions, sponsor educational programs, and attract a worldwide membership. On June 24, 1984, at the end of our Founding period,
we will boast 504 individuals and corporate Founders. | am glad to extend special thanksto the individuals listed on the front cover and
the corporations listed on the back cover helping to found the Museum.

The Second Opening

On Wednesday, November 14, 1984 at 11:00 a.m., the Museum will formally open its doors a second time to the public. Thistime we
will have 16,000 square feet of exhibitions of both historic computers and state-of-the-art interactive displays; another 8,000 square feet
of exhibit space and 4,000 square feet for library/study collections will be developed later. Aswe approach our opening we can be
pleased that we have by far the largest exhibition area devoted to computing and information processing at any museum.

Let me give you a brief tour of our plans for the exhibitions. After rising to the Museum on alarge, glass-enclosed elevator overlooking
downtown Boston, the visitor is confronted by the Whirlwind, a vacuum tube computer that seems to go on forever.

Going around the corner, the visitor enters the SAGE computer room. Here the major components of the world's largest and longest
lived computer simulate their installed environment. The visitor can "start” the console and see its banks of lights cycle-up. Beside each
component, such as the 30-foot-long accumul ator, today's equivalent chip (or part of a chip) has been placed for comparison. This
arrangement reinforces an awareness of decreasing size and power and increasing programming capabilities.

For the history buff, ayear-by-year timeline from 1950 to 1970 shows the fundamental inventions, the major computers, major software
developments and benchmark applications.

The CW Communications "See It Then" theater shows films of operational computers, starting in the 1920's and ending in the 1960's
with the IBM Stretch. The films are complemented by a 1965 IBM 1401 computer room, where the visitor can punch cards, and an
operating PDP-89, the classic (but now very slow) minicomputer.

The evolution of Seymour Cray's work illustrates a single hardware contributor and his philosophy. The story begins with the NTDS-17
that he built for the Navy at UNIVAC in Minneapolis, which Greg Mellen, who is till at Sperry Univac, helped the Museum acquire;
after that Cray built the Little Character, hisfirst machine at CDC, presented by Control Data Corporation; then to the 6600, Serial
Number 1, presented by Lawrence Livermore Laboratories; and finally to components of a Cray |, presented by the Cray Corporation.
We have two videotapes of Seymour Cray, one from Lawrence Livermore Laboratories and another given to us by Joe Clarke, aformer
employee of CDC, who bought atwo inch video tape player at a company sale and found on it atape of Seymour Cray.

The next gallery focuses on chips and their place in the computer revolution, and the process of manufacturing computers. The inside of
the "black box" is revealed, and an important, hidden part of the processisillustrated.

This collection of personal computers goes back to the very first one, the 1962 LINC, and extends to the latest models. The ring of live
machines, each showing off an aspect of its specia input/output, include DECTALK, atouch sensitive screen HP 150 and others.

Thefina gallery, is devoted to "the computer and the image." Here, the visitor will be able to explore image processing by computer,
such as evaluation of landsat data, and image creation by computer, such as computer-aided design. Without much trouble, the visitor
could spend two hoursin this room experimenting and viewing.

The exhibits are only thetip of the iceberg of our collection of artifacts, working machines, software, documentation, photographs and
films. Thelisting in this report represents one year's accumulation and the collection is rapidly growing.

The Evolving Board of Directors
At the first meeting of the board of directorsin 1982, two decisions were made: one was to have non-renewable four-year terms and the
other wasto limit the number to 24 people. This year five directorsretired, | was made an ex-officio director, and five new directors

were el ected.

The five retiring directors each played a significant role in our growth to date: Charles Bachman served as chairman of the executive
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committee through our critical first two years, Andrew Knowles provided our initial space in Marlboro; Robert Noyce was key in
starting our semiconductor collection and gave awonderful lecture at our pre-preview party; Michael Spock, director of the Children's
Museum, had the idea of our move to the Wharf and continues to counsal us on a day-to-day basis as our closest neighbor; and the
Honorable Paul Tsongas helped bring us recognition at a national level.

The new directors bring a new set of talents. Bill Poduska, the new chairman of the board, is chief executive officer and chairman of the
board of Apollo Computer, Inc. which he founded in 1980. He came to MIT as an undergraduate and stayed through a Ph.D. in electrical
engineering, which he taught for four years. Then he went on to become the director of the Honeywell Information Science Center
before founding Prime Computer and Apollo Computer.

Mitch Kapor, president and co-founder of Lotus Development Corporation, looks at the role of computers from the point of view of a
non-technical user. A pyschology magjor from Y ale with what he cals "three-quarters of a masters degree” from MIT's Sloan School of
Management, he developed VisiPlot and VisiTrend for VisiCorp before working on " 1-2-3," the business applications program for
personal computers, that became the basis for Lotus. Mitch has expressed his concern for the end user, saying, "When we stop listening
we will cease to beviable." Thisisequally true for the Museum when we open our doors to the public.

Dr. Koji Kobayashi, chairman and chief executive officer of NEC Corporation, began his life-long career with them in 1929. NEC
preserved Japan's first transistor business computer the NEAC 2201 which they agreed to give to the Museum. This represents an
important acquisition in our goal to develop an international collection. Dr. Kobayashi is also interested in the current technology,
especially communications and computers, and will provide an important link to Japan.

Dr. Arthur P Molellais chairman of the history of science and technology department at The National Museum of American History
Smithsonian Institution. Specialized museums, such as ours, have an important symbiotic relationship with the Smithsonian. We can
focus on a single subject, collect, carry out research and prepare exhibitions. At the Smithsonian, Arthur hasto trade off all aspects of
science and technology and allocate appropriate space and personnel.

We intend to help each other, the Smithsonian has already loaned several important pieces from their collection for our opening
exhibition. And when the new Smithsonian exhibit on computing opens, we will help them.

Dr. An Wang, chairman of the board and chief executive officer of Wang Laboratories, Inc., is one of the computer pioneers. He
invented the magnetic pulse controlling device for the Harvard Mark 1V which will be on display in the timeline planned for our
opening exhibition. Wang not ony founded Wang Laboratories, Inc. but also the Wang Institute of Graduate Studiesin 1979.

Since 1982, the course of The Computer Museum has changed in ways that | would never have predicted, but new directions that, in
retrospect, always made sense. This distinguished new class of directors will help the Museum become a strong institution as it opensto

the public.

Gwen Bell

The Apple |
-by Brenda A. Erie

When the Museum opens at its new quarters in downtown Boston on November 14th, 1984 an Apple | board will be part of the
Museum's Personal Computer exhibit. Surrounded by aring of state-of-the-art operational machines, the Apple | board will be exhibited
with other personal computer ancestors such as the Altair and the Xerox Alto.

It istoo difficult to put a price tag on the Apple I's current value because "only 210 to 220 Apple I's were ever manufactured,” according
to Stacey Farmer, of Apple Computer, Inc. This reliable microcomputer, which needed little assembly, was built in 1975 by Apple
cofounders Steven P Jobs and Stephen G. Wozniak. Primarily bought by computer experimenters and home computer novices the Apple
| could be used for devel oping programs, playing games or running BASIC.
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When the Apple | was inaugurated into the marketplace, the "two Steve's," (as they were nicknamed by their employees) had aready
established a design philosophy that still existstoday at Apple - dedication to making their computers easy to use, understandable and
inexpensive. They also recognized the need to incorporate suggestions from Apple | users to improve the production and sales of the
machine.

The home computer market liked the Apple | because it was easy to assemble unlike some of the kits that were around in the mid-
1970's. Rich Travis, a sales representative at the Sunshine Computer Company in Southern California did not directly promote the
Applel in 1977, but made the machine "easy to buy" for his customers because they were "looking for a complete, ready-to-run system
that was inexpensive."

The Apple | was sold at computer stores throughout the United States. In 1977, Kilobaud Magazine ran an article by Sheila Clarke a
computer hobbyist writer who found that owning the Apple | did not "require you to be either an electronics buff or a millionaire.”

For instance if you had walked into the Byte Computer Store in San Jose, Californiato purchase an Applel in 1977, you would have
gotten a fullyguaranteed computer kit for $666.66 that included: a printed circuit board with video terminal electronics, 8K bytes of
RAM, 4 regulated power supplies, akeyboard interface and a hex monitor in PROM.

However, ather purchases were also required in order to get your Apple | operating. These totaled $122.00 and included: an ASCI|
keyboard, a video monitor (if you didn't use your own TV set), and two transformers. If you did use your own television, asimple
modification was required like a Pixe-verter or switch box and an rf modulator. In order to store programs, a two inch high cassette
interface (ACI) was also available which came fully assembled and burned- in with atape of APPLE BASIC for $75.00. Jobs and
Wozniak both agreed that BASIC at this time was the language of the people because it was easy to use.

In 1977, Apple | advertisements claimed that, "unlike many other cassette boards on the marketplace, ours works every time." So if you
also bought a tape recorder you were in luck because the Apple | worked reliably with aimost any inexpensive audio-grade cassette
recorder. Y our total cost for the machine, $903.66.

Relatively few Apple I'swere sold compared to personal computers on the market today. However, the Apple | gained enough
popularity because it was essentially "hassle free" and could be purchased for under $1, 000. Hobbyists, home computing novices and
the computer store dealers themselves applauded its reliability.

It was this microcomputer, the Apple | that enabled Apple Computer, Inc. to quicky turn from a small, single product private company
to the multiproduct, multi-national, public company that it istoday. Asthe Apple I's salesincreased in 1977, Jobs and Wozniak began to
spend much time perfecting the design of the Apple | and their future product the Apple I1. But as the company bloomed, it was
necessary for Jobs and Wozniak to go to the outside for help.

They recruited A.C. Markkulawho had been marketing manager at Intel. He was fascinated with what both Jobs and Wozniak had
aready accomplished. To show his confidence in the duo he put up $91, 000, secured a credit line, and then found $600,000 from other
venture capitalists to help put Apple Computer Company on its feet. Shortly after, in May 1977, Markkula became chairman of the
board, and Michagl Scott, who took a 50 percent pay cut to join Apple from National Semiconductor became the company's first
president.

This Apple 1 board will be part of the Museum's Personal Computer exhibit opening November 14, 1984. Apple Computer, Inc. co-
founders Steven P. Jobs and Stephen G. Wozniak designed the Apple 1 in 1975 to meet the requirements of computer hobbyists. Priced
at $666.66, it met their needs as an easy-to-use computer system that was inexpensive.
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The Director's L etter
It's great to be open again!

About 1500 people came to the opening on November 13th, including 100 from outside of Boston. Masateru Takagi, Vice President of
NEC in Japan, traveled the longest distance to represent Dr. Kobayashi at this historic event.

The formal "ribbon cutting” was in keeping with the Museum. "Shag" Graetz, who worked night and day the last week to get the PDP-1
up and running, prepared the program that punched the paper tape reading "The Computer Museum Grand Re-Opening 13 November
1984." The students at Minuteman Technical High School then programmed an Apple |1 to control arobot arm that cut the 1960-era
tape. The new exhibitions at the Museum range from vacuum-tube computing to the uses of the new personal computers, professional
workstations, and computer networks.

Outside Entrance Vistors at the
opening.

The re-opening and re-birth of The Computer Museum took along time in the making. Marlboro provided an excellent beta-test site for
historic exhibits but gave us little experience about interactive computing within exhibits.

After the Board of Directors approved the movein May 1983, planning started immediately. A team of "developers’ was put together.
Dr. Oliver Strimpel, then Curator of Mathematics, Computing, and Navigation at The Science Museum, London, agreed to come as
Visiting Curator and develop a highly interactive gallery devoted to computer graphics and image processing. At the completion of this
work, Oliver agreed to stay on asthe Curator of the Museum. Oliver subdivided the tasks in the image gallery with Geoffrey Dutton and
Andrew Kristoffy as developers.

| undertook the role of curator of the rest of the exhibitions with "developers' for each segment: Paul Ceruzzi (who is now at the Air and
Space Museum) on the 1950-69 Timeline; Beth Parkhurst on the integrated circuit and Apollo Guidance Computer exhibits; Carl
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Sprague on the "See It Then Theatre"; Meredith Stelling on the ANFS/Q7, SAGE, and UNIVAC exhibits, Gregory Welch on the IBM
1401 Room, Seymour Cray, and Manufacturing exhibits; and Bill Wisheart on the personal computer exhibit.

Oliver, the developers and | then started to work with a broad set of advisors who helped us refine ideas, collect the materials and
computers, and some of whom eventually worked on the actual programs and installations. The architectural firm of Crissman and
Soloman were chosen to integrate the ideas of the devel opers with the existing structure of the 1880's wool warehouse and come up with
suitable exhibition space. Meredith Stelling took on the role of supervising the contractors, Hawkins and Co., and the graphics
designers, Maxwell Design.

When we worked out the schedule, al planning was to be complete by June 1, construction completein early October, with amonth for
exhibit installation. It never worked that way. Everything happened at the end. And is still happening. When we opened with over half
an acre of exhibitsin five large rooms, each was about 70% complete. Over the winter, the exhibits will be finished and some will start
to evolve even further as we watch how visitors are reacting.

By June 1, the developers had their scripts completed and then seriously sought to implement them. One exhibit that we knew we
wanted to animate was on the Apollo Guidance Computer. Hewlett-Packard agreed to give us an HP-150 with a touch sensitive screen
and the use of Tom Horth in their Andover facility as a consultant. Draper Laboratory's Mal colm Johnston coordinated the work of our
summer intern, Andy Gerber, in order to ac- curately simulate the astronaut's console. But by July 1, the HP-150 had not appeared. Andy
was more than ready to get started on the machine. Tom Horth came up with aloaner so that the project could begin in earnest. By mid-
August the prototype program was tested and it was slow. Tom arranged to get us afaster compiler. Then, the actual machine camein
September after Andy had gone back to MIT

Another interactive exhibit that we wanted from the outset was one that communicated the concept of "discernability,” conveying the
meaning of pixel sizes, grey levels, and false coloring in image processing. Masscomp agreed to take on this exhibit. Lorrin Gale, Vice
President of Engineering, personally made two trips to the Museum with several programmers. The project was specified and Masscomp
produced a specia two terminal machine. Each terminal was connected to atv camerathat they supplied. One camerais focussed on the
face of the visitor, who then can change the pixel size and grey levels of his own image. The other camerais focussed on the view of
Boston. The visitor can then color in the grey levelsto create an "Andy Warhol-like painting." The engineers at Masscomp got excited
about this project (one that has little hope of ever being a product) and kept assuring us that it would be exactly what we specified.
Oliver visited it at the plant three days before opening and was satisfied. Masscomp delivered the two exhibits exactly one hour before
the preview for the Board of Directors!

Last July, Oliver, Geoff Dutton and | went to SIGGRAPH, where, among other things, we collected "the teapot” from Martin Newell
and got lines on other exhibit material. As| write thison New Y ear's Day the "teapot” exhibit is not yet complete. Its components are
numerous. Adage gave us aterminal connected via a fiber-optic cable, donated by Fibronics, to the VAX 750 contributed by Digital
Equipment Corporation. The "teapot" simulation is still being programmed by Allan Sadoski, a volunteer from the Adage user group,
and his 16-year old "hacker friend" Neil Day. They are spending most weekends at the Museum, providing aliving, working exhibit.
Parallel to this simulation, the Design and Production staff of The Children's Museum is building a stage set for the real teapot where its
lighting can be manipulated manually. This should be complete in mid-winter.

IBM Fellow and Harvard Professor Benoit Mandelbrot became very excited about producing an interactive exhibit of his concept of
fractals. He produced a program on the IBM XT but it lacked sufficient variation. A prolific author, he discovered, as we had, that an
interactive exhibit needs to have alot more variety than the illustrations within an article. A week prior to opening, the program was
finally acceptable but we had no machine to run it on. Our two IBM XTs were committed to other programs. Dr. Mandelbrot arranged
for another XT for this exhibit and it arrived (minus severa critical parts) three days before the opening.

One exhibit that arrived complete and wonderful a full week before opening was a video of the view done by Dean Winkler and John
Sanborn of VCA Teletronics. In August, they came up from New Y ork and cavorted on top of the roof videotaping the view. They
talked to us, looked at the logo and some of our concepts, and then spent over 200 midnight hours of editing with the very fancy frame-
buffering equipment to produce a three-minute spectacular of the view popping out in different colors with the core plane logo flying
over it and skyline circling a pyramid. In this case, the creators were given artistic freedom and went wild in making a very spectacular
video. The equivalent spot made commercialy would cost hundreds of thousands of dollars. Dean Winkler and John Sanborn will come
up and explain to all how thiswas done in atalk on Sunday March 17.

Yes, it'sgreat to be open. Three "beta-test” talks were given in December, and now the full schedule of talks for the spring appears on
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the inside back cover. These are planned for every Thursday night at 7 and Sunday at 4 from February 7 to April 28. The next issue of
the Report will have an article on one of the December talks-a conversation between Steve Levy and some of the heroes featured in his
book Hackers. For those of you who can't get to the talks, well try to bring you the very best in the Report.

Best wishes for the New Y ear.

Exhibits

[l

Diagram
Whirlwind Entrance

Entrance into the Museum puts the visitor in Whirlwind's

arithmetic units, which occupied a whole room in the Barta

Building at MIT. The 16 hit word length, extending 32 feet, was D
partially determined by the width of the room.

The visitor enters into the Whirlwind computer-the first real-time stored pro- gram computer, so large that it took up awhole building.
In asegment from a 1951 "See It Now" program, Edward R. Murrow interviews "the Whirlwind electronic computer”. After he has
Admiral Bolster give the "whirlwind its workout," Murrow says, "Well, | didn't understand the answer, and | didn't even understand the
guestion." This seemsreally quaint to today's visitor because the whole program that the Admiral wants run on the building full of
Whirlwind, is running on a Compaq that was programmed by summer student.

Thisfirst exhibit illustrates the revolution, the unbelievable power of the first computersin the early fifties, and their incredible
evolution in thirty-five years. The Whirlwind occupied a building, consumed 150 kilowatts and cost as much as $20 million. The
equivalent personal computer sits on adesk, plug into awall socket, and costs two thousand dollars.

The AN/FSQ-7 and SAGE System

The Q7, aproduction version of Whirlwind, was probably the largest and longest lived computer in existence. It illustrates the computer
components that are now on a single board or micro-chip.

The arithmetic and memory units with their 55,000 vacuum tubes took a very large space. The visitor can walk through the seven foot
high banks of vacuum tubes and up to the four foot by four foot by eight foot 32-K core memory stack. The equivalent chips are
exhibited and aterminal to the VAX provides atutorial on how core memory works.

The control consoles were so large that they took up an entire room with several operators. The activities of the other components of the
machine were shown in flashing lights on the consoles and the operator had a telephone to communicate with the people on the
arithmetic, input-output units, or generator for the power.

The "Blue Room" consoles had large round screens that showed aircraft moving across the airspace. The screens were updated every 15
seconds by the Q7 causing a constant irritating flicker, hence a soft blue light in the room for the purpose of seeing the screen. The
consoles display the air situation display and some were especially designed for weapons assignment or interception. The exhibit
includes the consoles, chairs with their special drawers on the seats, and ceiling panelsto recreate the feeling in the "Blue Room".

A console from the SAGE Blue Room, the control room for the SAGE, the U.S. air defense system from 1958-1983. Here, Computer
Museum visitors can see the oversized video display terminals that served as the first computer graphics output devices that used light
guns to identify the airplanes shown moving across the screen.
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SAGE Blue Room.

Visitors waking through two rows of the AN/FSQ-7 arithmetic unit. Each computer had 55,000 vacuum tubes with 300 changed each
week for preventive maintenance, whether they needed it or not.

UNIVAC |

After UNIVAC | was featured predicting the Eisenhower election of 1952, the name almost became synonymous with “computer.” The
video-tape and components of a UNIVAC | bring this era back to life.

J. Presper Eckert, Walter Cronkite and Charles Collingwood with the UNIVAC on election night in 1952. At 8:30 p.m., with only afew
million votes tabulated, UNIVAC'sfirst prediction showed alandslide victory for Eisenhower. Since nationwide polls had indicated a
close race, Remington Rand officials revised the national trend factor and had UNIVAC recompute. At 9:15 p.m., UNIVAC publicly
predicted 8 to 7 odds for Eisenhower. By 10:32 p.m., all predictions showed that Eisenhower would decisively beat Stevenson (442 to
89 electoral votes). The president of Remington Rand went on the air to explain why they had tampered with the original prediction.

Computing from 1950-1969:
A Year by Year Timeline

Thefirst two generations of computing areillustrated in atimeline with artifacts that move the visitor year-by-year over this twenty-year
span. The invention of the transistor is at the beginning and the introduction of the NOV A, athird generation integrated circuit computer
at the end. Unique artifacts, such as a unit from the EDSAC and the ILLIAC I, are complemented with illustrations of new technologies,
applications, and ephermal materials such as "Do not spindle” buttons.

Thetimeline is meant to be evocative of awalk through history. We hope that it will also bring to light many hitherto buried artifacts for
preservation as part of the history of information processing.

