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INTRODUCTION

“Those who forget the lessons of history are doomed to repeat it " —Arnold
Toynbee, 1919

The history of computing is founded on people. While one can create
a chronological history of the field based on the artifacts and concepts
that provided the stepping stones from the first simple counting tables
to modern (super) computers, behind every intellectual concept there
1s a person, and from that person we can learn special personal
lessons. From our experience in editing the Annals of the History of
Computing, many of the manuscripts submitted for consideration lack
two most important elements—a review of the environment in which
an artifact or concept is born, and the downstream impact of the intro-
duction of that artifact or concept in the field of computing and com-
putation. One significant element of the environment in which com-
putational elements are created 1s the people who inhabit the field.
This book looks at those pioneers, their qualifications, their activities,
and the recognition accorded them by our industry.

The source of many biographies is the Annals of the History of
Computing, either from the biographical data provided when the pio-
neer wrote a paper for publication, or, regrettably, from an obituary
when the pioneer died. In some cases, the biography was the subject of
a scholarly paper in the Annals or in another journal; where possible,
edited versions of these articles are reprinted here. A major starting
point for selecting this set of pioneers was the listing created by this
author and Eric Weiss for the tenth anniversary issue of the Annals.
That list was derived from one major source—pioneers whose name
appeared in the index for the first ten volumes three or more times.
The new list has been extended considerably, especially in the recogni-
tion of pioneers outside the US.

Collecting a list of pioneers whose biographies should be included
in this volume is akin to selecting persons to be honored in a Hall of
Fame. And in consonance with various established “Halls of Fame,” 1
have attempted to include not only those whose contributions have
been central to the progression of the field of computing, but also
those who played supportive roles as enlightened managers,
financiers, or educators. To distinguish between a “pioneer” and a “sig-
nificant contributor” has been difficult. My general guideline has been
that a pioneer is one who introduced a new element, concept, or
direction to the field.

Each biography is accompanied by a list of publications in which
the reader may find more information about the accomplishments of



the pioneer. Each bibliography is divided into two sections—biographi-
cal entries and significant publications. The former includes autobio-
graphical and biographical articles as well as (where appropriate) obit-
uaries. Where a pioneer has written about his accomplishments much
later than the time of the work, it is classified as biographical; a report
written at the time of the work is listed as a significant publication. In
many cases the biographical information is reprinted from an obituary
or an eloge; in those cases where the original author included a set of
references for the work, these have been included separately.

It is to be expected that reviewers of this collection of biographies
will comment on the unevenness of the presentations. Where a pio-
neer has written an autobiographical article, we have chosen at least to
incorporate portions in the biography printed here. Throughout the
work on this collection we have tried to give credit where credit 1s due,
and to recognize that it is not the number of words that measure the
quality of a pioneer’s contributions to our field. Some of our pioneers
have had much written about them, and their lives have been opened
up to meticulous scrutiny, while others, working in the background,
are unnoticed because their work is not quite so exciting. Some of our
pioneers had lives that extended far beyond their well-known activities
in computing or computer science, and while we have not emphasized
these activities, we have included notes on them when they show their
personalities. Hopefully I have balanced the attention to the homosex-
uality of Alan Turing with the Catholicism of Gerry Weeg and the
nationalistic pride of Grace Hopper. We would hope that in future edi-
tions, more complete biographies of some of our pioneers can be
added to match those of their peers.

We need to nurture and recognize our pioneers more frequently.
One of the interesting fall-outs from the activity of recording biogra-
phies was to notice how many of our pioneers have not been honored
by our professional societies or by their countries. Where possible 1
have not resiricted the list of pioneers to those who have been recog-
nized by such designations as fellows of societies, or as members of
academies. Perhaps the award committees of our societies and acade-
mies will be prompted to recognize some of our pioneers and to
reward them after this publication.

ACKNOWLEDGMENTS
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Departments, and myself. That set of approximately 200 entries was
published in the 10th-anniversary issue of the journal. From that begin-
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cal materials. Many thanks to the several typists who have helped out in
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A significant source of information about members of staff of the IBM
Corporation was:

Pugh, Emerson W., Lyle R. Johnson, and John H. Palmer, IBM’s 360 and Early
370 Systems, MIT Press, Cambridge, Mass., 1991.

While this book does not contain specific biographies of IBM pioneers,
there are a number of anecdotes about them, and I have drawn exten-
sively on this source to provide information on a number of persons
included herein.
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Jill Fain Lehman on Allen Newell
Jamie Pearson on Kenneth Olsen
Margaret Paull on David Packard
John Rice on Saul Rosen

Carolyn E. Tajnai on Arthur Samuel
Henry S. Tropp on George Stibitz

The sources of these excerpts are included with each biography.
The following pioneers edited their own biographies and provided
material that was edited by me into the entry in this collection:

John Vincent Atanasoff William Atchison
Isaac Auerbach Charles Bachman
Friedrich Bauer Laszlo Belady
Gwen Bell Robert Bemer
James Birkenstock Garrett Birkhoff
Erich Bloch Andrew Booth
Charles Bradshaw Tony Brooker
Gordon Brown Arthur Burks
Arthur C. Clarke Edgar Codd
Arnold Cohen Harvey Cohn
Larry Constantine James Cooley
Allen Coombs Donald W. Davies

Peter Denning
Aaron Finerman

Ralph Griswold

B. O. Evans
I. Jack Good
Jerrier A. Haddad



William Hewlett
Cuthbert Hurd
Kenneth Iverson
Brian David Josephson
Donald Knuth
Daniel D. McCracken
Donald Michie

Donn Parker

Alan Perlis

James Pomerene
Anthony Ralston
Douglas Ross

Allan Scherr

Samuel Snyder
Maurice Wilkes

C.A.R. Hoare
Harry Huskey
John Jacobs

Tom Kilburn
Thomas Kurtz
Nicholas Metropolis
Kristen Nygaard
John T. Parsons
John Pierce
Emerson Pugh
Mina Rees
Gerard Salton
Herbert A. Simon
Joseph Traub
Konrad Zuse

Last, but by no means least, my sincere thanks to the many pio-
neers listed in this collection who responded so readily to my inquiries
about their lives. In most cases they were extremely modest and were
not overly happy to be credited with anything even slightly more than
they credited themselves. I attempted to give them a sample biography
to follow, but was hesitant to use the biography of a living pioneer.
Giving them an obituary of a pioneer was not the most tactful concept
either. I did my best not to put a hex on them, but regrettably in a few
cases their contribution became the basis for their obituary.

J.AN. Lee
Blacksburg, VA



JEANNE CLARE ADAMS

Born fune 15, 1921, Utica, N.Y.; Chairman of the ANSI Fortran Standards
Commuttee that developed the controversial Fortran 9X proposal, which intro-
duced array and vector processing to the language.

Education: BS, economics, University of Michigan,
1943; MS, telecommunications and electrical engi-
neering, University of Colorado, 1979.

Professional Experience: systems analyst, Army Air
Corps, 1943-1946; research statistician, Research
Program, Harvard University, 1947-1949; National
Center for Atmospheric Research, Boulder, Colo.,
1960-1981, 1984—present; CYBER 205 project coor-
dinator, Institute for Computational Studies,
Colorado State University, 1982-1984.

Jeanne Adams, who holds a master’s degree in
electrical engineering and telecommunications from the University of
Colorado, is a long-time computer-user support manager for the
National Center for Atmospheric Research in Boulder, Colo. For a
briet period she coordinated the CYBER 205 project for Colorado State
University’s Institute for Computational Studies. Adams went to CSUI
in February 1982 from the National Center for Atmospheric Research,
where she had been deputy head of the Computing Division, assistant
for planning, and manager of university liaison. She was a research sta-
tistician for a project on juvenile delinquency at Harvard University
and served as systems service analyst for the Army Air Force. She is
chair of the International Standards Organization Committee on
Programming Languages (TC97/SC5) and the ANSI Fortran
Standards Committee (X3]J3). Adams has written reference manuals
for a variety of computer equipment, including the CYBER 205.
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HowARrRD HATHAWAY AIKEN

Born 1900; died 1973. Designer and developer of the first large-scale operat-
ing relay calculator in the US

Education: SB, electrical engineering, University of
Wisconsin, 1923; SM, physics, Harvard University,
1937; PhD, physics, Harvard University, 1939.

Professional Experience: Madison Gas & Electric,
Westinghouse, 1919-1932; Harvard University:
instructor, associate professor of applied mathemat-
ics, 1937-1961, director, Computation Laboratory,
1946-1961; US Navy, Commander, Naval Mine
Warfare School, 1941-1944, Harvard/Navy
Computation Laboratory, 1944-1946; University of
Miami, professor, 1961-1973; after retirement from
Harvard, he created Howard Aiken Industries.

Honors and Awards: IEEE Computer Society Pioneer Award, 1930.

Aiken was the leader in developing four large-scale calculating
machines (the word “computer” was never applied to his devices), but
his accomplishments reached far beyond machine design and con-
struction. His primary focus was computation; he built and used
machines to solve problems. He directed research in switching theory,
data processing, and computing components and circuits. He initiated
one of the earliest graduate programs in computer science at Harvard
University: fifteen doctoral degrees and many master’s degrees were
earned under his supervision. The publications of the Computation
Laboratory are contained in 24 volumes of Annals. Scientists across the
world were welcomed into his laboratory, and he did much to stimu-
late interest in computers in Europe. Truly a giant in early develop-
ment of automatic computation, Aiken left perhaps his greatest legacy,
the many people whom he influenced—particularly the members of
his staff at the Computation Laboratory at Harvard.

Aiken’s Shift from Electron Physics to Computing’

Although Howard Hathaway Aiken achieved world fame as a computer
pioneer, when he entered Harvard’s Graduate School of Arts and
Sciences in 1933 as a candidate for the PhD in physics, he had no idea
that he would devote his career to computing. Then 32, older than

1 Much of the following essay on Aiken is extracted with permission from Cohen 1992.
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most graduate students, he had obtained his undergraduate degree in
electrical engineering from the University of Wisconsin and had
worked as a power engineer before coming to Harvard.

During Aiken’s initial years as a Harvard graduate student, he fol-
lowed the usual program of studies. He then shifted his allegiance to
the field of electronics, the physics of vacuum tubes, and the proper-
ties of circuits, working directly under Professor E. Leon Chaffee, who
became (and remained) his primary academic sponsor. He began
teaching in his second year as a graduate student and, after receiving
his PhD in 1938, was appointed a faculty instructor, the name of the
rank then introduced by Harvard to replace that of assistant professor.
Aiken never published any of the results of his thesis research; all of
his published writings dealt with one or another aspect of computing
and computers.

Aiken’s Background in Computing and Gadgetry

In an autobiographical letter to Warren Weaver in September 1940,
Aiken stated that his “chief research for the past six years has been the
construction of an automatic calculating machine for scientific pur-
poses.” This would place the beginnings of his interest in a “calculating
machine” in 1935, when he had begun his thesis research.

His training as an electrical engineer and as a graduate student in
physics would have exposed him to a generous amount of pure and
applied mathematics. In those days, scientists advanced from slide-rule
calculations to using electromechanical desktop calculations—chiefly
Monroe, Burroughs, and Marchant machines. Aiken mastered this kind
of calculating, as well as the mathematics of ordinary and partial differ-
ential equations, vector analysis, and matrices. In this he was in no way
different from dozens of other students in pure and applied physics.

One feature of Aiken’s writings shows him to have been very differ-
ent from most other physicists and applied mathematicians: Aiken
always had an interest in the history of his subject, and he joyfully paid
tribute to his illustrious predecessors. This feature has led to a severe
misunderstanding of his knowledge of the work of some predecessors,
notably Charles Babbage; as a result, Aiken’s originality has been seri-
ously misjudged by assuming that he had depended heavily on
Babbage’s ideas.

Aiken’s 1937 proposal for a calculating machine began with a
series of paragraphs devoted to an account of the pioneers in machine
calculation: Pascal, Moreland, Leibniz, and—above all—Babbage. This
same historical homage characterizes the series of articles in Electrical
Engineening in 1946. The whole of the first chapter of the Manual of



11

Operations for Mark I was a historical chronicle, stressing the work of
Charles Babbage; one of the illustrations even showed a set of calculat-
ing wheels from Babbage’s never-completed Difference Engine. The
result was that Aiken’s machine was often considered to be indebted to
Babbage’s ideas; L.C. Comrie, the leading figure in British computing,
referred to the Mark I as “Babbage’s Dream Comes True.”

Planning for the Mark I/ASCC?
Aiken’s 1937 proposal is a fairly long document, filling twenty-three
double-spaced typed pages. It opens with a brief history of “aids to cal-
culation,” concluding in a major discussion of Babbage’s engines, plus
a brief statement of Hollerith’s invention of punched-card “tabulating,
counting, sorting, arithmetical machinery.” Aiken observed that the
machines “manufactured by the International Business Machines
Company” have made it possible to do “daily in the accounting offices
of industrial enterprises all over the world” the very “things Babbage
wished to accomplish.” Aiken then turned to the “need for more pow-
erful calculating methods in the mathematical and physical sciences.”
The next section was crucial to the organization of a calculating
machine. Aiken specified four design features that are different for
punched card accounting “machinery” and “calculating machinery as
required in the sciences.” First, a machine intended for mathematics
must “be able to handle both positive and negative quantities,” where-
as accounting machinery is designed “almost entirely” for “problems
of positive numbers.” Second, calculating machinery for mathematical
purposes must “be able to supply and utilize” many kinds of transcen-
dental functions (e.g., trigonometric functions): elliptic, Bessel, and
probability functions. Third, for mathematics, a calculating machine
should “be fully automatic in its operation once a process 1s estab-
lished.” In calculating the value of a function in its expansion in a
series, the evaluation of a formula, or numerical integration (in solu-
tion of a differential equation), the process, once established, contin-
ues “indefinitely until the range of the independent variables is cov-
ered”’—usually “by successive equal steps.” Fourth, calculating
machinery designed for mathematics “should be capable of comput-
ing lines instead of columns,” since very often in the numerical solu-
tion of a differential equation, the computation of a value will be
found to depend on preceding values. This is actually “the reverse” of
the way in which “existing calculating machinery” is capable of evaluat-
ing a function by steps.

2

Automatic Sequence Controlled Calculator, the IBM designation for the calculator.
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The proposal was obviously geared directly toward IBM’s operative
elements. But it is also clear that, at the general level of Aiken’s actual
text, the only demands for functional elements were that they be digi-
tal; that they be capable of performing the four fundamental opera-
tions of arithmetic; that they could be linked and controlled so as to
perform their operations in a predetermined sequence; that they
could store numbers (either constants or intermediate results) and to
introduce them at a specified stage in the automatic sequence, and
that they print out the final results in tabular form. IBM engineers
could readily understand the function of each of the operative ele-
ments and could design circuits that would permit these operations to
be performed in sequence according to predetermined commands
entered on punched cards or perforated tape. These engineers could,
and did, transform Aiken’s ideas into an electromagnetic level of
machine reality that allowed the calculator to be designed for con-
struction.

