RESEARCH DIVISION
Technical History Project
Octcber 29, 1980

Memo to: The Saphire File

Subject: Summary of Intexrview TC-1 with W.J. Eckert 93 pp.
7/11 and 7/20, 1967 .

Eckert became interested in serious computing when he started work in
astronomy on .graduating from college in 1925. Every astronomer at that
time was expected to atquire competence in computing. Principal tools were
the logarithm, the desk calculator, and Crowley's Table of all the products
of 3-digit numbers. There was also Peter's Table of 2-digit by 4-digit
numbers, with which, using double precision, vyou could get a 4 by 4
product. '

He came to Columbia in 1926, after a year at Amherst, where he received the
master's degree in astronomy. At Columbia, he was a teaching assistant who
also looked after the new observatory that had been built on top of the
Pupin Laboratory. :

He became an instructor the second year at Columbia, while also taking
courses, but within 5 years he had a Ph.D. from Yale (1931). Probably came
across Comrie's work at Yale. o

Soon after starting to study astronomy, Eckert specialized in the (high
precision) astronomy of position. His doctor's thesis was in celestial
mechanics, under Prof. E.W. Brown at Yale. While at Columbia, Eckert saw
IBM machines in the laboratory of Ben Woods, an educator interested in
scoring and '"discussing" (sic) new type tests. He had persuaded IBM to
install computing machines to help him in the "discussion" of these tests.
Eckert could see that these machines would be of great help in astronomical
calculations,

The equipment included a tabulator, a sorter and a reproducer, and a
special tabulator called the Difference Tabulator which had been built
specially for him, It had ten 10-digit counters and it was possible '"to
transfer by addition or subtraction from one counter group to another," so
it could do first and second differences of various orders without reading
in a new card every time - and at 150 cards per minute, 80 digits per card
- tremendous adding power.

People had devised ingenious methods for its use. One was called the
Mendenhall-Warren-Haller method of computing intercorrelations - now called
progressive digiting - "a good way of getting sums of products and mass
production."

He observed that Babbage spoke of a Difference Engine and an Analytical
Engine. The former was capable only of linear operation - good for
systematic tablemaking, as was Ben Wood's big tabulator. But Eckert was
interested in general scientific work, and needed all of the operations
including the use of tabular functions. He needed an Analytical Engine.
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(He hadn't heard of the Analytical Engine at that time.)

Eckert understood that IBM had just marketed a multiplying punch, and in
about that time they came out with tabulators capable of subtraction. The
leferenne Tabulator 'was also not a credit palance machine.,., If you
wanted. .subtraction you normally used two - counter groups'" and somehow

-subtracted one from the other, "so, by the ‘time we had the direct
‘subtraction accounting machine and the summary punch and-. the multiplying

punch... it was only a matter of getting the proper engineering to make
these functions more general and hence suitable for computational work."

Eckert was able to get the proper equipment from IBM, with Ben Wood's

assistance, becguse Mr. Watson, Sr. was interested -in novel uses of the °
machines as long as they were socially useful - even though not profitable,
Eckert didn't have to worry about the economics, and he had the machines by
1933. They included "a multiplying punch with special sign control and
other equipment in it, and a subtraction tabulator which was somewhat
special in that it had four 10-digit counter groups instead of five B."
Eckert also got hold of the pluggable relay box from the big machine (the
Difference Tabulator) which by then was unused by Ben Wood. (Agrees with
Saphire's comment that it was the so~called Columbia machine of 1931, which
was out of use by 1933.) It had been accompanied by a big box of relays in
series with the plugboard terminals. Eckert made this box part of his
control system,. : :

(Digression on Ben Wood's activities. He had Warren working on an
automatic test score (scorer?) but it was never successful. Rey Johnson
developed one independently and brought it to IBM and Wood, who later used
many machines based on it.)

HMore on the equipment Eckert got from IBM: Scientific computation required
a multiplier capable of producing negative results from operands of

different sign. "In business at that time, a negative number meant that
you had to call the Vice President," "Somebody had overdrawn his account or
done something horrible." One of the IBM engineers rewired the multiplier

to produce the correct sign, depending on the X punch on the card.

One very effective thing Eckert did was use the (new) reproducer to
reproduce selectively (based on their X punches) table values from table
cards previously merged with the detail cards, Computation was arranged so
that these tables (which might, for example, be difference tables) were
created for the occasion, interspersed with cards containing the argument,
as indicated above, and thus avoid "computing all of the values that
required this value fuanction.

FEckert had gotten the equipment easily, using as contacts Ben Wood and many
IBMers ~ Halsey Dickinson, Steve Dunwell, John McPherson, sales people, and
Customer Engineers. Always had a warm spot in his heart for the CE, who
could tell him things the salesman didn't know, including what changes were
easily possible, and even getting permission to make them "when nobeody was
looking." It was a gradual building up of the power of the machines and
what he could do with them. Everybody knew Myr. Watson was interested, and
Eckert thipks that made things easier, There wasn't an itemized account
for rentals,
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Those machines were used for astronomical computations until 1940 when he
left for the Naval Observatory, and were still running then. (Comment from
later page 29; Nobody - observatory or other - had -anything like this
setup. As the war required computation for many purposes, large amounts of
punched card equipment were set up by people who (by implication) had
visited Eckert's setup: Los Alamos, Aberdeen, Dahlgren, and Naval
Observatory. '"Really, a very large part of the computations that affected
the war were made on IBM equipment."  "The ENIAC, for instance, was
developed during the war but it didn't do any war work. The IBM machines
were going constantly.") "The whole top of Pupin was full of machines
during the war." ' ‘ ‘

(Pages 18-21: Fascinating discussion of how the equipment was used, in the
1930's, to solve equations of planetary motion. Can't do justice in a
summary; recommended reading.)

As for  ‘program control": There were two kinds of computations = batch
processing and the kind requiring an elaborate program, Where vyou could
use batch, with the enhancement due to the selective table cards described
earlier, this was the most effective use of punched card machines, because
you didn't tie wup the whole system to use one machine. All of the
interconnections among the machines were switchable and pluggable, so that
the "computer" configurations could be converted to this efficient "batch"
configuration in ten minutes.

Numerical integration required the system setup, in which a mixture of
mechanical and punched~card programming was used. The sequence of use of
the variocus machines was plamned to minimize the number of complete pases;
in the numerical integration, there were, for example, about three card
handling operations in two minutes. General approach was to use the
mechanical programmer for the broad outline of the problem, and punching on
the cards for filling in the details. Numerical integration is cyclical,
After, say, one hundred arithmetic operations, you replace the data you
started with by the results you have just got and do it againm,

For this they had the "control box" which had a number of disks in which
they filed nicks to tell the different machines what to do on each of about
20 steps (CJB Note: This equipment appears to be pictured on pages 114 and
115 of Computer Perspectives, the Charles FEames book). You didn't use all
of them unless you needed them, and the rest of the control was by cards.
"X" punches in the various columns, for example, could change the number of
differences you were using.