Gordon Bell and Mass. Secretary of Commerce Evelyn Murphy looking at the early sixties section of the ."Timeline." A module from
the ILLIAC 2 hangs over an Olivetti Programma next to the teletype. Over 100 artifacts are included in this twenty-year timeline.

This picture of the 1969 Data General Nova and three of the company's founders, Edson de Castro, Herbert Richman, and Henry
Burkhardt, ends the Timeline.

Batch-Processing in 1965:
An |BM 1401 Computer installed at The Travelers

The 1401 was the largest-selling transistorized computer. Its low price made it one of the machines which stimulated the tremendous
rise in the business use of computers during the 1960's.

The exhibit is composed of three sections: the computer room, containing an IBM 1401 system; a card punch department with an
operating card punching machine which visitors can use; and a programmers office strewn with vintage programming paraphernalia.

The 1401 was designed in the mid -1950's to consolidate all of the various functions of IBM's electric punched card accounting
machines; such as calculation, interpretation, collation and sorting of data. It operated on alphanumeric characters (letters and numbers)
and used a variable word length. A unique feature of the 1401 was its add-to- storage feature which sped up calculation rates by
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eliminating the time taken for reading information from memory. The 1401 was basically intended as a card-based system, however, it
was a so able to use magnetic secondary memory in the form either disc or tape.

IBM announced the 1401 in 1957 and delivered the first unit in 1958. Over 12,000 were ultimately installed. The success of the 1401 led
to asmall line of computers: the 1410, the 1440 and the 1460. The 1401 was the second-to-thesmallest of IBM's computers at the time.
The scientifically-oriented 1620 was slightly smaller.

The principle use of the 1401 by Travelers was the generation of reports for management from information on policies issued.
Information relating to policies, such as the name and address of the issuee, coverage, claimsfiled, etc. was stored on 80 column
punched cards. Reports would be generated from these records according to a program directing which information was to be used and
how, and how the result was to be presented. The speed and versatility of the 1401 permitted the condensation and manipulation of vast
amounts of information into useable forms. This provided management with information about the trendsin policies and claims
alowing more informed decision making.

The 1401 was a batch processing machine. Programs and data were fed to the computer one at atime exclusively by an operator. The
programmer was isolated from the machine. This made the process of programming very difficult since the programmer rarely got his
hands on the machine. Instead, he would encode the program he was writing, submit it to be punched from the code sheets onto 80
column cards, then have the cards delivered to the computer room with a batch of test data. The program would be run in between jobs.
If it had a problem the operator would print out the contents of the memory and have them delivered back to the programmer, who
would try to find his mistake and then start all over again. If the programmer was good friends with the operator, he might be able to
persuade him to let him de-bug his program on the machine late at night or some other time when the machine was not busy
Programmers "drove the operators crazy" and operators "drove the programmers crazy." A film in the "See It Then Theatre" entitled
"Ellis D. Kruptechev and His Marvellous Timesharing Machine" illustrates batch processing and the change to timesharing.

The IBM 1401 computer room recreated as it would have beenin 1964 at an installation in The Travelers Companies. Francis Hjarne
and Thomas Ottman of The Travelers provided the period ephemeral material, just as 1964 World's Fair posters and wall calendars to
appropriately outfit the room. One of the only criticismsis that we don't have any period crumbled up candy bar wrappers on the floor-if
anyone knows the whereabouts please send them to us and we'll add to the decor.

Focus on an Individual: Seymour Cray

"Seymour Cray isthe most outstanding high-performance scientific computer designer in the world."
Gene Amdahl

Thus, it is appropriate that Cray isthe first individual that is featured in this exhibit. The intent isto change the exhibition on a yearly
basis, selecting people that represent various aspects of information processing: languages, applications, entrepreneurship, and even use.

The 33-year-long career of Seymour Cray illustrates the progress of computing. He has achieved this status through practicing a unique
philosophy combining a small and isolated work force, with asimple logic and circuit design. His fame and self-imposed isolation have
created an aura of myth around him. The exhibit traces Cray's career by means of a combination of artifacts, photographs, and a video
tape of Cray giving alecture.

Seymour Cray was born in 1927 in ChippewaFalls, Minnesota. The son of a city engineer, Seymour exhibited an interest in science in
high school. After graduating in 1943, Cray entered the military where he worked repairing radios. After WW Il he went on to earn his
Bachelor's degree in electrical engineering at the University of Minnesotain 1950, and a Master'sin Applied Mathematics a year later.
One of his professors recalls how Cray "had the almost uncanny ability to see through al the possibilities. . . and arrive at the [best]
solution."

In 1951, Cray went to work for Engineering Research Associates (ERA), a Saint Paul, Minnesota computer company founded in 1946.
He wasinstrumental in the production of the ERA 1103, which, when it was announced on February 5, 1953, was one of the first
commercially-available computer systems. After Remington Rand Company bought ERA, Cray stayed on as a principle designer of the
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unit computer of the Naval Tactical Data System (NTDS), aweapons control system designed under contract for the Navy. The first
NTDS computers, completed in late 1957, were some of the first fully-transistorized computers. Serial number one of the heavily-
armoured NTDS computersis on display in the exhibit.

According to Cray, "My story really starts with the beginning of Control Data." In 1958 Cray left Remington Rand Univac to join a
group of hisformer ERA collegues who had formed Control Data Corporation. At Control Data, Cray commenced work on alow-cost,
high-speed, powerful computer for scientific computation. To test the soundness of hislogic and circuit design, Cray produced the Little
Character. This machine, also on exhibit, served as the prototype for Control Data's first product, the 1604 computer system, named to
represent its 16 thousand words of memory and 4 tape drives. Cray continued to pursue his inclination toward the design of large and
fast systems for the forefront of computing.

On August 22, 1963 Control Data announced the 6600. This computer, designed by Cray James E. Thornton and a handfull of othersin
aremote laboratory which Cray had built in his home town of Chippewa Falls, was the most powerful computer of its time. It was three
times faster than IBM's Stretch computer, yet afraction of the size and cost. The 6600 exemplified many of Cray's design philosophies.
For instance, itsrelatively small size reflects Cray's tenet that to make a computer fast one must make it compact. Half of a 6600 makes
an impressive center-piece to the exhibit. On December 3, 1968 Control Data announced the successor to the 6600. The 7600 was 5
times faster than its predecessor and cost only twice as much. A set of notes on the operation of the 7600 written by Cray isenshrined in
aplexiglass case in the exhibit. It encapsulates many of Cray's design philosophies; earning it the nick-name " Seymour's Bible."

Seymour Cray and John Rollwagon, President and Chairman of

Cray Research, stand next to a prototype of the CRAY-2. To keep D
the components cool, the entire CPU will be immersed in inert
fluorocarbon, the substance used for artificial blood.

In 1972 Cray left Control Datato form his own company: Cray Research Incorporated. After fours years of work, Cray Research
delivered the Cray 1 to the Los Alamos National Laboratoriesin early March, 1976. Itsradical design and $8 million price tag led some
to call it "the world's most expensive loveseat." A section of the Cray 1 ison exhibit at the Museum. Aboveit is alarge image of the
computer which was generated by a Cray 1 computer, illustrating the use of the large computers for graphics and entertainment
applications as well as the large-scale number crunching.

The Computer and The Image

Computers ability to manipulate and create images has changed radically in the last twenty years. Images take large amounts of memory
to store, and correspondingly large amounts of computer time to process. Computer imaging of all kinds has benefitted directly from the
steady decline in the cost of computer memory and processor cycles. Still most uses of computer graphics and image processing are
confined to the workplace and research laboratory For example, the animation possible on a personal computer is based on stick figures,
in contrast to the 1984 two minute "cartoon” with three-dimensional figures made by Lucasfilm with the help of a Cray XMP and ten
VAXes.

The image gallery both reflects the history of this application and provides a glimpse into the future. Many of the fruits of computer
imaging are easily comprehended, yet are rarely seen in public. Those programs that run off the Museum's mainframes will undoubtedly
be available one day on the individua workstation or home computer.

The gallery's frontispiece is alarge Landsat mosaic spanning a 300 mile square region of Southern New England and New Y ork. The
image relied on digital techniques, both for its capture (there is no camera on Landsat, only an instrument that measures the brightness
of one point at atime) and for its enhancement and assembly.

This leads into a section on image processing. Working exhibits alow the visitor to degrade the resolution and number of shades of grey
on adigital image of hig’her own face and pan around a Landsat picture of eastern Massachusetts showing detail down to a scale of 30
meters.

On display isthefirst picture of another planet taken from a vantage point in space. The data was sent back by Mariner 4 during its 1965

file://l/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm (96 of 221)6/21/2005 1:52:24 PM


file:////cray/Shared/COLLECTIONS/Curator/TCMR-V11-P08.jpg

file:/ll/cray/Shared/ COLLECTIONS/Curator/mondo_museum_report.htm

Mars fly-by. While the data slowly emerged from the printer, the project scientists, eagerly awaiting their first closeup view of Mars,
hand color-coded and stapled up the strips of printer paper. The result looks rather like a child's painting, but does reveal some Martian
craters.

In the computer graphic technology section, two cases show graphic input and output devices. Rare items include the Rand Tablet and
the crystal globe from MIT's "Kludge" terminal-one of the first geometric input devices. A video shows early graphics projects, from
Ivan Sutherland's Sketchpad to the General Motors DAC-1, one of the first uses of computersin industrial design.

Associate Director and Curator of The Computer Museum, Dr.
Oliver B.R. Strimpel, and Harvard University professor, Dr.
Benoit B. Mandelbrot, also an IBM Fellow at the Thomas J.
Watson Research Center, are shown standing with "Fractal
Planetrise,” an artificial computer generated landscapein "The
Computer and the Image," amajor gallery at The Computer D
Museum. Fractals are mathematical objects developed by Dr.
Mandelbrot and have been used as models of natural phenomena
such as," turbulent fluid flow and the shapes of rivers and
coastlines. Fractals have recently played arolein the synthesis of
artificial landscapes for the film industry.

Severa exhibits use the fine view of downtown Boston from the gallery indow as a starting point: atelevision camera captures an image
for the visitor to color in digitally, a plotter continuously draws differently colored and shaded views, and a video shows both awalk
through a 3-dimensional database of the city aswell as an exhilarating range of special effects applied to stretch a 2-dimensional version
of theview into " 2.5" dimensions.

The techniques of realistic image synthesis are shown in the section, Building an Image. Lighting, subtle color shading, the simulation
of texture, transparency, reflections, and refractions of light are all shown. For many years, researchersin computer graphic realism used
the data set that graphically reproduced Martin Newell's teapot to test their methods. The original teapot is now on show herein amini
stage set, next to a computer generated rendering of itself, complete with artificial colored lights. Here too you can browse through 3-
dimensiona computer models of houses on offer by acommercial builder.

A section on computer-aided design lows images and objects designed with the help of a machine. Examples range from parts of a
Boeing 757 to an Olympic running shoe. At interactive stations visitors can design a car and complete the design of an electrical circuit.
A large high precision pen plotter draws the artwork required to fabricate a microprocessor chip.

Interactive demonstrations allow the visitor to make his/her own fractals and cellular automata. Both are useful models of some natural
phenomena, and rely on computer graphics for their investigation. Fractals are useful in generating artificial landscapes, several of
which are shown here. In a section entitled Simulation, a video shows examples from the modelling of galaxy collisions to the
interaction of aDNA molecule with adrug. The fantasy world of SPACEWAR!, the first computer game written by MIT hackers on the
DEC PDP-1 computer in 1962, is demonstrated on special occasions on the PDP-1, and otherwise runs on a modern micro. Visitors can
also fly aCessnausing aflight simulation program. A video shows state-of-the-art use of graphicsin flight simulation, landscape
synthesis, education and advertising.

Perhaps the most appealing use of computer graphicsisin the making of films, both for animation and for the creation of convincing
fictitious scenes. A computer animation theater shows a series of films from the earliest use of key frame inbetweening to the latest
offering from Lucasfilm, completed in August 1984.

The visitor should be able to sense the excitement and challenges of this rapidly changing field in computer applications, aswell as
absorb many of its fundamental concepts. Much of the film, video material and working demonstrations will be updated to keep abreast
of developments.

The Integrated Circuit: Origins and Impacts
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by Robert N. Noyce

As| wasdriving in tonight, | was listening to a Chrysler ad pointing out that the company was 60 years old. | think of Chrysler and the
auto industry as old. Then, | thought, the semiconductor business must be reaching middle age, since it is now over 30.

In 1954, the semiconductor business amounted to 25 million dollars, the growth sequence then was 35, 80, 140, 210, 360, and then 550
million by 1960. Half the business was in transistors; silicon accounted for arelatively small share.

In the fifties, everyone was trying to figure out new and better ways of making transistors. At one of the solid state circuits conferences,
an explorers kit, designed to keep you from getting lost in the woods, was displayed. It consisted of a box with asmall cube of
germanium and three pieces of wire. If you got lost, you were to start making a point contact transistor. Whereupon ten people would
lean over your shoulder and say "That's not the way to do it." Then, you would turn around and ask, "Where am |17

At the time, germanium aloy transistors were made by putting indium on top of semiconductor germanium and melting it just enough to
dissolve some of the germanium and then recrystalizing it on both sides to make a PNP transistor.

One baffling research question was why germanium, when it was heated and then cooled in the laboratory, changed from N to P type.
Simultaneously transistors were being manufactured with N type germanium on the factory because the indium acted as a getter to pick
up al the impuritiesinstead of converting the germanium.

In the mid-fifties, thethinnest possibletransistor was a fraction of a mil and a mil was a megacycle so these weren't very useful
for anything except for hearing aids.

Between '54 and '55, we started worrying about diffusion as away of getting impuritiesinto the semiconductors, giving good control of
the depth dimension. The problem was to get control of the other dimensions. Some of the first work was done at Philco because the
semiconductor group worked right across the hall from the laboratory that was working on etching shadow mask tubes for color
television. They were experiences with photo engraving, which turned out to work alot better.

The invention of the planar transistor by Jean Hoerni further set the stage for the birth of the integrated circuit. Planar transistors solved
the problem of impurities on the surface of the transistors and at their junctions that had been lousing up the specified characteristics.
Hoerni's ideawas to leave the silicon dioxide, a very good insulator, on top of the transistor when it was being diffused, thus forming a
protective cover.

The government gave further impetus by their interest in getting things into smaller packages. The Air Force project Tinker Toy and the
concept of molecular engineering didn't really work very well, but it did let everyone know that there was an interest in getting things
small. A square inch chip with ten thousand transistors was very labor intensive: each transistor had to be attached by a couple of wires
and soldered down. There had to be a smarter way.

I remembered that when | wasin college, | could slave over something, finally get the right answer, hand in my paper and it would come
back with big red markings on it. My physics professor would say | did it the hard way. Then he'd jot down a couple of sentences which
clearly made it much easier for me by using some other method. | guess that is what stuck with me because one of the characteristics of
an inventor isthat heislazy and doesn't liketo do it the hard way. Putting those 20,000 wires on 10,000 chips of silicon seemed like the
hard way to me.

Although the printed circuit board was starting to be used, the thought of printing a circuit on top of the transistors had not occurred. It
was the genesis of the idea of the integrated circuit. All the elements were converging: photo engraving enabled reproduction and the
planar transistor allowed conductors directly on top of it. Three ideas popped up at that time. One was junction isolation, which |
patented, even though it turned out that Kurt Lehovic had thought of it years before at Sprague. J. Last at Fairchild thought of the ideato
etch the transistors apart, glue them down to something and if you still knew where they were you hopefully put them together. Thisidea
had been previously patented at Bell Labs. The one | did get a patent on used intrinsic isolation, that is to use the silicon as an insulator.
It didn't work well at first because by bombarding it with neutrons or doping it, leakage occurred and the life was too short. Junction
isolation is now being broadly used.

After the original concept was developed, things moved very slowly. One reason was the low yield on transistors: with 50% yield and
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ten transistors together, the final yield of one over two to the tenth is a small number. We didn't even consider putting a thousand
transistors together. Another problem was that the early integrated circuits were very slow. And, of course, the market was opposed to
thisinnovation.

Progress followed the classic Moore's curve. Every year you could get something twice as complex as the year before. That extrapolates
to amillion elementsin 1980. We didn't quite make that unless you allow for the introduction of new things like magnetic bubbles. The
technology aso changed from bi-polar to MOS.

Costs are determined by complexity and the number of leads per square inch of silicon with problems setting to 20,000. Starting with a
5/8th inch wafer in 1963, costs were reduced by increasing the sizeto 1.5 inch in '65 and two inches in 1970. The die size and areawere
aso increased to reduce the density of defects that would kill the surface. It became possible to use an ever increasing areato put a
circuit on and have it work. Circuit dimensions themselves have been reduced below the size of neurons, 10 microns, and these are
being used for speech synthesizers and other products. Today, we have two micron circuits ands are talking about .7 microns, so we
indeed are getting down to biological dimensions and it is conceivable to talk about things the brain can do.

Other new ideas were important. One was MOS and the second was epitaxy. Prior to the use of epitaxy only the surface could be more
impure than the underlying material. This was another bag of tricks.

Thefirst set of integrated circuits had straight Boolean functions. With progress the designers wanted complexity with lots of leads out
of acircuit and the semiconductor manufacturers just didn't like that at all. In addition, the more complex products had alower demand,
and as manufacturers we were thinking of making millions of items Simultaneously the computer companies in the early seventies were
talking about tens of thousands per year. One kind of chip, however, was like heroin to the computer designers and that was memory
Give them alittle bit and they want more. Thus, memory chips became a major standard product.

What hasthe chip wrought?

The chip has been one of the main elements allowing the ubiquity of computers. Computers, as tools and devicesto help train people to
think logically and work precisely, have caused a major revolution in education, business, government, and all aspects of society. The
telecommuni cations manufacturers would have us believe that every telephone in the world will be a computer terminal.

Some people fear thisidea, just as| feared the telephone. One day when | was quite young, my folks were out and left me alone. The
telephone rang. | panicked, picked it up, and said, "Hello, nobody's home." Then hung it up. Today | can't imagine living without a
telephone.

Let me point out a couple of other changes that I've observed. The first computer in an automobile only controlled the non-skid brake
and exhaust and it cost twice as much as the car and filled the whole trunk. In fact, the rear seat had to be used aswell in order to install
the computer. Today computers in cars do ten times more work and cost about $30. They are |ess expensive than a mechanical
carburetor and will pay for itself in the first year in gas savings.

Jobs in the future are not going to require the skills of the past. Onehundred-and-fifty years ago, 50% of the American labor force was
employed on the farm. Fifty years ago the greatest proportion was in manufacturing. Today that is about 20%. These latest statistics are
inaccurate because the categories have not changed with the economy. Intel isincluded in the manufacturing sector, even though only
30% of our people actually touch any products that are shipped. Most of our employees sell, keep books, or even do such useful work as
design the next generation of products. Today more than 50% of the labor force is working with information.

The computer is the major tool that can help information workers. It's a productivity enhancer for people who work with ideas as well as
for people who work with things. It will allow more human use of human beings. Dull repetitive tasks are the first to go. example,
retyping aletter for one mistake, or reformatting a marketing forecast.

The tradition of liberal arts education was designed to alow people to understand and communicate in society.

Grammar, rhetoric and logic came first, and then the quantitative studies of arithmetic, music with its geometrical relationships,
geometry and astronomy followed. The same task is essential today. The student has new tools to help understand the continuing
accel erating advances in technology. Most students will be working with a computer in some way
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It's not necessary for society to breakdown into C. P Snow's two cultures in which those who do not work with technology are left
behind those who have the modern tools to become productive. Despite the advances in technology, math, science and engineering are
not attracting enough people in the US. The power of our computers that can help people as toolsis growing beyond common
imagination.

The Computer Museum has the CDC 6600, the first production supercomputer from 1963. It cost more than $3 million and only had
500,000 transistors. That will be available on a single chip within a couple of years and everyone can have a supercomputer. All the
educational institutions have a challenge to make this work for the science and libera arts.

The microprocessor or microcomputer was introduced by Intel in 1971.
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Howard Hathaway Aiken
The Life of a Computer Pioneer

by Gregory W. Welch

On August 14, 1944, Thomas J. Watson, president of the International Business Machines Corporation (IBM), publicly presented
Harvard University with the IBM Automatic Sequence Controlled Calculator (ASCC). Top brass from IBM, Harvard, and the US. Navy
addressed the assembled press corps. Six-page, glossy brochures describing the machine and its development were distributed. It was a
grand occasion.

The ASCC represented a tremendous advance for science and industry. It was the result of along, cooperative effort between IBM and
Harvard, and was already proving its worth: the Navy was using the calculator in connection with World War 11. The public
announcement of this engineering feat heralded what is now termed the "Information Age." Press reports sparked the public's
imagination to consider aworld full of automatic machines performing tasks formerly delegated to man. Despite the many people
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involved with and affected by the ceremony, the moment belonged, more than to anyone else, to one man.

The Harvard Mark |, as the machine was commonly known, was the brainchild of 44-year-old Harvard physicist, Howard Hathaway
Aiken. Aiken had given birth to the project eight years before while working on his Harvard Ph.D. thesis. He and many of his colleagues
were confounded by mathematical problems which required an immense amount of calculations. The idea of a machine which would
perform vast calculations automatically was appealing to them. Consequently Aiken embarked on the design of such a machine.
Although the ASCC had been operating around-the-clock for several months for the Navy in connection with the war effort, the August
14th ceremony officially recognized the fruition of his effort.