A factor in the later disagreement that arose between Aiken and
IBM, however, was that Aiken always discussed his machine in terms of
the higher level mathematical problems he had designed it to solve. A
tull and comprehending reading of Aiken’s proposal thus required a
level of mathematical literacy that was several degrees beyond the
capacity of almost everyone on the engineering staff of IBM at that
time. Not many of the engineers in 1937 were even college graduates.
Clair D. Lake, the engineer who was put in charge of Aiken’s project,
was a distinguished inventor who came to IBM in 1915 from the auto-
motive field; his “credentials were based on performance, not educa-
tion” (after the eighth grade he had gone to a manual training school
rather than a high school). Francis E. (Frank) Hamilton, who directed
the work on the Aiken project, had a distinguished career at IBM. He
became a member of the company as a draftsman in 1923, when it was
still known as CTR; in 1937, Hamilton was an assistant to Lake. The
third member of the working team for Aiken’s machine was Benjamin
Durfee, who had been with IBM since 1917 (in the CTR days) and who
had spent a year in the company training school, after which he devel-
oped “a reputation for diligence in servicing tabulators” (a job consist-
ing “mainly of checking machine adjustments, oiling and cleaning,
and replacing worn parts”).

The enormous intellectual gulf between Aiken and the IBM engi-
neers with whom he was in contact transcended the level of mere
mathematical training. Lake, Hamilton, and Durfee were from a whol-
ly different world, and they had no understanding of Aiken’s scientific
and intellectual values. Aiken often tended to think of this IBM trio as
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mere mechanics, supergadgeteers, clever at their work but in no possi-
ble sense his peers. They, in turn, considered “their machine” to be
their invention, admitting only that Aiken had supplied the initial
broad outlines and the occasion for the project. Naturally, these men
(and everyone else at IBM) would resent any later move by Aiken to
present himself as principal inventor, on a different and more funda-
mental level of creativity than Lake, Hamilton, and Durfee. In retro-
spect we can see an inevitable head-on collision that would necessarily
arise when it came time to apportion.the credits for the great inven-
tion.

IBM Agrees to Build the Machine

By March 31, 1939, the final agreement had been drawn up and
signed. IBM agreed (1) “to construct for Harvard an automatic com-
puting plant comprising machines for automatically carrying out a
series of mathematical computations adaptable for the solution of
problems in scientific fields.” Harvard agreed (2) to furnish “without
charge” the structural foundation, and (3) to appoint “certain mem-
bers of the faculty or staff or student body” to cooperate with “the
engineering and research divisions of IBM in completing the design
and testing.” It was agreed (4) that all Harvard personnel assigned to
this project would sign a standard “nondisclosure” agreement to pro-
tect IBM’s proprietary technical and inventive rights. IBM (5) would
receive no compensation, nor were any charges to be made to
Harvard. The finished “plant” would become “the property of
Harvard.” A letter from Dean Westergaard confirmed the “under-
standing that the computing plant will be for the use of Harvard in
scientific fields and that no commercial use will be made of it by
Harvard.” On May 10, 1939, about a year and a half after Aiken’s first
approach to IBM, James Bryce wrote Aiken that all the papers had
been signed and that he was now “engaged in getting an appropria-
tion put through.” He would then “issue the shop orders” and “begin
the actual work of designing and constructing the calculating
machine.” It may be noted that Bryce quietly shifted the language
from “calculating plant” to “calculating machine.” By May 12, the
first appropriation had been made and the project was at last un-
der way.

In January 1943, the Harvard machine was completed in the
North Street Laboratory at Endicott, N.Y., and ran a test problem. But
only in December 1943 was the machine demonstrated to members of
the Harvard faculty. The machine was then disassembled and shipped
to Harvard, where it was housed in a large basement room in the
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Physics Research Laboratory, known as the Battery Room because it
then housed a giant wet-cell battery.

Excitement rippled through the Physics Department on February
1, 1944, as the trucks arrived and the parts of the huge machine, many
of them in large crates, were transported to the Battery Room. To
record the event, the Cruft Laboratory photographer Paul Donaldson
was on hand to make still photographs and to capture the entrance of
the crates on 16-mm film with his newly acquired Kodak Ciné Special
motion picture camera.

By early spring the giant machine was in full operation, under the
direction of Robert Campbell. Aiken himself was not in residence. A
reserve officer in the Navy, Aiken had been called to active duty in
1941 and had been sent to the Naval Mine Warfare School in
Yorktown, Va. His assignment was to prepare Navy technicians for
using mines.

The Dedication of the ASCC/Mark I

When the machine had been turned over to the Navy for operation
during wartime, Campbell became a lieutenant in the Navy and was
joined by Lt. Richard M. Bloch and Lt. Grace Murray Hopper (who
had been a professor of mathematics at Vassar College), plus other
naval personnel including Lt. Comdr. Hubert A. Arnold, Ens. Ruth A.
Brendel, Lt. Harry Goheen, and Lt. Brooks J. Lockhart. There was also
the usual complement of naval “ratings.” When Aiken himself was
transferred to Cambridge, he became the first naval officer in history
to command a computer.

On April 17, 1944, Harvard’s president, James Bryant Conant,
reported to IBM’s president, Thomas J. Watson, Sr., that “the calculat-
ing machine” had been “put into operative condition.” Expressing his
appreciation for “the speed with which the machine has been
installed” and noting that it “is already being used for special problems
in connection with the war effort,” Conant nevertheless regretted that
the covering sheath was “still to be completed,” thus delaying the “pub-
lic announcement of the machine and its purpose.” Watson replied on
April 21 that he had “given orders to rush the completion of the cabi-
net for the machine.” He concluded in an expression of the “great
pleasure and inspiration” it had been for his “organization to cooper-
ate with you and your associates in connection with this machine.” He

3As an aside, I may mention that as a very junior member of the wartime staff of the Physics Department I par-
ticipated in the faculty vote to turn over the Battery Room to Aiken and IBM for the new calculator. The vote
stipulated that at the end of the war the room would be restored to its original function, something that—to the
regret of some members of the department—was never done. This vote was my first formal contact with Howard

Aiken and his machine.—I. Bernard Cohen
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was “looking forward to being present at the dedication.” On July 24
Conant wrote about the arrangements for the dedication, to take place
on Monday, August 7. A luncheon at the Fogg Museum of Art would
be followed by ceremonies in University Hall. Conant hoped that
Watson would “say a few words.”

The Harvard News Office, in close consultation with Aiken, pre-
pared a news release. It was evidently not considered necessary to clear
the release with IBM, even though what used to be called “common
courtesy” might have seemed to demand such action. According to
IBM’s historians, “Watson [would havé] assumed that he and Aiken
would agree in a press release.” The release was headed “World’s great-
est mathematical calculator” and bore the statement: “The NAVY,
which has sole use of the machine, has approved this story and set this
release date [Monday papers, August 7, 1944].” The first five para-
graphs (occupying almost two of the eight pages) stated that the
machine would be presented to Harvard by IBM, that it would solve
many types of mathematical problems, that the presentation would be
made “by Mr. Thomas J. Watson, president of International Business
Machines Corporation,” that the machine was “new in principle,” and
was an “algebraic super-brain.” Then followed the bold unqualified
statement that “In charge of the activity . . . is the inventor,
Commander Howard H. Aiken, U.S.N.R,” who “worked out the theory
which made the machine possible.” It may be observed that not only
was Aiken designated “the inventor,” but no reason had been given
thus far for IBM being the donor—it had not even been mentioned
that IBM had actually constructed the machine. In fact, in the whole
eight pages, the only reference to IBM’s contribution was a single para-
graph later on in the release.

Two years of research were required to develop the basic theory.
Six years of design, construction, and testing were necessary to trans-
form Commander Aiken’s original conception into a completed
machine. This work was carried on at the Engineering Laboratory of
the International Business Machines Corporation at Endicott, N.Y,,
under the joint direction of Commander Aiken and Clair D. Lake.
They were assisted in the detailed design of the machine by Frank E.
Hamilton and Benjamin M. Durfee.

It is said that when Watson arrived in Boston accompanied by his
wife and first saw the news story, he became so irate that he even
planned to return to New York without attending either the ceremon-
ial luncheon or the formal dedication ceremonies. When Watson
arrived at his hotel, he telephoned—so the story goes—to his Harvard
hosts, threatening to boycott the ceremonies on the following day.
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Conant and Aiken thereupon rushed from Cambridge to Boston to
placate Watson, who launched into a furious tirade against Aiken and
(presumably) Harvard. Evidently Conant and Aiken succeeded in
calming Watson, who did attend the dedication on the following day
and gave a star performance.

The Aftermath of the Dedication

About a month after the dedication, on September 20, 1944, Aiken
wrote a letter of apology and explanation to Watson,* which was
acknowledged by Watson in his reply to Aiken dated October 3, 1944.
Watson thanked Aiken both for his letter and for “your kind remarks
about me at the dedication of the Harvard machine.” Watson men-
tioned a letter that Aiken had written to Lake, of which he had “just
seen a copy,” in which Aiken had referred “to the unpleasantness that
had unfortunately occurred.” Watson then restated his strong feelings
about the “original press statements given out, identifying you as sole
inventor of the machine” and not giving Lake, Hamilton, and Durfee
credit “for their very important and untiring efforts.” Watson therefore
felt the need of telling Aiken that “it would have been a gracious ges-
ture on your part” and “very much appreciated” by Lake, Hamilton,
and Durfee if Aiken’s “letter to Mr. Lake had contained an acknowl-
edgment of the sincere regret over such unfortunate and erroneous

publicity.™

Conclusion

The IBM ASCC (the Harvard Mark I) was the first of a series of four
computers associated with Howard Aiken. Mark I and Mark II were
electromagnetic, using relays, but Mark III and Mark IV had a variety
of electronic components, including vacuum tubes and solid-state tran-
sistors. Of the four, Mark I was the most memorable because it pro-
duced such reliable results, and could run continuously for 24 hours a
day, seven days a week. Thus, although it was very slow compared with
any of the electronic machines, it produced a huge output since—
unlike its electronic rivals, which had long “downtimes”—it ran contin-
uously. Mark I also had a long life span, serving students and
researchers at Harvard for more than a decade. Mark I was also
notable for its very existence, proving that complex calculaters or com-
puters were feasible and could reliably follow a complex sequence of
commands.

4 I have not been able to locate a copy.—I. Bernard Cohen

I have not as yet been able to find the text of the letter from Aiken to Lake.—I. Bernard Cohen
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Howard Aiken’s place in the history of computers, however, i1s not
to be measured by these four machines, interesting and important as
they may have been. He recognized from the start that the computers
being planned and constructed would require mathematicians to pro-
gram them, and he was aware of the shortage of such mathematically
trained men and women. To fill this need, Aiken convinced Harvard
to establish a course of studies leading to the master’s degree, and
eventually also the doctorate, in what was to become computer sci-
ence. Just as Aiken—by the force of his success, abetted by his ability to
find outside funding for his programs—achieved tenure and rose to
become the first full professor in the new domain of computer science,
so he inaugurated at Harvard what appears to have been the first such
academic program anywhere in the world. The roster of his students
contains the names of many who became well known in this subject,
including Gerrit Blaauw, Frederick Brooks, Jr., Kenneth Iverson, and
Anthony Oettinger. As other later programs came into being, they
drew directly or indirectly on Aiken’s experience at Harvard.

Aiken 1s sometimes held to be reactionary because he was always
wary of the concept of the “stored program” and did not incorporate it
into any of his later machines. This stance did put him out of step with
the main lines of computer architecture in what we may call the
post-Aiken era, but it must be kept in mind that there are vast fields of
computer application today in which separate identity of program
must be maintained, for example, in telephone technology and what is
known as ROM (“read-only memory”). In fact, computers without the
stored-program feature are often designated today (for instance, by
Texas Instruments Corporation) as embodying “Harvard architec-
ture,” by which 1s meant “Aiken architecture.”

In assessing Aiken’s fundamental contributions to the computer,
many computer scientists and historians would stress his bold pioneer-
ing achievement of introducing computers into a university environ-
ment and 1inaugurating an academic program 1n computer sclence.
Others would give primacy of place to the Harvard Mark I (the IBM
Automatic Sequence Controlled Calculator), not as a machine that set
design standards for an industry, but rather as a first real demonstra-
tion that such machines were practicable. It i1s a fact of historical
record that Mark I was the machine that first proved to the world at
large that a complex calculating engine could function automatically,
performing operations in sequence, and could follow a predeter-
mined program from the entry of the data to the production of the
final results. The worldwide publicity attendant on these achievements,
aggrandized by the stark fact of its regular and continuous operation
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to produce reliable and accurate results, convinced any last doubters
that large-scale, automatically sequenced calculators were practical and
could perform a major role in the technical world. In this sense, it 1s
certainly correct to say that when the switch on Mark I was thrown, the
Computer Age began.

Aiken’s Calculators®
The four large-scale calculators which Aiken developed were:

Automatic Sequence Controlled Calculator (the Harvard Mark I, known
within IBM as the ASCC): conceived by Aiken in 1937, designed by
IBM engineers and by Aiken, built by IBM as a gift to Harvard. The
Mark I was used at Harvard by a US Navy crew that included Grace
Murray Hopper and Richard Bloch. Aiken was extremely conservative
in his use of well-tested, well-understood elements, using electro-
mechanical decimal rotary counters and relays, punched tape for the
input of instructions, and tables of functions. Punched cards, as well as
modified electric typewriters, were also used for input/output. The
major purpose of this calculator was to calculate tables of
values.

Mark II: Designed and built at Harvard for the Naval Proving Ground
at Dahlgren, Va., for the development of ballistics tables. While this
machine used basically the same components as the Mark 1, it actually
contained two complete identical calculators.

Mark III: Like Mark II, this machine was designed and built at Harvard
for Dahlgren. Unique in utilizing separate magnetic drums for data
and 1nstructions and some vacuum tube circuitry for such components
as registers, this calculator also used magnetic tape for input/output.
The tapes were transferred to off-line electric typewriters for hard
copy. At first the Mark III seemed to be a highly unreliable machine,
but i1t was discovered that many of the problems were created by clos-
ing the machine down each weekend and restarting on Mondays.

Once the machine was left up continually, the system became very reli-
able.

Mark IV: Designed, built, and operated at Harvard for the US Air
Force, 1t incorporated the magnetic drums and tapes of the Mark III

6Prepared by the 1983 National Computer Conference Pioneer Day Committee.
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but added core memory shift registers for working data storage. For
the first time this machine contained semiconductor diode circuitry as

well as vacuum tubes.