This assembly of machines left much te be desired, but it was a compromise
between what was available and what would be most effective. They felt
they should start by using reasonably simple equipment and not spend a lot
of time and money on development; and they got a Lot of experience. They
wrote their program so that, for example, when an error occurred, they
conld pick up the cards from a few steps earlier and do that portion over.
The different methods were very sensitive to errors, so they were easily
caught and corrected as just indicated. "It has been amusing to see people
struggling with this same problem with the more elaborate computers of
recent years,"
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(In answer to the question of whether Eckert saw this operation, at the
time, as pre-modern computing, modern computing, or what?) Well, it was
revolutionary in that it didn't involve desk calculators or hard-copying of
the numbers. It made it possible to do, say, a hundred times as much work
as you could do by hand.  Which is nore interesting, the first step of 100
times or the next ~ resulting in-a total of 10,000 times? Making and using
tables is still done; but the economic balance has shifted in favor of
computing each case as you go along. (CJB Note: Further discussion again
emphasized the Eckert philosophy that computihg was his objective, and his

. predisposition to use existing machines as ingeniously as possible, with as

little modification as possible, to accomplish it. He has always worried -
perhaps excessively, he acknowledges - about getting the most out of his
egqyipment, Clearly, the development of computers per se was not the
uppermost goal. We must look elsewhere for those with that obsession.)

Eckert had been a Professor of Astronomy at Columbia when he joined the
Naval Observatory as Director of the Nautical Almanac (a prestigious job -
civil service - Eckert was invited after a national competition,) When he
arrived, N, 0. had only desk calculators - not a single machine that would
print figures automatically. He was able to set up a sizable computing
center using pretty much the same kind of IBM equipment he'd had at

Columbia. By then, however, the alphabetic accounting machine was
available. Not that Fckert wanted the alphabetic feature, but the machine
was designed for greater flexibility. "We could stick in wheels that

counted by 6's instead of by 10's" and, by placing these properly among the
decade counters, they could degree-second dindications.  They did not build
a sequence calculator, since they were doing only batch processing., They
spent moxre time at the making of tables, and automatic printing,

His first task as director of the almanac was to design an air almanac for
the rapidly expanding air force. By speaking to IBM, he got equipment in
an astonishingly short time, and by January 1941 had the first issue
approved by the Armed Forces and into the training camps. The air almanac
tells the navigator quickly, for any time of night . or day, when the sun,
moon, and several other brighter celestial objects at the time are. For
the first time, no compromise was necessary because of difficulty of making
tables - and the navigator got exactly what he wanted.

At about the same time Eckert was duplicating the batch aspect of the
Columbia operation at Naval Observatory, Aberdeen, Dahlgren and Los Alamos
were doing the same - ballistics and planetary motion requiring comparable
computations,

The almanacs had to he set inm type, and the printing establishment
introduced errors. Eckert was pleased with the method devised to check .
their work. They had a keypunch operator (they were easily available) copy
the printer's proofs, and then compared these cards by means of a
reproducers, with those from which they had tabulated the output that was
sent to the printer. Eckert's cards, of course, were very skillfully
checked by procedures referred to earlier. Even after they had devised
methods of creating reproduceable copy for the printing firm, they used
this method, just to detect illegibly printed characters.
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The method of preparing plates by photography from the tabulator output was
used for about a- year or two. It didn't produce really satisfactory
results, because the tabulator line has character spacing that is too wide
in proport;on to its - height. 8o Eckert went to IBM, and Ron Dodge at

- Poughkeepsie developed a table-printing, card-controlled typewriter, which

produced a fine table. (A second one 1like it had been dellvered after
twenty years, and was in use at the time of Eckert's interview, )

Mr. Watson invited Eckert to join IBM; in 1944, and Eckert did so,
apparently in March, 1945, about five years after coming to the Naval
Observatory. His assignment was apparently to assist the scientific users
of computing equipment, help IBM fo understand their requirements, and hire
new people as required; "it was more or less of a blank check." After
about three months at 590, he set up some scientific computing equipment in
Pupin laboratory by invitation, and for 6 months or so they were helping
pecple from (e.g.) Los Alamos, and John von Neumann was in contact with
them. ENIAC was being built and "it was in the air." The Harvard machine
came in there, so there wasan't any question of building special sc1ent1f1c
calculators, but what to build and where te get the equipment,

Then at the beginning of 1946, they - got a little building on 116th Street,
and that was thé beginning of the Watson Laboratory. They assembled
equipment as fast as they could. They had engineers assemble experimental
models; they had relay machines by Pete Luhn and others. Early, they got
Halsey Dickinson's electronic multiplying machine. "Of course von Neumann
was also aware of the Harvard machine and the IRM relay calculators at
Dahlgren and the ENIAC, and we all knew that sSooner or later we would have
electronic calculators that would be generally useful." They acquired
Thomas, Seeber, Grosch and others., Seeber didn't come directly from the
Harvard Comp. Lab, but had been there.

The arrangement with Columbia was exceedingly informal, and it was
understood that either party could terminate it. IBM, bought the building
(a run-down fraternity house) and gave it to Columbia; and Columbia allowed
IBM to occupy it. IBM spent a lot of money making if suitable for a lab,
but it worked out quite well for many vyears. VWhen "this building"
(evidently the later Watson Lab building on 115th St,) was acquired, the
same arrangement was made, but there was a letter stating the agreement, it
being a much more expensive undertaking.

Eckert was made a Professor of GCelestial Mechanics, Thomas a Professor of
Theoretical Physics, and the tradition was maintained - people carcying
Columbia appointments but at no salary beyond their Watson Lab salaries -
until eventually 7 or 8 of the people had academic appointments.

The Watson Lab had two interests. First, computing and applied math and
its relation to the computer industry. Second, what should machines be
like to be most useful. He had the applied mathematicians -~ Thomas, Seeber
et al. For the second problem he went to MIT, where the wartime Radiation
Lab was closing down, and hired Havens, Walker and Lentz.