The Mark | was only the first in a series of machines which Aiken was instrumental in designing. It was followed by three successors:
the Mark I1, 111, and 1V In addition to designing computers, Aiken worked to increase the facilities of the Harvard Computation
Laboratories and to establish a curriculum in information processing technology both on a practical and atheoretical level. He also
consulted for private industries and government agencies, travelled widely advocating international cooperation in the field of
computing, and received many decorations for hiswork. Aiken worked to provide an environment in which computer science, indeed all
sciences, could flourish. To appreciate his contributions one must examine the full scope of Aiken'swork in the context of hislife.

* *x %

Howard Hathaway Aiken was born on March 8, 1900 in Hoboken, New Jersey. While still ayoung boy, his family moved to
Indianapolis, Indiana, where he attended grade school. His parents were of little means, and after his father's death, Howard had to work
to help support his mother. When he finished grade school Aiken went to work for the Indianapolis Light and Heat Company as an
electrician’'s helper. Eager to continue his education, he pursued a high school diploma through correspondence courses. Eventually, he
was able to work the night shift and attend public school during the day. He received his diplomain 1919 from the Arsenal Technical
High School in Indianapolis. The next year he was admitted to the University of Wisconsin in Madison to study electrical engineering.
His experience as an electrician's helper came in handy in his academic work, and enabled him to find employment to pay for his
schooling. While studying at the University of Wisconsin Aiken worked as the Watch Engineer on the night shift for the Madison Gas
and Electric Company. In 1923 the University of Wisconsin awarded him a Bachelor's Degree of Science.

Upon graduation from college, Aiken's career accelerated. The Madison Gas and Electric Company promoted him to the position of
Engineer with the responsibility of redesigning and rebuilding the company's electric power plant. They next assigned him to oversee
the construction of a 3-million cubic-foot gas storage facility Whether he became restless or his employers could not keep him supplied
with challenging projectsis unclear. In 1926 Aiken moved on. He took employment with the Central Station Division of the
Westinghouse Electric and Manufacturing Company where his tasks ranged from product application to power plant design. In 1928 he
left Western Electric to become a District Manager for the Line Material Company of Detroit to seek ever greater challenges and
responsibilities. However, he found, as many engineers discover, that he was moving further from the activities he enjoyed.
Consequently, in 1931 he returned to school to study physics.

For ayear he pursued a Ph.D. at the University of Chicago, but he found it to be "alousy institution.” The next year he moved to
Cambridge, Massachusetts to enroll in the graduate program of Harvard's Division of Applied Physics and Applied Sciences. Aiken
earned hisM.S. in 1937, and his Ph.D. in 1939. His dissertation, "Theory of Space Charge Conductions," dealt with the properties of
vacuum tubes-devices in which electric currents are passed across an empty space between two metal contacts. The mathematical
complexities involved in describing space charge conduction made calculating solutions to his problems impossible. This difficulty led
to Aiken's decision to build an automatic calculator.

From 1936 to 1937, Aiken became increasingly interested in automatic calculators. During a discussion with colleagues on the need for
a powerful automatic calculator at Harvard, Professor Harlow Shapley Director of the Harvard Observatory informed Aiken of a project
addressing these problems with IBM office machines at Columbia University. The IBM machines could perform simple mathematical
operations (addition, subtraction, multiplication, and division) upon information encoded in holes punched on paper cards. These
machines were controlled by "wired plug boards" that had to be rewired for each different calculation. The prospect of hooking together
several such machines under a central automatic control unit to perform complex calculations intrigued Aiken. During the summer of
1937, he began investigating previous attempts to build mechanical aids to computation. He read about many efforts, from the earliest
attempt at amechanical calculator by the 17th-century mathematician, Blaise Pascal, to the contemporary differential analyzers and
office calculators. Of al these efforts, Aiken was most interested in the work of the 19th-century Londoner, Charles Babbage.

Building on Baggage
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In 1822 Babbage had built a machine called the Difference Engine for the cal culation of mathematical tables. This machine was a
mechanical device capable of calculating the values of afunction with an accuracy of up to six digits. It did this by a method of
successive additions. Upon compl eting the machine, Babbage successfully acquired, with the aid of his friend, the Duke of Wellington,
aseries of government grants totalling 12,000 English pounds. These grants were for the construction of alarger, more powerful
Difference Engine, a machine capable of calculating tables, particularly for navigation, with an accuracy of 26 digits. However, this
machine was never completed. Instead, Babbage became obsessed with producing an even more ambitious machine, the Analytic
Engine. In a paper of December 26, 1837, "On the Mathematical Power of the Calculating Engine," Babbage described the organization
of amachine which could perform general calculations under automatic control.

The described machine had the basic structure of a modern computer: a processor, amemory, and input and output devices. It was to
have a"Mill," which would control the machine's operation and perform cal culations according to instructions encoded on punched
paper cards, a"Store" for saving information, and a printing device for the output of results. Babbage and hisfriend, Lady Ada
Lovelace, daughter of poet Lord Byron, saw the vast potentia for this machine to perform awide variety of calculations independent of
human intervention. Babbage's efforts to improve the machine's design never ceased. However, his dreams proved too advanced for the
metal -working technology of histime. The machine was never compl eted.

Aiken saw the implications of Babbage's work, and his calculator partly reflected the design of Babbage's Analytic Engine. He also took
Babbage's experience building the Analytic Engine to heart, and decided it would be best to build his cal culator with components which
were proven reliable. Consequently, his calculator used electromechanical components, rather than vacuum tubes. The culmination of
his research was a paper, "Proposed Automatic Calculating Machine," written at the end of summer of 1937. In it he outlined the
necessity for an automatic calculating machine, the attempts which previously had been made, the requirements for a useful machine,
and mathematical proofs for meeting these requirements. Aiken noted, almost with irritation, "[a]t the present time there exist problems
beyond our ahility to solve, not because of theoretical difficulties, but because of insufficient means of mechanical computation.”

Proving His Theories

Aiken claimed that the punched card cal culators manufactured by IBM were capable of al the necessary operations that an automatic
calculator must perform to meet the needs of science. He outlined the capabilities: it would have to be able to add, subtract, multiply,
and divide both positive and negative numbers many digits long, to group and order these operations by using parentheses and brackets;
handle both integral and fractional powers of numbers; compute logarithms and antilogarithms in any base; compute trigonometric and
antitrigonometric functions, hyperbolic and antihyperbolic functions; and use several trancendental functions such as probability elliptic,
and Bessdl functions. Aiken provided ingenious proofs of how al of these complex functions could be reduced to repetitive
combinations of the four basic arithmetic operations. He also proved that a simple table of 100 numberswill allow all logarithmsto be
quickly calculated. Further, he proved that the sign of a number may be represented as a number, and temporary storage areas may be
used to hold information while other calculations are proceeding so that paratheses can be used.

Having proved the small number of essential operations needed to perform all scientific calculations, Aiken turned to how an automatic
calculator might be constructed. Since the IBM cal culating machines of his day could perform the four basic mathematical operations,
the problem amounted to expanding their capacity and providing a suitable method of automatically controlling their operation. 12
Although he did not specify the actual construction or operation of the machine, Aiken listed the principle components which it should
contain: a power supply and electric motor for driving the machine; four master control panels, controlled by instructions on punched
rolls of paper tape and synchronized with the rest of the machine; manual adjustments for controlling the calculation of functions; 24
sets of switches for entering numerical constants; 2 paper tape readers for entering additional constants; a standard punched card reader;
12 temporary storage units; 5 units each-add/subtract, multiply, divide; various permanent function tables (e.g. sine, cosine, etc.);
accumulators; and printing and card punching equipment. All of these components should be built to accommodate figures up to 23-
digitslong. Finally, Aiken estimated the speed of the calculator based upon the speed of contemporary IBM machines, 750 8-digit
multiplications per hour, representing avast increase in speed and accuracy over manua methods of calculation.

Aiken "visualized [the machine] as a switchboard on which are mounted various pieces of calculating machine apparatus.” Although he
did not have the specific details of how the various components were to function together, the Mark | was ultimately very similar to the
description in his proposal.

Convinced of the viahility of building an automatic scientific calculator with existing technology and with proof in his manuscript,
Aiken attempted to find a manufacturer who would build one. He approached many companies in the business of manufacturing
mechanical calculators, such as Marchant, Monroe, and National Cash Register, but they expressed no interest. Furthermore, President
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James Bryant Conant of Harvard warned Aiken that he was risking a tenured position if he continued to pursue implausible schemes.
Aiken persevered. Professor Shapley and Theodore H. Brown, Professor of Business Statistics at the Harvard Business School and
consulting member of the IBM Department of Education, encouraged Aiken to approach IBM for support. In late 1937, Brown
introduced Aiken to J. W Bryce, "dean of IBM's scientists and inventors." Bryce was recep- tive to Aiken's proposal and sponsored its
passage through the monolithic IBM bureaucracy. Thomas J. Watson agreed to build the automatic calculator and donate it to Harvard,
if Aiken would work on the project.

Off and Running

Aiken started by visiting IBM's Columbia University computation facility where he saw IBM machines being used to perform scientific
calculations-but not automatically. This helped him get acquainted with state-of-the-art IBM equipment. A cadre of IBM's top engineers
was assigned to the project. The head of the team was C.D. Lake, atrue mechanical genius. Under Lake were two other top-flight
engineers, Frank E. Hamilton and Benjamin M. Durfee. Aiken and Bryce acted as administrators and overseers, while also taking part in
designing of some of the components. These five men formed the central core of the Automatic Sequence Controlled Calculator (ASCC)
project.

During the summers of 1938 and 1939, Aiken left Cambridge, where he lived with his wife Louise and daughter Rachael, and spent the
season in Endicott working with the IBM engineers. What part he played in the design of the computer is unclear. Given the relatively
small amount of time he spent in Endicott, and the large expertise of the other men (Bryce had over 400 patents in his name), he
probably had a small hand in the design. However, he did work with Hamilton on the design of the function tables for logs, sines, etc.
Many of the components incorporated in the calculator were, in fact, patented under the names of IBM engineers. For example, the
multiplying and dividing was patented in 1937 by Bryce and another IBM engineer. Hamilton and Durfee designed the control circuitry.
Asthe project progressed from the theoretical realm of design to the task of fabricating the calculator, Aiken had less direct involvement
with it. Aiken later acknowledged IBM engineers Lake, Hamilton, and Durfee as co-inventors of the ASCC.

By late 1939 the design process had advanced enough that Aiken's intimate involvement with the project was no longer needed. He
received his Ph.D. in June, 1939, and was appointed Faculty Instructor of Physics at Harvard. After the U.S. entered the Second World
War, Aiken enlisted in the U. S. Naval Reserve. He was aware of the tremendous help his calculator could be to the war effort, yet the
construction had some time to go and Aiken had to wait.

Some time during this anxious period, Aiken met Agnes Montgomery, ayoung Latin teacher pursuing a Master's Degree in Education at
Harvard-arare phenomenon at that time. "Monty," as she preferred to be called, was quite an extraordinary young woman. The daughter
of Scottish immigrants who had become well-to-do, she graduated from Wheaton College and spoke several languages, including
French and Russian. She was introduced to Aiken by mutual friends at Harvard. She and Aiken would hop in her Ford Coupe and take
picnics into the pastoral countryside surrounding Boston. They would spend hours talking and laughing. Both had an abundant sense of
humor. Monty's laugh was high and gay and her flaxen hair and blue eyes shone in the New England sun.

Aiken divorced Louise in 1942. Soon he and Monty were married in asmall ceremony at her parents house in Worcester,
Massachusetts. By then Aiken was on active duty in the Naval Reserve as a Commander and on aleave of absence from the University.
He cut a dashing figure in dress whites, standing ram-rod straight at over six feet tall. The Navy assigned Aiken to teach mathematics at
the Naval Mine Warfare School in Y orktown, Virginia. Although he made many friends at the Mine School, he did not relish the
assignment.

Wartime Advances

The work on the calculator had progressed far enough that the first problem was run on it in January 1943, but ii was not until December
of that year that the calculator was demonstrated at Endicott to President Conant. The urgency of the war effort caused thing to move
quickly. In February 1944, the ASCC was disassembled at Endicoti and shipped to Harvard. Aiken was transferred from the Mine
School to Harvard to run the calculator for the Navy. Lake and severa other IBM engineers reassembled the machine in the basement of
the Research Laboratory of Physics. Meanwhile, Aiken assembled a contingent of Naval personel to operate the Mark I. Among these
were Lieutenant Grace M. Hopper, later instrumental in the development of the computing language COBOL, and Ensign Robert V.D.
Campbell, who had been the national chess champion in his age- group as ayoungster. By May 1944, the calculator was complete and
beginning to turn out results for the Navy's Bureau of Ships. Itsfirst project was the computation of tables of values for Bessel functions-
afamily of mathematical functions crucial to applied physics problems encountered in designing ships.
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Friction

Amid great hoopla, IBM formally presented Harvard with the ASCC on August 14, 1944. Whether through a misunderstanding or a
conflict in their strong personalities, Watson and Aiken had afalling out over this event which was never repaired. One story has it that
Aiken leaked word of the dedication to the press before IBM's media blitz. Consequently it was Harvard that got most of the publicity,
after IBM had spent half amillion dollars building the machine. President Conant visited Watson in his hotel room in Boston to cgjole
him into attending the ceremony. Although Watson put on a happy face for the press, emotions were till very strained. As Thomas J.
Watson Jr. later recaled, it was atense scene in which "[i]f Aiken and my father had had revolvers they would both have been dead."
Time did not soothe this wound. Twenty-five years later, at an exhibition on computing history T. V. Learson, then chairman of IBM,
had only one comment to make about the two-thousand years of history spread before him. He paused briefly in front of a photo of
Howard Aiken and muttered "the sonofabitch.”

Despite the conflict, both Conant and Watson hailed it as the beginning of anew era of cooperation between the two institutions and
between science and industry in general. The press marveled at what it called a ' giant electric brain." Speculation ran rampant as to how
machines such as this might affect the world. Science had overcome its biggest hurdle, they claimed-it had created a thinking machine.

The Shape of the Future

The mediafueled the public'simagination. Aiken received letters from people interested in the Mark | and how the new machine would
affect them. Many of these |etters were from fellow mathematicians and physicists with problems they wished solved, or inquiring
where they might acquire such a machine. Many hoped this machine could answer problemsong unsolved. They had yet to deal with
the economics of information processing. Aiken politely replied that at that time the Mark | was engaged full-time with work for the war
effort and could not be spared to solve their interesting problems. Furthermore, there were no machines like the Mark | commercially
available. School children wrote asking how they might grow up to build such marvelous machines. One even asked if his laborious
calculation of the value of Pi to 28 decimal places was correct. Aiken's replies to these youngsters was one of restrained encouragement.
Study mathematics, physics, and electrical engineering first, before designing any machines, he said.

Mathematicians, professional and would-be, were not the only ones to, recognize the potential that the Mark | represented. Since the
Mark | was automatically controlled, many people anticipated that other kinds of machinery might operate without human intervention.
Some saw this possibility as a ??? others as athreat. A printer wrote to Aiken asking about the ramifications of the Mark | for the
possibilities of an automatic typesetting system to increase the productivity of his business. On the other hand, a labor union leader
expressed concern about the implications for American factory workers of automatically controlled machines. He wished to talk to
Aiken about the extent to which "labor-displacing techniques' might be employed at the cost of workers when the War was over. Aiken
replied that his time was utterly devoted to the Navy, but the union official might be interested in speaking with Professor Shapley at
Harvard or Professor Norbert Wiener at MIT. With astonishing precision, lay people saw many of the longrun implications of the
movement of which the Mark | was the vanguard.

Many professionals interested in computing machines wrote to Aiken to complain that the media reports were too sensational and no
professional paper had been published describing the machine. Aiken assured these writers that he would publish a thorough report on
the computer at the earliest opportunity In 1946 the Harvard University Press published Volume 1 of the Annals of the Computation
Laboratory of Harvard University, A Manual of Operation for the Automatic Sequence Controlled Calculator, compiled from the notes
of the staff and designers by Aiken and Lt. Hopper.

The manual gave an elaborate description, illustrated with diagrams and photographs, of the physical construction, the electrical
circuitry, and the operation and programming of the Mark 1. In the foreword, President Conant gave a brief description of the
development of the ASCC, and stated: "I cannot refrain from paying tribute to Mr. Watson . . . the scientific world isindebted to him."
Conant also stressed the synergistic relationship between science and industry that the ASCC represented. Following Conant's statement
is Aiken's preface. Aiken named Lake, Hamilton, and Durfee as co-inventors of the ASCC, and expressed gratitude to the Navy on
behalf of the staff for the "privilege of working with the calculator.” It had been a mathematician's dream-come-true.

Staggering Dimensions

A Manual . . . provides a detailed description of the physical composition of the Mark I. Over fifty feet long, the Mark | was finished in
glass and metallic gray panelsin the round, streamlined style characteristic of industrial design in the late 1940's. The machine's physical
dimensions were staggering: at eight feet tall, three feet deep, with two, six-feet-long sections projecting off the rear, it weighed 5 tons.
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This massive frame held 765,299 separate parts, including over 3,000 relays (el ectric switches), and 225 circuit breakers, connected by
530 miles of wires! A four horse-power electric motor drove a shaft extending the length of the machine, which powered all of the
mechanical components by gears or chains. The machine performed cal culations through a combination of electrical and mechanical
processes. Over 1,200 ball bearings kept the components smoothly churning out numbers.

Looking at the machine from the front, one saw on its left end a bank of 1,444 black dials behind diding glass panels. These were the
"constant registers." (A register is aplace in which anumber is stored in a computer.) There were 60 of these constant registers, each
consisting of 24 ten-position dials. Each register held one 23-digit number-one dial per digit-the final dial indicating the number's sign
(positive or negative). These switches would be manually set at the beginning of each program according to the equation being solved.
Since the value of these registers remained unchanged during the operation of the program they were given the name "constant
registers.” The sections where numbers produced and changed during calculations were kept were called "storage registers,” or "storage
counters." There were atotal of 72 storage counters, again, each capable of containing a 23- digit number and its sign. The storage
counters were made of electro-mechanica "wheels'-24 per counter. Each wheel was mechanically driven by adrive-train system
connecting it with the main drive shaft and motor. Depending upon its position, metal brushes mounted on the wheel would complete
one of ten possible circuits. Each circuit represented a different decimal digit. To add a number to the number stored in a counter, the
wheel was mechanically advanced that number of positions. For example, to add four to the stored number, the wheel advanced four
positions. This caused the brushes to compl ete the circuits representing the sum of the two numbers. The computer automatically carried
any overflow to the next digit counter.

While the counter wheels were usually reliable, occasionally deposits would build up on the brush surfaces causing them to compl ete
circuits sporadically. When this happened the procedure was to shut off all the lights in the computer room while the computer was
running. Any counter that sparked as electricity arced over the space caused by sediment build-up was replaced, cleaned, and kept as a
spare.

Onetime a problem was caused by a peculiar kind of deposit. On a hot summer day the calculator ceased to function properly. Despite
every effort, no explanation could be found for the problem. The only option left was to begin taking apart the machine. The technicians
rolled up their sleeves and set to work, carefully pulling out each component and inspecting it thoroughly In spite of the open windows-
in the absence of air conditioning-it was sweltering in the basement of the Physics Labs. Finally after hours of sweaty work, the
technicians found the culprit. A small moth was caught in the contacts of one of the relays, preventing current from flowing through the
component. The deceased moth was taped into the logbook above the entry that "a bug had been found in the computer.” Soon "bug"
became the term for any inexplicable problem and has remained so in computer lingo ever since

Special Features

Certain of the 72 storage counters had special features. For example, storage counter #70 converted any number placed into it to its
absolute value; i.e., it converted its sign to positive. Storage counter #71 was called the "multiple inout-counter." In effect, it doubled the
calculator's storage capacity while halving its accuracy. This was accomplished by treating the contents of counter #71 as two separate
12-digit numbers, rather that a single 23-digit number. Counters 68 and 69, and 64 and 65 accomplished the reverse. They essentially
halved the calculator's capacity, but doubled its accuracy. The numbers stored in 68 and 69 were treated as one long 46-digit number;
likewise for counters 64 and 65. Two pairs were needed for the purpose of adding two 46-digit numbers together.

Lt. Grace Hopper and the Mark |

Lt. Grace Hopper was assigned by the Navy to work on the Mark | at Harvard in 1944. Two
programming ensigns, Robert V D. Campbell and Richard M. Bloch, were on board when she arrived.
Four enlisted men were also assigned to operate the machine, Hugh Livingston, John Mahoney, Donald
Calvin, and Derwood White.

Sherecadlls, "They were called specidists'i . Their insigniawas adiamond withan'i'init. The'i , of
course, stood for IBM. Later Y eoman Frank O'Donnell brought order out of chaos and Lt. Arnold and
Ensigns Lockhardt and Brennan joined the crew. Civilian members came, but it was asmall crew and a
very big machine.