Component Mark I Mark II Mark III | Mark IV
Detailed Design Began 1939 1945 1948 1950
Implementation Complete | 1944 1948 1950 1952
Retired from Use 1958 1956 1956 1962
Data Word’ 23 dd+s 10 dd+s+e | 16 dd+s | 16 dd+s
Memory-Data-Slow Access® | 72 96 4,000 4 000
Memory-Data-Fast Access | 0 0 360 230
Memory-Instructions paper tape | paper tape | 4,000 10,000
Basic Add Time? 300 200 4 1.2
Basic Multiply Time 6,000 1,000 12 12

7dd = decimal digit; s = sign; e = exponent in floating-point notation.
8Words

9Milliseconds (both Add and Multiply)

QUOTATION

“The president of IBM can’t tell the president of Harvard what to do.”

BIBLIOGRAPHY

Biographical

Berkeley, Edmund C., Giant Brains or Machines That Think, John Wiley, New
York, 1949.

Chase, George C., “History of Mechanical Computing Machinery,” Ann. Hust.
Comp., Vol. 2, No. 3, 1980, pp. 198-226.

Cohen, I.B., “Howard Aiken and the Computer,” in Nash, Stephen. G., ed., A
History of Scientific Computing, ACM Press History Series, ACM, New York, 1990,
pp. 41-53.

Cohen, 1.B., “Howard Aiken, Harvard University, and IBM: Cooperation and
Conflict,” in Elliott, Clark A., and Margaret W. Rossiter, eds., Science at Harvard
University: Historical Perspectives, Lehigh Univ. Press, Bethlehem, Pa., 1992, pp.
251-284.



20

Oettinger, Anthony G., “Retiring Computer Pioneer—Howard Aiken,” Comm.
ACM, Vol. 5, No. 6, 1962, pp. 298-299, 359.

Ritchie, David, The Cothuter Pioneers, Simon and Shuster, New York, 1986.

Salton, Gerard, “Howard Aiken’s Children: The Harvard Computation
Laboratory and Its Students,” Abacus, Vol. 1, No. 3, 1984, pp. 28-34.

Slater, Robert, Portraits in Silicon, MIT Press, Cambridge, Mass., 1987.

Tropp, Henry S., “Howard Aiken,” in Ralson, A., and C.L. Meek, eds.,
Encyclopedia of Computer Science and Engineering, Petrocelli/Charter, New York,
1976, pp. 34-35.

Significant Publications

Aiken, H.H., “Proposed Automatic Calculating Machine,” Nov. 1937, reprint-
ed in [ELE Spectrum, Aug. 1964, pp. 62-69.

Aiken, H.H., and Grace Murray Hopper, “The Automatic Sequence
Controlled Calculator,” Electrical Engineering, Vol. 65, 1946, pp. 384-391,
449-454, 552-528.

Aiken, H.H., “A Manual of Operation for the Automatic Sequence Controlled

Calculator,” Annals of the Computation Laboratory of Harvard University, Harvard
Univ. Press, Cambridge Mass., 1946.

Block, R.M., “Mark I Calculator,” Proc. Symp. Large-Scale Digital Calculating
Machinery, 1947, Annals of the Computation Laboratory of Harvard University,
Harvard Univ. Press, Cambridge, Mass., 1948.

Campbell, R.V.D., “Mark II Calculator,” Proc. Symp. Large-Scale Digital
Calculating Machinery, 1947, Annals of the Computation Laboratory of Harvard
University, Harvard Univ. Press, Cambridge, Mass, 1947.

4.
P

LR
F e

e



21

SAMUEL N. ALEXANDER

Director of the Standards Eastern Automatic Computer (SEAC) project at the
National Bureau of Standards.

Homnors and Awards: IEEE Computer Society Pioneer Award, 1980.
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MuUuKHAMMAD IBN MusA AL-KHOWARIZMI

Ninth-century Eastern Persian whose books on astronomy, algebra, and
Indian numbers became the origin of European mathematics in the twelfth
century. He was the transmaiter of the Hindu art of reckoning to the Arabs
and thus to Europe, from whose name comes the word “algorithm.”
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GeNE M. AMDAHL

Born November 16, 1922, Flandreau, S.D.; A designer of the IBM
System/360, and of the machines that bear his name.

Education: BSEP, South Dakota State University 1948; MS and PhD, theoretical
physics, University of Wisconsin 1952.

Professional Experience: project engineer, IBM, 1952 to 1955; Ramo Wooldridge
and Aeronutronic, Inc., 1955-1960; IBM, 1960-1970; IBM fellow, 1965; direc-
tor, Advanced Computing Systems Laboratory, Menlo Park, Calif., IBM,
1965-1970; founded Amdahl Corporation,1970-1980; created Trilogy Systems
Corporation, chairman, 1980-present.

Honors and Awards: IEEE Computer Society W. Wallace McDowell Award,
1976; Data Processing Management Association Computer Science Man of the
Year, 1976; IEEE Computer Society Pioneer Award, 1980; AFIPS Harry Goode
Award, 1983; ACM/IEEE Eckert-Mauchly Award, 1987; member, National
Academy of Engineering; fellow, IEEE; distinguished fellow, British Computer
Society; Information Processing Hall of Fame, Infomart, Dallas, Texas, 1985.

Although not a computer science graduate, Amdahl designed his first
computer as part of his PhD dissertation. Eventually the machine, the
Wisconsin Integrally Synchronized Computer (WISC), was built by suc-
cessive generations of students. Amdahl first worked for IBM as a pro-
ject engineer from 1952 to 1955. He became a leader in the design of
the IBM 704 but resigned in 1955 after having lost the struggle for
design control of the Stretch computer.!® After employment at Ramo
Wooldridge and Aeronutronic, Inc., he returned to IBM in 1960 and
was successively appointed as IBM fellow and laboratory director.

During his two terms at IBM (1952-1955, 1960-1970), Amdahl was
a leader in the design of several computers, most notably the IBM
System/360. Although he and project manager Fred Brooks clashed
occasionally, they shared strict objectivity, broad knowledge, and per-
suasive skill. Amdahl’s value to the project stemmed from his ability to
represent and defend the emerging plan, as well as his technical con-
tributions to it. In 1965 he was named an IBM fellow and was subse-
quently appointed director of IBM’s Advanced Computing Systems
Laboratory in Menlo Park, Calif.

He founded the Amdahl Corporation in 1970 but lost control to
Japanese investors in 1979. In 1980 he created Trilogy Systems
Corporation to design, manufacture, and market large-scale, high-
performance computer systems. In 1985 Trilogy acquired ELXSI, Ltd.,
for its principal computer system entry, and Amdahl became its chair-

10From Pugh, Emerson W., Lyle R. Johnson, and John H. Palmer, IBM’s 360 and Early 370 Systems, MIT Press,
Cambridge, Mass., 1991.
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man. Trilogy Systems Corporation was the world’s largest start-up com-
pany, having raised $230 million before developing its first product.
Dr. Amdahl was cited in 1987 by the Eckert-Mauchly Award Committee
for his “outstanding innovations in computer architecture, including
pipelining, instruction lookahead, and cache memory.”
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ERNEST GALEN ANDREWS

Born January 10, 1898, Topeka, Kan.; died October 13, 1980, Hanove,
N.H.; 1940s designer of the relay computers at the Bell Telephone
Laboratories; founding member of the Association for Computing Machinery.

Education: BS, mathematics, William Jewell College, Liberty, Mo., 1922.

Professional Experience: Installation Department, Western Electric Company,
1922-1925; Bell Telephone Laboratories, 1925-1959; Sanders Associates, Inc.,
Nashua N.H., 1959-1969.

Following service aboard the USS Kansas during World War I, Andrews
attended William Jewell College in Liberty, Mo., where he received a

bachelor’s degree in mathematics in 1922.1! In that same year, he
accepted a position with the installation department of the Western

Mg om La Porte and Stibitz, 1982.
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Electric Company in Kansas City, from which he was transferred to
Atlanta and then to New York City.

In 1925, Andrews joined Bell Telephone Laboratories upon its for-
mation out of the engineering department of Western Electric. Here
he worked for many years on installation and maintenance require-
ments in the switching-development organization. In 1941, with the
onset of World War II, he was made responsible for the design of radar
trainers and the preparation of radar instruction manuals. (Bell
Telephone Laboratories had begun work on the development and pro-
duction of radar in 1937, at the invitation of the US Navy.)

Andrew’s involvement with computing machinery began in 1943
and continued through the development and construction of five suc-
cessive models of early large-scale electromechanical computers. After
the war, he worked on the development of automatic message account-
ing systems for dial-central offices, but the focus of Andrew’s activities
was on the planning and programming of military systems, first as a
member of the military communications department and finally with a
study group 1n the military systems engineering department.

Following his retirement from Bell Telephone Laboratories in
June 1959, Andrews joined Sanders Associates, Inc., in Nashua, N.H.,
where he became manager of preliminary design.

Andrews held several patents and was the author of a number of
articles on early Bell Telephone Laboratories computing machinery.

Andrews’ principal contributions to early computer technology
included his work in the design and construction of the relay comput-
ers at Bell Telephone Laboratories and his efforts on behalf of the
Association for Computing Machinery. His work on the relay comput-
ers started in 1942 with the BTL Models II and III, and continued
through all the subsequent models of this series. He cooperated with
Samuel B. Williams on the later models and was especially helpful in
the design of the duplicate $250,000 copies of the Model IV, used at
NASA'’s Langley Field and at the Army’s Aberdeen Proving Ground.

“Andy” was a founding member of ACM and served for several
years as an officer and a member of committees in that organization.!?
He wrote several very early articles dealing authoritatively with the his-
tory and development of binary computers. Andrew and the group of
engineers he supervised contributed many useful concepts and
embodiments of those concepts in the development of binary comput-
ers. One of these contributions led to a true multiplier for the Model
III Computer. The multiplier stored and called out on demand the

12Contributed by George R. Stibitz.
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two-decimal products of all digits of the multiplicand by a digit of the
multiplier. The scheme permitted many shortcut methods of calcula-
tion. He contributed to the development of the automatic accounting
system of the Bell System, where he made use of his experience in the
relay computer field.

After two retirements, he was by no means ready to vegetate. He
was interested in the mechanism of the heart, and tried unsuccessfully
to establish a connection with people working in that field. He
retained an interest in developments in.that and many other areas of
applied science and communications up to the time of his death.
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MORTON MICHAEL ASTRAHAN

Born December 5, 1924, Chicago; died June 2, 1988, Los Gatos, Calif.;
instrumental in the development of the 1/O interrupt; organizer and first
chairman, IRE Professional Group on Electronic Computers (forerunner of the
IEEE Computer Society).

Education: BS, Northwestern University, 1945; MS, California Institute of
Technology, 1946, PhD, electrical engineering, Northwestern University, 1949.

Professional Experience: joined IBM 1949 and remained with the corporation
until his retirement on January 1, 1985.
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Honors and Awards: fellow, IEEE, 1969; AFIPS“Distinguished Service Award,
1975; Northwestern University Merit Award, 1984; IEEE Centennial Award,
1984. '

Astrahan joined IBM on graduation from Northwestern University in
1949 and a year later was involved in the specification and logic design
of IBM’s 701 computing system (the Defense Calculator), which was
also the company’s first commercial stored-program binary computer.
By 1952 he had complete responsibility for the I/O system develop-
ment and the prototype testing for the AN/FSQ7 computer at IBM
Poughkeepsie. The computer—developed for the SAGE Air Defense
System, which was still in use in 1983—was the world’s first large-scale
special-purpose time-sharing system and the first to use active/stand-by
duplexing. He contributed to the concepts of index registers for paral-
lel computers, associative memory, and the 1/0 interrupt, which led to
three patents. He moved to San Jose, Calif. in 1956, where his work
included directing research in multiterminal communications systems
and multiplexing systems. This work led to the first typewriter style ter-
minal and one of the first text editors. In 1962 he worked at IBM
World Trade in Paris, returning after two years to Los Gatos, where he
worked on the definition and early development of a computer-aided
instruction system in cooperation with Stanford University. In 1969 he
worked with Raj Reddy and Arthur Samuel on speech recognition. In
1970 Astrahan turned his hand to database systems (including work on
the Data Independent Accessing Model development of SQL), to
System R, high-performance optimization, and highly available sys-
tems.

Mort Astrahan was deeply involved in the AFIPS Joint Computer
Conference organization, serving on the Conference Committee for
34 years commencing in 1952.
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JOHN VINCENT ATANASOFF

Born October 4, 1903, Hamilton N.Y.; inventor of the Atanasoff Berry
Computer (ABC) with Clifford Berry, predecessor of the 1942 ENIAC, a serial,
binary, electromechanical, digital, special-purpose computer with regenerative
memory.

Education: BSEE, University of Florida, 1925; MS,
Iowa State College (now University), 1926; PhD,
physics, University of Wisconsin, 1930.

Professional Experience: graduate professor at Iowa
State College (now University), 1930-1942; US Naval
Ordnance Laboratory, 1942-1952; founder,
Ordnance Engineering Corp., 1952-1956; vice-presi-
dent, Atlantic Dir., Aerojet General Corp.,
1950-1961.

Honors and Awards: US Navy Distinguished Service
Award 1945; Bulgarian Order of Cyril and
Methodius, First Class, 1970; doctor of science, University of Florida, 1974;
Iowa Inventors Hall of Fame, 1978; doctor of science, Moravian College, 1981;
Distinguished Achievement Citation, Alumni Association, Iowa State
University, 1983; Foreign Member, Bulgarian Academy of Science, 1983; LittD,
Western Maryland College, 1984; Pioneer Medal, IEEE Computer Society,
1984; Appreciation Award, EDUCOM, 1985; Holley Medal, ASME, 1985; DSc
(Hon.), University of Wisconsin, 1985; First Annual Coors American Ingenuity
Award, Colorado Association of Commerce and Industry, 1986; LHD (Hon).,
Mount St. Mary’s College, 1990; US Department of Commerce, Medal of
Technology, 199013; IEEE Electrical Engineering Milestone, 1990.

Special Honors: Atanasoff Hall, named by Iowa State University; Asteroid
3546—Atanasoff—named by Cal Tech Jet Propulsion Laboratory and
Bulgarian Academy.

13p esented by President George Bush.
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“Advent of Electronic Digital Computing” 14

Introduction

I am writing a historical account of what has been an important
episode in my life. During the last half of the 1930s I began and, later
with Clifford E. Berry, pursued the subject of digital electronic com-
puting. Included were my conceptions of computing, and the con-
struction both of a prototype and of what I later called the Atanasoff
Berry Computer (ABC), to honor the memory of Dr. Berry’s extraor-
dinary competence. But my contacts with computing began much ear-
lier.