Scientists were invited to come and use the equipment =~ which always
included experimental machines - and they came from all over the world,
There were a number of engineering models of relay computers, including two
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that Luhn had built. One was a fast arithmetic unit - that
they attached to ‘an accounting machine and made a sequence calculator that
was very much like the later CPC. The arithmetic was a little slower, but
the programming was more flexible. :

Eckert and his staff had discussions with all the engineers in the company,
including Hamilton, Lake, Beattie, Page and Tuhn. Hamilton had built the
Harvard machine, "which used wheels." ©Now the question was what could be
done with electronics. Palmer ' and Dickinson were there, and had built
electronic counters and electronic multiplying units. There was an
intensive, useful interchange between the computing scientists and the
engineers. .In batch processing the flow -is simple, but with the automatic
computer you want numbers to flow in all directions. It was decided that
there was to be an SSEC and that Hamilton was to build it and Seeber would
work very directly with him on it. (Thomas, Seeber and Eckert, actually,
all kept close to it. '

When development got underway, Seeber went to live in Endicott where
Hamilton had his lab. Hamilton had had no experience with electromnics, but
he got some electronics people to work with him, and finally the design was
solidified. It was a compromise based on how many elements of each kind an
engineer was willing to guarantee would work.

(CIJB Note: Pages = 25-31 contain a rather detailed discussion of design
trade-offs, and of the final design, of the SSEC. Probably can't be
condensed, and should be read.)

At the dedication, the maching was able to computer each position of the
moon in a few minutes, where formerly a man could do two positions per day
and barely keep ahead of the moon. Problems in all areas were put on the
machine - optics, atomic energy, hydrodynamics, astronomy, etc. - and it
was decided not to charge for machine time because the agency with the most
money would tie it up.

"This machine was really a full-blown stored program calculator and I don't
know how this came up but there never seemed to be much of a discussion
about it between Seeber and myself. Now the Harvard machine had
instructions on a paper tape and when you once had the instructions, that
was that. You just played them off. The astronomy computer which preceded
it allowed a certain amount of flexibility... you could change the program
cards a bit.,.. But we felt that this was not adequate, that you really
had to be able to make choices as vyou went along and that the instructions
should be arithmetic so that you could... use the calculator itself to
operate on the dinstructions.... There was 1o difference between
instructions and data as far as the storeroom was concerned."

Seeber, in Endicott with Hamilton, was making decisions on detailed choice
of instructions - e.g., do you branch on plus or on minus ¢r on both?
Later Ken Clark went up and his job was to program the dedication problem
under Seeber's direction. Becky Jones, one of the Watson Lab staff, worked
with Eckert on outlining the program, so all Ken Clark had to do was covert
it to instructions.

(Discussion of machine failures - frequency and how they were handled.
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Technology had been pushed about as far as one could.)

A group of programmers was set up - about a dozen people - that included
Rex Seeber, Clark, John Backus and Don Quarrels. Programmers were drawn
from disciplines ~ not necessarily mathematics - that were quantitative and
rigorous: math, engineering, physics. This group later became Applied
Science. FORTRAN came out of it. : '

Comparing the SSEC with other machines of the day: "ENIAC was not a general
purpose computer.!"  The thing it did well was the ballistics problem -
faster than the shell would fly - very dramatic. The Bell Relay
Calculators would be more 1like the SSEC, but the SSEC was the first
general~purpose, stored-program electronic computer - electronic in the
sense that  the operations that had to be fast were all done
electronically.

There had been no influence from outside, on the SSEC, as far as Eckert was
concerned. He was "not one to run around, If T had a problem I worked on
it." Seeber had worked on the ASCC at Harvard, but the programming on it
was not very powerful, Hamilton, of course, got invaluable experience from

its design and construction. Between Seeber, and Hamilton with the
mechanical people and the "electronics boys," "it was a powerhouse of
design and construction,"  Hamilton had had reservations about so much

electronics in the machine, but Palmer and Dickinson had made electronic
arithmetic units.

Eckert--said- -he knew nothing of the "interchange'" between Watson, Senior; -
and Aiken around the time the SSEC was unveiled.

Havens, Walter and Lentz, from MIT's Radiation Lab, had worked on
microsecond circuitry, were convinced nothing in the future would be slower
than that, and had nothing to do with the SSEC with its radio-tube circuits
and modest pulse rates, They went in their own separate ways - Havens
toward the big calculator and Lentz toward .the miniature, including the
personal automatic computer he designed and finally marketed,

The Navy asked whether Eckert's lab would build a calculator for them, and
Havens' ideas for a large, fast computer seemed to meet the need. Eckert
and Thomas helped in defining what the machine would do, Jeenel was
responsible for the programming (had had experience on the SSEC), and von
Neumann was involved as a consultant for the Navy.

NORC had very few types of pluggable units - essentially only one circuit
type for the whole multiplication function. {(Perhaps this refers to the
microsecond delay circuit wused throughout the machine.) It used Williams
tube memory, but the Navy eventually replaced that with core.  Eckert
thought (1967) the machine was still in use. It had been running at
Dahlgren, beside a Stretch.

Eckert was not much involved with such considerations as UNIVAC, or other
competition., "With the SSEC we had... the stored program calculator....
NORC was a sort of a culmination of the big fast electronic calculator,”
and while it was being built the Watson lab was shifting its emphasis to
physics, largely so0lid state. Is policy was to stay small, so areas of
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investigation that became key to the business.usually grew elsewhere. Art

‘Anderson worked with Walker on Spin Echoes, then went to San Jose. John

Lentz joined the cryogenic project at Yorktown and thenm returned to a
different project,

(Winds up with repetition of the philosophy of Watson Lab, from the
management of which Eckert (1967) had been withdrawing for three years.
Watson Lab fulfilled its role of initiating scientific work in the company,
and counts among its distinguished alumni Havens, Anderson, Tucker,
Holtzberg, Reisman, Rosenheim, Walker (and others such as Garwin and Lentz
discussed earlier.)

C. J. Bashe

Jcce



WATSON LABORATORY
NEW YORK CITY

November 30, 1967,

 Memorandum to; D, E, Udell

Reurned herewith is copy of the portion of the inferview with ]jr, Eckert
in the IBM Oral History Project which you are proposing to submit to
DATAMATION magazine, With copy of this memorandum Iam returnlng
the complete draft to Mr, Saphire, In both cases I have atternpted to clean
up obvious thmgs but the general sense of the 1nterv1ew reads very well,

If I can be of further help, kindly let me know.

Enecl,
cc- Mr, Lawrence Saphire 1~
(with enclosures)
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SMITHSONIAN INSTITUTION
THE NATIONAL MUSEUM OF HISTORY AND TECHNOLOGY
WASHINGTON, D.C, 20560 '

January 10, 1972

Mr. I. J, Seligsohn

Manager, Museum and Exhibition
Department

IEM Corporation

Avmonk, New York 10504

" Dear Mr. Seligsohn:

As T indicétéd in our telephone conversation last
Wednesday, there are a number of requests I would like to make
related to your historical holdings. )

The Project does not have an oral history interview with
Wallace Eckert. An interview with Mr. Eckert had to be cancelled
last spring due to his 111 health, and he died before another
was scheduled. T wondered if it would be possible to give us
a copy of your tapes (TC-1 in the IBM Oral History File) and the
appropriate transcript. Should you decide to give us this
material, there are two possible ways in which it can be handled:

(1) If you desire that the material not ne made public,
we can, at your request keep it in our locked file, Under the
conditlon it would be available only to specif'c requests that
you have agreed to.