"I only know one person who was able to write a program in ink and have it run the first time. That was
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Dick Bloch. He drove nearly all of us crazy because he could do that. Since the Mark | was arelay and
step counter machine, it was not too difficult to change the circuits. Every once in awhile, Dick would
get the idea of anew circuit that would make his problem run faster. He'd get together with one of the
operators during the night and they would "fix" the circuit. The next morning my programs wouldn't run.
It's much better to have machines that the programers cannot alter.

"Commander Aiken was a tough taskmaster. | was sitting at my desk one day, and he said, "Y ou're going
towriteabook.” | said, "I can't write abook." He said, "You'rein the Navy now." And so | wrote a book.
| have it here with me. Thisisthe Mark | manual.

"Howard Aiken always said that one day we would have computers that would fit in a shoe box. | don't t
know how he knew that. but he did."

Commodore Grace Murray Hopper, speaking at The Computer Museum. April 14.1983.

While addition and subtraction were performed directly in the storage counters, multiplication and division were executed in a central
unit to the left of the storage counters. The multiply/divide unit was a sophisticated assembly of electrical and mechanical components.
When two numbers to be multiplied were received by the unit, it would immediately set up a "table" of the multiples of the multiplicand
(the top number in long-hand multiplication) and the nine non- zero decimal digits. Then it would examine the multiplier (the "bottom™
number) starting with the units digit. The unit would add together the multiples of the multiplicand corresponding to the values of the
digit places of the multiplier. This produced the final product. Division was performed by a method similar to the one above executed in
reverse. Often programs would use afunction for evaluating reciprocals (based on an algorithm developed by Aikenin 1938) to avoid
division. Thiswas doneto save time, since at full capacity the calculator could multiply two numbersin 5.7 seconds, while it took 15.3
seconds to perform a division.

Next to the multiply/divide unit were mounted three "interpolators.” These units were used to obtain values for certain mathematical
functions, such as cosine or hyperbolic sine. The values of a function were encoded on paper tapes prepared for certain values of the
variable. (In the case of cosine, this might be the cosine for every half degree between 0 and 90.) Also encoded on the tape were
coefficients which alowed the machine to determine the value of the function to the accuracy needed in the problem. The interpolators,
large mechanical punched paper tape readers, allowed the calculator to find the value of afunction for any variable. Thisallowed a
programmer to use afunction in his program simply by loading the appropriate function tape into an interpolator unit, rather than having
to write out the algorithm for its calculation, saving agreat deal of time for both the programmer and the machine.

The most important component of the ASCC, the automatic sequence unit, was mounted at the right edge of the body of the machine.
This unit read the program from punched paper tapes to control the flow of numbers and the performance of operations within the
calculator. The paper tape had athreesection line of 24 holes across its width. The pattern of holesin the first two sections indicated the
locations of the numbers to be acted upon. This determined the flow of data along the "buss' or large circuit, which' connected all
sections of the computer. The third section specified what operation was to be performed upon the numbers. The sequencer
automatically advanced the tape in synchrony with the internal operations of the calculator. Every line of the program had to include a
seven in aspecific location to tell the computer to advance to the next line-if there was no seven, the calculator stopped and a bell rang.
The Mark | also automatically checked its calculations for errors, if one occurred, it would stop and the bell would ring to notify the
operator.

The final three calculating sections of the ASCC were electro-mechanical tables for the calculation of logarithms to base ten, powers of
ten, and sines. In addition to the sequencing unit and constant switches, information could be entered into the calculator via two punched
card readers. Results of calculations could be punched onto standard IBM punched cards or typed on automatic typewritters.

In addition to describing the mechanical and overall operation of the Mark |, A Manual . . . outlined the electrical function and circuitry
of the calculator in Chapter Three. The final three chapters dealt with the programming and operation of the calculator. To compliment
A Manual . . . on this score and further assist the programmer, Aiken and Ensign Robert Campbell (the only person ever to haverun a
program correctly on the first attempt) compiled a complete code book. The code book el aborated the basic means of programming
amost every type of mathematical problem known.

In sum, the Mark | was a vast electromechanical calculator which automatically performed decimal arithmetic under programmed
control. Asthe first computer to hit the public with a splash, the Mark | paved the way of the Computer Age.
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A New Businessfor |IBM

The public impact is one of the most important influences of the Mark I, but the effect it had upon IBM is also worth noting. The ASCC,
IBM'sfirst successful venture in the realm of automatic general purpose calculators, was built by ateam who became influential in the
design of many of IBM's later products. Lake and Durfee went on from the Mark | project to construct the Pluggable Sequence Relay
Calculator. Less sophisticated than the Mark 1, the various parts of this computer were literally connected by wired plug boards to
sequence calculations. However, the use of plug boards and el ectro-magnetic relays alowed it to run faster than its predecessor. Two of
the machines were installed at the Watson Scientific Laboratory at Columbia University. Wallace Eckert, the director of Columbia's
Watson Lab, and Frank Hamilton from the ASCC project, then designed the Sel ective Sequence Electronic Calculator (SSEC). The
SSEC was a hybrid machine, composed of both electro-mechanical relays (advocated by Hamilton for their reliability) and electronic
vacuum tubes (suggested by Eckert for their speed). Although it was dismantled in 1952, only four years after its widely-publicized
dedication, the SSEC was important because members of its design team went on to play crucial rolesin the design of some of IBM's
first fully-fledged computer systems.

The history of the Mark I's use at Harvard is also very important. Many revolutionary applications were developed for the calculator
which broadened the scope of computing at an early stage. During the War, the calculator was used to generate mathematical tables of
the values of certain complex functions, such as Bessel functions and Henkel functions. These functions were important in such applied
physics problems as ship design, ballistics, and radio wave propagation. Until the Mark I, only afew values of the Bessel function had
been calculated since its definition two-hundred years before. The values of these functions were published in volume after volume of
the Annals of the Computation Laboratory... To insure the accuracy of these tables, they were photographically printed directly from the
typed output of the calculator. The Mark | was also rumored to have performed calculations for the Manhattan Project

Original Applications

After the War, at Aiken'sinsistence, the Mark | was used on severa very original projects. Among these were programs for translating
languages, and analyzing econometric models. This latter work, developed by Harvard Professor of Economics Wassily Leontief,
simulated the effects of economic currents upon national economies, and eventually led to aNobel Prize in Economics. Leontief's was
the first application of a computer to a problem in the socia sciences. Aiken aso urged a friend to perform his research on Newton's
Principia on the computer. In 1947 and 1949, the Harvard Computation Laboratories sponsored two symposiaon "Largescal e Digital
Calculating Machines." High on the agenda of both these conferences were discussions of new applications of computers, particularly in
unconventional fields such as physiology.

The emphasis placed upon finding new applications for computers was an extension of the motive which drove Aiken to pursue the
construction of an automatic calculator in the first place. "You seg," Aiken said, "I used to have alot of figuring to do and | thought it
would be nice to have a machine that would make my job easier." Aiken'strue concerns were the results which computers could help
achieve. He ventured to produce a computer only because one could not be acquired elsewhere. Later, when a commercial computer
industry had developed, Aiken ceased constructing computers in favor of concentrating on research in their application and basic design.
He built acurriculum at Harvard in Applied Mathematics with specific concentration on computing machinery and advocated
international cooperation in the field of computing.

TheBirth of theLab

At the end of World War 11, Aiken completed his Naval service and rejoined the Harvard faculty as a Professor of Applied Mathematics.
He was appointed director of the Harvard Computation Laboratory when it became indepedent of the Navy at the end of the Bureau of
Ships contract. Aiken worked assiduously to build the staff and facilities of the Computation Lab and encourage its use throughout the
University. In addition to teaching, working on the design of Mark |'s successors, consulting, and traveling across the globe, Aiken
arranged the financing and construction of a building to house the Computation Laboratory. The building was dedicated in 1947 at 33
Oxford Street, just north of Harvard's physics buildings. Financed primarily by government funds (many of them from the rental of the
Mark 1), the two-story brick building contained office space, lecture halls, a machine shop, and a sixty-foot-square room for the
installation of computers. The computer room had a large observation window for visitors. The Mark | was moved from its basement
location to the modern brick building in late 1946. Upon its dedication, Harvard officials referred to the Lab as the first building of a
"Science City" which would house facilities for all of the varied fields of natural science in one massive complex. Thefirst building of a
centralized science complex seemed an appropriate place for afacility which, as Aiken saw it, would serve all disciplines.
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With the construction of proper facilities completed, Aiken saw the immediate mission of the Computation Lab as two-fold: to build a
large modern computer for use exclusively by the University, and to develop techniques and a curriculum of mathematical analysis so
that the use of computers might spread throughout all fields.

At the end of World War I1, the Bureau of Ships contract for the operation of the Mark | expired. To finance the operation of the
calculator, Harvard entered into a contract with the Navy's Bureau of Ordnance. The Bureau of Ordnance paid the operating costs of the
Computation Laboratory in exchange for having ballistics calculations performed on the Mark |. Unfortunately, the Bureau's projects
took up most of the calculator'stime, leaving little for academic research. In 1945 the Bureau of Ordnance had contracted Harvard to
construct alarge relay computer to beinstalled at the Naval Proving Grounds in Dahlgren, Virginia. This contract included the operation
of the Mark | until the second cal culator was completed. The Mark 11, finished in March 1947, was shipped in 20 trailor trucks to the
Naval Proving Grounds. The largest computer in existence, it contained over 13,000 relays and was employed in the solution of complex
ballisitics problems. The completion of Mark 11 signalled the end of the Bureau of Ordnance's support of the Mark |. To keep the Mark |
operating, the Laboratory entered into several contracts with the Air Force and the Atomic Energy Commission. Under these contracts
academic computing suffered as it had under the Bureau of Ordnance's support.

Even before the Mark |1 was completed, the Bureau of Ordnance extended its contract to include the construction of a further computer,
the Mark I11, for installation at the Navy's Aberdeen Proving Grounds. The Mark 111 used vacuum tubes to perform calculations; as a
result it was 250 times faster than the Mark I, and 25 times faster than the Mark 11. The Mark 111 aso incorporated a magnetic drum
memory with a capacity of 64,000 digits.

By thistime Aiken emphasized that Mark | would not be able to satisfy the computation needs of the University. Therefore, he
advocated the construction of alarger calculator to serve the needs of academic research at Harvard. To complete the computer as
expeditiously as possible, Aiken recommended that the Mark 1V, asit was to be called, be very similar to the Mark I11. Once again,
however, Aiken ran into financing problems. In order to build the computer, he had to rent time on it to government agencies and private
industries. When the Mark 1V was complete in 1952, it was installed opposite its greatgreat-grandfather, the Mark |, in the Computation
Laboratory

While the effort to provide the University with a sizable computer came to only partial fruition, the second goal of establishing a
curriculum in computing was achieved with the military's help. In 1947 the Office of Naval Research sponsored a one-year Master's of
Science program in the field of computing machinery. The following year, the Air Force took over responsibility for the program. By
1949 76 students had enrolled in the program, and 14 M.S. and 1 Ph.D. had been granted. Aiken was instrumental in sponsoring and
developing the curriculum for this program. In 1955, Harvard announced the introduction of a complete Master's and Doctoral program
in Applied Mathematics focussing on the problem of automatic control. It was one the first universities to offer such a program.

The Boss

With its two primary objectives somewhat satisfied and private industry ready to take on the construction of computers, the
Computation Laboratory became amajor center for research in computer design and theories of mathematical computation. One of the
only institutions of itskind, it attracted many promising students and teachers. Visitors came from all over the globe. The Lab was a
diversified and stimulating community over which Aiken held unchallenged sway. "The Boss," or "the Old Man," as his students
referred to him among themselves (he was always Professor Aiken in person) was remembered as an inspiring teacher, who had a way
of driving people to achieve things they thought they could not possible do. Although he was not the chummy sort, (he always
maintained the formal relationship of teacher versus student) Aiken was very accessible despite his frantic schedule.

The Lab was characterized by pride and perfectionism. With two computers operating round-the-clock, courses to be planned, and many
pioneer research projects underway, lights blazed all night in the computer room and the offices downstairs. "The Boss' was likely to
show up at any hour, including four in the morning, to ask if the computer was "making numbers' (i.e. running smoothly), or to try some
new idea.

A kitchen was set up off the side of the computer room for those working the late shifts. When an error occurred during the running of a
program, the Mark | would stop and a bell would sound. Often the operator would find that Aiken had beaten him to the side of the
machine. Aiken would stand rocking forward and backward on the soles of his patent leather shoes, hands fidgeting in his front pockets.
"WEell, what are you going to do about it?," he would prod. If the calculator had not soon resumed operating, Aiken would take off his
jacket and set to work with the operator to solve the problem. This near obsessive drive to keep everything running like clockwork made
Aiken the butt of goodnatured kidding and practical jokes.
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Oneday Aiken arrived at the Lab and, as aways, went directly to the chart which indicated the status of the calculator. Instead of a blue
line, indicating error-free operation, there was a solid red line, showing the computer had not been operating al night long. "What the
hell is going on here? he burst out at the operator on duty. "Where's Hawkins [the Chief Operator]?"

"Downstairs." Off Aiken stormed on seven-foot strides. When he found the Chief Operator, he growled, "What the hell are you doing
here reading the paper? Why aren't you upstairs? The goddamn machine's been broken for thirteen hours."

"Y ou're crazy. The machine ran al night long," responded the Chief Operator.

"Well the goddamn chart isred,” Aiken thundered as he strode back upstairs. He returned to find the operator removing a strip of red
tape which had been covering the blue line on the chart. "Well, | guess I've been had,” he grinned. When the operators recovered from
their laughter, they presented Aiken with alarge red badge which he sported the rest of the day.

Aiken had a combination of adry teasing wit, and the ability to laugh at himself. His secretary recalled that on her first day she spilled a
pile of books in the middle of the hall. "It's about time you picked those up," Aiken said flatly with a small smile as he ushered some
visiting Navy brass around the prostrate woman.

Aiken's firmness, drive, and humor made him a good leader for an eager and brilliant staff. Most who worked with him speak of Aiken
in the fondest and most admiring of terms. Y et a comment that Aiken made to a student once betrays the attitude which earned him the
emnity of some, and caused him to become disillusioned in later years: "Don't worry about people stealing your idea," he said. "If it's
original you will have to ram it down their throats. " This attitude represented what his critics claimed was Aiken's condescending and
superior air.

After the War, Aiken traveled widely assessing computing progress across the globe. Convinced of the value of the results of
calculationsto all people, Aiken pushed for the establishment of an International Computing Laboratory under the auspices of the
United Nations. These aspirations proved politically unfeasible, and Aiken later wrote to a friend that the complications of an
international bureaucracy proved insurmountable.

Aiken attacked bureaucratic red tape with the vigor that characterized all his work. For example, hislobby efforts to allow Harvard to
operate radio transmitters without a government-licensed operator eventually led to legislation making communication satellites
possible. The reluctance of Harvard to fund the devel opment of proper computing facilities greatly hindered Aiken's efforts. University
policy aso forbade him to do any classified government work. This made supporting the computers al the more difficult. It is
understandable that Harvard had trouble justifying the great expense of afacility which fell under the domain of no department, and was
difficult to think of as autility like electricity of heat. As aresult, the administration's attitude seemed to be "you want it, you fund it."
This Aiken did, by charging for computer time, private contracts, and soliciting donations. He arranged the contribution of aUNIVAC 1
computer system during the mid-1950's. A tumultuous conflict surrounding the purchase of an IBM 7090 computer system proved to be
thefinal straw. Aiken retired from Harvard at the minimum age in 1961, to avoid falling "into the trap which has caught so many of my
senior colleagues.”

Life After Harvard

The desire to start anew life and learn new things at age 61 applied to his private affairs as well as his career. He divorced Monty and
soon married Mary MacFarland of Coral Gables, Florida.

His activities increased upon retirement. In 1963 he formed his own company Howard Aiken Industries, Inc. He also accepted positions
on the board of directors and consulting staff of several firms. In addition, he held a distinguished service professorship at the University
of Miami. While there he designed and established a computing center with the aid of the local Chamber of Commerce.

Aiken soon moved to Florida, where he lived with his new wife and his two step-daughters. During their rare moments of relaxation
together, they enjoyed walking along the beach, swimming, and listening to music. On the whole, however, Aiken had little time for
recreation, relaxing while en route to airports. While on business in Missouri, Howard Hathaway Aiken died on March 14, 1973-six
days after his seventy-third birthday

At amemoria servicein hishonor in Memoria Church at Harvard, friends and colleagues gathered to remember the life and
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accomplishments of Howard Aiken. The range of tributes attest to the diversity of hislife. Students remembered him as a great teacher,
others remembered him as a great Naval officer, and scientist-all remembered him as a proud and kind man. A former employee later
wrote, he was "the only completely moral man | ever knew."

Aiken'swork and achievements earned him wide recognition in Europe and the United States. He received many honorary degrees and
awards from al over the world. In acknowledgement of his contributions, Harvard University named the computer laboratory the
Howard Hathaway Aiken Computation Laboratory in 1964.

Hiswife, Mary, described Aiken's life best when she wrote: "It was certainly a colorful, inventive, stormy, and changing life. He came
into the world and |eft it in afast clean-cut way."
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The President's Letter

When | wrote the first letter in the first The Computer Museum Report in May 1982, | was the President, Treasurer, and Executive
Director of the Museum. The whole staff consisted of three other people plus some summer students, and there were about 100

members. After ayear, the Board of Directors decided that | shouldn't create, write, and sign the checks and Professor James McK enney
became Treasurer.

Then this year, the Museum had its first assessment on the way to accreditation by the Association of American Museums. It became
equally clear to me that the role of President and Executive Director of an ongoing public museum were indeed different. There was no
way for meto do all that | have been doing as Presidentmaintaining a close, ongoing relation with the computer industry-and also be a
director of this major museum that is making a significant footprint in the Museum community.

It iswith great pleasure that | introduce Michael Templeton as the new Executive Director. Michael was actually the first museum
professional to visit the museum! In the fall of 1980, when he was the Executive Director of the Association of Science and Technology
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Centers, ASTC, he scheduled a meeting at the Museum in Marlboro of their advisory board for the travelling exhibit, Chips and
Changes. At the time, he encouraged me to push ahead and devel op the Museum.

My next visit with Michael wasin Portland, Oregon, where he had become the Director of OMSI, the Oregon Museum of Science and
Industry a Museum that | had long admired. Why? First, Oregon Software originated there. This company was formed by a group of
students and their physics teacher, Rusty Whitney, who wrote a Pascal compiler on the PDP-11 in the basement of OMSI. Ten years
later the company is aive and thriving. Second, OMSI pioneered in computer- based exhibits and had a very good working relationship
with the electronics firmsin the Northwest.

At the time of the Museum assessment, | thought that one of the few people in the world who could come in and be in synch with the
Museum was Michael Templeton. When | called his home in Portland, | learned that he was consulting at the National Science
Foundation. He changed his plans and travelled back to Portland via Boston, walking into the middle of an exhibit planning meeting.
Everyone felt that this was a match that was meant to be. | will stay on as President and CEO (in the jargon of industry) and he will be
the Executive Director and COO.

The New Trustees

Each year, a class of the Board of Directors retires to become Trustees of the Museum. This year, Gordon Bell, Harvey Cragon, Robert
Everett, George Michael, Ken Olsen, Kitty Selfridge, and Erwin Tomash made this step. Gordon Bell and Bob Everett will continue to
work on the development committee to ensure that the capital campaign will reach its goal by 1988. Harvey Cragon, George Michael
and Edwin Tomash will remain involved with the Collection and Exhibition Committee. Kitty Selfridge, who started the member
volunteer organization, will remain an active member of the Museum. And finally, Ken Olsen, who was the first Chairman of the Board,
will remain avital force behind the scenes.

The New Board Members
Seven people were elected to the Board of Directors, each bringing special talents and perspectives to the table.

Sir Arthur Humphreys, retired Chairman of ICL Ltd., renews the Museum's connection with The Charles Babbage I nstitute, of which he
isatrustee, and strengthens our international ties.

August Klein, President of MASSCOMP has come on board as the Chairman of the Museum's capital campaign. In Gusswords, "
don't just join an organization, | invest init." His experience comes from both business and philanthropy: he was a 25 year employee of
IBM and served as a director of United Way in Greenwich, Connecticut, Denver, Colorado, and Jacksonville, Florida. Gusis
establishing a committee to meet our March, 1988, deadline of $10,000,000. He also says, "Hey, I'm delighted to start with one-third of
the goal in our pocket."

Robert Lucky Executive Director of the Research, Communications Sciences Division at AT&T, isaFellow of the IEEE, a member of
the National Academy of Engineering, and a member of the Advisory Committee of the National Science Foundation. He will help the
Museum develop its collections, exhibitions, and publications on the subject of communications and computers.

Carver Mead, Gordon and Betty Moore Professor of Computer Science at Cal Tech, views the microprocessor as computer. Heis
spearheading our efforts to "get the semiconductor story right.” This leads the Museum in the direction of collecting and exhibiting the
evolution of chips and how they are made.