The year 1913 made an impression on my mind because so much
seemed to happen then. My family lived in a new house in Polk
County, Florida on the premises of a phosphate mine where my father
was an electrical engineer. Early that year, my father decided that his
position required him to have a better slide rule than the one he had.
Now, my father did not really need that new slide rule. So the new
slide rule was left for me, with its book of instructions. That slide rule
was my meat. In two weeks or thereabouts, I could solve most simple
problems with it.

Can you imagine how a boy of nine-plus, with baseball on his
mind, could be transformed by this knowledge? Baseball practice was
reduced to zero and a stern study of logarithms was substituted. By the
age of ten I became an expert in computing logarithms and many
other mathematical and scientific problems.

Early in high school, I decided to study theoretical physics as my
life’s work. However, at the University of Florida I studied Electrical
Engineering, since it was the most theoretical course given.

In September 1925, I started my graduate work in mathematics at
Iowa State College (now University) at Ames, Iowa.

In the period between 1925 and 1928, I taught mathematics at
Iowa State College, and continued graduate work in mathematics and
physics. I received a master’s degree in mathematics in 1926 at Iowa
State College. In March 1929, I went to the University of Wisconsin to
continue my work for the doctorate. I received my PhD in physics in
July 1930. My thesis was titled The Dielectric Constant of Helium.

This was my first experience in serious computing. Such calcula-
tions required many weeks of hard work on a desk calculator such as
the Monroe, which was all that was available at the time. I was also
impressed that the process of approximating the solution of partial dif-

14Adapted by J. V. Atanasoff from his original manuscript submitted to Annals of the History of Computing, 1983.
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ferential equations required a great many calculations, a fact that ula-
mately motivated my work in automatic computing.

After receiving my doctorate, I returned to Iowa State College
where I became assistant professor of Mathematics. There 1 gave
increased attention to the International Business Machines equipment
located in the statistics department. While this equipment did not per-
mit the mathematical dexterity of the Monroe, it nevertheless repre-
sented the largest calculator of the day.

As the only person in theoretical physics at ISU, I did not have
much competition. I was soon made assistant professor of both math-
ematics and physics and then, not too much later, an associate profes-
sor in both departments. At about that time (1934), I commenced to
give attention to the formal process of approximating the solution of
partial differential equations.

State of the Computing Art

As I came to feel the basic need for more powerful means of comput-
ing, I examined, in more detail, the types of apparatus that were avail-
able. I soon determined that computers could be divided into two
classes, analog and digital.

In analog computers, a number is represented by a physical quan-
tity in the machine as measured by some system of units. A digital com-
puter also requires some entity to represent numbers. Here, however,
the representation is not a simple one-to-one relationship, but is deter-
mined by a kind of algorithm called the Hindu-Arabic number system.
While historically this system used numbers to the base ten, we intend
no such restriction, for in theory any whole number greater than unity
can be used as the base. My own device and most modern computers
use the base two.

It seemed very clear to me that the advantages of the analog
approach had been largely explored and found wanting, except in
some special cases not requiring relatively high accuracy. For most of
the purposes of technology and science, we were left with a digital
approach. But to make this fully effective would require a new and
original art.

I thought I knew how a computer should work. First, the computer
would have to add and subtract, and later, one could expand these
operations into multiplication and division. At the time, I wondered if
anyone had devised a definition of multiplication that was not based
on addition, but the four elementary operations of arithmetic are
interrelated and all computing theoreticians have had to go along with
that fact. From the start, I was interested in carry-over; it is the crux of
the digital method.
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What are the characteristics with which the digital numbers are to
be represented? In those days I had little precedent as to the architec-
ture of a new digital computer of a larger size, that is, capacity. The
only attempt at a machine of sufficient capacity for my purposes was
the differential analyzer, an analog device which, as I have said, did not
seem promising. In simple computers and even in the tabulators, the
medium of representation was always mechanical, often the rotation of
a shaft, and I must admit that I was inclined to follow this precept.

Even at this early stage, the principal other medium that occurred
to me was an electrical state of a circuit. I had studied electrical engi-
neering and physics, and I had also studied and experimented with
electronics, then in its infancy. So it was perhaps natural that my mind
turned to this medium in which I had my greatest expertise. ‘

At an early point in my thinking about digital computers, I com-
menced to think about the effects of a change in the base of the num-
ber system. Now I had to visualize how a change in base would affect
computing structures. At that time, I had only a very vague idea of a
computing machine. I hoped that the nature of the arithmetic for the
various bases would indicate which one would be most advantageous
for a computer. These thoughts led to a conclusion which has stood
the test of time.

In looking over the 1936 art in computing, I had become con-
vinced that a new computer should provide for a much larger reten-
tion of data. Almost from the start, I called this “memory.” The word
seemed natural to me, as I suppose that it did to others, since it is still
in use today in a wide field including computers.

I now continue with a quotation from my transcript of testimony
which I gave in federal court on 1971 June 15:

“Well, I remember that the winter of 1937 was a desperate one for
me because I had this problem and I had outlined my objectives but
nothing was happening, and as the winter deepened, my despair grew
and I have told you about the kinds of items that were rattling around
in my mind and we come to a day in the middle of winter when I went
out to the office intending to spend the evening trying to resolve some
of these questions and I was in such a mental state that no resolution
was possible. I was just unhappy to an extreme degree, and at that time
I did something that I had done on such occasions—I don’t do it any-
more—I went out to my automobile, got in and started driving over
the good highways of Iowa at a high rate of speed.

“I remember the pavement was clean and dry, and I was forced to
give attention to my driving, and as a consequence of that, I was less
nervous, and I drove that way for several hours. Then I sort of became
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aware of my surroundings. I had, of course, been aware of the road
before, but then I became aware of where I was and I had reached the
Mississippi River, starting from Ames and was crossing the Mississippi
River into Illinois-at a place where there are three cities, one of which
1s Rock Island.

“I drove into Illinois and turned off the good highway into a little
road, and went into a roadhouse there which had bright lights. It was
extremely cold and I took my overcoat. I had a very heavy coat, and
hung it up, and sat down and ordered, a drink, and as the delivery of
the drink was made, I realized that I was no longer so nervous and my
thoughts turned again to computing machines.

“Now, I don’t know why my mind worked then when it had not
worked previously, but things seemed to be good and cool and quiet.
There were not many people in the tavern, and the waitress didn’t
bother me particularly with repetitious offers of drinks. I would sus-
pect that I drank two drinks perhaps, and then I realized that thoughts
were coming good and I had some positive results.

“During this evening in the tavern, I generated within my mind
the possibility of the regenerative memory. I called it ‘jogging’ at that
time. I'm thinking about the condensers for memory units, and the
fact that the condensers would regenerate their own state, so their
state would not change with time. . . . During that same evening, I
gained an initial concept of what is called today the ‘logic circuits.’
That is a non-ratcheting approach to the interaction between two
memory units, or, as I called them in those days, ‘abaci.’””

During that evening in the Illinois roadhouse, I made four deci-
sions for my computer project.

* I would use electricity and electronics as the media for the
computer;

* In spite of custom, I would use base-two numbers (binary) for
my computer;

* ] would use condensers for memory, but “regenerate” to avoid
lapse;

* I would compute by direct logical action, not by enumeration.

I am now amazed and pleased to find that each of my four decisions relates
to structures that are in use in modern compudters.

It is true that I did not invent the modern dynamic memory but
this memory uses capacitors (condensers) for memory, and the refresh
cycle directly derived from my jogging or regenerative ideas.
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So far, the work on the computer had been done by me in my
spare time. Since the trip to Illinois, I had used more than a year work-
ing mostly on jogging and logic circuits for adding and subtracting. 1
now felt much more confident that the project would be a success and
I knew that I could not go on alone. So, early in the spring of 1939, I
made an application for a grant from the dean of the graduate school.
I planned to hire an assistant and to have a small budget for materials
and shop work.

In selecting an assistant, I felt that I should choose an electrical
engineer, since most students entering graduate work in physics did
not have the mechanical or electronic skill. Soon after having these
thoughts, I met Dr. Harold Anderson, a professor of electrical engi-
neering, on the sidewalk in the center of the campus and told him of
my need. He already knew of my interest in computers, and he
answered in a moment, “I have your man—Clifford Berry.”

We started actual work at the beginning of the fall quarter of 1939.
Our first effort was to try to prove the feasibility of this new method of
computing that I had developed using theory only.

The Prototype Computer

Even before the fall quarter had begun, Clifford had studied my plans
and we were soon involved in a discussion of how we should proceed.
We both agreed that the theoretical aspect of these plans, however
necessary 1t had been, would have to be reduced to practice. Each por-
tion of my design would have to be built, examined and fully tested. In
the end, we would compose these parts to form a prototype of a com-
puter to see if the portions would co-act as I had planned. There were
parts of the whole that were not fully designed and we would have to
devise them and bring them to fruition.

As I have said, I chose condensers (or capacitors) as the element
for memory, because a condenser can give a good voltage to actuate a
vacuum tube, and because the vacuum tube will give enough voltage to
recharge the condenser.

We next had to study how condensers would operate as memory
elements, and we soon learned that almost any condenser would work.
We selected paper capacitors of about 0.0015 microfarads capacity.

I suppose the reader will have gathered that I was delighted with
the concept of jogging. Jogging is reminiscent of the little boy going to
the grocery store and reciting, “a dozen eggs, a pound of butter,” over
and over, hoping to arrive at the store before his memory has failed.
Jogging may be employed when a memory element has two states and
when they deteriorate over time, we can cause it to pass from one state
to the other.
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In the 1930s vacuum tubes were the only active element available
for electronics. It was hard to get a low-voltage, direct-current source,
and so we wished to use alternating current for our tubes. This limited
us to heater type tubes. The only objection was that the heater types
used much more power for the heat source.

Almost as soon as the prototype was completed, it began to work
very well. Our visitors who understood what was going on were sur-
prised to find so much structure giving additions and subtractions that
were correct. Of course, our explanation to them had to cover
base-two number theory.

There 1s little doubt that the prototype, which was the first elec-
tronic digital computer, was completed near the end of 1939. My mem-
ory said November 1939. Much later, during cross examination in
court, counsel for defense (Sperry-Rand) showed me material which
purported that this was not until early in 1940. In re-cross, material was
adduced by counsel for the plaintiff (Honeywell) which showed that
the first demonstration was in October 1939.

The prototype was, of course, a relatively crude device. It could
just add and subtract the binary equivalents of decimal numbers hav-
ing up to eight places. Nevertheless, Clifford Berry and I regarded this
machine as a great success. It settled many doubts about how an elec-
tronic computer should be built:

* The device was digital, not analog like the differential ana-
lyzer;

*  While the clock system was mechanical, all computing was elec-
tronic;

* For the first time, vacuum tubes were used in computing;

* The very advantageous base-2 number system was first used;

* Logic systems were first employed in computing;

e All computation was done in a serial manner;

* (Capacitors (or condensers) were used as memory elements;

* Arotating drum memory contained the capacitors;

* What I called jogging (which others now call regeneration or
refreshing) was first used in computation.

Clifford E. Berry and I were very pleased to have access to a
method of computing with such power. Once our prototype had
proved successful, we both knew that we could build a machine that
could do almost anything in the way of computation.

During the early years, our computer had a title relating to the
solution of large systems of linear algebraic equations. About 1968, I
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became aware that it would be discussed at length, and, since Berry
was dead, I wanted a title that would honor him for his extraordinary
ability and effort in developing this computer. Accordingly, I renamed
it the Atanasoff Berry Computer . . . the ABC.

In order to get started fast, I decided to take a chance and estimate
the size of the machine. I knew a few dimensions of the various parts
that were to go into it. I was repeatedly trying to estimate the number
of vacuum tubes I would need for this digital electronic computer.
Arbitrarily, we had decided that it would operate over 30 fields, and so
would require 30 add-subtract mechanisms. Without very much figur-
ing, I made an estimate of the size of the total machine and arrived at
roughly the size of an office desk. So, I ordered a lot of angle iron for
the frame. People saw these irons at the back entrance of the physics
building and wondered about them. I heard someone replying to a
question, “Oh, Atanasoff thinks he i1s going to make a computer out of
those angle irons.”

At that time, the largest digital computer was the IBM tabulator.
The one we had at Iowa State College could tabulate and sum 40
columns of the 80 that the punched card provided. But we knew there
existed machines which could tabulate and add the full 80 columns,
divided into ten fields of eight columns each. . . . We planned a
machine of 3000 fields of memory, which would in fact calculate at a
speed of about 30 times that of the largest IBM tabulator.

When one starts a new and strange project, one must expect that it
will be in financial trouble from the start. I had received some aid
from Iowa State College, and expected and did receive more from
time to time. However, I knew that I should seek some other source for
the funds necessary to complete the computer project.

In my requests to Iowa State College, I had used a two-page
write-up, but in asking others for help, I needed something better.
During the spring and summer of 1940, I used my spare time to write
not only what we had done, but also what we proposed to do during
the remainder of the project. This paper, finished on August 14, 1940,
has been reprinted by Brian Randell in his book The Origins of Digital
Computers (1982).

I felt that the work we were doing on computers should be patent-
ed, and so, at an early stage, I had investigated the subject of patents at
Iowa State College. It seemed clear to me that there was no firm policy
on the subject. I learned that the Iowa State College Research
Foundation (ISCRF), whom I consulted concerning a patent applica-
tion, did not regard their own patent counsel as adequate for this task.
I was referred to Mr. Richard R. Trexler, a Chicago patent attorney.



35

When ultimately ISCRF and I entered into a contract for the proceeds
of a patent on my invention, they agreed, in principle at least, to use
Mr. Trexler as our patent attorney.

No official pronouncement was made on the terms of a contract,
or even on the necessity for a contract, until Dr. Friley, president of
Iowa State College, received the letter of March 24, 1941, from
President Howard Poillon of Research Corporation granting $5330, a
considerable amount of money in those days. Then, from a seeming
absence of any policy, the situation changed drastically and Iowa State
College policy was suddenly firm. I am still not exactly sure how it all
came about, but I have since seen a letter from Dr. Friley to ISCRF say-
ing that Iowa State College should hold onto rights to the patent on my
invention. I very soon heard from ISCRF. The first words came to me
verbally; in substance, I would not be allowed to use the grant until I
signed a patent contract with ISCRF. I signed the contract in July 1941.

At the time I first contacted Trexler (August 6, 1940), I was finish-
ing my manuscript on “Computing Machines for the Solution of Large
Systems of Linear Algebraic Equations,” and I supplied him with a
copy. This did not satisfy Mr. Trexler, so with some help from me, he
drew up a rather extensive specification covering the details of the
patent, and together we directed a draftsman in making the patent
drawings.