(2) It can be handled as we would one of our own tapes,
That 1s, T would edit the transcript, and submit it for appropriate
clearance to you and/or Mrs, Eckert. A copy of the SI Release
form 1is attached.

A second request emerges from page 29 of Mrs, Breman's
"The IBM Watson Laboratory at Columbia University: A History".
Do you have a copy of Prof., von Neumamn's address at the dedica-
tion of NORC? If you do, can we obtain a copy for our files?

Agaln T would like to thank you for all of your kind
assistarnce,

© Sincerely,
K
Henry 3. Tropp

v Principal Investigator
Computer History Project

g
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SMITHSONIAN INSTITUTION

THE NATIONAL MUSEUM OF HISTORY AND TECHNOLOGY
WASHINGTON, D.C. 20560

RELEASE

NAME .

Date of Interview:

s

I, the undersignéd, understand that the record of this
interview becomes a part of the National Collections in the
National Museum of History and Technology. 1 also agree that

the interview will be used according to my wishes indicated
below: '

+

I, I place no restriction on use of this interview.

I1. I wish to limit uses of this interview.

A. FExcept for passages subject to the restrictions
noted below, the content of this interview may be made available

to interested groups or individuals as follows: (initialed items
indicate my wishes). '

1. A copy of the transcript may be read in the
' Smithsonian Institution. .

2. The tape of the interview may be heard at the
Snithsonian Institution.

3. A copy of the transcript may be obtained by
an interested party subject to standard pro-
cedures of the National Museum of History and
Technology.,

4. A copy of the tape may be obtained by an
interested party subject to standard procedures
of the National Museum of History and Technology,

5. Other (specified on the attached page).

| o e




Passages marked by me in red in the attached
transcript are to be temporarily deleted from
copies of the transcript and/or tapc made avail-
able under the above provisions until

(Where more than one date applies, the passages
have been marked accordingly,)

Passages I have deleted in the attached transcript
are to be permanently deleted from all conies of
the transcript and erased from the taped copies
cof the interview and no record will be retained.

(Signature)

81-183)
9:28-71
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Mr. K. M. Seggerman, Jr,: 1/24/72

For your review, the Eckert transcript requested

by the Smithsonian Institution, Do you see any prob-
lem?

)

U

.h.w
g

Jokn Barton

}z’xt. 6433
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IBM CONFIDENTIAL

Memorandum to: . Polenz

Ken Seggerhian ms.reviewed the Wallace Eckerténscnpt for
itigation Ana1y81s nd feels that it may be g/lven to the Smith-
nian, but Several provisos: /

1. We should take up the Smlthsonlan on its suggestion that the
transcript be kept in a locked file and made available only after
we have approved specific requesss,

2, The Smithsonian should not’ circulate word of the transcript's
availability, but should merefy respond to requests.

3. Introductory identifi 4tion of the project and tape numbers
should be deleted. /

You indicated you wanted to look into the Yale situation before we
proceed further,

ST
/ ohn Barton

7:Mr. E. Nanas



transcript be kept ln a, locked file and made available only..

aclfle requests. _'
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November 16, 1972

Mr. Henry S. Tropp
Smithsonian Institution
The National Muscum of History and Technology
Washington, D. C. 20560

Dear Henry:

Attached is the record transcript we discussed,
As we agreed, we would like this returned when
you have finished your research. We assume this
will be within the next several woeks. '
Pleasc let me know if I can be of further help.

"
Sincerely,

John Barton

JB:¢b
Inclosure
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May 21, 1973

Mrs. Wallace Eckert
160 West End Avenue
New York, New York 10023

Dear Mrs. Bckert:

Enclosed are the three copies of Dr, Eckert's oral

. history transcript that you requested. As we discussed

on the telephone, we would appreciate your keeping the
history in the family for the time being.

If we can be of further asistance, please let me

know.

Sincerely yours,

John Barton

Corporate Communications
‘JB:eb

Enclosures

H
Ly
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This is Interview TC-1 in the IEM Oral History Froject on Computer
'l‘echnology, The location is the Watsen Latorstory in New York City. The
date J gly 11, 1987, interviewer Lawrence Saphire of IEM and to he inter-
viewed, Dr. Wallace J. Eckert.

S. Dr., Bckert, can.you give me y_o_ur"presenp position or your past .
poaition?

B, My past position was Director of the Watson Laboratory. 1
became interested in serious computation when I started work in astronomy
on graduation from college In 1845, Astronomy has always been an area
where computing was {raportant and it was sssumed thaf every astronomer

) at that tire would acquire competence in this axea. The teols of the trade
consisted of & mumber of things and one used these various aids according to
the orcblem on which he was engaged at the moment, The logarithy, of
course, was thetprinciszl stock in trade and everyone in sstronomy was
skilled in the usé of ].ogarithms; An interesting sidelight on this was even -
fifteen years later when I went to the Naval C;fbserifatory, the peonle frem
the University of Ca}ifgrnia were alwaya doing well on the Civil Service
examinstions because they hed been taught the use of logarithms and were

more efficient in thelr use than many of their competitors In other unlversities,

R SUE TRt
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Cther things we had were Crowley's Tablé which gave all of the products
of three ﬁgu’re numbers and these were very effectiva in coertain typen of
cémputations. There was another table called Paters' Table that gave
two-digit numbers. . . products of {wo-digit numbers by four-digit numbers,
The idea of this was that by using double precision with this table, you could =
get a four by four product. 'I“ne;'e was, of course, the desk ealculator
and this was quite effective. The one I had on coming to Columbia was a
Monroe, which did ten by ten muliplication and division. Figures were ali
written by hand. There were no aﬁtomaﬂc devices for reading and writing of
figures. There had been o few uses of the machines ~- the ones which I call
mu1t1~regis£er adding machines -~ nrinting a&ding machines which one did use
for different things. Ful essentially the desk calealator, the logarithm, and
Crowley's Tabhle cén::-;tituted the stock in trade of the astronomaer for his
corputational work,

S. When did you come to Columbia?

E, In th'e fall of 128,

S, Where were you befove that, v, Eckert?