William Millard, Chairman of ComputerLand, was part of the firm that devel oped the groundbreaking 1M SA1-8080 microcomputer.
Watching the early growth of the IMSAI dealer network, Bill Millard established ComputerLand in 1976, a franchise network that
provided financial and business experience to computer retailers. Heis personally interested in both history and the future. Reflecting
these interests, he has established a ComputerL and competition for the earliest microcomputer artifacts donated to the Museum. He will
a so spearhead along range planning committee for the Museum.

Jonathan Rotenberg is President and Founder of the Boston Computer Society, the largest one of its kind in the United States. His
longtime dream has been to establish a computer discovery center-an idea that extends the museum exhibit plans. He will work with us
to build the computer discovery center into the Museum.
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Maurice Wilkes built the first, operational, full-scale stored program computer, the EDSAC, and gave the very first Computer Museum
Lecture, making him a bona fide pioneer not only in computers but in the establishment of this Museum. Maurice, a senior engineer at
Digital Equipment Corporation, is extraordinarily interested in the preservation of both the software and hardware that laid the
foundations for the industry. Parts of the EDSAC, languishing in the basement of the Science Museum in London, were sent to us for
exhibiting. His contributions will help us develop historical exhibitions planned for next year.

The new Board members have a diversity that reflects that of the Museum. Our exhibits contrast state of art with historic firsts, include
the stories of individuals and corporations, and encompass al the levels of integration from silicon to software.

The future of the Museum will continue to evolve. The new executive director and new class of directors renew our activities.
Personally, my role will again change as the Museum becomes broader and deeper. And I'll be around and willing to do what is needed
to make the Museum great.

Gwen Béll
President

Computer Animation in the Museum
by Oliver Strimpel

Film and video animated by computer are an important record of hardware and software development. The need to produce large
numbers of images and to animate them smoothly absorbs alarge amount of computer time and fully exploits al the available spatial
and color resolution of computer graphic systems. Makers of film and video have consistently stretched their resources to the limit.

The Museum is building up a collection of computer-animated film and video. An important recent acquisition is a set 12 films donated
by Ken Knowlton made at AT& T Bell Laboratories between 1963 and 1976. The computer (an IBM 7094) was used both to draft the
images on amicrofilm recorder (a Stromberg-Carlson 4020), as well as to calculate what should be drawn. A short piece by Ed Zagjac
that simulates the oscillations of a communications satellite in the Earth's gravitationa field was completed in 1963, making it the
earliest computer generated film known to the Museum. Severa of the films are educational, visually explaining subjects such as Bell
Labs own movie-making system, programming languages, and Newton's laws of motion and gravitation. Others explore human visual
perception using images with random noise, and still others use the medium for its aesthetic possihilities.

Another significant set of computeranimated films were donated by F R A Hopgood. He led a group who used the Atlas computer at the
Rutherford Laboratory in England to develop a convenient high-level computer animation system from 1968 to 1973. The Museum's
films explain concepts in computing and physics, but non-technical entertaining films were also made. The system A later devel oped
into a package called ANTICS which continues to be used today, particularly in Japan.

Alsointhe collection isarecord of thefirst real time animation, a simulated flight of the Apollo LEM. This was filmed from the screen
of an Adage Graphics Terminal in 1967.

The Museum has created a minitheater in " The Computer and the Image" gallery to screen some of the more recent piecesin the
computer animation collection for the public. Five pieces spanning the development of the art were selected for a 20 minute program
which shows continuously. Each piece demonstrates creative and original use of the techniques of computer animation.

Computer key frame inbetweening is the process whereby the artist only draws the frames that represent the end of a movement or the
completion of ametamorphosis. The computer automatically computes and draws the intermediate frames.

Here, the artist drew the first and last pictures of the series using

atablet connected to a computer, and the machine generated the D
frames in between. When seen as moving film, the

metamorphosis appears continuous.
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The Story of the COBOL Tombstone

The following is a transcript of COBOL's 25th Anniversary Celebration at The Computer Museum on May 16, 1985.

John L. Jones, Chairman of the CODASY L Committee: The fact isthat no one has ever admitted any involvement in the Tombstone.
Furthermore, no one has ever explained the meaning, intent, and thought behind the Tombstone.

Let me explain that COBOL and the CODASY L Committee are alive and well and have never had to make use of this tombstone. Both
are strictly voluntary committees; in fact all of the work is done by volunteers and always has been done that way. We work on actual
language development, refinement and clarification.

One of the key concepts of COBOL was Flowmatic, an idea that was devel oped by Commodore Grace Hopper. Flowmatic had one
other derivative from an Air Force Project, the Air Material Command Compiler, "AIMACO," that was, asfar asI'm aware, the first
effort to take one language and apply it to efforts on two very different machines, the IBM 705 and the UNIVAC 1105. The compiler
ran on the UNIVAC 1 and developed programs for the binary 1105 and the decimal 705. That was another inspiration to begin COBOL.

In 1953-54, most people wanted to program in machine language. The idea of compilers, like the first idea of power steeringin
automobiles, was intensely resisted: you lost the "feel” of the machine just as you might loose the "feel” of the road. | worked quite a bit
with Grace at that time, talking about a compiler "AQ" that she had written. In my 1954 Master's thesis | quoted her about using
networks of small computers to perform functions that at that time were limited to big computers. Then, this quote about what we now
call "distributed processing and micros' was used in the IBM anti-trust case around 1980.

Grace Hopper: When | started, | just went ahead with the idea. | have later learned that it is much easier to apologize than to get
permission. In the case of Flowmatic, we discovered that alot of people hated symbols, even though the mathematicians and engineers
loved them. These people used words. We proposed that we should write programs in English statements providing a compiler that
would tranglate to machine code. | was told that this couldn't happen because computers don't understand words. | said that they didn't
have to; they just had to compare bit patterns. "Add" has just as many bit patterns as a plus sign does. But | was getting nowhere. So we
acted on the motto: Just go ahead and do it. The lesson that we learned from COBOL is that you must go ahead and do it and make it
work, and then get out and sell it.

Donald Nelson, Chairman of the COBOL Committee: The size of specifications of COBOL has grown from a stack of pages three-
quarters of an inch high to a stack four inchesin thickness. About 60 percent of the programs that exist are written in COBOL, and on
mainframes its about 70 percent. The language has evolved over the years to meet many of the criticisms about it. Suggestions and
revisions can be made by any group and are then reviewed by the committee.

Jack Jones: Howard Bromberg was very involved in COBOL from the beginning. The first demonstration that Grace's COBOL compiler
worked on different machines was done on a UNIVAC 1 and then Howard's on an RCA 501.

We are missing Charlie Phillips, who recognized the idea of COBOL when he was in the Defense Department, and put his energy
behind it to make it happen. In 1959, his efforts made COBOL come to life. His untimely recent death was very unfortunate and we
sincerely miss him on this occasion that he was looking forward to.

Howard Bromberg: | thought along time about the Tombstone and whether tonight was the appropriate forum to come clean. Let me set
the background.

During the formative days, the COBOL activities represented the primary computer manufacturers of the time. A handful-8
manufacturers and a double handful of computer users were represented. At that time we were attempting to create a specification for a
language that would be understandable by users, translatable by machines and easy to learn. We were also concerned that the language
would be acceptable on al computers, even though there weren't that many back then.

Having worked with Grace Hopper, | subsequently worked for RCA carrying her banner and using the techniques that she taught me. |
was the corporate representative to the COBOL committee and the manager of the Automatic Programming Group. This group at RC
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was creating an embodiment of the COBOL language specifications in our hardware. We kept about one week behind the COBOL
language committee. When we moved a week ahead of the committee, | got nervous. RCA wanted to commercialize COBOL asa
product, to have a marketing edge. The other manufacturers were seeking the same goal. As a result we sometimes became testy with
one another, and with the organization running the activity. The Committee would meet every six weeks, with each member having very
specific technical assignments. The meetings would last three to four days and then we would return to our companies to scheme and
work.

One Friday afternoon about 3 o'clock | had an opportunity to discuss my frustration with the chairman of the CODASY L committee,
Charlie Phillips. He was the coordinator of everything, good and bad. As such, he was the recipient of alot of verbal abuse and, later on,
alot of praise. | discussed with Charlie the speed of specification of COBOL. After | described, in colorful - language, how | felt and the
problem that this was causing me and my company, suggesting that he do something "with it,” 1 hung up and left work in afit of pique.
As| drove down the freeway, | saw, to my surprise, amonument company next to an exit. Easy off. Easy on. So | did the easy off.

| went in and said, "1'd like to buy a monument."

The salesman said, "Y ou've come to the right place. What did you have in mind?"

"A serious monument that would show my appropriate respect. Since | have to send it, | would like it to be compact.” He stepped back
and let me wander around. | chose that tombstone because | liked the sacrificed lamb effect.

Mind you, when you buy a monument, it is blank. So the clerk asked, "And what name do you want inscribed?"

| said, "I'll writeit for you." | wrote the name down: COBOL.

"What kind of nameisthat?' - "Well it's a Polish name. We short ened it and got rid of alot of unnecessary notation.”

"Fine. Give me the money and come back in two weeks."

In two weeks | returned, still in afit of pique, mind you. To my surprise, he had gold leafed the name. Today is thefirst day that | have
seen it in twenty-five years and | am still very pleased. Back then, | took it home, not to my office, which is probably the smartest thing
that I've ever done. My neighbors helped me build a crate for it out on the sidewalk because they wanted to get the thing out of the
neighborhood. | put my name and home address on it and sent it to Charlie Phillips at the Pentagon and felt better.

Grace wanted me to remind you that | sent it collect.

Now, | have denied this story for years. People would call up and ask me, "Hey, did you send that tombstone?' And | would always
respond, "What tombstone?' It appeared in a drawing on the cover of the ACM Communicatons. More phone calls. | would say, "l don't
know anything about it." Gracein her travels used to tell the anecdote. And even more phone calls. But still denial, until tonight.

Back to that time. Two weeks thereafter | had still not heard from Charlie. The fit of pique returned. And | said, "He's doing thisto me
on purpose.” So | called him. We chatted about the weather and other nice things. And | thought, he's got me. Finally | said, "By the
way, did you receive something in the mail ?"

-- Charlie Phillips said, "I did indeed. Wonder what you meant by that?’

| said, "Thank you, Charlie." And | hung up.

| was then called to the Vice Presidentia suite of RCA where | worked. The suite was interesting because all of the doors were eight feet
tall and the ceilings of the room were twelve feet. | aways thought that it was to make the vice presidents feel important and it made me
feel very unimportant. After waiting the requisite amount of time, | was ushered into the boss's office. He said, "People at the

headquartersin Rockefeller Center have heard that you sent atombstone to somebody at the Department of Defense. They think this
may hamper our ability to bid successfully on defense contracts. Did you do that?"
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| said, "Yes."
He said, "Would you like to explain to me why?"
How are you going to explain thisto a marketing vice president? So | said, "No."

He said, "Thank you." | went back to my office and sort of organized things, just in case. To their great credit | never heard a word about
it again. That also helped my denial to thistime. It's here. | did it and I'm glad.

| wondered on the flight out here, whether it really means anything-this hunk of marble. Why are we all here? | guess that it means
different things to different people. From my standpoint it shows me the humor that we are able to associate with the work that we were
and are doing .... the ahility to make fun of oneself personally and professionally makes us noble.

COBOL was so different. There were no individuals; they were sublimated to the group. The accomplishment was incredible because
we flew in the face of tradition not knowing any better. COBOL "created” a standard.

Standards are usually not created; they are recognized and they evolve. In the next twenty- five years | believe that we will continueto
profit from the lesson we learned from COBOL : that alanguage hasto help peopletalk to people. People do not talk to machines. This
is the whole assumption on which COBOL has been built.

Howard Bromberg and Commaodore Grace Hopper share a
gleeful moment by the infamous COBOL Tombstone. (Photo: ]
Lilian Kemp)

Participantsin COBOL's 25th Anniversary Celebration at The Computer Museum on May 16, 1985, surround the COBOL Tombstone.
L eft to right: Ron Hamm, current CODASY L Committee Chairman John L. Jones, Dr. Jan Prokop, Oliver Smoot, CODASY L Secretary
Thomas Rice, current COBOL Committee Chairman Donald Nelson, Commodore Grace M. Hopper, Michael O'Connell and Howard
Bromberg. Also present were Connie Phillips and Nan Wilson, the daughters of Charles A. Phillips. (Photo: Lilian Kemp)

Recollections of Memories from RCA in the Fifties
by Jan Hajchman

The following isa transcript of ]Jan Rajchman's talk at The Computer Museum on March 7, 1985, on The Computer Museum Program
Series. Mr. Rajchman is the retired Vice President of Research Information Sciences at RCA.

Maurice Wilkes (builder of Cambridge University's EDSAC): | first heard Jan Rajchman lecture at a course at the Moore School in
Philadephiain the summer of 1946. He spoke about the selectron, which was a vacuum tube for storing information, and | admired his
ingenuity at the time. Some may think that the pin limitation began with semiconductors, but | can assure you that it started with vacuum
tubes.

In the early fifties, | visited Jan at the RCA Laboratories in Princeton where he was working on core memories. | can remember him
asking meif | thought that programmers would ever want as much memory as 10,000 words. There was a view then, held by von
Neumann, among others, that you didn't need much core memory provided that you had a magnetic drum to back it up.

At that time as today Jan carried out pioneering work on memory technology and it is with pleasure that | am introducing him tonight.

Jan Rajchman: In 1939, aUS. Army Colonel visited RCA and spoke of the German superiority in the air and the lack of controllers for
US. anti-aircraft guns. The mechanical directors for the guns, which had been designed for use on ships and tanks, were utterly too slow
for aircraft. The Colonel said, "I don't know anything about electronics except that it's fast, so why don't you look at the problem.” The
job was assigned to me.
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My natural inclination wasto look at how the problem was solved mechanically and to do it electronically the same wag After afew
months, | discovered that doing anything analog at high speed was very difficult. Very soon | switched to the digital approach with a
binary base and the laboratory developed various arithmetical units including shift registers, adders, multipliers, and an arbitrary
function generator, now called aread only memory. It also became evident that the digital technique with many tubes would be very
bulky and it would take along time to develop an anti-aircraft fire control device. At that time, the printing of ballistic tables fell behind
the invention of new gun types needing new tables. The idea of one central machine for generating ballistic tables was the origin of what
became the ENIAC.

There was some question as to whether the ENIAC could be built at RCA, where we had already done more work, or at the Moore
School of the University of Pennsylvania. Frankly, RCA had cold feet. The RCA hierarchy felt that any machine with 30-40,000 tubes
would be amonster and would never work. In effect, RCA turned down the job of building the ENIAC. However, we were asked to
cooperate, and | went to consult many times. They adapted the read only memory and a decimal rate counter.

While the ENIAC was first tested to make ballistic tables, it quickly became apparent that other problems had higher priority, including
some for the atomic bomb. A major issue was how to change the design of the machine from one problem to another. The original
ENIAC was designed for a specific problem and then patch cords allowed it to be set up for a different problem. Then people said,
"Well, why not relaysinstead of patch cords?' And from that they said, "Well, why not vacuum tubes? There are vacuum tubes
everywhere else.” Very, very slowly the ideafor the stored program evolved. That is to say, theideathat you could build a machine for
any problem without having to know the problem in advance. Y ou could program the machine later to solve the problem. The evolution
of thisideatook a surprisingly long time. What was missing, of course, was the memory. Obviously the stored program computer has to
have amemory for the program and the data.

One of thefirst ideas (due to Pres Eckert, | believe) was to use adelay line where pulses at one end are detected at the other end, and
then are put back at the input. Of course, the more memory thereis, the longer one has to wait for any desired bit. It was clear that a
"random access' was desirable to avoid this dilemma. The term "random access' was born and | was very unhappy about it. Thereis
nothing "random" about random access memory, because, in fact, the exact address is selected deterministically. | also didn't like the
word memory. Memory in animalsis more than storage. | like the way the British put it, an addressable store of information. But the
term random access memory stuck.

After the war, von Neumann, who was the great proponent of the stored program computer, undertook to build amachine at The
Institute for Advanced Study, and asked RCA Laboratories to provide the random access memory on which it was to be based. That task
was assigned to me. In those days, with the triumph of the cathode ray tube in television and oscilloscopes, it was natural to think of
using it for arandom access memory Charge is ssimply deposited on the screen by directing the beam to the selected address where it
remains until again bombarded by the beam. Addressing involved analog deflection and storage depended on good insulation of the
screen. Many groups (notably MIT) attempted to realize memories in this manner. Most found that structuring the target was necessary.
Professor F C. Williams at Manchester University succeeded in avoiding any such structuring by using a metallization on the outside of
an ordinary cathode ray tube and an ingenious use of the naturally occuring redistribution of secondary electrons near the bombarded
area. His scheme was a very inventive tour de force and provided early memories using commercially available tubes. However, the
signals were very weak and the system of analog deflection very delicate. Extreme electromagnetic as well as mechanical insulation was
necessary to protect the machine from vibrations such as those due to a passing truck. (By the way F C. Williams' ideas were subsequent
to those of the Selectron Tube.)

Figure 1. An early RCA cathode ray tube that could have been D
used for storage.

{llegible diagrams}

Figure 6. A 256 digit selectron tube from the Johnniac at Rand. D
Gift of Keith Uncapher and Tom Ellis.

Our approach, the Selectron Tube, was aradical departure from all the cathode ray tube attempts of the time. It utilized a purely digital
selection system based on a uniform electron bombardment of "windows" created by two orthogonal sets of parallel bars. By applying
appropriate voltages to the bars, the passage of electrons was stopped in al windows except a selected one. The onerous number of
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individual connections to each bar and itsindividual drive were avoided by connecting the barsinside of the tube into groups and
making connections and drives only for the much smaller number of resulting groups. Such a reduction of addressing channelsis
possible since the passage of electrons between two bars depends on the potential of each bar. Both need to be relatively positive and
egual to each other for the electrons to pass. Hence thereisan "AND" gate. By appropriate connections between the bars, arow of bars,
or a"picket-fence"; controls N spaces by means of only 2 N at right angles to each other, e.g., an array of 1024 x 1024, or more than a
million, could be controlled by only 20 channels. The principle of selection isillustrated by figures 2- 5.

Moreover, the Selectron, in contrast to other memory tubes attempted at the time, used aradically different method for storage. It
utilized discrete metal elements that were forcefully maintained at one or another of two stable potentials by a constant electron
bombardment. Hence storage of information was not dependent on insulation and did not need any explicit refresh, asin other
approaches. The overall electron bombardment of the matrix of bars was not stopped by the barsin the storing condition, thereby
providing the "locking-in" current for every element. Only momentarily, during the selection, was that locking current interrupted. Read-
out was obtained by using a part of the bombarding current of the element passing through a hole in the element, illustrated in figures 4
and 5.

The particular selectron tube design brought to practical realization had only 256 bits of storage, had a cycle time of 20 microseconds
(very short in those days), and required rather extensive power-consuming circuits. (Plans made earlier for larger capacity tubes were
not carried out, mostly due to the advent of core memory.)

The Selectron can be viewed as "integrated vacuum technology." We thought of applying such atechnology to binary adders and
multipliers. These tubes were based on the concept of many internal electrically floating electrodes. Some research was funded by the
government and several tubes were partially built. However, the general concept did not seem practical because it required an exact
logic predesign that did not tolerate the changes and additions that are inevitable in rea life. Incidentally, the early integration of
transistor semi-conductor circuits suffered from the same rigidity of design.

During the development of the Selectron, | conceived what came to be known later as the core memory. About ayear after we had
started to work on it, we heard that at MIT Jay Forrester had independently had the same concept. MIT was working on it for the SAGE
project. From that time on we helped each other with frequent mutual visits.

Figure 7. The monster circuitry and power supplies needed to drive the selectron memory at RCA. Thismachine is similar to the ]
ohnniac built at Rand.

The idea of the core memory isvery simple. A coreis made of amaterial that has a square hysteresis loop. When magnetized by a
current pulse, it will assume one or the other of its two magnetizations, and thereby "remembers"’ in which direction it was magnetized.
This"memory" property is afree gift of nature. The main artifice that had to be devised was the magnetization of one core among many
in an array in adesired direction, without disturbing the sate of any other core. Thisis achieved by the coincidence of two currents, one
along rows and the other along columns, whose combined effect magnetizes the core at the intersection. The currents are too weak to
singly change the magnetization of a core as their magnetomotive force is below the "knee" of the hysteresis loop. Of course the critical
need isfor amaterial with a square loop. Actualy | had thought of the concept long before; in fact, | cannot remember when it was not
evident to me. However | did not know of any material with a"square loop."

To my great amazement one day, | was reading atechnical journal and | found that the Germans had devel oped a square |oop material
that was used in magnetic amplifiers for submarines. ARMCO Corporation in Philadel phia acquired the patent rights and were
manufacturing the material, which consisted of avery thin ribbon of permalloy. This very delicate ribbon was "wrapped” around a
ceramic bobbin. Each such bobbin could serve as an element of the core memory MIT had aso discovered the ARMCO bobbins and we
both used them in early experiments. They were about $10 each, relatively bulky and delicate. It seemed evident that ferrites would be
preferable. Ferrites are made of metal oxides, are insulators, produce no eddy currents, and were and are widely used for high frequency
transformers and television yokes. In these applications, any hysteresis produces great losses and is carefully avoided. | approached
experts on ferrites at RCA and asked them whether the hysteresis they so carefully avoided could instead be greatly accentuated and |
was very surprised that in less than six months they produced excellent square hysteresis materials. We immediately proceded to model
tiny cores from those materials. Incidental MIT approached other material experts and also obtained good materials at approximately the
sametime.
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Figure 10. Detail of an early RCA memory. Note the use of
decimal numbers, chosen because of the craze for decimal D
machines prelevant at the time.