At this state in my scientific career, I usually attended the winter
meeting of the American Association for the Advancement of Science,
which in those days was scheduled between Christmas and New Year’s.
So, late in 1940, I turned my car eastward with my family and after
other activities, on December 26 I attended the meetings in
Philadelphia for three days. My interests were rather wide, and I fre-
quently moved between the sessions of the various societies which
would meet with the AAAS. There were, of course, no papers on com-
puting in the modern sense, but I was interested in calculation in gen-
eral. As a consequence of this, I visited what I clearly remember was a
more than ordinarily dusty, chalk-filled classroom assigned to Dr. John
W. Mauchly for giving a paper on an application of a harmonic analyz-
er, which he had constructed, to some weather phenomena. After the
paper was over, I advanced to the podium.

He was very enthusiastic about his analog electrical system for
doing Fourier transforms, which had been the subject of his paper. We
talked for most of an hour in this first meeting. In the end, we shook
hands and promised to write.

Dr. Mauchly made good on his promise to write. My files do not
have his first letter, but they do have a letter from me dated January
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23, 1941, answering him and inviting him to come and see me.
Mauchly was well pleased with my invitation and there were a succes-
sion of letters between us. My memory is that he arrived about dark on
Saturday, June 14, 1941, accompanied by his young son Jim.

My memory is very clear that he first saw the computer with his
son and my family. There was no one else around, this being Sunday,
and this checks with his letter saying he might spend Friday at Iowa
City. The computer was covered with a sheet to prevent dust from set-
tling on it, but I quickly removed this obstruction and he saw the ABC
for the first time. The machine was in process of construction at this
point.

I believe that Dr. Mauchly and his son left Ames early on Friday,
June 20. Meanwhile, two-thirds of our waking time was spent talking
about computers. He read my manuscript and would have liked to
take a copy home with him, but I did not allow him to do that. He read
all parts of this description of our machine and discussed 1t with me.
Sam Legvold was a graduate student of mine working on another of
my projects in a room next to the computer. Much later, he told the
federal court in Minneapolis of Mauchly having his coat off and work-
ing with the machine, when I was otherwise employed. Mauchly took
the manuscript to my home with him, and he took notes on white
bond paper which I gave him, at his request.

Mauchly and I had a very cordial relationship while he was at
Ames, and after he left we still corresponded, though at less frequent
intervals. On September 30, 1941, he wrote a letter to me which con-
tained the question, “. . . would the way be open for us to build an

‘Atanasoff Calculator’ (a la Bush analyzer) here?” In my answer of
October 7, I had to tell him:

Our attorney has emphasized the need of being careful about the dis-
semination of information about our device, but it does require that
we refrain from making public any details for the time being. It is, as a
matter of fact, preventing me from making an invited address to the
American Statistical Association.

On December 7, 1941, the Japanese bombed Pearl Harbor and the
US was involved in that terrible holocaust. The future of everyone had
to be adjusted to meet this emergency. Soon it became evident that
Berry would be drafted unless he were engaged in a warrelated pro-
ject. Our computer work did not have such a preferred status, and
although I did what I could to get him deferred, the draft board had
never heard of our project. As a result, Mr. Berry started to look for a
position for which he could be deferred. He was so able that he quick-
ly found a suitable position with Consolidated Engineering Corpora-
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tion of Pasadena, Calif. He married my secretary, Jean Reed, and on
July 1, 1942, he left Iowa State College.

During the spring and summer of 1942, I continued to work with
the ISCRF and Mr. Trexler to get the patent under way. There always
seemed to be some reason why it should be put off, however, and put
off it was. The patent was never applied by lowa State College, proba-
bly due to short-term financial considerations.

US Naval Ordnance Laboratory (1942-1948)

I began work at the Naval Ordnance Laboratory (NOL) late in
September. The NOL was the research laboratory of the Bureau of
Ordnance. It had responsibility for depth charges, and mines and vari-
ous other projects, as assigned. Historically, it had been located in the
US Naval Gun Factory, beside the Anacostia River, and there it
remained until the war was over and a new laboratory was constructed
north of Washington, D.C., at White Oak, Md.

Although acoustics had not been one of my particular fields of
interest, I was a theoretical physicist, and so I was put in charge of
acoustical testing of mines for the Navy Ordnance Laboratory.

My first objective was to get acquainted with the subject of
acoustics. My next objective was to acquire a staff. I was able to get the
services of David Beecher. He had not been my major graduate stu-
dent (at Iowa State College) but I knew him well, and he had on occa-
sion, worked on the ABC. Later I was able to get both Dr. Herman
Ellingson, who was on the staff of Luther College in Decorah, Iowa,
and my former major student, Sam Legvold. The rest of my staff came
from various other sources.

Although I do not have the date, I think that early in 1943 I was
seated at my desk in my noisy, dirty space in Bld. 184, when I felt some-
one approaching me from the right. It was Dr. Mauchly. By some
means, he had become attached to the NOL, his security clearance was
satisfactory, and somehow he attached himself to my staff. The exact
basis of his employment with NOL was never known to us. I intro-
duced him to my superior, but he had no more knowledge than I. I
did not know how much money he received for his consulting services
and I was too busy to find out. He said he was still employed by the
Moore School, but he came back once or twice a week. At first, I
planned various things for him to do; later, I attached him to Dr.
Ellingson’s statistical group. I do believe, however, that every time he
came in, he stopped by to see me briefly.

One such occasion, he told me that he and J. Presper Eckert had
devised a new way to compute. I remember that I was very busy, but I
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asked him to tell me about it. His reply was simple: “I cannot, the sub-
jectis classithed.”

The visits of Mauchly continued sporadically until the end of the
war. On August 30, 1944, both Mauchly and Eckert visited me in the
Gun Factory. I believe that at least Eckert did not have proper security
clearance for the area and so they were escorted. They had arranged
through the Army and the Navy to obtain my services on quartz trans-
ducers. Although I agreed to help them, they filled their needs else-
where. This was the only time I ever saw J. Presper Eckert.

In a period from September, 1942 until the war ended, I was in
Ames every few months, and I took the time to see some member of
Iowa State College and discuss the prospect of filing a patent applica-
tion on our work on computers. At various times, I also wrote ‘to
Counselor Trexler and to the ISCRF. During the first year or two, I
really believed that a patent would be applied for. Much later, Mr.
Trexler said he had never been authorized to proceed.

I have in my files an Iowa State College interotfice memo without
signature, written, I believe, by Dean R. E. Buchanan, of Iowa State
College, and it is concerned with the patent situation. The date was
June 26, 1948, but I did not see it for perhaps twenty years. The
author speaks of seeing me at the NOL, and I do remember seeing
Dean Buchanan at about that time. He speaks of “Atanasoff’s saying
that the computer was probably largely obsolete.” This was clearly
incorrect; I spoke, rather, of the need for moving rapidly if anything
was to be salvaged from our work. The memo gives no explanation of
the delay in executing the patent contract between Iowa State College
and me.

About September 1945, while I was attending a staff meeting at the
Gun Factory, my superior, Dr. L. H. Rumbaugh, told us that the
Bureau of Ordnance was going to build a computer. Of course the
research department would do the work. It was over three years since I
had left computing at Iowa State College, and I had not spoken of this
part of my history; it was known, however, and so I was selected to
head the project. ,.

Dr. John Mauchly came to see us for the first time in several
months. In the last years of his life, he claimed that on this occasion I
asked him how to build a computer. I do not remember doing this and
do not believe I did; in any case, I do remember that as always we
talked of many things but I heard nothing from him about computers.

The computer project seemed to be doing very well except for
understaffing, but in a short time my superior and I were called to the
office of the chief of research of the Bureau of Ordnance and we were
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told that the Bureau wished to discontinue this project. As is usual in
such cases, no basic reason was given. After the conclusion of the com-
puter project, Dr. John Mauchly no longer came to the NOL and I saw
him again only once, at a much later date, when he came to my house
with Laurence B. Dodds, Counsel for Sperry-Rand.

The Ordnance Engineering Corporation (1952-1961)

Early in 1952, I was thinking of the types of experience I had encoun-
tered. I was 48 years old and I knew that if I wanted to be involved in
private enterprise, the time had come; one of my friends, in fact, had
told me that I was already too old. However, with a few firm friends, I
incorporated The Ordnance Engineering Corporation (TOEC) in the
state of Maryland.

During the first years of this corporation, we rented space in
Rockville, Md. On June 15, 1954, we received a visit from Mr. A.J.
Etienne, who was a patent attorney for International Business
Machines Corporation. As soon as I learned that we were going to dis-
cuss patents, I called David Beecher, our vice president, into the con-
ference. Mr. Etienne announced his purpose by saying in substance, “If
you will help us, we will break the Mauchly-Eckert computer patent; it
was derived from you.”

I hesitated to reply to Mr. Etienne. I was looking back over the
years that had passed since Mauchly had told me (in 1943) that he and
Eckert had invented a “new method of computing, different from
yours,” and I had believed him. This was the first substantial item to
the contrary that I had encountered. I did not know of the patent to
which Mr. Euenne was referring, that is, the Regenerative Memory
patent 2,629,827, issued the previous year (1953). (The ENIAC patent,
applied for in 1947, was not issued until 1964.)

I remember wondering if Etienne was correct.

In 1956, we sold the corporation to Aerojet General Corporation,
with principal offices in Azusa, Calif. After our incorporation into
Aerojet General (AGC), we were called the Atlantic Division. In 1959, 1
was made vice president of AGC and managed the Atlantic Division.

As the US changed to peace conditions after the Korean War, I
used my experience in computing to shift the activity of the Atlantic
Division toward the invention and manufacture of automatic equip-
ment for parcel handling and sorting. By this time, I had found being
a “corporation man” not to my liking. Accordingly, I resigned as vice
president of Aerojet General Corporation early in 1961.

During these years, I was well aware of the growing interest in com-
puting. Even before Mr. Etienne’s visit, I knew that certain companies
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were making inquiries of anyone skilled in the art, including Dr.
Clifford E. Berry and myself.

From time to time during the twenty-plus years that had elapsed
after Berry had left Ames, I visited Clifford and Jean in their home in
Altadena. Nearly every time that my business called me to California, I
took an evening to spend with them and their fainily. During, say, the
first two-thirds of this period, I was told of his interest in and success
with his work, and of his rapid advancement with his company. I do
not know exactly when this picture changed; perhaps by 1960, though,
Clifford, while still excited with his work, was less satisfied with the
position he held with his company. I also noticed a slight cynicism in
his general attitude, which I took to be a natural consequence of
aging. ‘

Late in 1963, I was overwhelmed to get a letter from Jean Berry,
saying that Clifford had resigned his position, taken a place with a
company in Long Island, and had died one night at his apartment.

In late 1967, still feeling unhappy over his death, I made a person-
al investigation of it. I located his apartment and talked with the man
who had first found him. I also visited the police of the county, since
his death was not natural; he had been found in bed with a plastic
sack over his head but with his bedclothes smoothly over his arms,
which were by his sides. An autopsy revealed that his brain plasma had
0.12% alcohol content, which would have permitted him to drive a
car in some jurisdictions. He had been taking dilantin because of
recent epilepsy, and so his blood and brain were carefully examined
for this and other drugs; none was found. Suicide, said the author-
1ties.

Preliminaries of Litigation

On April 26, 1967, 1 was visited by Mr. Allen Kirkpatrick, a patent attor-
ney of Washington, who represented Control Data Corporation (CDC).
He had learned of me by reading a book, Electronic Digital Systems, by R.
K. Richards. Mr. Richards had seen our computer with Clifford Berry. I
soon was told that Sperry-Rand Corporation was suing CDC, and was
given a quick summary of the issues. Later, Mr. Kirkpatrick furnished
me copies of the patents involved, and suggested that I scan their
claims to find any that were developed in my own work.

During his April visit, Mr. Kirkpatrick also told me that Sperry-
Rand was going to sue Honeywell (my notes say that the Honeywell
suit was begun on May 26, 1967). More specifically, Honeywell was to
be sued by Illinois Scientific Developments, Inc. (ISD), a subsidiary of
Sperry-Rand. Kirkpatrick gave me some information on the Honeywell
suit as well. At about this time, I also was contacted by Henry Hanson,
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D. Dennis Allegretti, Charles G. Call, patent attorneys, and Henry
Halladay, trial attorney, all of whom represented Honeywell in that
case. I agreed to do consulting work for both CDC and Honeywell.

Then, not long after Mr. Kirkpatrick came to see me, I was
approached by attorneys George Eltgroth, Norman Fulmer, and H.
Mial Dustin of General Electric. Fulmer had been at Iowa State
College and had actually worked on the ABC. When these men visited
me, I had partially read the ENIAC patent and I knew that certain
claims were derived from my work. /

Law 1s not my specialty, although I had spent some 2000 hours
studying patent law over the years, and I append the following from
hearsay. Sperry-Rand, having acquired certain patents from Mauchly
and J. Presper Eckert, in particular the ENIAC patent 3,120,606 and
the Regenerative Memory patent 2,629,827, felt that they had a basic
patent control of the computing machine field, and sought to levy roy-
alties on those companies in violation of the claims of their patents. I
have heard these royalties were estimated at one billion dollars, all told.

To begin this legal process, Sperry-Rand chose to sue CDC over
the Memory patent and Honeywell over the ENIAC patent, since both
CDC and Honeywell had resisted paying royalties; Honeywell
counter-sued for anti-trust violation and became the plaintiff in a com-
bined ENIAC suit.

The Memory patent had been applied for in 1947 and was issued
in 1953. The ENIAC patent had been applied for in 1947 and was
issued in 1964. For some legal reasons and/or the desire of judges, the
suit of Sperry-Rand vs. CDC was to be held in Baltimore and the suit of
Honeywell vs. Sperry-Rand was planned for Minneapolis.

It was soon clear to everyone that these lawsuits would become
monumental in computing machine history and would take some
years before coming to trial.

After learning from the attorneys of Honeywell and CDC how seri-
ously they regarded the litigation, I made a careful search of my
papers. I had just moved into a new house and had a collection of
boxes which had not been opened for many years. Some of these had
been with me and some had been in storage. In two of these boxes, I
found my files for the computing machine. These represented hun-
dreds of items which were later used in the litigation.

I was interested, but slightly amused, that I had found myself in the
mesh of the federal court system of our nation. I have always been
intrigued by the law and our patent system, but jurisprudence is far
removed from the fields in which I have labored. Watching these two
cases unfold in our federal courts gave me a little deeper feeling of
how man gets along with man.
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Formal Litigation

We use the term “formal litigation” for the two processes, deposition
and trial, by which evidence is produced for the judge (or jury) to use
in reaching a verdict. This part of litigation 1s the major part; in impor-
tant cases, the records become voluminous. In the matter of computer
litigation being considered here, there were only two cases at that
time, the Memory case and the ENIAC case; even so, the legal docu-
ments numbered in the thousands.