E. Well, alter graduation from college I spent the summer ot the
Yorkes Cbservatory, which is part of the Univez;sity of Chicago, and then I

spent the academic year at Awherst getting a master's degree in sstronomy.
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3. &0 actually you started your prcfessiénal career at Columbin?

E, Yes, Icame to Columbia as a tenching assistant with the duties of
leoking after the observatory. They had just built a new otservatory on the
tov of the Dupene Laboratary and part of my job wasg to see that that was
put in shape for the use of the students and for others, -

S, Was it at this time that you came into contact with Com’ié‘"r;‘ﬂ
work? ‘

E. Well, my memory is a little hazy but the next few years I was
teaching at Columbia. [ was made sn instructer the second year I was
here and between teaching end taking courses at Columbia and trying to
ﬁrid a research problem, it took me five years fo get a Ph.D. at Yalea.

This was '81, Somewhere along the line I came across Comgx‘y‘fﬁ work,
nrohably at Yale.

5. Let me just ask you a question about astronoray, even though
we arve golng to talk s good deal about computing, sutomatic computing
and computers, Did you have a special {ield that you worked In in astronomy
as you gof your Py, D, 7

E. Yes. Zoon after I started studying astronomy, I saw that T was
going to work toward mwore exact parts of sstronomy i‘ather than the asiro-

gzhysic:s)wiiich was newer but not usually done with the precision of the older
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astronomy. ‘I‘he astronomy oﬁ« aosition, of courge, requires high precie:ion'

in its computation comnared to most astro~physica1 problems and 1t'w

that they would be of qrmt helt) in astronomical calculationf o

Waxs that 1n 1%6 when you s t came or_.after that?

Qa,

E No, it ?ms aome time 1dt6 ‘,I can't rememba: t.h' _y T

two young men .working for him. One s name Was Wa.rran,.__nd the other ‘_vas L
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IMendenhall, Mendenhall was later drownad in a boat accident, and I spent

a good bit of time with Mendenhall, We were casusl friends. I don't recall

~ the date when Mendenholl died. Then I was busy with my research for a

while and loter tciol«: up the guestion of the sutematic computer more

‘. What kind of research é:ére &ou doing atl that t-in.ié?-

L" I did my thesis in celestial mechanics with Professor Erown at
Yale, |

S. 1told you, didnt ], that he wan my professor at one time also.

BE. B, V. BErown?

3. Dreder,

. No, this was E. W, Erown. That was a long time ago. DProvder
came to Yaole while I wag a graduate student.

8. Isee,

E, With.my research work, though, it was not done with the automatic
computar, That was done with a Monroe.

S Well, when did you, ... you gald that you got interested in
attomatic computation when you saw Wooddts machine; Could you {ell me
o little tit stout what struck you about them and how you started thinking

in terms of anplying them to astronemy’

B T B T I T LI L P B B



AT

fie]

. Wood had gquite & bit of equinment. He had an ordinary tabulator
oy accounting machine and 2 sorter a:nd reproducer or gang punch, as they
called it in those days. e had both a reproducer and 2 gang punch. /And
he hed this special accounting machine or tabulator called the Difference
T-zbuhtor, which was puilt sneci dly for bi“m. It hct(i ten aiqit counterc., ten
of them, and it wns r?‘\OS-\.sible mth thlS rnachin@ to tr*:msfer by 'Kldition or o
subtraction from one counater group to another. This made It possible to
do first and second (Hfferenaés of various orders and summations without
reading in a new card every time. This thing would read cards at standsrd
card speed which, compared to sight reading, was very fast <= one hundred {ity
cards a minute with eighty digits and edding them in various rogisters meant
that it hod tremendous adding power. And several of the people hod devised
ingenious methods for uaing this machine, Cue of the metheds was ealled the

Mendenhall-Warren-baller meathod of computing {nter-correlations, I think

8some people at lowa were thinking along the same lnes ab dbout the same

tirne, i not one hundred per cent sure of priorities but this method, which
iz now ¢alled Progressive Digiting, was a very good way of getting suns of
products and mass production,

8. Had yvou ever come neross the .‘;?chri?ﬁz.‘machine which wag afler

é?'ebi‘ime’“ Difference Engine? 1 belleve that it was in Buffslo that it was lu use.
AbbAe

<"
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B. 1think it was in Albany. . Mo, [hadn't any experience with those
machines. The Dudley Observatory at Albany, where the Poss! catalog
originated, had one of these machines at one time., I never met the older
Ross, Iils son was there when I was » graduste student., I had not visited
the observatory af that time. | S s g s e e
3. In retrospect, do you think knowing akout & machine, such as the
:.‘-k:hﬂ’('}r, would have helped you or was it. juai that these machines were unknown,
rore or less, so that people nover went to investigate them and thely possi-
bilities’? Ribbs 4o
B, Well, Bekbdge spoke of a Diffevence Enging and of anAnalytical
Qngine. The Difference Engine is capable ouly of linear operation. In other
words, it can lzke differonces and meke summostions. This tvpe of device
i3 very effective In systemé.tic toblemaking. Pub my work wasa't systematic
tablemaking, Iwas interested in general scientiiic celeulations where
you must have all of tha operations, including the use of 'tabula‘.r functions, -
and so forth, o that you really need an analytical englne. The big tabulator
of Een Wood, while it was used with ingenuity to form sums of small products,
it didn't form the individual products and it was not capable of. .. « it was not
an analytical ongine. T was n Difference Engine - a very fine Difference

Bugine, but sfill Mrnited to linear operations,
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O But I take i you were 1oqking around, at least in your mind's eyse,
for an analytical engine.

E., Well, ag scon as 1 saw Ben Wood's machine, I hadn't heard of the

analytical engine ot that time, It seemed that in the IBM machines there

was the capability of performing all of the operations necessary for pro-

fessional cemﬁuﬂng. By that time 1 ::méké to some oi‘ the iﬁeﬁple, and I &ndézu-
stoed that IBM had just put on the market what they called a multiplying
punch, which wasg a machine that would read numbers from cards, form thelr
nroducts sand sunch the answers on the cards. The Difference Tabulator was
nlso not a ¢redit balonce machine, You could only make it in numbers,.

They came out as conﬁalements:, genexally. At that Hime, if you wanted
subtraction you normally used two counter grouns. If it was a positive
aumber, you added it in one register and if it wes = negative number, you

acdiled 1t in the other. Then somehow or other, yvou subbracted one irom the

‘other. An algebraic sign control was not on the standard machine, During

the time that I wes worrying about these problems, they came out also with
the direct subtroction tatulators or sccounting machines. So, by the time we
hod the direct subtraction accounting machine and the swmmary punen and
the multivlying punch, it was obyvions that it was only a matter of getting the
preper enginecring to make these nctions more general and hence sullable

for computational work,
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8, Did you pursue this possibillty with IBM people?