Asiswell known, the core memory became the standard and was a key in the development of computers. It was surprising that the
memory, which by its very operation requires many elements, should be made by discrete elements assembled into arrays. Why not an
"integrated" fabrication of some sort whereby all magnetic elements and their linking conductors are made by some overall integrated
technique that made the whole array at once. Thus, from the very beginning there was an issue of "integration" versus "automation” (as
cores became gradually made by automated presses, were tested automatically and assembled semiautomatically). For example, RCA
and Bell Labs made ferrite plates with an array of holes, each threaded by metalized coatings on the plates. Many groups worked on
plated wires, which could be made by a continuous process. However, the cores continued to be made by improved methods and, by and
large, provided better operation at lower cost, and thus prevailed against al other magnetic memory approaches. In a sense, automation
won against integration.

All the efforts at integration were not lost, however. In experimenting with apertured ferrite plates, we invented the transfluxor, a core
with two holes, i.e. arelay with no moving parts. The transfluxor was used in some of the early satellites and for fool proof controlsin
the New Y ork subway. Ironically, the Russians read our papers and used these devices in many industrial controls as they were very
slow in developing transistors. Such magnetic logic circuits might be the basis of computers (in fact Univac had a design) if the
transistor had not been invented.

A brief mention should be made of our early attempts at integration on a grand scale: planes with half a million bits. These utilized the
cryotron, a superconductive switch invented by Dudley Buck at MIT, and made by thin film evaporation techniques. Interestingly
enough, our main problems turned out not to be with the indispensable operation at liquid helium temperature, but rather with the
problems of imperfections that seem inevitable with such large and dense arrays. It is these imperfection problems that plague present
day large capacity chips, and that are being solved by sophisticated error correcting methods and extreme care in fabrication.

The modern development of integrated circuitsis of course one of the present day wonders. Memory chips with amillion or more bits
are being manufactured at very low cost. The integrated circuit memory chips have given us a solution to the memory that is better by
orders of magnitude than any previous technology. In fact, it is very difficult to imagine a better technology. The chip is atriumph of
fabrication of geometries at the micron, and soon submicron, scale. Operation is obtained by deliberate geometrical shaping and
deliberate synthesis of materials, and is all human artifact, not based on some fortuitous natural property, asthat of the square hysteresis
of some magnetic material.

In the early days, when any workable random access memory was a great achievement, von Neumann thought that a forty thousand bit
capacity would be sufficient, provided there was a sufficiently large serial mechanical memory to back it, i.e., tape, drums and later
discs. | was always convinced that there is essentially no limit to the need for capacity in the random access memory, and thought that
there was no fundamental need for a hierarchy of memories but merely a practical recognition that such hierarchies provide
indispensable storage capacity. Today, large capacity chips provide enough memory so that some personal computer systems need
nothing additional (HP). This trend will continue into larger computers, particularly when non-volatile techniques are further devel oped.
In the meantime, greater capacity in random access memories are being sought for image storage and manipulation, as well as for many,
if not most, tasks sought by artificia intelligence. | believe that semi-conductor technology will provide ever greater, capacities for these
uses. Though nature storesin DNA at densities orders of magnitude greater no reasonable proposal has yet been made to exploit such
molecular storage for arandom access memory or even for amemory that is accessed in some more sophisticated way, such as through
the stored contents. Most inventions of men are imaginative intellectual constructs that more often try to defy nature rather than to
imitate it.

Figure 11. Cores held on a strand of human hair.

Honeywell Animals Find a New Habitat

Six of the famous computer component animals built by Honeywell are on display at the Museum. These six of the more than 100
animals made were "rounded up" by Morris Dettman, who sponsored these scul ptures for a Honeywell advertising campaign that ran
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from 1964 to 1978. Honeywell put together the display of the animals along with an introductory case with illustrations of the ad
campaign.

Each animal scul pture was produced from the contemporary computer components of the time. Since about half a dozen sculptors from
the Boston area were used, several different types were produced. For the most part, the animals are either sculpted from styrofoam or
formed from wire mesh and then the components put on the surface to form an appropriate mosiac.

The Story of the Animals

The first sculpture was afairly primitive, pterodactyl-looking

bird escaping from a cage. The headline proclaimed, "Y ou're D
free. Honeywell's 'Liberator' lets you switch to the H-200 without
reprogramming.”

The second scul pture was a racehorse. The headline was. "The Honeywell 200 is off and running.”

The dragon on display at the Museum was used with the slogan, "Honeywell's new computers introduce a little magic to banking."
Walking around the case, the visitor can see how the components are attached to the wire mesh frame.

After use within the ads, the popular animals were often given as awards to employees and customers. We have heard that the pride of
lionsliein rest in Phoenix and a six-foot span eagle isin Washington, D.C. The Museum would like to play Noah and at least compile a
listing-one by one-of the locations of the animals with a guarantee that we would take any in and preserve them for posterity

The fish. E]

The fox has a styrofoam base and can be identified as one of the

later scul ptures because of the use of integrated circuits for the D

legs.
Not all animals were done in the round since the purpose was photography for ads. Morry said, "The $1,500 to $5,000 price tags on any
of the animals was quite cheap when you think of fees for models time, props and so forth."
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The President's Letter

"Museums in the modern world exist, we are told, to fulfill afourfold function: to collect, conserve, exhibit and elucidate.
Thereisrarely any mention of the balance between them, and the stress is always on the first, irrespective of whether the
other three can be fulfilled in terms of resouces. Collect or die .... What we should be doing instead is assessing our
collections, refining some (dare 1 mention disposal, embodied in that emotive word 'de-accessioning'?), closing others,
and, even more important, putting what we have got into good order.”

Sir Roy Strong

Director, Victoria & Albert Museum

The Listener 25 July 1985

Collecting was the origina goal of the Museum, and is our sine qua non. But as our collectionsincrease, selection, conservation, and
elucidation become more and more important. This issue of the Report lists the artifacts acquired in the last year and provides atime to
assess our holdings.

The table on page 2 enumerates the Museum's computer-era artifact and film collections characterized by the levels of integration from
the manufacturing base through applications and even including ephemera. The heart of the collection isin the middle: computer
subassemblies and computers themselves. Subassemblies are the largest single collection of artifacts because they include transducer
systems, secondary memories, and other major components. The 106 computers are all different, second or third copies of the same
machine are not counted here. Why not stop here? Components are often the only remnants of early machines or are sufficient to show a
given technology, such as the Atlas "toothbrush memory" or the Intel 4004 microprocessor. Since the goal of the museum isto
document all aspects of computer technology, which includes manufacture. The process of how things are made are best recorded on
film, hence this becomes a critical form of collecting.

Software, applications, and ephemera overlay the hardware technology levels. The way that software artifacts are counted hereis highly
misleading: the threeitems are al historical artifacts, such as Bill Gates' original paper tape of the BASIC assembler for the Altair.
Operating systems and software in use have not been entered into "the collection." On their retirement from active use, ajudgment will
be made as to whether they should be placed in the permanent collections. The largest collection of software that we haveisin the form
of written documentation, such as the original handwritten Brooker Morris Compiler-compiler. Much of the paper documentation has
been accepted, categorized by the box-load and set aside. However, we are sufficiently familiar with the material to find the sets of
cartons that researchers need; we have recently supplied lawyers with documents required for several different cases of litigation. The
material has not been properly sorted or cataloged and this is on the Museum's agenda. Our collection of applications also appears small,
because these are often in the form of documents. The development of the Image Gallery led to the rapid expansion of materials that use
computer graphics. Examples include early computer-generated pictures, film and objects designed or manufactured using computers.

Ephemera are intriguing and can be especially important to museums. Old buttons, t-shirts, coffee cups, posters, promotional material,
video-tape spoofs, commercials and other objects recreate the spirit of the past as well as the technology. Professor Brian Randell,
Chairman of the Museum's Exhibits and Collections Committee, recently wrote to us saying, "l can't stress the importance of collecting
ephemera enough. When | was preparing a lecture on computing in the sixties, the advertisements triggered more memories about the
erathan did the technical articles." Without ephemera the 1950-69 timeline case would be less lively, and the IBM 1401 room would not
have any semblanceto reality. If anyone has a button collection (and some one out there must have one), we would love to have the
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........ Memoria Collection of Computer Buttons," or any other specia collection or individual items.

Thisyear, the Museum is undertaking a special search for artifacts relating to the history of personal computers. Computerland's
President Bill Millard clearly saw that the Museum needed a more comprehensive collection of early personal computers and the
materials that went with them in order to create a better exhibit. He convinced Pat McGovern of ComputerWorld to run a series of
advertisements publicising our collecting effort and encouraging donations of early personal computing artifacts. As an extra
inducement, donors of the "best" finds will be brought to the Museum for the grand opening party of the new personal computer exhibit.
The Curator, Oliver Strimpel will be accepting nominees for acquisition until April 1, 1986. Judging will be based on when and where
the machine or software was devel oped, completeness of the artifact, uniqueness, and importance to the history of personal computing.

In this way, the Museum hopes to add many objects to the permanent collection to provide primary source material for history. Even
though the book shelves are beginning to groan under the weight of published accounts of personal computing, none begin to be
comprehensive, and many are inaccurate. | recently talked to an author who was trying to describe the early days of using the model 33
teletypes with their paper tape readers. He described them as being "kludges' because he had heard they didn't work very well. | asked,
"Have you ever seen one working?' He had not even seen one working or not-or talked to anyone who had used one.

The Museum is also trying to establish an international collection and an international view of the history of computing. The article by
Dr. Koji Kobayashi of NEC describes his personal involvement in computing in Japan and their early machines. He is regretful when he
remembers that the NEAC 2201, NEC's first transistorized computer was junked! And we are both pleased that he is sending the NEAC
2203, a 1958 machine, to The Computer Museum.

Thisissue of the Report is made possible by all of the people who have donated all of these artifacts to the collection. We all wish to
thank them for entrusting their "memories’ to us.

Gwen Bell

PS. | wanted to update everyone on the museum's 1985 Attic Sale. On September 22nd, a number of companies, individuals, and
volunteers joined museum staff in an old-fashioned attic sale of surplus and donated items, museum store merchandise, and retired
photomurals from old exhibits that generated more than $2000 to support the museum. Collecting museums approach attic sales the way
porcupines make love-very gingerly-to be sure that no one confuses a museum selling donations or duplicate items unsuited for its
collections with deaccessioning-the formal process of separating a collected artifact from a museum collection. In our case, the Attic
Sale has benefitted donors, buyers, and the museum itself. We're planning to do it again next year, and are looking for both volunteersto
make it agreat event and for donations for resale. Just give me acall.

The Evolution of "C & C"
A Japanese Aspect

The United States and Japan have both been involved in the progress of telephony and computing from the very
beginning. Now, the advances ar e spreading throughout the world and can lead to a new erain mutual
under standing.

Dr. Koji Kobayashi

In 1876, two Japanese students, Shuji 1zawa and Kentaro Kaneko, participated in Bell's experiments with early telephony. Japanese was
the second language to be spoken over the telephone set. The very next year, Japan imported two tel ephone sets that served as atrigger
for the establishment of the Ministry of Communications in 1885, and subsequently the nationwide telephone system.

Twenty-three years later in 1899, NEC Corporation was incorporated as ajoint venture with what was then the Western Electric
Company to implement this telephone system. NEC started by manufacturing tel ephone sets and switchboards. One of the epoch-
making events in the communications technology in the 1930's was the devel opment of the non-loaded cable carrier transmission
system. The 1,900 mile system between Japan and China, completed in 1939, was produced entirely with Japanese technol ogy,
components and materias. | consider thisto have served as the basis of establishing Japan's telecommunications technol ogy.
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With the advent of electronics technology, based on the invention of the transistor at AT& T Bell Laboratories, NEC proceeded to
manufacture transistors and enter the computer field. In 1959 NEC exhibited the NEAC 2201 computer at the AUTOMATH in Paris.
Thiswas one of the first transistorized commercial computers to be publicly operated.

In November 1964 when | became President of NEC, half of NEC's total sales were accounted for by Nippon Telegraph and Telephone
(NTT), asemi-public corporation, and other government agencies. Although NTT had several 5 year plans for domestic
communications networks, | thought that NEC should not rely only on the demand for domestic communications equipment, but that the
company should expand and develop new business. Therefore, NEC went into overseas market. In 1964 total sales were 270 million
dollars. In 1984 sales grew 30 timesin 20 years to 8 billion dollars. Today, NEC's overseas business amounts to 3 billion dollars or 35%
of total sales.

NEC has had business dealings with 144 countries, operating 20 manufacturing companies in 13 countries, 23 plantsin 13 countries, and
23 sales and service companiesin 13 countries. NEC employs 90, 000 people, 11, 000 outside Japan.

L

1930's: Desireto Develop Original Technology When | joined NEC in 1929, 90% of the telecommunications patents were owned by
foreign countries. Japan's material and component industry was very small with most of the important materials imported from abroad.
Y oung engineersincluding myself tried hard to find ways to change this. From 1930 atrend emerged that a nation's telecommunications
infrastructure should not rely on imported technologies, and that equipment should be supplied based on domestic requirements and
proprietary technologies. Thus, devel oping technology became a goal of Japanese engineers.

Perspective of "C& C“D

At that time, Dr. Shigeyoshi Matsumae and Dr. Noboru Shinohara of the Ministry of Communications proposed the first non- loaded
cable carrier transmission system in the world. | was selected to participate in this devel opment project to lay 1,900 miles of cable
circuits between Japan and China. In 1939, after 7 years of work, the project was completed based on the origina technology of Japan. |
learned that to accomplish a project, whether it may take 10 years or 20 years, if the team settles down to work and uses their own
abilities without relying on a quick fix of borrowing things, the road will open up in due course.

The Forerunner of Japan's Computer Development It is said that Japan's computer industry started about 10 years behind the United
States. In 1946 when the world's first electronic calculator, ENIAC, was unveiled at the University of Pennsylvania, Japan wasin a
period of turmoil. After the conclusion of the peace treaty in 1952, communications led to the reinvigoration of technology. The
development of radar during the war brought progress in pulse technology, and led to the development of digital multiplex systems
using pulse-time and pulse-code modulation. Later, this digital technology came to form the basis of computer development. FM radio
and television broadcasting began and consumer markets were born. The new word "electronics' presaged the birth of new industries.
As research and development intensified, computers and semiconductors came to be considered major products for the future.

Japanese Computersin 1951, a computer project started under the leadership of Professor Hideo Y amashita of Tokyo University with
the cooperation of Toshiba Corporation. Thiswas called TAC, Tokyo University Automatic Computer, and is a Japanese vacuum tube
computer. After much effort, the 7,000 vacuum tube machine was completed in 1959.

In 1949, Mr. Bunji Okazaki of Fuji Photo Film Co. began the development of FUJIC. Working almost alone, he completed it in 1956.
This computer, used for the design of camera lenses, was the very first machine ever manufactured and put into practical usein Japan. It
is exhibited at the Science Museum at Ueno in Tokyo. Mr. Okazaki later moved to NEC and participated in the development of
computers.

Before FUJIC was devel oped, relay type mechanical cal culators were studied by the Electro-Technical Laboratory of the Ministry of
International Trade and Industry. The resulting ETL Mark | was completed in 1952, and the ETL Mark 11, in 1955. The logic formulas
adopted for the circuit designs for the ETL Mark | were based on the 1935 Nakashima-Hanzawa theory of switching systems. This
research was similar to the 1938 theory of Dr. C. E. Shannon of Bell Telephone Laboratories which attracted worldwide attention in the
scientific community. The Japanese theory, however, was not announced overseas.
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The invention of the transistor in 1948 by Bell Laboratories was a big shock to us. However, NEC succeeded in the trial manufacture of
point contact type transistorsin 1953 and then the development of various semiconductor products progressed rapidly.

In 1954 the parametron was invented by Dr. Eiichi Goto “of Tokyo University. The parametron, akind of solid circuit, was remarkably
stable compared to conventional vacuum tubes and was far |ess expensive than transistors, which were expensive at that time. Because
of these merits, the possibility of using this new elements was eagerly discussed because it was an original invention from Japan.

The leading devel opers of the parametron were the faculty of Tokyo University, engineers at the Electrical Communication Laboratory
of Nippon Telegraph and Telephone, and Kokusai Denshin Denwa Co., Japan's international telecommunications carrier. Under the
guidance of Professor Hidetoshi Takahashi at Tokyo University, the PC-1 computer using parametrons was devel oped in 1958 and the
PC-21in 1960. At NTT Laboratory the MUSASHINO-1 started operation in 1957.

The late Professor Kenzo Jo of Osaka University was another computer pioneer. Under his guidance, research on an ENIAC type model
was started in 1947 and completed in 1952.

Computer Development at NEC In the field of communications the parts which limted the performance of multiplex carrier
transmission equipment were filters. The design of these filter was extremely difficult, and themethod used was direct experimentation.
In 1955 Dr. Hitoshi Watanabe conceived of a new filter design theory that required cal culations beyond the capacity of existing
computers. As aresult, NEC decided to build a computer using the newly invented parametrons. In 1955, research and development was
started on the NEAC-1101 followed by prototype manufacture in 1958. This first computer was used not only for the design of filters
but also for the devel opment of new technology and products. Figure 1 shows boards that are on display at The Computer Museum.
Based on this technology, NEC developed the SENAC-1 jointly with Tohoku University, and named it the NEAC-1102. Later, NEC
delivered the NEAC-1103 to the Defense Agency Research Laboratory.

With the success of the NEAC-1101, | determined that NEC would develop computers as a new business. This led to the introduction of
small-size computers for business use, called the NEAC-1200 series.

Transistor ComputersIn 1954, Dr. Hiroshi Wada, director of the electronics department of the Electro-Technica Laboratory of the
Ministry of International Trade and Industry, began devel oping computers using transistors. The ETL Mark 111 using point-contact
transistors was completed in 1956, followed in 1957 by ETL Mark IV using junction-type transistors.

When | saw the ETL Mark IV, | immediately decided to commercialize it at NEC and introduced this computer one year later in 1958,
thanks to energetic efforts of the company's engineers. This computer, the NEAC-2201, was exhibited at the Paris AUTOMATH in June
1959. Soon after that, the IBM 1401 was put on the market, and the age of the second generation of computers, which used transistors,
began.

Computer Systems NEC further improved the NEA C-2201 by adding additional memory and input and output equipment to create an
"electronic data processing system,” the NEAC-2203. Programming efforts were greatly reduced by the early development of a
compiler, named NARC. NEC proceeded with the development of complicated numerical cal culation routines such as programs for
solving transportation problems, optimum path calculations, and linear programming. Through these experiences | cameto fully realize
the vital importance of software.

Japan'sfirst on-line real-time seat reservation system, based on NEAC-2203 technology, was put into use at the Kinki Nippon Railways
in 1960.

In 1967, NEC developed Japan's first time- sharing system using alarge-scale NEAC- 2200 model 500 as the main computer. This was
the end result of along process starting with the NEAC-2202, which could be shared by 7 terminals based on the time division principle.
Understanding the value of timesharing, NEC followed MIT's project MAC closely and used it asamodel. NEC also called it the MAC
system. With the first delivery to Osaka University, NEC's computer business evolved from small-scale, to medium-scale, then to large-
scale, and from off-line to on-line systems.

Japan's Computer Development Three unique features have channeled the direction of computer devel opment in Japan.

First, Japan's commercial computer industry started with transistor machines jumping over the first generation of vacuum tube-based
computers.
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Second, Japan's computer industry grew from communications technology utilizing technology, components, and elements which were
developed for communications eguipment. Thus communications and computers have devel oped a technologically close relationship in
such things as circuit designs, analog to digital conversion, and adoption of solid-state circuitry.

In contrast, most American and European computer manufacturers began as office equipment makers supplying such products as punch-
card systems. In their development processes, they converted their machines to electronic systems, and became computer producers.

Third, the Japanese government exerted helpful efforts during the formative period of the electronics industry, promoting
telecommunications, consumer electronics, computers, and semiconductor products.

Through the first half of the 1960's, single purpose machines were classified into scientific use and office use. Then the trend shifted to
multipurpose computers for general use.

In the mid-1960's, along with the increase in processing volume and diversification of usage, the family series machines became
dominant. Manufacturers provided various scales of computers, ranging from small to medium, and later from small to large. All
members of afamily could share the same software. This was the age of the "line-oriented computer.” NEC offered numerous models
with the name of the NEAC-2200 series.

Thisfamily series had a big advantage over " point-oriented computers' in that software assets could be consolidated based on a
consistent system design philosophy. NEC called this the "one machine concept.” The vertical integration of the NEAC-2200 series
oriented itself to centralized processing systems using large-scale computers. By the latter half of the 1970's, excessive centralization
caused the hardware to become very large and complex, and at the same time, made it inevitable that software too must become
voluminous and complicated. As aresult, system flexibility and reliability were reduced and a remarkable amount of manpower was
required for maintenance.