In the early years while the trials were pending, there were many
depositions, including those of the principal witnesses and of many
other witnesses who would not attend the trial. I was deposed once for
each of the two trials. While my first deposition, on the Memory case,
was rather short, the second, on the ENIAC case, lasted approximately
two weeks, beginning on November 11, 1968. In both cases, Dodds was
counsel for Sperry-Rand.

Among the witnesses deposed (of personal interest to me) were
myself, both trials; Mauchly, both trials; J. Presper Eckert, both trials;
Lura Meeks Atanasoff, both trials; and Sam Legvold, both trials; as well
as many other people. Clifford Berry was not alive at the time of the
deposition, but in a way a letter he wrote to R.K. Richards!* on March
22, 1963, quoted again and again in the trial, served as a statement by
him of the situation when Mauchly came to Ames.

The deposition of Dr. John W. Mauchly October 11, 12, 13, 1967,
was taken on behalf of the defendant, CDC, in the suit by Sperry-Rand
on the so-called Memory patent 2,629,827 and certain other patents.

Mauchly spoke of his visit to see our machine. He spoke of being
cordially received, but hinted that no one was willing to tell him all
about the machine. He claimed that nothing worked except the
motor. There was no demonstration of the action of the machine, he
asserted.

He said he had no time with the machine: perhaps half-an-hour.
Later: perhaps 1% hours.

He saw one cylinder of condensers, he said. He learned that mem-
ory was retained by the use of regeneration, but said he was not told
how the regeneration worked.

Both Sam Legvold (a former student and employee) and myself,
on deposition and in trial testimony, stated under oath (and Berry in
his 1963 letter to Richards corroborated), that when Mauchly visited
the computer laboratory at Ames, he was given the full details of the
project and he was given much more than anyone else; that he was
given the complete current operational test of the computer; that he

14See Biography of Clifford Berry, p. 89.
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spent a length of time with the machine in excess of 16 hours, took his
coat off to work on the machine in his shirtsleeves and held certain
parts of the machine in his hands; and that he saw our current memo-
randum (August 1940) on the machine and took notes.

Honeywell versus Sperry-Rand

This trial was held in the federal court at Minneapolis, with Judge Earl
R. Larson presiding. It began June 1, 1971. Knowing that I would be
an early witness, I went to Minneapolis on June 7. For the moment, I
spent my time listening to the court testimony and having private
briefings by counsel for Honeywell.

This being my first testimony in a federal court, I took it very seri-
ously. The total record associated with my presence on the witness
stand was 1,338 pages long. Of this, the major portion was describing
the computer; one of the last parts related to the period when
Mauchly was working for me at the NOL, and I have covered that in
my historical summary of the case.

It was late on Friday, June 25, 1971, and I was through testifying,
after nine days on the witness stand. I took time to say good-bye to
some of the staff, including the court reporters, who had stood by and
prepared good copy in spite of technical words and low tones.

Then I looked over at the table for Sperry-Rand and there was
(Counselor) Mr. Ferrill, alone, picking up some papers. I do not want
to be lacking in manners, and so I advanced with my hand extended
to say good-bye to him. I find it hard to describe what happened for
the next few seconds; I felt that I was looked over in some minute
detail. In the end, though, he reluctantly took my hand. He did not
look happy; perhaps he knew better than I of the effects of my testi-
mony.

The trial in the ENIAC case ended on March 13, 1972; it had taken
135 days or parts of days. A total of 77 witnesses were heard. The total
trial transcript was 20,667 pages. After the trial ended, Judge Larson
took some time to reach his decision, which was finally issued on
October 19, 1973. Of course, this was a decision that should have
received major press coverage; the press, however, was occupied with
other matters, because October 20 was the date of the Saturday Night
Massacre of Watergate fame.

The decision itself comprised 248 pages of legal paper, with an
appendix of 60-plus pages. The judge found 17 specific claims on the
ENIAC patent invalid on a variety of grounds, including two claims
taken to be representative of the subject matter derived from me by
Mauchly and Eckert. He found the entire patent invalid on three
grounds unrelated to actual inventorship: public use, sales, and pub-
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lished disclosure, all dated more than one year prior to the ENIAC
patent filing date of June 26, 1947. Of greater significance to me is the
fact that he also found the entire patent invalid on the ground of
derivation from my prior electronic digital computer. I quote relevant
passages from Judge Larson’s decision:

“The subject matter of one or more claims of the ENIAC was derived
from Atanasoff, and the invention claimed in the ENIAC was derived
from Atanasoff.”

“Eckert and Mauchly did not themselves first invent the automatic
electronic digital computer, but instead derived that subject matter
from one Dr. John Vincent Atanasoff.”

“Between 1937 and 1942, Atanasoff, then a professor of physics
and mathematics at Jowa State College, Ames, Iowa, developed and
built an automatic electronic digital computer for solving large systems
of simultaneous linear algebraic equations.”

“This breadboard model machine, constructed with the assistance
of a graduate student, Clifford Berry, permitted the various compo-
nents of the machine to be tested under actual operating conditions.”

“The discussions Mauchly had with both Atanasoff and Berry while
at Ames were free and open and no significant information concern-
ing the machine’s theory, design, construction, use or operation was
withheld.”

“Prior to his visit to Ames, Iowa, Mauchly had been broadly inter-
ested in electrical analog calculating devices, but had not conceived an
automatic electronic digital computer.”

“Eckert and Mauchly did not themselves first invent ‘the automatic
electronic digital computer,” which Sperry-Rand and ISD contend to
be the subject matter of the ENIAC patent, but instead derived that
broad subject matter from Dr. John V. Atanasoff, and the ENIAC
patent is thereby invalid.”

After thus spelling out the conduct of Mauchly and Eckert in
regard to me and my work, Judge Larson presented the other side of
the picture, including a lack of action by me, and found Honeywell
not entitled to antitrust damages for willful and intentional fraud on
the Patent office.

In addition to his findings on the derivation of the ENIAC from
me, Judge Larson now ruled that the Regenerative Memory Patent No.
2,629,827 at issue in the CDC case in Baltimore, was derived from me.

Disposition of the Two Cases
Everyone expected that Judge Larson’s decision would be appealed,
but rather quickly it was settled by the payment of money and an

agreement between the parties that each would support the judge’s
decision of 1973. I have been told that Sperry-Rand paid $3,500,000,
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sufficient to reimburse Honeywell for the cost of the trial. Thus ended
this important case.

As to the Computer Memory case in Baltimore, I acted as a witness
in it after the ENIAC trial was over. The trial in that case was active for
only a few days; then it was abandoned from lack of interest of princi-
pals or counsel. In 1981, nine years later, some important judge insist-
ed that the case be settled, and so it too was settled by a contractual
agreement, this time between CDC and Sperry-Rand. I was told that a
payment of money was made here also, by Sperry-Rand, but the
amount and other terms were not disclosed. The matter was moot,
because the patent had expired.
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WiLLIAM ATCHISON

Born April 7, 1918, Smithfield, Ky.; computer science educator who was a
major contributor to, and influence on the development of, “Curriculum 68,”

which in turn set the standards for computer science curricula throughout the
US.

Education: BA, mathematics and chemistry,
Georgetown College, Kentucky, 1938; MA, math-
ematics, University of Kentucky, 1940; PhD, math-
ematics, University of Illinois, 1943; post-doctoral

studies, mathematics, Harvard University,
1950-1951.

Professional Experience: laboratory assistant, Physics
Laboratory, Georgetown College, 1936-1938; assis-
tant, mathematics, University of Kentucky,
1939-1940; University of Illinocis: teaching assistant
and instructor, mathematics, 1940-1944, instructor
and assistant professor, mathematics, 1946-1955;
Georgia Institute of Technology: research associate professor, 1955-1963,
research professor, mathematics, 1963-1966, head, programming and coding
group, Rich Electronic Computer Center, 1956-1957, chief, Rich Electronic
Computer Center, 1957-1966, acting director, School of Information Science,
1963-1964, professor, Information Science, 1963-1966; University of
Maryland: director, Computer Science Center, 1966-1973, acting chairman,
Department of Computer Science, 1973-1974, professor, computer science,
1966-1988, professor emeritus, 1988—present; senior computer scientist,
National Institute of Education, 1974-1975.

Honors and Awards: ACM Distinguished Service Award, 1973; Chester Morrill
Memorial Award, Chesapeake Division, Association for Systems Management,
1975; Special Award, IFIP WG 3.1, 1974; First ACM SIGCSE'® Award for

15Special Interest Group on Computer Science Education.
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Outstanding Contributions to Computer Science education, 1981;
Distinguished Alumni Award, Georgetown College, 1982; honorary member,

IFIP WG 3.1, 1992.

Atchison’s principal contributions to the field of computer science
were In the areas of computer science education and curriculum. He
was chair of the Association for Computing Machinery Curriculum
Committee on Computer Science (C3S), which produced “Curriculum
68” [Atchison et al. 1968] and its predecessor, “An Undergraduate
Program in Computer Science,” published in 1965. Curriculum 68
served as the basis for most undergraduate programs in the US as well
as for computer science programs in many overseas countries.
Atchison made many presentations on Curriculum 68 both in the US
and abroad. He wrote “The Development of Computer Science
Education” for Vol. 24 (1985) of the series entitled Advances in
Compudters.

Atchison was very active in several professional societies including
ACM, American Federation of Information-Processing Societies
(AFIPS), the National Council of Teachers of Mathematics, and
EDUCOM, from 1956 until his retirement in 1988. He was particularly
interested in promoting computer education in secondary and prima-
ry schools, as well as in colleges. He was also interested in helping
developing nations enhance their computer education efforts.

He served as a member of the AFIPS Education Committee, serv-
ing as chair for several years. He was the AFIPS representative to the
International Federation for Information Processing (IFIP) Education
Committee, serving as vice-chair of the Education Committee (TCh-3),
and chair of the Secondary Education Working Group (WG 3.1).
Through this medium he organized three international working con-
ferences on the use of computers in secondary education. While the
representative of the University of Maryland to EDUCOM, Atchison
was elected to serve as chair of the Interuniversity Communication
Council for the 1972-73 period.

Atchison’s computer experience started on the ILLIAC at the
Univ. of Illinois in 1951. He programmed the ILLIAC to do random
walks in simulation of long chain rubber modules; several papers, writ-
ten jointly with two physical chemists, resulted from this work.

Atchison spent two years in the US Navy (1944-1946), serving as
Educational Services Officer on the island of Guam. While there, he
and his staff ran 22 college courses for the GIs about to return home
from service.
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IsAAC L. AUERBACH

Born October 9, 1921, Philadelphia, Pa.; died December 24, 1992, Narberth,
Pa.; first president and founder of the International Federation for
Information Processing (IFIP).

Education: BSEE, Drexel University, 1943; MS,
applied physics, Harvard University, 1947.

Professional Experience: research engineer, Univac
Division, Sperry-Rand Corp., 1947-1949; manager,
Defense Space and Special Products Division,
Burroughs Corp., 1949-1957; president, Auerbach
Associates, Inc., 1957-1976; president, Auerbach
Publishers Inc., 1960-1981, chairman, 1981-1986.

Honors and Awards: National Academy of Engineer-
ing; president, IFIP, 1960-1965; fellow, IEEE; fellow,
AAAS; distinguished fellow, British Computer
Society; DEng (Hon.), Drexel University.
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Isaac Auerbach was a member of the original team for the design of
the BINAC and Univac I in the late 1940s. He directed the develop-
ment of the first transistorized guidance computer used in the US
Space Program. He developed an extraordinarily reliable magnetic
core encryption/decryption communication system. He founded
many companies in the computer field, including Auerbach
Associates, the first computer consulting company, which grew into a
multinational organization responsible for the design of command
and control systems for the Pacific and Indian Oceans; and Auerbach
Publishers, a leading source of electronic data processing and manage-
ment iInformation services. He was the biographer of several IFIP and
AFIPS personalities—Victor Glushkov, Niels Ivar Bech, Dov Chevion,
and Harry Goode. In 1994 IFIP created a new service award in his
name.

QUOTATION:

“I am not a great writer, although a decent, innovative, and creative
entrepreneur, and a competent editor.”
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CHARLES BABBAGE

Born December 26, 1791, in Teignmouth, Devonshire, UK; died 1871, London;
known to some as the “Father of Computing” for his contributions to the basic
design of the computer through his Analytical Engine. His previous Difference
Engine was a special purpose device intended for the production of tables.

Whale he did produce prototypes of portions of the Difference Engine, it
was left to Georg and Edvard Schuetz to construct the first working devices to
the same design, which were successful in limited applications.

Significant Events in His Life: 1791, born; 1810,
entered Trinity College, Cambridge; 1814, graduat-
ed Peterhouse; 1817, received MA from Cambridge;
1820, founded the Analytical Society with Herschel
and Peacock; 1823, started work on the Difference
Engine through funding from the British
Government; 1827, published a table of logarithms
from 1 to 108000; 1828, appointed to the Lucasian
Chair of Mathematics at Cambridge (never present-
ed a lecture); 1831, founded the British Association
for the Advancement of Science; 1832, published
“Economy of Manufactures and Machinery”; 1833,
began work on the Analytical Engine; 1834, founded the Statistical Society of
London; 1864, published Passages from the Life of a Philosopher; 1871, died.

OTHER INVENTIONS:

The cowcatcher, dynamometer, standard railroad gauge, uniform
postal rates, occulting lights for lighthouses, Greenwich time signals,
heliograph ophthalmoscope. He also had an interest in cyphers and
lock-picking, but abhorred street musicians.

Babbage Observed!

Near the northern pole of the moon there i1s a crater named for
Charles Babbage. When he died in 1871, however, few people knew
who he was. Only one carriage (the Duchess of Somerset’s) followed
in the burial procession that took his remains to Kensal Green
Cemetery. The Royal Society printed no obituary, and the [London]
Times ridiculed him. The parts of the Difference Engine that had
seemed possible of completion in 1830 gathered dust in the Museum
of King’s College.

lReprinted with permission from Datamation, March 1985 (edited) ©1985 by Cahners/Ziff Publishing
Associates, L.P.
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In 1878 the Cayley committee told the.government not to bother
constructing Babbage’s Analytical Engine. By the 18330s Babbage was
known primarily for his reform of mathematics at Cambridge. In 1899
the magazine Temple Bar reported that “the present generation appears
to have forgotten Babbage and his calculating machine.” In 1908, after
being preserved for 37 years in alcohol, Babbage’s brain was dissected
by Sir Victor Horsley of the Royal Society. Horsley had to remind the
society that Babbage had been a “very profound thinker.”

Charles Babbage was born in Devonshire in 1791. Like John von
Neumann, he was the son of a banker—Benjamin (Old Five Percent)
Babbage. He attended Trinity College, Cambridge, receiving his MA in
1817. As the inventor of the first universal digital computer, he can
indeed be considered a profound thinker. The use of Jacquard punch
cards, of chains (sequences of instructions), and subassemblies, and
ultimately the logical structure of the modern computer—all emanat-
ed from Babbage.