B Yes, Ilearned alittle mors about what was available and what
would have to be done to make 5. computing installation that would be generally
useful and I wag able to -« I don't remomber the details, but at least the
prover equipment arr_iv_ec{ jm _the Dupene Laboratory Str;cl we were able bo
make it operéte as '“n astmnomical céinputaticﬁ. - o

3, What yosr did the equioment arpive?

B, 1938, as I remember, was the {ime when we had most everything
we needed.

& flow dld you go akout getting this equipment? Did you have to
convince people around Columbia to bring it n?

E. Well, Fen Wood knew My, Walson, and Mr., Walson was interested
in novel uses of his equipment 2= long a8 it was soclally useful, I'think
ne would not have been interested in novelty, in the sense of nove}.t,;y's gake,
But he wag Interested dn education snd sclence and when he heard that these |
machines could be wseful in this ares, even though not profitable, he was
willing to sponsor this experiment. o the machines arrived, and I didn't
have to worry rauch about the economics of the aituation.

8 Isee. id you,...

E. ut we did get 2 multlolying punch with special sign control and

other equipment in i, and 2 subtractlon tabulater which was somewhat
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3;5@@1&1 in that it had four 10-diglt counter grouns Instead of five 8, At that

tlme, we needed more than 3-diglt arithmetic, Ten was really necessary,

I also was able to get hold of some of the 5necial equipment. By that time,

en Wood's big maching had been disbonded

snd L was able to got the

sluggable relay box from i, which I incorporated in the control system for

the new computer,

3. That was the go~called Columbia machine of 1931, That went

out of uge by 1838,

E, Yes,

S You used itz poris,

E., Well, the 2an Wood Difference Ta

mulator they called it, It was

accorapanied by a big box of relays and these relays were connected with

a plugboard on the top of this box go that one ceuld run plug wires from the

Difference Tabulator plugkonnd Into this box and out the other side of the

x

box ond back into the tabulator, This meant that they had much more

flexlvility in that machine than was buill into the machine Wiself, This came

with tho machine. 1t was designed that way,

That made it very convenient

for e, because I could then tzke thig hox and plug it into my new machine

and use that as part of the control system.

It was & big switching box really.




S fnd, ab that point, the Wood machine was no longer iﬁ operation for
him?Y

B, That's right.

S Just to digress a second.,  What wos the reason for his abandoning
that machine? \

B, Idon't knew. Xt may have been.. ., .well for one thihéﬁ%iehéeiﬂxéil
had died snd Warren had left, and the experimental vart of Wood's activity
had subsided somewhat.  Algo the machine was old.  Like all special machines,
it had problems that made bugs that one doesn't usually find in a commercial
maching, bacouse in using the _cammercial machineg, they lmprove them 25
tirné goes on,  Put 2 gpecial moching is bullt and if there are nny wesknesses
in i, they gel worse usually instend of better and the ordinary serviceraan
doesn't know how o cope with them. Une of the problems, st that thme, was
thot some of the resistors would go out.  Ho in the course of the computation
you would have to take the mach%,ne apart end hunt for the bad resistor and
aut in A NewW one. | | |

S0 Some of the later computers were o little like that too, weren't
they

Fe Yes.
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5, Just to finlgh up on this Columbia machine, was it doing computations
that would moke it amﬂcgou's to a coranuter, or how would you size that
machine up in the two years it was in o;aerétion"?

@, Well, in the first place, It was a great Difference Engine, It would

read cards and do differencing and summation operations and printing in

mags ;modﬁctién s this wags the fivet machine that'dld that. . . that had that

capability, The forming of sums of products was really a {riek and that, of
course, was very eificlent in forming intor-correlations between variables
by a combination of sorting the cards and sdding the various combinations,
you can get sums of products and this mathod was a very profliable one. '
g a matter of fnct, Tused some of these technlques later in the installation
of Wood's for individual products, simply because it was more sconomical in
certain problems where you needed sume of products to do it that way, ot
that time the fivst roultiplier. ., cwell muliiplication was quite expensive
tecause 1t took a number of cycles and the time was long. £o if one could
avold multiplicstion, he saved money on his ealculations,

3,  What vroject was Weod pursning? 1 know of him mostly being
interested in test x;coring and educational type things,

B These were his principal things. e wos interosted In giving
tests to large mumters of peonle, scoring them nnd discussing the results;
by inter-correlation of vne sort or ancther, tvying to evaluate them and

keen the records and all the various statistlceal aspects of a Big testing program
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of that kind. For instance, he tested all the schools in Pennsylvania at one
time, so that he had a great desl of this wbrk aﬁd the discussion of the
results, and the grading of the tests, were lmportant to bim and he had
different approaches to this., There was one kind of test where he would have
an operator go down the test, and according to the score, would oress one of
three or four butkons on an aécouiéf'ihéj machine and the machine would enter
thiz result in varioug places, with varicus waits, according o the type of test
it was; and that marzhinéra:a hours, and hours, and hours, IHe had Warren
wd_rking on an autormatic test score and it never was sucgessful. Fut Ray
Johngon, who Is now with 1M, developed a test scoring mochine independently
and brought it to 1FM and Dr., Wood, and this became the basis of many test
scoring machings thet Wood later used.

Se In what way did he use the Columbia machine that he got in '31
tnat you took parts from in 38 for test scoring, or did he use it for another

vurpose’?

Py

3. MNo. This wag used for the things I've mentioned. The test
scoring machine was o small sceeunting maching with special features on it
designed especially for scoring testa, That ran for years.

5. Let's go back to the ILM equingent that was brought in to help

£y

you with your work, “You had mentioned additions that were made to the
rmachine modifications, Did you ask for those modifications, Dr. Eckert?

H. Yes,
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S, And they wers out in®

L. Yes, TFor instance, they were all toward generallty. At that
time the accounting machihes were desigued for business and always they
were specialized machines, There was a sorter, There was an adder,

There was r multiplior. 2ud the idea would be to take a stack of cards and

v e

z§§~ .."7 e T e A - L J -?:‘._:..,.L_‘.;.u,__:_. NI e ey s e iy e e ‘.‘“777:‘;-' o e
work out a simple program on the machine and thea run thousands of thousands

of cases on this simple srogram and sither print the result or cunich it on a
card or both. In sclence, you need greater flexibility, In business at that
time, a negative number meant that you had to call the Vice President. It
mesnt that somebody had overdrawn his acceunt oy had done somsething
horrible, Whereas in sclence, nositive and negative numbers were equally
res;)ectable; and when you muliiplied a positive by a negative,. vou wanted to
got a negative, ote. So that complete sign control was one of the minor
things. There were other comumon eperations such ag intercolating In &
table. When you look up functions 9%'_1;; their differer‘lcesig_mi then you want fo
interpolate, you have @ very common oreration which is the form of # plus
or mibws B Hmoes C. Well thig was not one of the standaxd features on the

multinlier. Ithink it wos quite a nulsance, but one of the engineers in HIEB VS
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did rewlre the raachine so it wonld do this as'zm aui;oma‘tic thing, ciepemi:ﬁg
upon the X puneh on the card, One of the very effective things that is needed
in sclontit.¢ computotion & the use of tables., Nowadays most of our machines,
fnat clectronic machines, evaluate the function from some kind of 2 pouiine.