A distributed processing system was conceived to overcome these problems by processing information at the site of its generation and
usage. In place of single super large computer, anumber of comparatively small-scale computers and intelligent terminals incorporating
computer functions are integrated through communications lines. This offsets the demerits of vertical integration and makes systems
more economical. The "area- oriented computer" has both vertical and horizontal integration. Based on this conce

pt, NEC developed "DINA", Distributed Information processing Network Architecture, the architecture that incorporates the knowledge
and experience gained from NEC's original communi cations technol ogies.

"C & C" Ascomputers approach communications, communications is beginning to approach computers. Communications equi pment
has become digitalized and communications services have developed from the simple transfer of information to higher level services
including processing and storage of information. In 1977, succeeding the announcement of "DINA™ in the previous year, NEC
announced the NEAX-61, the first digital switching system for telephone offices. In that year, | announced the concept of the merger of
computers and communications at the Atlanta INTELCOM 77. Thenin 1978, at the third U.S.A.Japan Computer Conference held in
San Francisco, | announced this concept by using the phrase "C& C," which stands for the integration of computers and communications.
Sincethen | have made "C& C" NEC's corporate identity.

From the technological viewpoint, "C& C" is the integration of computers and communications technol ogies. From the view point of
"C&C"'sinfluencein social and economical world, it can be summarized in three points.

First, "C&C" can become an information- related infrastructure of worldwide scae.

Second, the constituent elements of this infrastructure will serve as valuable tools for solving various socia problems, promoting
economic and cultural development, and contributing to international mutual understanding.

Third, the effective use of information resources can overcome the limitations that restrict the optimum utilization of the world's natural
resources.

"Manand'C & C' Inthe1980's, "C& C" entered anew phase. The realizable ideal isthat anyone, not just experts, can fully and easily
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utilize information systemsin order to obtain aricher socia and cultural life.

Human effort is facilitated by software. Due to the rapid increase in the amount of software required, a software crisis exists. "C&C" can
only produce desirable benefits for humanity if software is produced efficiently.

"'C & C' and theWorld" The activitiesof AT&T and IBM show that the convergence of Computers and Communicationsis indeed
the actual trend of theindustry. AT&T, the world's largest tel ecommunications company, has entered the computer business. And IBM,
the giant of the computer industry, is aggressively trying to enter the communications field.

Even now, the world'sindustrial map isin the process of being reorganized, centering around information and knowledge and equipment
for handling them. NEC has been in the tel ecommunications business since its establishment over 86 years ago, and in the computer and
semiconductor businesses for some 30 years. Because of this, NEC has been able to perceive and respond to major market shifts
precisdly.

Automatic Interpretation Telephones Throughout my 56 year career at NEC, | have believed it is my mission to create conditions by
which anyone can talk to anyone else, at any place and any time. In the world today, mutual understanding between nationsisterribly
insufficient, and it can only be overcome through the unrestricted flow of information.

| have always thought that automatic interpreting telephone systems would be one of the keysto fully realizing "C& C." When this
system is actualized, if the other party speaksto mein English, | can hear those wordsin Japanese, and vice versa, my wordsin Japanese
will be conveyed to the other party in English.

If this automatic interpretation telephone system comes into wide use, it will not only make daily business extremely convenient, but it
also will contribute greatly to the maintenance, of world peace. Because of the development of transportation and communications,
peopl e throughout the world have become able to communicate with each other at the grass roots level like never before in history. This
means that people of one nation are coming to understand the ways of thinking and life styles of peoples of other nations. As aresult, al
the people of the world are beginning to recognize that they are al part of one humankind. If the barriers of language are removed by
this automatic interpretation telephone system, communications and exchange at the grass roots level will further expand, and world
peace may be realized.

Amdahl 470V/6

Amdahl 470V/6D by Amdahl Corporation, 1975. In 1975 Gene Amdahl, amajor contributor to the design of the IBM System 360,
announced his own company's first computer, the 470V/6. Amdahl's strategy was to produce computers which would out-perform IBM's
top systems, but be completely compatible with them. In this the V/6 was successful, competing with the IBM 370/165 and 168. While
selling for approximately the same amount ($4 million), the V/6 wasrated at 3.6 million instructions per second with memory
expandable up to 16 mega-bytes, making it almost twice as powerful as the 370/168.

The Museum's machine is serial number 2, the second machine produced by the Amdahl Corporation. Originaly installed at the
University of Michigan, the unit was later bought by American Cyanamid of New Jersey, and then by Major Computer, Inc.

Scelbi 8H

Scelbi SHD, by Scelbi Computer Consulting Inc., 1974. The Scelbi 8H (pronounced Sel- bee) was the first commercially-advertised
computer based on a microprocessor. The first advertisement for the Scelbi appeared in March 1974, seven months before the debut of
the Altair in January 1975. Nat Wadsworth, the Scelbi's chief designer, thought the computer would be used in scientific, electronic, and
biological applications; hence, the abbreviated name Scelbi.

Designed for the hobbyist, the Scelbi 8H was based on the Intel 8008 microprocessor and was available both in kit form and fully
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assembled. It had 4K of internal memory, cassette tape and teletype interfaces, and a CRT based on an oscilloscope. Later on a
combination monitor, editor, and assembler in ROM became available. Starting in April 1975, the company made versions with up to
16K of memory. These models were called Scelbi 8B's, the "B" standing for "business.”

Wadsworth, an engineer for General DataComm Industries of Danbury Connecticut, became interested in th idea of a small computer
for personal use after attending a seminar given by Intel on the 8008. He and several co-workers decided to build such a computer and in
1973 hel€eft hisjob to work full-time on the computer. Scelbi Computer Consulting, Inc. of Milford, Connecticut was incorporated in
August of that year. The development! of the computer suffered a severe s back when Wadsworth suffered a heart attack in November
1973. The company persisted, however, and announced their product in April 1974. The 8H was first advertised in the ham radio
magazine QST because Wadsworth realized that many amateur radio hobbyists were "dyed-in-the-wool electronic enthusiasts." Just as
orders started to roll in, Wadsworth had a second heart attack. In all, Scelbi Computer Consulting sold roughly 200 computers, losing
$500 per unit.

From his hospital bed Wadsworth wrote a book to accompany the Scelbi 8H, Machine Language Programming for the 8008. The
company published the book by offset printing a teletype output. The book was a hit; thousands were ordered. This success prompted
Scelbi to concentrate on software for 8008- and 8080-based computers, such as the Altair. This shift in emphasis ultimately made the the
company a profitable concern, but meant the early demise of the Scelbi 8's.

Donated by Carlton B. Hensley

[Based on "The Early Days of Personal Computer,” by Stephen B. Gray in Creative Computing, November 1984.]

Sinclair ZX80 and ZX81

Sinclair ZX80 and ZXSJD, by Sinclair Research Ltd, 1980. Sinclair Research Limited, founded by Sir Clive Sinclair, announced the

ZX80in February of 1980. Based on the Zilog Z80A microprocessor it had an internal RAM of 1K. A 4K integer version of BASIC was
also available in ROM. The machine used a membrane keyboard for input and adomestic TV asits display device. Programs and data
could be stored on standard cassette tapes.

The ZX80 sold for under 100 pounds in the UK, $199 in the US-amajor price break-through. This compared to about $500 for the TRS-
80 and about $1100 for an Apple 11 with 16k of RAM. Manufacturing cost was kept low by use of the membrane keyboard and the
single board design, in which all the circuitry including memory ROM, CPU, atotal of 22 chips were mounted on just one printed
circuit board.

The ZX81, dso introduced in late 1980, had only 5 chipsincluding the ROM, microprocessor, two 512 byte RAM's and the
uncommitted logic array (ULA). The use of the largely untried ULA's (also known as gate-arrays) was anovel and bold move. The ULA
performed all the functions not carried out by the processor, RAM or ROM, earning it the nickname "dogsbody." It replaced nearly 20
of the ZX80's chips. The ROM had a floating point Basic and, in contrast to the ZX80, the ZX81 could maintain a display on the screen
while the processor was performing another task. This made animation possible, a major factor for game-playing users. In 1981 a 16k
RAM became available for the ZX81 for just under $100.

At the end of 1981, Timex took over the US marketing of Sinclair's machines. The ZX81 was renamed Timex/Sinclair 1000 and sold for
$99.95.

These models brought the computer well within the mass retail consumer market for the first time. Hundreds of thousands of ZX80's and
ZX81's were sold-more than any other computer at the time.

Donated by Sinclair Research Limited of Boston.
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Sectioned Direct View Storage Tube

Sectioned Direct View Storage Tube from Model 564 Oscilloscope by Tektronix Inc., 1962;D The direct view storage tube

(DVST) was invented by Robert H. Anderson in the late 1950's. First introduced in the Tektronix model 564 oscilloscope, it enabled the
display of transient electrical signals. It was soon realised that DV ST's could be used as display terminals with computers, and by 1969
Computer Displays Inc., Computek Inc. and Tektronix Inc. were al selling DV ST terminals based on Tektronix tubes.

The key feature of the DV ST isits ahility to store a vector image without the need for constant refreshing. This brought down the price
of computer graphic displays from, say $80,000 for the IBM 2250, to under $10,000, causing a vast expansion in the availability and use
of computer graphics.

A DVST contains awriting gun, flood guns and a phosphor storage screen. The storage screen has an outer transparent conducting layer
and an inner phosphor layer. When the write gun's beam is switched on it creates a postive charge where it strikes the phosphor as a
result of secondary electron emission. This attracts the electrons from the flood guns which are on continuously, and causes the areas
struck by the write gun's beam to luminesce without the need for refresh. The screen is erased by making the whole target more positive,
effectively writing the whole screen and then lowering the potential, erasing the screen.

Donated by Tektronix Inc., Beaverton, Oregon

Prototype Von Reppert Calculating Machine.

D_Pr ototype Von Reppert Calculating Machine. Thisartifact istruly one of akind. It is a prototype of a calculating machine built
by itsinventor Richard von Reppert. Patented in 1918, the von Reppert calculator could perform "the four fundamental calculations,
addition, subtraction, multiplication, and division, as well as other useful commercial work, in a practical manner." Von Reppert sold
this and several other patents relating to mechanical office machines to the Underwood Company in 1920.

Over the course of his career von Reppert received over 40 patents either in conjunction with others or on his own. These include two
patents issued by the German and French governments, and 8 for floating point arithmetic mechanisms for mechanical calculators. In
addition ' to being a solo inventor, von Reppert aso worked for the Underwood Company and IBM for many years.

Donated by Erwin]. and Richard W Reppert

Bill Gates' Teletype tape to input the BASIC interpreter for the Altair

D_Bill Gates Teletypetapeto input the BASIC interpreter for the Altair. When Harvard students Bill Gates and Paul Allen read
about the Altair in the January Popular Electronics, they decided that they might make some money by creating an intrepreter for
BASIC on this new microcomputer. With the 8080 instruction manual and the Altair schematics, they produced the code, fitting in less
than 4K of memory, within two months. They called Ed Roberts in Albuguerque and he said, that he'd buy from the first person that
showed up with one. Paul Allen took the tape to MITS where he found only one machine that had 4K of memory. When he loaded it the
teletype replied with "READY ." Everyone at MITS was excited: they had never seen the machine do anything. Shortly thereafter Ed
Roberts arranged to bring Bill Gates from Harvard to complete the implementation and Bill never returned to school.

The Allen-Gates Altair BASIC was listed in the MITS catalog like every thing else it sold, and each purchase earned the authors
royalties. Nevertheless even before the first release a pirated version of Altair BASIC wasin free-flowing circulation. Gates, then
nineteen, wrote aletter to the Altair Users Newsdletter entitled an "Open Letter to Hobbyists." Gates noted that while he and Allen had
received lots of good feedback about the interpreter, most of the people praising it hadn't bought it. Gates asked:

Why isthis? As the majority of hobbyists must be aware, most of you steal your software. Hardware must be paid for, but
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software is something to share. Who cares if the people who worked on it get paid?

Eventually the widespread use of the BASIC interpreter was to help Gates. When other computer companies came on line and needed a
BASIC, they went to Gates' company. He had created a de facto standard for microcomputers.

Blue Room Blues

DI magine you worked down atwo mile-long tunnel half a mile underground. There you were expected to sit for eight hours a day
studying the blinking yellow screen of a spotless grey machine in a cement room devoid of decoration and lit only dimly by bluelights.
Once you arrived you were not allowed to leave until the end of your shift, when you took a bus back to the barracks you called home,
miles from civilization.

This environment was the workplace for radar operators of the Air Force's North Bay Canada SAGE installation. Here operators
monitored the atmosphere of the northern hemisphere, on the lookout for Russian bombers and missiles. "The Blue Room," as the radar
center was called, was studiously designed to minimize the fatigue of the operators: the lighting was indirect blue flourescent, to cut
down on eye strain from the blinking yellow radar scopes; electric lighters and ash trays were built into the consoles; and the color of the
equipment was a neutral battleship grey. To ensure efficiency, personnel were required to keep their consoles clear of clutter. In fact, the
only extraneous object visible in the room was a large cardboard vampire bat attached to the ceiling, in deference to the room's cave-like
qualities. However, as the Museum later discovered, this was not the only individual expression the operators allowed themselves.

When the equipment from th North Bay SAGE installation arrived at The Computer Museum, cleaning revealed interesting evidence of
how the operators viewed their job. Each console has several knobs covering recessed switches. When these knobs were unscrewed the
backs were foun to be covered with graffiti written b the operators. The hidden message ranged from the banal to the unpublishable.
While ostensibly observing the rigid regulations regarding a spotless work area, the operators still managed to express themselves
clandestinely.

Hereis a selection of the messages |eft by the operators hidden in their consoles:

"Put this back"

" HELP"

"Art Cark 1979"

"Bravo Crew is the pits"
"Look on the other knob"

" Super bow XXII"

"Send the Cowboys to the superbow "
"Don't you feel useless"

" $25"

"Hi Jack"

"Help ' mtrapped in here"
"No step take off Hey"

"1 May ' 79"

"I can't stand it"

Return to List of Reports

Return to List of Reports
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The Museum Mouseathon

Maze layout D used in Mouseathon finals

The maze was selected to have a number of routes to the center which had similar length, but a varying number of corners. This offered
asubtle test of the mouse's strategy in choosing between rapid cornering and acceleration down a straight. Note also the zig-zagging
required in the final approach.

The maze consists of 16 x 16 squares, each 18cm on aside. The walls are 12mm thick, 5cm high, painted white with red tops. The target
isthe center, and the start is at the 'bottom left' corner. The running surface is chipboard, painted black with non-gloss emulsion paint.
The walls are composed of removable segments connecting posts at the corners of the squares, so that mazes can readily be changed.

What isa Micromouse?

A micromouse is a mobile sensing robot that can negotiate a maze. The contest rules state that the mouse must be self-contained, cannot
use combustion as an energy source and cannot leave part of its body behind while in the maze. It cannot jump over, climb, scratch,
damage or destroy the maze walls. It must be less than 25cm in both length and width; there is no height restriction.

Most mice use active infrared sensorsto locate the walls. A pulse of 1000 nanometer infrared is shone downwards from avane that
extends over the walls adjacent to the mouse. The red top of awall sends back a strong reflection, while the black floor does not. Some
mice, notably the Finnish team have used acoustic sensors. The Noriko mice used the position gyroscope as an additional sensing device
to preserve accurate control during rapid cornering.

The most popular microprocessor used to control the miceisthe Z80. In 1981, Alan Dibley went so far asto saw off the keyboard of a
Sinclair ZX80 computer and use it intact to control his Euromicro finalist, 'Thezeus. Indeed, the 'Thezeus' series were largely built out
of bits of junk-piano wire, rubber bands (for tires), and parts from radio-controlled models.

Championship Rules similar to rules applied at the Museum M ouseathon)

Each mouse has 15 minutes in the maze. It can make as many runs asit likes, and the fastest 'inward' run from the start to the center is
recorded. If amouse 'getsinto trouble', it must be taken out of the maze and restarted at the beginning. No information on the maze can
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be fed to the micromouse. For full rules see IEEE Micro, Vol 4 No 6, (1984) pg 86; for information about future contests, contact
Micromouse Committee, IEEE Computer Society, 1730 Massachusetts Avenue NW, Washington, DC 20036.

Origins

It al began with a 1977 announcement in Spectrum magazine that the time was ripe for microprocessors to put on wheels for a self-
controlled ride. The challenge was to build a mouse that could find its way to the heart of a maze, remember it, and then run the course
asfast as possible. The IEEE Computer Society formalized the competition, specifying maze and mouse dimensions, and trials took
place throughout 1978 with afinal race at the National Computer Conference in 1979. The winner was the only mouse among the 24
entrants that made it to the finish! The rest of the entrants got stuck or confused, or just failed to start. But the contest |ooked like fun.
These small mobile robots require hardware for propulsion, steering, guidance, wall and track sensing and software for mapping and
strategy The fixed set of rules constrains the problem and the contest provides a quantitative measure of progress.

International Micromouse Racing

The idea has taken off in Europe and Japan. Under the impetus of Dr. John Billingsley, mice from the UK, Finland, West Germany
Switzerland have competed in European championships held every year since 1980.

Since the first Japanese micromouse contest in 1980, the Japan Micromouse Association has grown to 800 members spread throughout
the country. The association has a permanent board of directors, consisting of senior academics, industry executives and officials of the
Japan Science Foundation. A bimonthly magazine ‘Mouse' is published, covering micromouse events worldwide.

In 1985 the Japan Micromouse Association held a World Micromouse Contest coinciding with the World Expo in Tsukuba City, Japan.
With support from the Japan Science Foundation and NAMCO Ltd., the Japan Micromouse Association invited teams from Britain,
Finland, Germany,

South Korea and the United States to compete. It soon became clear that the visiting mice were no match for the Japanese entrants. The
first five prizes al went to mice from a single Japanese microcomputer club-the Fukuyama Club, from Hiroshima Prefecture.

Micromicein theUS

Although the idea originated in the United Statesin 1977, it has not caught on. In 1984, in an effort to rekindle US interest, the Japan
Micromouse Association presented the |EEE Computer Society with an official micromouse maze for use in the US contest where
participants in the world contest would be selected. Mappy, the official mouse of the Japan Micromouse Association was |oaned
together with the maze. In the Spring of 1985, The Computer Museum and the |EEE Computer Society agreed to site the maze at the
Museum, develop a micromouse exhibit and hold a special inaugural event.

The Museum Event

Dr. Peter Rony of the IEEE Computer Society and Dr. John Billingsley from Portsmouth, England kicked off the Museum's race week
with alecture/ demonstration on Sunday, November 17. Dr. Billingsley demonstrated three mice he had brought from England.

A group from The Japan Science Foundation, NAMCO and the Fukuyama Club were also invited. Mr. Hirofumi Tashiro, Secretary
Genera of the Japan Micromouse Association and Manager of the Director's Office at NAMCO Ltd. led the group. Three members of
the Fukuyama club came: Mr. Masanori Nomura, atrained veterinarian, Mr. Masaru ldani, system technical researcher for Japan System
Design Co. Ltd. and Mr. Eiichi Fujiwara. The IEEE Computer Society arranged for Mr. Key Kobayashi, an interpreter to attend.

Thelnaugural Run

John Billingsley's three English mice rapidly cleared customs at Logan airport in Boston where they are used to seeing weird electronic
contraptions. "Thumper', the 1981 European champion by David Woodfield, runs on four wheels and turns by swivelling his wheels, not
by rotating the whole body. His large and heavy frame tends to thump the walls, hence the name. His ability to talk, apart from being
very funny, isused for diagnosis. 'T6; the latest in a series of "Thezeus mice by Alan Dibley, and 'Enterprise; the 1984 European
Champion by David Woodfield are both three-wheeled mice with DC motors to provide propul sion on the back wheels and an optical
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distance counter on the steered front wheel. All three use the Z80 microprocessor.
The 1985 World Micromouse Contest at Tsukuba Fifteen contestants from 5 overseas countries and 120 from Japan competed.

Though delicate, the mice survived the journey intact, and they were checked out on atrial maze. It soon became apparent that Thumper
was most confused, and T6 was steering straight into the walls. Preferring not to attribute this performance to jet lag, we suspected that
the maze itself was not giving the infrared signature required by the mice. The mice detect the walls by using active infrared sensors that
stick out above the walls of the maze and look down. The tops of the walls are meant to be reflective in infrared (around one micron
wavelength) and the black floor of the maze is meant to absorb infrared. However, the floor of the maze, though black, looked rather
shiny in the infrared, so after obtaining permission from the IEEE Computer Society, we covered the maze floor with athick coat of the
mattest black emulsion we could find. Thumper and T6 still occasionally went 'blind; so we began to suspect the walls. Using Thumper
as an infrared reflectometer, we found that the dull red plastic layer that covered the tops of the walls was actually a very poor reflector
of infrared. So we covered all the wall tops with strips of highly infrared reflective red sticky paper, and this solved the problem.