Popularly, Babbage is a sort of Abner Doubleday of data process-
ing, a colortul fellow whose portrait hangs in the anteroom but whose
actual import is slight. He is thought about, if at all, as a funny sort of
distracted character with a dirty collar. But Babbage was much more
than that. He was an amazing intelligence.

The Philosopher

Babbage was an aesthete, but not a typical Victorian one. He found
beauty in things: stamped buttons, stomach pumps, railways and tun-
nels, man’s mastery over nature.

A social man, he was obliged to attend the theater. While others
dozed at Mozart, Babbage grew restless. “Somewhat fatigued with the
opera [Don Juan],” he writes in the autobiographical Passages From the
Laife of a Philosopher, “I went behind the scenes to look at the mecha-
nism.” There, a workman offered to show him around. Deserted when
his Cicerone answered a cue, he met two actors dressed as “devils with
long forked tails.” The devils were to convey Juan, via trapdoor and
stage elevator, to hell.

In his box at the German Opera some time later (again not watch-
ing the stage), Babbage noticed “in the cloister scene at midnight” that
his companion’s white bonnet had a pink tint. He thought about “pro-
ducing colored lights for theatrical representation.” In order to have
something on which to shine his experimental lights, Babbage devised
“Alethes and Iris,” a ballet in which sixty damsels in white were to
dance. In the final scene, a series of dioramas were to represent
Alethes’ travels. One diorama would show animals “whose remains are
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contained in each successive layer of the earth. In the lower portions,
symptoms of increasing heat show themselves until the centre 1s
reached, which contains a liquid transparent sea, consisting of some
fluid at white heat, which, however, is filled up with little infinitesimal
eels, all of one sort, wriggling eternally.”

Two fire engines stood ready for the “experiment of the dance,” as
Babbage termed the rehearsal. Dancers “danced and attitudinized”
while he shone colored lights on them. But the theater manager
feared fire, and the ballet was never publicly staged.

Babbage enjoyed fire. He once was baked in an oven at 265° for
“five or six minutes without any great discomfort,” and on another
occasion was lowered into Mt. Vesuvius to view molten lava. Did he
ponder hell? He had considered becoming a cleric, but this was not an
unusual choice for the affluent graduate with little interest in business
or law. In 1837 he published his Ninth Bridgewater Treatise, to reconcile
his scientific beliefs with Christian dogma. Babbage argued that mira-
cles were not, as Hume wrote, violations of laws of nature, but could
exist in a mechanistic world. As Babbage could program long series on
his calculating machines, God could program similar irregularities in
nature.

Babbage investigated biblical miracles. “In the course of his analy-
sis,” wrote B.V. Bowden in Faster than Thought (Pitman, London, 1971),
“he made the assumption that the chance of a man rising from the
dead is one in 10'2.” Miracles are not, as he wrote in Passages From the
Life of a Philosopher, “the breach of established laws, but . . . indicate the
existence of far higher laws.”

The Politician
Of all his roles, Babbage was least successful at this one. He had himself
to blame: he was too impatient, too severe with criticism, too crotchety.
Bowden wrote that in later life Babbage “was frequently and almost
notoriously incoherent when he spoke in public.” What ultimately kept
him from building an Analytical Engine was not his inability to finish a
project, but his inadequacies as a political man, as a persuader. His
vision was not matched by his judgment, patience, or sympathy.
Babbage was a confusing political figure. A liberal republican, he
was pro-aristocratic and strongly antisocialist. Friend to Charles
Dickens and to the workman, he was a crony to the Midlands industri-
alist. The son of a Tory banker, he supported the cooperative move-
ment and was twice an unsuccessful Whig candidate to Parliament. But
his liberalism waned during the 1840s; by 1865, he was a conservative
utilitarian for whom capitalism and democracy were incompatible.
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In July 1822, Babbage wrote a letter to ‘the president of the Royal
Society, describing his plan for calculating and printing mathematical
tables by machine. By June 1823 Babbage met with the Chancellor of
the Exchequer, who granted money and told Babbage to proceed with
the engine (which he did, starting work in July). But no minutes were
made of this initial meeting. ‘

In August 1827, Babbage’s 35 year-old wife, Georgiana, died.
Babbage traveled to the Continent. By the end of 1828 he returned to
England, the initial £1,500 grant gone. Babbage was financing the con-
struction himself. And the exchequer could not recall promising fur-
ther funds.

Convincing the government to continue with two tons of brass,
hand-fitted steel, and pewter clockwork was not easy. In 1829 a group
of Babbage’s friends solicited the attention of the Duke of Wellington,
and then the Prime Minister. Wellington went to see a model of the
engine, and in December ordered a grant of £3,000. Engineer joseph
Clement? was hired to construct the engine for the government, and
to oversee the fabrication of special tools. By the end of 1830 Babbage
wanted to move the engine’s workshop to his house on Dorset Street.
A fireproof shop was built where Babbage’s stables had stood. A man
of great ego, Clement refused to move from his own workshop, and
made, according to Babbage, “inordinately extravagant demands.”
Babbage would not advance Clement further money, so Clement dis-
missed his crew, and work on the Difference Engine ceased.

This did not seem to perturb Babbage. His initial scheme for the
Difference Engine called for six decimal places and a second-order dif-
ference; now he began planning for 20 decimal places and a
sixth-order difference. “His ambition to build immediately the largest
Difference Engine that could ever be needed,” wrote Bowden, “proba-
bly delayed the exploitation of his own ideas for a century.”

With Clement and his tools gone, Babbage wanted to meet with
Prime Minister Lord Melbourne in 1834 to tell him of a new machine
he had conceived—the Analytical Engine, an improved device capable
of any mathematical operation. He contended it would cost more to
finish the original engine than to construct this new one. But the gov-
ernment did not wish to fund a new engine until the old one was com-
plete. “He was ill-judged enough,” wrote the Reverend Richard
Sheepshanks, a secretary of the Royal Astronomical Society, “to press

QSee separate biography of Joseph Clement, p. 168.
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the consideration of this new machine upon the members of
Government, who were already sick of the old one.” (Sheepshanks was
Babbage’s archenemy. In 1854 he published a vituperative 100-page
work, “Letter to the Board of Visitors of the Greenwich Royal
Observatory, in Reply to the Calumnies of Mr. Babbage,” at its meeting
in June 1853, and in his book entitled The Exposition of 1851.)

For the next eight years Babbage continued to apply to the govern-
ment for a decision on whether to continue the suspended Difference
Engine or begin the Analytical Engine, seemingly unaware of the
social problems that preoccupied Britain’s leaders during what
Macauley called the Hungry Forties. Although £17,000 of public
money had been spent, and a similar amount by Babbage, the Prime
Minister avoided him. “It is nonsense,” wrote Sheepshanks, “to talk of
consulting a Prime Minister about the kind of Calculating Machine
that he wants.” Prime Minister Robert Peel recommended that
Babbage’s machine be set to calculate the time at which it would be of
use. “I would like a littie previous consideration,” wrote Peel, “before 1
move in a thin house of country gentlemen a large vote for the cre-
ation of a wooden man to calculate tables from the formula x* + x
fzisly’

Finally, in November 1842, the Chancellor of the Exchequer, hav-
ing sought the opinion of Sir George Airy on the utility of the
machine, and having been told it was “worthless,” said he and Peel
regretted the necessity of abandoning the project. On November 11,
Babbage finally met with Peel and was told the bad news.

By 1851 Babbage had “given up all expectation of constructing the
Analytic Engine,” even though he was to try once more with Disraeli
the next year. He wrote in the vitriolic Exposition of 1851: “Thus bad
names are coined by worse men to destroy honest people, as the mad-
ness of innocent dogs arises from the cry of insanity raised by their vil-
lainous pursuers.”

Some believed Babbage had “been rewarded for his time and labor
by grants from the public use,” according to biographer Moseley
Maboth ([rascible Genius). “We got nothing for our £17,000 but Mr.
Babbage’s grumblings,” wrote Sheepshanks in his “Letter to the Board
of Visitors of the Greenwich Royal Observatory.” “We should at least
have had a clever toy for our money.”

Peel, however, declared in Parliament that Babbage “had derived
no emolument whatsoever from the government.” Offered a baronetcy
in recognition of his work, Babbage refused, demanding a life peerage
instead. It was never granted.
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The Music Hater

Lady Lovelace wrote that Babbage hated music. He tolerated its more
exquisite forms, but abhorred it as practiced on the street. “Those
whose minds are entirely unoccupied,” he wrote with some seriousness
in Observations of Street Nuisances in 1364, “rece‘ive [street music] with
satisfaction, as filling up the vacuum of time.” He calculated that 25%
of his working power had been destroyed by street nuisances, many of
them intentional. Letters to the Times and the eventual enforcement of
“Babbage’s Act,” which would squelch street nuisances, made him the
target of ridicule.

The public tormented him with an unending parade of fiddlers,
Punch-and-Judys, stilt-walkers, fanatic psalmists, and tub-thumpers.
Some neighbors hired musicians to play outside his windows. Others
willfully annoyed him with worn-out or damaged wind instruments.
Placards were hung in local shops, abusing him. During one 80-day
period Babbage counted 165 nuisances. One brass band played for five
hours, with only a brief intermission. Another blew a penny tin whistle
out his window toward Babbage’s garden for a half hour daily, for
“many months.”

When Babbage went out, children followed and cursed him.
Adults followed, too, but at a distance. Over a hundred people once
skulked behind him before he could find a constable to disperse them.
Dead cats and other “offensive materials” were thrown at his house.
Windows were broken. A man told him, “You deserve to have your
house burnt up, and yourself in it, and I will do 1t for you, you old vil-
lain.” Even when he was on his deathbed, the organ-grinders ground
away 1mplacably.

In Babbage’s relation with “the Mob,” we see his curious naiveté in
matters social. Although he was far above the rabble—“not unknown”
to the Duke of Wellington and Lord Ashley—he seemed unaware of it
at umes. He expected the same civility from a drunken brothel-keeper
as he would from a gentleman. In 1860, the L.ondon of the multitudi-
nous poor was far from gentle. Yet, in his ingenuousness, he could fath-
om neither bums nor bamboozlers. He would cross town to check the
tale of a mendicant, and frequently was surprised to encounter deceit.

Babbage once met a man who claimed not to have eaten for two
days. Babbage invited him to breakfast. The next morning he called at
Babbage’s house, claiming hard times. Eventually, the man hired on as
a steward on a small West Indian ship. “A few evenings after the ship
had supposed to have sailed, he called at my house,” wrote Babbage,
“apparently much agitated and stated that, in raising the anchor, an
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accident had happened, by which the captain’s leg had been broken.”
Babbage later tried to verify this tale, but found his steward “had been
living riotously at some public-house in another quarter, and had been
continually drunk.”

Babbage never understood that the growth and crowdedness of
London resulted from the industrial expansion he championed. By
1850 industry had taken over in Britain. “Many years before, I had pur-
chased a house 1n a very quiet locality,” he wrote in 1864. Then came a
hackney stand, and beer shops and coffeehouses, and people. The din
beneath his window, the German bands, the pickpockets, came with
industry. The railroad and factory brought crowds to L.ondon, and
with them came meanness and thievery.

The Newtonian

Like Newton, Babbage was Lucasian professor of mathematics at
Cambridge. He founded both the British Association’s Statistical
Society and the Royal Astronomical Society. His Difference Engine cal-
culated by Newton’s method of successive differences, and would even
accomplish “operations of human intellect” by motive power. Babbage
believed in a world where, once all things were dutifully quantified, all
things could be predicted. As such, he was a perfect Newtonian.

Nature, according to Question 31 of Newton’s Opticks, is “very con-
sonant and conformable to herself.” Newton’s program was official in
Babbage’s time. Science “consisted in isolating some central, specific
act, and then using it as the basis for all further deductions concerning
a given set of phenomena,” writes Ilya Prigogine in Order Out of Chaos.
The Marquis Laplace, an avid Newtonian and friend of Babbage, said
that if a mind could know everything about particle behavior, it could
describe everything: “Nothing would be uncertain, and the future, as
the past, could be present to our eyes.”

Babbage wanted to quantify everything. Fact and data intoxicated
him. He tried handicapping horse races mathematically. Babbage’s
love of numbers was well known: in the mail he received requests for
statistics. He would preserve any fact, simply because he thought “the
preservation of any fact might ultimately be useful.”

He would stop to measure the heartbeat of a pig (to be listed in his
“Table of Constants of the Class Mammalia”), or to affix a numerical
value to the breath of a calf. In 1856 he proposed to the Smithsonian
Institution that an effort be made to produce “Tables of Constants of
Nature and Art,” which would “contain all those facts which can be
expressed by numbers in the various sciences and arts.”
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Babbage delighted in the thought of having a daily account of
food consumed by zoo animals, or the “proportion of sexes amongst
our poultry.” He proposed tables to calibrate the amount of wood
(elm or oak) a man would saw in ten hours, or how much an ox or
camel could plow or mow in a day. '

Babbage’s unflagging fascination with statistics occasionally over-
whelmed him, as is seen in the animation of his Smithsonian proposal.
“If I should be successful,” he wrote, “. .. 1t will thus call into action a
permanent cause of advancement toward truth, continually leading to
the more accurate determination of established fact, and to the discov-
ery and measurement of new ones.”

In Mechanics Magazine in 1857 Babbage published a “Table of the
Relative Frequency of the Causes of Breaking of Plate Glass Windows,”
detailing 464 breakages, of which “drunken men, women, or boys”
were responsible for fourteen. Babbage thought the table would be “of
value in many respects,” and might “induce others to furnish more
extensive collections of similar and related facts.”

Babbage faced significant problems with mechanical techniques.
He had to invent the tools for his engine. His thought is so thoroughly
modern that we wonder why he did not pursue electromechanical
methods for his engines (especially after Faraday’s 1831 discovery of
induction, and Babbage’s own electrical experiments). It 1s easy to for-
get how long ago Babbage worked.

Even under the best of circumstances, the limitations of Newton-
ian physics might have prevented Babbage from completing any
Analytical Engine. He did not know the advances of Maxwell (and
could not know those of Boltmann, Goédel, and Heisenberg). Although
he knew Fourier socially, Babbage did not seem to grasp the impor-
tance of his 1811 work on heat propagation, nor did he seem to know
of Joule’s efforts with heat and mechanical energy.

The reversibility of attraction is a basic tenet of Newtonian
mechanics. A body, or piece of information, may retrace its path and
return to where it started. In Babbage’s design for the Analytical
Engine, the discrete functions of mill (in which “all operations are per-
formed”) and store (in which all numbers are originally placed, and,
once computed, are returned) rely on this supposition of reversibility.