But corputation was quite expensive in those days in & machine, so that

\.'f“w . . .
the ued of a tablo was very economical and the punched card.., fableson.. ...

punched cards played a very ingportant yole for a nuaber of years between

say 1033 and very vecently. The abillty to convult a mathematical table

in mach ne veadable form was one of the things that we accovaplished and

it was very effective. About thig tirae the peproducer came out. We called it
the high speed yeproducer, This would read cards and transfer information
from ons card to another and it had the ability to do this selectively, according
to whothor or not the X punch, 23 We called it was on the card. So we

would take our fable cayds and put X puaches on them o identify them and

then we would merge with the tble card the detail cards whch contalned the

arquments oy which we wanted valuea of the function, ' We would merge -

these, put them in the reproducer and atb 100 cards a minute we would get

off the valucs of the function in the fivst, second orx third, or ag many differences

a5 we wanted. This made a very cconomical way of getting functions ox

computations of a apecinl kind, As a matter of fact, we would in the nterest

A
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of economy, arrénge our computations so that we would make tableg for
the occaslon and then use them rather than computing all of the values that
required this value function.

S, Let mé just again go back a minute {0 a non-technical aspect,
In getting your equipment from [BM, did yon deal divectly with T\, J. Watson
or did you deal with the people who were around Columbig - any IBM
salesmen? What was the process by which you personally got involved
with IBM ? |

E, I don't remember the process., But in the courze of the years,
I had contacts with many people Including Halsey Dickenson, Steve Dunwell,
John McPherson, various sales people, customer engineers, Ialways
had a warm spot In my heart for the Customer Engincer, because I could
get information from himl about the machine which the salesman didn't know,
and I could get ideas of the things that were easlily possible and get per-
ralssion for them to make & change or sometimes even make it when nobody
was looking and it didn®t hurt anything, But it was a gradval building up
of the power of the machines and the things we could do with them,

S, Well, back in '33 when you first got these machines and you were
making the approaches, whom did you contact to do this, or did you do it through

Dr, Wood? In short, how did the machines actually get herse? Who raade
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the dec.sion to bring them in and with whom pevsonally did you have contact

Ll

back in '337
2. Mosily theough Dr, Wood but then theough ths salesvaen and through

+ L

the custoraar engneers, ete. But 1 think it was just since evevybody kncew that

My, f&anscn vm;:s m cragte E 1 the 133*03 20 Tamsk t.ut tlm*xgg wore a l;.tzle.

'»la;s 4 nhrm t‘q ~mﬂ ¢ have 5;@11 101 21 et“iina::y <,uf"omez?

5. In short, the request went through channels and back came after

a'while your machnss.

I, I Goubt if the request was oven in writing., I don't know. I think
we did have g conteact on the multiplying machine but we certaluly diun't have an
fromized account for the rontals on the machineg,

Well Lot's basically get back to the use fhat you wore tellng me
about o fow minutes ago.  How long ¢iel yOou 18 thes zzzazciz;zies, this pariioular
fivat gronp? |

I, Those machines were in wse untll they were really worn out
duping the way, Wa dd as vo.:wmiuali wmmta{,mzm en thern until 1340 when 1
went ko ine Moval Chocevatory an. thoe lah was otill rurming at that tme, Then
ag war work was tokon in, the mach.nes wers vun on & long shift ba:ds and
by the end of the war e equipraent ., ... and In the meantime of course

theey gob i much moze equpmaent,  ‘The whola top of Dupena was full of



machmes during the wap,

5. Well in the '50%, wimt kind of results were you getilng? Wore
you pleased with thern?  What did you zee you nseded? Can wo iaik a little
b t about what the compuatational situation wos aﬁd what 1% was doveloping
toward, i aoyihing, at that time, ‘

J, T think the thing that Interested me most persopally was the
ab.Lity to solve the differentiol squations of planctary motion in on automaiic
mamor. This wa.s numerleal integration, with two or thres coordinates,

10 digit procision, an arb trevy number of differences. We used the
difference rasthod bocaws: th s gave us o check and we could ugs an arbitrary
number of differences which you could shift very easily daving the integration,
30 that when the planct was near the sun vou had to take shovt ntorvals

or else take highor dlfferences, We always usoed ths same ten day Interval
hut vre would take more differences at that tirne, When thé vlanet was {ap
from the sun we uged fower differences because the compuiations wonk

faster. This was a xfery gaixsfzcwxy mrtn')d It took t\%}o 111511111;@{-5. to doa
siep fov say vth differonces and 10 diglt acowracy and perturbations by the
major planeti, Thiz was chacksd ~w autormztically checked -~ 80 bhat if thore
wag a raistake you conld see it on the vecord mnd back up @ litbie, We hado
very cifective mathod for backlng up (tclephone vang, ., fow words approntd v

lost nora). motion by mumerical htegration. Th 5 method was very otioctive,
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‘The oporator had o take a fow cards in hig hands alb one or two places there

in the two minute cycle and pass thei from one machine to the other but

otherwise the mm'g was autoraatic. The record appeared and you could see
that it went along. In the case of an eryor, which was comparatively rare,
it would show up and you could go back and pick up the cards, three or four
steps back and then go on from there. This Sﬁteﬁi’ﬁza.s uged a great deal by
graduate students and by myself and an assistant,  Thers were a munber of
very precise otbils that came out of that that were used for many years.

S0 aside from the planetary motion, there were two large data, reduction
projects, One pf them wag for Yale and the other one was for Columbiz,
The Yale Observatory at that time was engaged in making a star catalog

by means of asteonomical photographs, They would eollect these laxrge
photographic plates, measurs them, and record the results and then there
was an elaborate amount of computation that had to be done -- the allowance
for recesgion, mutation, aboration, refraction, ete, The trigonometrical
tmnsforinatiom with about seven figure' accuracy an_d finaﬁy 'tl'}‘e squz'iré;ﬂ
solutions, ete, and we mads a lot of analyses and caleulations and that took
quite a bit of machineg time. W this there was a great deal of wse of special

tables which we constructed for the purpose for which we used the machines both
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to make the tables and to use them on the probleras, Another. ..