At the start of the Sunday lecture, Peter Rony spoke on behalf of the IEEE Computer Society, presenting the Museum with the loan of
the official maze, and encouraging future mousebuilding activities in the US. John Billingsley then described the history of European
micromouse events and demonstrated the three English mice. Thumper, though slow and lumbering, makes up for it by his speech,
saying "I will find the shortest route" as he pulls off from the start. Apparently at random, he sings out with a repertoire consisting of
remarks such as 'l hope there are no catsin here; 'my work is never done' and'l could do with arestmy wheels are killing me!" When
comparing Thumper to the later mice, it's hard to believe that heis more than al talk and no action-he was actually the European
championin 1981.

Enterprise and T6 learn the maze after relatively little exploration and take advantage of the straight passages with bursts of acceleration.
The Mouseathon

After 21 hoursin the air, the Japanese participants arrived late on the Thursday before the Saturday event. Refreshed the following
morning, they unpacked their mice-all members of the 'Noriko' series. The older X1 and X2 performed well at once, but X3 and X4
seemed a bit worse off for the long travel, and needed some attention from the chief engineer, Mr. Idani.

After aburst of speed down a straight, ED brakes just in time to round a corner.

Mr. Tashiro watches Mappy at the maze's start NAMCO, alarge manufacturer of computerised games and toys, built 10 identical show
mice in 1981 to promote interest in micromouse racing. Modelled after a popular Japanese cartoon character, Mappy playstherole of a
mouse policeman, scouring every aleyway of the maze to find a troublesome stray cat. With siren blaring and baton waving, he bears
down on the center of the maze where he spins around to burst a balloon with a pin mounted on histail. Then he - races back to the
starting square, sirens still blaring and lights flashing, and shouts "l got 'em!" in Japanese.

Mappy will be demonstrated regularly at the Museum while on loan from NAMCO.

An enthusiastic crowd of over 400 people showed up for the event. Throughout the morning and early afternoon time-trials were held.
Each mouse had fifteen minutes in which to make its best run to the center (see rules box). All mice completed the maze, except for
Noriko X4 which never really got going. Noriko X1 came in fastest, at 14.8 secondsin contrast to Thumper who managed to talk his
way through the maze in 3 minutes. Mappy performed a couple of his noisy runs, greatly entertaining the audience.

The race's judges then took their places. Susan Rosenbaum, governing body member of the IEEE Computer Society and volunteer in
charge of US micromouse activities, affectionately known as 'micromom; Gwen Bell, the Museum's president, Hirofumi Tashiro and
John Billingsley.

The maze was changed to make sure that memories of the time-trial maze could not give any mouse an unfair advantage and the race
then began with the mice competing in the order in which they qualified.

Noriko X4 still failed to wake up, but X3 completed aruninjust over 13 seconds. Next, Thumper talked his way into the corners, so
badly out of alignment that he had to be retired. T6, which must be the quietest mouse ever built, camein at 37.2 seconds. Enterprise
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performed reliably again, never slipping or needing any kind of adjustment. But his time of 28.1 seconds proved no match for the
Japanese.

Now the two fastest Noriko's battled it out. Although the Noriko mice carry out alot of apparently redundant maze exploration at the
outset, they make up for it with speed and cornering agility once they find the shortest routes. It was breathtaking to watch the slalom as
they swung aroung the final zig-zaps towards the finish. Several times the Noriko's got stuck a hair's breadth from the finish and had to
be carried back to the start. In the end, powered by a freshly inserted heavy duty Nicad battery pack, XI made a lightning fast run of only
10.85 seconds, just over half a second faster than X2's best run of 11.55 seconds.

Judges Susan Rosenbaum (left), Gwen Bell (center), and Hirofumi Tashiro with john Billingsley commentating.
Gwen Bell awarded the prizessilicon wafer pendants, hung around the necks of the human participants, not the mice.
TheFuture

The Museum will hold more races when new mice come forward to challenge the Japanese and Europeans. There are encouraging signs-
several groupstook notes at the races, saying they planned to build micromice with better maze-solving strategies. For those who want
to try their hand at the software side of micromouse racing, NAMCO Ltd. makes a kit that can be purchased via the |EEE Computer
Society.

John Billingsley is now promoting robot ping-pong, or 'robat’. Contestants mount their payers at either end of a special table with
controlled lighting and a mechanism to serve the ball. The players essentially consist of a bat fixed to an x-y plotter mounted vertically
together with avision system.

The Museum plans to collect micromice and provide a venue for future international sporting events!

After the award giving, from left to right: Eiichi Fujiwara, Masanori Nomura, John Billingsley, Oliver Strimpel, Masaru Idani. Mr. |dani
and Mr. Fujiwara hold 1st and 3rd place winners, Norikos X1 and X3. The Noriko series employs a 'wheelchair' drive: two wheels have
drive motors and steering is accomplished by driving them at different speeds. Fore and aft are wheels, castors or skids to provide
stability. The newer Noriko's are DC motor driven, the older ones using stepper motors. A home-made position gyroscope with its axis
mounted horizontally gives the mouse an accurate measure of how much it has turned, a critical piece of information when the wheels
are liableto skid during very rapid cornering. These mice also have easily inserted ROMS, used to give the mouse different strategies,
depending on the maze. ROM- swapping and tweaking of potentiometersis not allowed in European contests where a more rigorous
criterion of micromouse self-sufficiency is applied.

A Personal Odyssey
From the First 16-bit Mini to Fault Tolerant Computers

Gardner Hendrie

Throughout my career asacomputer designer, | have set out on explorationsinto the unknown. Over and over
again | undertook the design of new computerswithout the foggiest idea of how to doit. Over the last twenty years,
| wasinvolved with-three different machines at three different companies. In what follows, | have corrected all the
dollar amountsfor inflation so that direct comparisons can be made.

1964: TheFirst 16-bit Mini

In 1964, three companies competed in the mini-computer market, even though the name had not yet been invented and they were called
realtime control computers. DEC did $37 million in business; Computer Controls Corporation (CCC) $50 million; and Scientific Data
Systems (SDS) $67 million business. SDS which grew to $134 million in the next year, was clearly the successful company of the three.
Then in the late sixties, SDS was bought by Xerox for about a billion dollars and became SDX. In the sixties, Xerox disbanded this
fairly expensive experiment. In 1965, CCC was purchased by Honeywell, surviving until the early seventies when it disappeared into the
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larger organization.

In 1964, DEC was sdlling the PDP-5, the precursor of the PDP-8, for $95,000. CCC was selling the DDP24, and SDS the SDS 910 and
920, each for about $300,000. The machines had 8K bytes of memory and the basic i/o device was the flexowriter, the precursor of the
ASR 33 teletype which provided a keyboard, a printer, and a paper tape puncher and reader. Software existed but was not elegant. The
operating systems would run on 4K words of memory and on a FORTRAN compiler with 8K words. Back-up storage was done on
magnetic drums that ranged between 32,000 and a million bytes.

At that time, | had been earning aliving for ten years as an engineer. My inflation adjusted salary was $65,000. If you look at salaries
today they are equivalent. A VW bug cost just over $5,000. A lot of things stay the same forever, adjusted for inflation.

| had designed an industrial control computer for adivision of RCA that ceased to exist two years after the computer was built. When |
designed that machine, | had never designed or even worked on the design of adigital computer before, nor had | taken a coursein
digital computers. | did have an elementary course where | learned plug board programming on an old Burroughs machine, so | had
some vague idea of the basic principles of computers. The experience was my education. The computer seems absolutely prehistoric by
today's standards. It took 56 microseconds to add two 24bit numbers and cost roughly half amillion dollars. NASA used this machine
for checking out the main Saturn booster stage on the Apollo missions.

Lowell Bensky, whom | had worked for at RCA when | was out of college, asked meto join CCC. The VP of marketing at CCC
believed that if we could build a $75,000 computer to go along with the $300,000 DDP24, alot more machines would be sold. | left
Foxboro to build that machine for CCC. At the time, the competition was the PDP-5 and CDC's 160. In my view, the CDC 160 with its
short word length, a basic instruction that could not address all of memory, and relative, indirect and chained indirect addressing,
pioneered the architectural concepts that made the minicomputer feasible. It was a commerciaization of Seymour, Cray's first machine
at CDC, The Little Character, that can be seen at the Museum and is featured in "The End Bit" of this Report.

CCC was in agood technologica position to produce a competitive computer. It manufactured a set of 5 megaherzslogic cards, each
with a couple of flipflops of four or five and gates. Customers bought a card cage, plugged the cards in and then wire wrapped all of the
cards together and interconnected them on the back. The company also had a memory division that built one of the more advanced
devicesfor the time with a 1.7 microsecond cycle time. DEC's PDP-5 had a six microsecond cycle time memory and CCC's DDP 24 had
afive microsecond cycle time memory. The question was-what should one build with this fast memory and circuit technology?

| became infatuated with the idea of building afast, short-word length machine. 12 bits looked alittle short. 14 bits |ooked just about
right. It gave you enough code for a reasonabl e instruction set and addressing range. | didn't want to make it any longer than | had to
because it would make the machine more expensive. In those days, the computer and its memory were the dominant costs not the i/o
equipment. After a couple of weeks at CCC, | had an outline of the specifications.

Then, on April 26th, 1964, three weeks after | joined CCC, the bomb shell hit: IBM announced the 360 and declared that the six-bit
character was no longer going to be a standard for storing a phanumeric data. Instead, it would be an eight-bit unit called the byte. It
didn't take much to say, "I'll bet if we increase the cost of the processor ten percent or so and lengthen the word to 16 bits we'll make up
for the cost in the market appeal of a machine that can store two eight-hit bytes on the new standard just set by IBM."

By August 1964, the specs had been completed on the DDP-116. D In October the machine was announced and the first shipment was
in March of 1965. Only 200 were ever sold.

In 1965, CCC announced a new logic family called the Micropac using integrated circuits. These were the first commercially available
integrated circuits that were designed by CCC and subcontracted to semiconductor manufacturers. The most reliable manufacturer for
these flat packs was Westinghouse. CCC had also by this time designed a less than one microsecond cycle time memory.

When the 116 was shipped in March, 1965, we immediately started to work on alow cost version, the 416, and a higher cost version, the
516. Shipped in September, 1966, the 516 had a .96 microsecond cycle time and sold for $82,000. The 416 built with a hobbled 116
instruction set was supposed to cost $5,000 and sell in large quantities. While it was estimated that only 130 of the more expensive 516s
would be sold. Very few 416s were ever bought, but over 2000 516s. Then a 316, lower-cost, slower machine was built to compete with
DEC's lower cost 12-bit machines that seemed to be flooding the world.
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After CCC was bought by Honeywell a process of decay had set in. | stayed at Honeywell working as an engineering manager and then
as aproduct manager in marketing. Prime was formed to step into the vacuum that Honeywell left in getting out of the minicomputer
market. Every machine up through the Prime 750 was object code compatible with the DDP-116 and 516.

1973: The Advent of Microprocessors

In 1973, | had the opportunity to join Data General to design a microprocessor-based computer. They had a successful 16-bit
minicomputer line based on the NOV A and they wanted aNOV A on an MOS chip. My only problem with this opportunity was that |
didn't know what an MOS transistor was or how it worked. And once again | was off on anew odyssey: | didn't have the foggiest idea of
how you did logic with microprocessors. Otherwise, | was excited about the challenge and took the job.

The first microprocessor, Intel's 8008, a P-channel, 8-bit device, had an accidenta birth. It was the outgrowth of a contract with
Datapoint who had specified the architecture for a microprocessor. After the contract period had expired and both Texas Instruments
(the alternate supplier) and Intel had not delivered, the contract was cancelled. Tl dropped the project but Intel chose to continue it and
fund it internally. Therest is history in the microprocessor business.

Data General decided to use the newest technology: n-channel processing, which produced much faster MOS transistors, and silicon
gates which provided additional interconnect capability. The decision was made to build the machine in-house at DG's own
semiconductor facility, which had been operational for about ayear. The hardest part of designing a 16-bit computer on asingle chip at
atime when 8bit computers represented the state of the art, wasfitting it all onto the available area of silicon. The first decision was to
use an internal 8-bit data path and arithmetic unit. | also decided to go to a serial i/o bus to solve some of the pin limitation problems.
The adder would be the slowest part, even with carry predict circuits.

A second person was added to the project: acircuit designer in Sunnyvale. He showed me that registers are cheap and random logic
terrible. With that information we decided to make a micro-coded machine, even though | had never done that before. In the process |
picked up a Fairchild application book that had a picture of aPLA (programmed logic array) in the back. It looked like a nifty ideafor
instruction decoding. It also occurred to me that if you put a second PLA on the rear end of thefirst, all the decision making could be
done by looking at the results of operations and deciding what to do next. An area efficient design was developed with two PLAsfor the
sequencing. The chip aso had area-time clock in it and generated refresh addresses and refresh timing for the dynamic namic rams
during periods when memory was idle and internal processing was going on in the chip.

It took me about ayear to get educated and design the chip. Then we hired atechnician to build a TTL simulator who put 1,000 i.c.son
wire wrap boards. He hand wired 20,000 connections to build the simulator and had it running in six months. It then took eight months
to hand draw the I C layout. Because of the difficulties of the new process and the large line size, another year was consumed in getting
al the detailsironed out in order to make production units. Thus, it didn't ship until early 1976.

DG's single-board $1,500 computer with the 8-K bytes of memory on a single board was equivalent to the DDP-516 that sold for
$82,000 a decade before. Adding a card cage and i/o, the price of the micro-Novaincreased to $8,300; one-tenth of the price of the
previous decade.

1980: Fault-Tolerant Computers

The decision to start Stratus in 1980 was based on the apparent need for fault-tolerant computersin commercia on-line data processing
environments as opposed to those built for scientific ones. Thisled to a new exploration since | didn't know anything about the subject.
When | went to the MIT library | was surprised to find volumes one through nine of the Proceedings of the Conferences on Fault-
tolerant Computing oriented toward research and aerospace applications. The 1962 Apollo Guidance Computer built for NASA (that can
be seen at the Museum) was a fault-tolerant machine. Only Tandem Computers had moved the technology to the commercial world.

Starting in 1974, Tandem had a 100 million dollar software intensive business by 1979. Any fault-tolerant system needs to be redundant
until somebody invents parts that can heal themselves. The basic principle of Tandem was two computers side by side that could work
with common mass storage. Errors are detected through memory parity or astall alarm. A failure would restart the program at the last
checkpoint on the backup machine.

This software intensive approach could be amgjor problem with many terminals involved in online data processing applications. If the
system could allow some slowing down when a failure occurred, then the backup machine could be doing something useful driving
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normal operation. This solution had been invented in days of expensive hardware in 1974.

Stratus decided to build fault-tolerant hardware and not software. We chose a technique that required each element of the machine, such
as the cpu board, to be able to detect its own failures. The simplest way to do thisisto build two sets of everything and just before
anything is sent out on the system bus, a comparator checks the two. If they aren't the same, the board is broken. With two boards, the
work goes to the other board. This requires four sets of logic, which sounds expensive, but it isn't. | guess | should point out that we
didn't figure out the scheme we used until after we raised the money for our startup.

One of the first things we did after the architecture was determined, was to put ared light on the end of aboard to signal failure. Then
field service didn't have to figure out what was wrong, but just take out the board and send it to the factory. Then we asked ourselves, "If
field service isn't needed for fault detection, why are they needed on the customer site at all? Have the customer do it without a service
call." This creates a new problem. The replacement has to be afool proof insertion, without any special switches or an umbilical cord
which might confuse the customer. In the final design, any board could be pulled out of a running machine and put in another one
without anything happening.

Another problem was uncovered. How would we know what board to send to the customer for replacement? Could we depend on a
secretary to pull out a bad board, read the model number, and accurately repeat it on the telephone? We thought that would be too much
to ask. We added afeature that | et the system read the slot location, the error state, the model number, revision level, and serial number
of the bad board, finally throwing in a modem so that the computer could report the bad board directly to field service at Stratus. The
electronic mail message to the Stratus computer reports what failed and al the details of the occurrence. The typical scenario isthat the
Stratus home office then calls up the customer and tells him that his machine has a failure. The customer doesn't know it until he's told.
By then, the replacement board is on itsway by Federal Express.

We also decided that there was no benefit in designing your own instruction set. It's fun, but afool's errand if the objective isto make
money. So we used commercially available microprocessors. We chose the 68000, the best machine in late 1979. Since we wanted to
make a virtual machine, we found that the 68000 could not cope both with a page fault and restart, and at the same time go out and get a
page from disk and lead it into memory. So two 68000s were put on each cpu board. The next step was to have part of the operating
system run in the second 68000 in addition to the page fault handler. Then more and more processors were put in the system to run both
operating system code and user code.

The second Stratus multiprocessor system has six microprocessors running concurrently out of avery large shared memory. The four
microprocessor version has a.125 microsecond memory cycle time and sells for $200,000 with 4,000K bytes of main memory and a 400
megabyte disk.

A Continuing Odyssey?

It has been an adventure for me to be associated with all these computer projects. Once again I'm on aquest and will only be able to
describe the avenues | explored when it is al behind me.

See How They Ran:

A Set of Classic Film Clips Showing
Computing From 1920 to 1980

"See How They Ran" was assembled at the Museum and is shown there to illustrate the integration of hardware, software, other
technologies and the environment of work in computing over time. Some clips were chosen because they show pioneering projects and
othersthe flavor of the times. As awhole the film provides, in 35 minutes, a glimpse of the various components that have changed over
time: size, ease of use, programming and software, and the attitude towards computers and computing.

The films were made for avariety of purposes and have different levels of sophistication. The common link isthat each filmis
contemporary with what it is showing, very little historic interpretation is made at all. Further, al of the films were made with direct
involvement of the people involved with computing at the time, rather than interpretations from other fields. The only exception isthe
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silent ENIAC film taken in 1947, edited and narrated by Professor Arthur Burks, who was a graduate who worked on the machine, in
1981. Because of these attributes, the film has very unique pedagogical qualities-providing new insights and entertainment to trained
computer professionals and the spirit of the tradition to students and interested people.

The Museum will now make this film available to others in order to serve our purpose as an educational institution.
IBM Punch Cards, 1920
This film about data processing before the computer illustrates one of its clearest antecedents.

The use of the punched card as a means of electro-mechanically storing and manipulating information was devel oped by Herman
Hollerith for the U.S. Bureau of the Census for compiling the results of the 1890 census. The general idea of storing information on
punched cards dates to the late 18th century and the use of punched cards to control the patterns woven in fabric by looms built by,
among others, Joseph Jacquard. After devel oping machinery for the Census Bureau, Hollerith formed the Tabulating Machine
Company, which later was incorporated into International Business Machines Corporation (IBM) by Thomas J. Watson. By the turn of
the century several different companies were making punched card data processing systems for awide variety of growing business uses.

The film clip shows a punched card operation of the 1920's. Women dressed in long dark skirts and white blouses transfer cards from
one mu chine to another, and index and file them for storage. Each machine performed only one operation such as sorting cards, adding
data, or printing, so the women were required to physically move the data from one machine to the next to perform a series of
operations. Such systems were used through the early 1960's, when they were amost entirely replaced by computers.

ENIAC,1946

Late at night on February 13, 1946, the legend goes that the lights dimmed at the Moore School of Engineering at the University of
Pennsylvania, when the 18,000 vacuum tube ENIAC was completely turned on.

Developed by J. Presper Eckert and John Mauchly ENIAC stood for Electronic Numerical Integrator And Computer. The group who
participated in the building and use of ENIAC met to discuss the next machine. In these meetings, the concept of the stored program
computer was discussed and it can be said that ENIAC led directly to the development of the stored program computer.

The film show ENIAC in use computing ballistics tables which predicted the flight of a projectile under various conditions such as the
wind speed and direction, the size of the shell and firing charge, and the inclination of the gun barrel. Before ENIAC, it took severa
people using desk cal culators many months to complete such atable for a given trajectory. ENIAC could compute the trgjectory faster
than real time; 20 seconds for a thirty second trajectory. However, this computation required two days of setting up the program to run
on the machine. The film shows several women in knee- length skirts and bobby socks, clip- boards in hand, setting the switches on the
front panel of the machine. In addition, wires had to be replugged to connect different logic components. Programming ENIAC, thus,
consisted of determining how to wire the various functional components and set the dials to solve the problem.

Automatic Computing With EDSAC, 1951

Maurice Wilkes who built EDSAC narrates the film. Wilkes attended a summer school on the ENIAC held at the University of
Pennsylvaniain the summer of 1947, afterwhich he returned to Cambridge University in England and started to build EDSAC, the first
computer in regular operation to truly incorporate the stored program concept.

Two features, illustrated in the film, made EDSAC a more efficient computer to use and program: the internal storage of the program
and the use of subroutines. Maurice Wilkes says, the film "can be seen as an advertisement for subroutines.” The EDSAC programmers
recognized that there were certain sets of instructions which they repeatedly used. Instead of reprogramming the operations each time
they used them, they kept a copy of the set of instructions encoded on paper tape. Whenever they needed to include that particular
routine in their program they simply copied the master tape onto the tape of their program. This improved the speed and accuracy of
programming, and was the forerunner of higher-level, more powerful programming languages.

Whirlwind I: Programming at 3:00 A.M ., 1953 From " M aking Electrons Count"
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