In his 1824 essay on heat, Carnot formulated the first quantitative
expression of irreversibility, by showing that a heat engine cannot con-
vert all supplied heat energy into mechanical energy. Part of it is con-
verted to useful work, but most is expelled into a low-temperature
reservoir and wasted.

From this observation came William Thomson’s discovery of the
Second Law of Thermodynamics in 1852, and Rudolf Clausius’ discov-
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ery of entropy in 1865. In ideal reversible processes, entropy remains
constant. But in others, as Eddington showed with his “arrow of time,”
entropy only increases; thus, information cannot be shuttled between
mill and store without leaking (some possibility of error), like faulty
sacks of flour. Babbage did not consider this problem, and it was per-
haps his greatest obstacle to building the engine.

It is easy to forget that Babbage was essentially a child of the
Enlightenment, and that his epoch was much different from our own.
He resided in an era of wood and coal,-and the later era of steel and
oil would not begin for perhaps a decade after his death.

The Industrialist

“Faith in machinery,” wrote Matthew Arnold in Culture and Anarchy in
1869, “is our besetting danger.” The Whiggery of the mid-Victorian era
optimistically endorsed the principle of progress. Britain changed
from the relatively pastoral society of 1820 to the brutishly materialistic
one of the 1840s and 1850s.

Babbage shared his era’s enthusiasm for industry. His finest work,
On the Economy of Manufactures, was published in 1832. In it, with watch
in hand, Babbage discovers operational research, the scientific study of
manufacturing processes. It is a tour of the manufacturing processes of
the period, from needle-making to tanning. Babbage detailed how
things both ornamental and functional were made in mid-nineteenth
century Britain. His characteristically blunt analysis of the printing
trade caused publishers to refuse his books.

Babbage worked when industry was in a frenzy to improve and
expand. Increases in manufacturing and population were viewed as
“absolute goods in themselves,” noted Matthew Arnold. In Das Kapital,
Marx quoted from Economy of Manufactures on this rage to improve:
“Improvements succeeded each other so rapidly, that machines which
had never been finished were abandoned in the hands of their mak-
ers, because new improvements had superseded their utility.”

Babbage disliked Plato, according to his friend Wilmot Buxton,
because of Plato’s condemnation of Archytas, “who had constructed
machines of extraordinary power on mathematical principles.” Plato
thought such an application of geometry degraded a noble intellectual
exercise, “reducing it to the low level of a craft fit only for mechanics
and artisans.”

Babbage loved practical science, and was among the first to apply
higher mathematics to certain commercial and industrial problems.
He took no part in what Anthony Hyman (in his book, Charles Babbage)
called the era’s “growing divorce between academic science and engi-
neering practice.”
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Babbage had a forge built in his house on Devonshire Street, and
accomplished, with his draftsmen, pioneering work in precision engi-
neering. Because conventional mechanical drawing proved inadequate
for his engines, he had to develop his own abstract notation. He called
his work with mechanical notation “one of the most important addi-
tions I have made to human knowledge.” |

With the die-cast pewter gear wheels of his Difference Engine, and
with his design of lathes and tool-shapers, Babbage did much to
advance the British machine tool industry. Joseph Whitworth (later
Sir), foreman in Babbage’s shop, was responsible for the introduction
of the first series of standard screw threads.

The expansion of the railways marked the grandest phase of the
industrial revolution. Railroads freed manufacturing from its depen-
dence on water transport, and opened new markets. When the first
public railroad, the Stockton & Darlington, opened on September
27, 1823, Babbage was 34. By 1841 there were over 1,300 miles of
rail in Britain, and 13,500 miles by 1870. J.D. Bernal wrote in Science
and Industry in the Nineteenth Century, that “Babbage seems to have
been one of the few who interested themselves scientifically in its
[the railroad’s] working.” Babbage’s life was intertwined with the
railroad. He invented a cow catcher in 1838, apparently the first in
Britain. He was present for opening ceremonies of George
Stephenson’s Manchester & Liverpool line in 1830. Of the cheering
crowds at the initial run, he wrote, “I feared . . . the people madly
attempting to stop by their feeble arms the momentum of our enor-
mous train.”

Babbage’s great formal association with railroads came in 1837
and 1838, when he conducted experiments for I.K. Brunel’s Great
Western Railway, which ran from London to Bristol. Babbage argued
for the superiority of Brunel’s wide-gauge track. His research into the
safety and efficiency of the line was, according to Bernal, “100 years
ahead of his time.”

Babbage rode the rails like a river pilot road the Mississippi, know-
ing every turn on the route, every crossing, every intersection. “My
ear,” he wrote, “had become peculiarly sensitive to the distant sound of
an engine.”

The Misanthrope

Babbage was known as a “mathematical Timon.” In his later years he
came to suffer from a mechanist’s misanthropy, regarding men as fools
and grubby thieves. By 1861 he said he had never spent a happy day in
his life, and would gladly give up the rest of it if he could live three
days 500 years thence.
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Laughed at by costermongers and viscounts, met with diffidence
by his lessers, the impatient Babbage grew angry, like the cave-dwelling
Timon, with a changing world. Nevertheless, as his friend Lionel
Tollemache wrote, “there was something harmless and even kindly in
his misanthropy, for . . . he hated mankind rather than man, and his
aversion was lost in its own generality.”

Like Shakespeare’s Timon, Babbage would have made a fascinat-
ing leader. (Sheepshanks, of course, disagreed: “I don’t know any
Government office or any other office.for which he is fit, certainly
none which requires sense and good temper.”)

What a delighttul, if distracting, place it would be where Babbage
was in charge. Consider his plan in Economy of Manufactures for a “sim-
ple contrivance of tin tubes for speaking through.” (Babbage calculat-
ed it would take 17 minutes for words spoken in London to reach
Liverpool.) Or his plan for sending messages “enclosed in small cylin-
ders,” along wires suspended from high pillars (he thought church
steeples could be used for this purpose.)

In Passages, Babbage relates how, as a youth, he nearly drowned
while testing his contrivance for walking on water. In Conjectures on the
Conditions of the Surface of the Moon, we find him describing his 1837
experiments in cooking a “very respectable stew of meat and vegeta-
bles” in blackened boxes (with window glass) buried in the earth.
Toward the end of his life we find him mulling the prevention of bank
note forgery and working in marine navigation. We realize that, with
his harlequin curiosity about all things, and with his wonderfully
human sense of wonder, Babbage escapes pathos and attains greatness.

QUOTATIONS

“Some of my critics have amused their readers with the wildness of the
schemes I have occasionally thrown out; and I myself have sometimes
smiled along with them. Perhaps it were wiser for present reputation to
offer nothing but profoundly meditated plans, but I do not think
knowledge will be most advanced by that course; such sparks may kin-
dle the energies of other minds more favorably circumstanced for pur-
suing the enquiries.” (On the Economy of Machinery and Manufactures,
1832, preface to second edition)

“Every moment dies a man/Every moment 1 /s 1s born.”
(A correction to Tennyson’s “Ev’ry moment a man dies/Ev’'ry moment
one is born.”)

“If unwarned by my example, any man shall undertake and shall suc-
ceed in really constructing an engine . . . upon difference principles or
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by simpler means, I have no fear of leaving my reputation in his
charge, for he alone will be fully able to appreciate the nature of my
efforts and the value of their results.”
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CHARLES BACHMAN

Born December 11, 1924, Manhattan, Kan.; proposer of a network approach
to storing data as in the Integrated Data Store (IDS) and developer of the OSI
Reference Model.

Education: BS, mechanical engineering, Michigan State University, 1948; MS,
mechanical engineering, University of Pennsylvania, 1950.

Professional Experience: Dow Chemical Corporation, 1956-1960; General
Electric Company, 1960-1970; Honeywell Information Systems, 1970-1981;
Cullinet, 1981-1983; founder and chairman, BACHMAN Information
Systems, 1983—present.

Homnors and Awards: ACM Turing Award, 1973; distinguished fellow, British
Computer Society, 1978.
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Bachman began his service to the computer industry in 1958 by chair-
ing the SHARE Data processing Committee that developed the IBM
709 Data Processing Package (9PAC), and which preceded the devel-
opment of the programming language Cobol. He continued this devel-
opment work through the American National Standards Institute
SPARC Study Group on Data Base Management Systems (ANSI/
SPARC/DBMS) that created the layer architecture and conceptual
schema for database systems. This work led to the development of the
international “Reference Model for Open Systems Integration,” which
included the basic idea of a seven-layer architecture, the basis of the
OSI networking standard. Bachman received the 1973 ACM Turing
Award for his development of the Integrated Data Store, which lifted
database work from the status of a specialty to first-class citizenship in
computing. IDS provided an elegant logical framework for organizing
large on-line collections of variously interrelated data. The system had
pragmatic significance also in taking into account advice on expected
usage patterns, to improve physical data layouts. The facilities of IDS
were fully integrated into the Cobol language and so became available
for full-scale practical use. Bachman was cited for the completeness of
this conception—from the underlying modeling to installation in the
field—and for its proven impact on data processing. In 1983 he found-
ed Bachman Information Systems, Inc., whose products pioneered the
concepts of reverse engineering.
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JOHN WARNER BACKUS

Born December 3, 1924, Philadelphia, Pa.; leader of the IBM team that creat-
ed the programming language Fortran; inventor of the metalanguage BNF,
known variously as Backus-Normal or Backus-Nawr Form; currently propo-
nent of improved methods of programming such as the functional approach.

Education: BS, mathematics, Columbia University,
1949; AM, mathematics, Columbia University, 1950.

Professional Experience: IBM Corp.: programmer, Pure
and Applied Science Departments, 1950-1953, man-
ager, Programming Research Department, 1954-
1958, IBM Research Staff, 1958-1963, IBM fellow,
1963-1991; adjunct professor of information sci-
ences, University of California, Santa Cruz, 1974; vis-

iting professor, University of California, Berkeley,
1980, 1985.

' Honors and Awards: IBM fellow, 1963; W.W. McDowell
Award, IEEE, 1967 National Medal of Science, 1975; ACM Turing Award,
1977; IEEE Computer Society Pioneer Award, 1980; member, National
Academy of Sciences; member, National Academy of Engineers; Charles Stark
Draper Award, National Academy of Engineering (NAE), 1993.

John Backus was employed by IBM as a programmer for the Selective
Sequence Electronic Calculator (SSEC) 1in 1950, after receiving his
Master’s degree in mathematics from Columbia University.® Later he
headed the development of the Speedcoding interpretive system for the
IBM 701. He also took part in the design of the IBM 704, and was the
original advocate for its built-in floating-point operations. From early
1954 until late 1958, he was manager of the programming research
group (later department) in IBM during its development of Fortran.

While Backus was a member of the committees that designed Algol
58 and Algol 60, he joined IBM Research. In the course of efforts to
define Algol 58 more precisely, he employed the syntax description
technique known as BNF; this technique was improved and used by
Peter Naur to describe the syntax of Algol 60 in the Algol Report.

After his work on Algol, Backus spent a number of years working
on the mathematics of families of sets. Between 1970 and 1978 he
developed a functional style of programming and its associated algebra
of programs. This work became the topic of his 1978 Turing Award
Lecture, “Can Programming be Liberated from the von Neumann
Style? A Functional Style and Its Algebra of Programs.”

5Adapted from the biography that accompanied John Backus’ paper in Wexelblat 1981.
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In 1963 Backus was appointed an IBM fellow. He resides in San
Francisco, Calif. He retired on October 31, 1991, and is associated with
the IBM Almaden Research Center as a consultant.

On February 22, 1994, the National Academy of Engineers award-
ed Backus the third Draper Award “for the development of Fortran—
FORmula TRANslation—the first general-purpose, high-level comput-
er language, which ushered in the computer software revolution.”

QUOTATIONS

“It [Fortran] 1s an incredible achievement that 25 years ago these peo-
ple designed and produced a compiler that has remained the best
overall optimizer for not 5 years, not 10 years, but 20 years.”

“I myself have had many failures and I've learned that if you are not
failing a lot, you are probably not being as creative as you could be,
you aren’t stretching your imagination enough.®
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CHARLES L. (CHUucK) BAKER

Software engineer responsible for the early JOSS II on-line compuler services.

Education: BS, physics, MIT, 1951.

Professional Experience: Douglas Aircraft Company:
1951-1956, computing specialist, Santa Monica
Engineering Department, 1953-1956; Rand Corp.,
Santa Monica, 1956-1967; IBM Corp., Washington,
D.C.; International Computing Co.; Ocean Data
Systems, senior software engineer, Science
Applications, Inc.

Baker joined the Douglas Aircraft Co. in 1951,
and in 1953 was a computing specialist in the
Santa Monica, Calif. engineering department.
In 1955 he was a delegate to the Project for the Advancement of
Coding Techniques (PACT). In 1956 he moved to the Rand
Corporation in Santa Monica. Among his activities was project leader-
ship for the JOSS II on-line computer service—coordinating the
research to develop the nature and extent of computer problem-
solving support required. Technical activities included the design and
specification of the JOSS II remote typewriter console, interfaced to
the computer through a unique private-wire installation which distrib-
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uted “JOSS computer power” automatically to any of 300 individual
wall outlets in the Rand complex. During the period 1956-1961 he
programmed the Information Processing Language Five (IPL-V) sys-
tem for the IBM 704, 709, 7090 and the 7044 series of machines, and
specified many features of the final, complete system. As the first act-
ing secretary of SHARE, he organized the SHARE Operating System
working group, which produced the first large-scale operating sys-
tem—SOS—for the IBM 709. He relocated to the Washington, D.C,,
area in 1967 and worked at IBM, the International Computing
Company, and Ocean Data Systems. He is currently senior software
engineer at Science Applications, Inc.
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JOHN BARDEEN

Born May 23, 1908, Madison, Wis.; died January 30, 1991, Boston, Mass.;
co-tnventor in 1947 of the transistor; with William Shockley and Walter
Brattain.

Education: BS, physics: University of Wisconsin, 1928; MS 1929; PhD, Princeton
University, mathematics and physics, 1936.

Professional Experience: worked as a geophysicist with the Gulf Research and
Development Corp., 1930-1933; junior fellow, Harvard University, 1935-1938;
assistant professor of physics, University of Minnesota, 1938-1941; physicist,
US Naval Ordnance Laboratory, Washington D.C., 1941-1945; research physi-
cist, Bell Telephone Laboratories, 1945-1951; professor, electrical engineering
and physics, 1951-1978, emeritus professor of electrical engineering and
physics, University of Illinois, Urbana, IlL., 1975-1991.
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Honors and Awards: Nobel Prize, physics, 1956 and 1972, the only scientist ever
to receive two Nobel Prizes in the same field; Fritz London Award, 1962;
National Medal of Science, 1965; Michelson-Morley Award, 1968; Medal of
Honor, IEEE, 1971; Lomonosov Prize from the Soviet Academy of Science,
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