S. This was the data reduction work?

5. Yes. Very elaborate data reduction, you might ¢all it, The other
dats, re.duction was Professor Schultz's Columbia prograrm in photometry,
This resembled the Yale prograim in that it used photographic plates and
measures were made and resulls ;:'educed and put into catalogs, In this one,
the coraputation wasn't ag heavy as for the ¥ale program. On the other hand,
it was rather more automé.tic hecause the program was at Columbia,
and we had the equipment soon after the program wasg started and this made
it possible to go further in and do earlier dats acqtﬁsitioﬁ. In this program
we had a list of stars and thelr positions in the catalog and we used this,
These flight ascensions and declinations wers punched on cards. Machines
were used to corapute the coordinates on the plate, They were run through
an interpreter and the cards were then taken to the photometer and the
observer would pick up the caxd, look at it, read the setting, set the instrurment,
put the card in o punch, read the instruraent and then punch the results on the
card a3 she went along., And it was found that It was more sceurate for the
girl to punch than to weite the number. She made fewer misiakes and the

punched eards then were availoble for the data reduction operation and for



nreparing the results for the privder,  So this was probably the earlics
case of a punched card antomatic data acquisition and reduction system,

G Was this the same machine that I bad once seen hare that John
Lone had had a hand in develop ngy

5. No. This was In the early 30's, starting in 1938, and the whole

{31‘0.91*2111-‘; from then f:m wa% maéh@ﬁ%ﬂ in éh.‘:.s fashlon, hcé John Lentz
dung started after the Watton Laboratory, which was ten yoars later,

S0 What about the program to moske the machine work?

E. There wag anothey big aven and that wan stellar statistles,

Ve had large amounts of astronomical data on punched cards which wero
available for statlstical discusslon, ete. In fact one of these catalogs, the
Boizs catalog which we put on cards fn the eaply '30's, is still inwse. They
nave a copy of it in many places i the world,

S. In mnlng these machines De, Hekert, how did you arrange the
moechanical progream, you know, the rogular maching program? Did you
hand Zeed the cards, the ones you wanted, op to what extent was It autemadtic,
2 stored program.

o, Thém ware two I::inﬂs of coraputations, One was bakch processing

and the othuy wag one where you had to use an elaborate program, And
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of course with the,,. where bﬁtoh processin(i could be done, .. it was more
efficient than where it couldn't be done because when you are using the
machine as a progrirn calculator, you have to have the whole machine stand-
ing, and while one unit is operating, the other might not be, So your over-

all efficlency is not great. On the other hand, when you are dealing with

batch processing as we were in much of the data reduction, it was:possible - -~

to get very effective results and results which could not be obtained with a
purely sequence'calculator. The use of the "table look-up”, for instance, and
many of these progressive digiting, for instance, .. these might sometimes give
you an increase in efficiency of five or ten, even. One has to remember at
that time that the expenslve thing was multiplication. The cheap thing was
sorting and adding, On the adding machine you could read cards at 150
a minute and add ag many as 40 digits from a card which is an awful lot of
arithmetic., On the other hand, the multiplier took perhips a dozen cycles
... card read cycles to do one multiplication of 8 x 8, So the difference In
efflclency is very important.'

2. When you are talking about expense, you are talking about expense

of time because you weren't really paying for these machines, Is that right?
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£, Not raying for them but still one has prids. He doesn't want to. .., .

this was the only installation of iis kind in the Qvérld and we ifelt that somebody, pZa—

Myr. Weatzon and his company, had put a good deal of monéy into it and that

it was our responsibility to wse it effectively, 80 I've never enjoved using
machines in a sloppy way, ifven now, when I have an asslstant, Tusually
tell the assistant the price of the machine per hour and say that if one is
spencing rmore on machine rental than on the psrson who is programmning

it, that one shovld really keep these things In wind because a little bit of
programming can waste a lot c;f money. So one 18 not happy i he is just
wasting valuable'r —;:’éourwu, regardlass of who is paying for it. So that the
batch processing was done thot way, and in getiing this equipment together
and ushaq it ag a computey, all of the connections between the machines wers
pluggable and had switches 8o that in ten minutes we counld convert from . ...
convert them back to their noymal form and use them for bateh processing
or hook them tagctﬂcs. as a system and use them for & ommthmg Hke munerical
Integration which had to use the whole set-up, Now tns pmgr,.wwn}ng of the
assembly as o computer was a4 mixture of mechanical and punched cards,

ALl of the machines, Imean the multiplier and the accounting maching of

coursie réad cards and the multiplying machine punched cardy and the summary



punch punched cards. S0 by moving c;,a,rds from one to the other, you could get
any combmation you wanted and om‘; wauld ﬁoriﬁaliy arrange his computation
in such a manney that theve were fewayr of these operations, as few as possible,
Idany calculations can be avranged in that way, So in this numoricsl integration
process there woere only about three card haﬁd;mg operations in the two
minutes. So the genaral approach was {6 use the mechanical programmey’
o the broad outline for the problem and to uge the punching on the cards
for filling in the details. The pumerical integration is a cyelic thing,
You go through a serles of say one hundred or more arithmetic operations
and then you go back and replace the data you started with befora by the
results you just got and do It again, S0 this is a complete cyele and for
this you always go theough the complste eyele. And for thls we have the
contrel box which liad a munber of disks and In broad outline, there were
about twenty successive steps or settings for the switch and we filed nicks
In the disks to tell the different machines what to be dolng at that time,
And the com;m'aatioﬁ was arranged 8o that you didn't need to use all of them
i yon didn't need them and the rest wes controlled by the cords, X punches
in various columns of the cards were helpful for Instance, to change the
nurnber of differences you were using,

S Dey Iiekert let's say after the wae when you got new equuiprment,

to what degree did thils equipment in the '30's do what the later equlpment dia?
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Did thos system leave a good deal to be desived that you wanted done that was
done fzter, or were the latex machiﬁes that' caz}aé in to do this work just
more economical o operate?

3, Well the asgembly ﬂ;at wa had in '33 left much o be desived, It
wag obviowsly a compromine petween whal one could get and male work ina
short time and use effectively without undue expense, We felt that at that tlae
wa should start by uslng reagonably sirple equipment and then not spend
a lot of time an{'i'monay on a development program that would be much more
axabitious. We got a lot of experience on that, I mean i 1933 we raa into
somae of the little problems that programmeers and operators have had ever
since, llke whet do vou do when the machine makes a mistake? Or i a
mistake oneurs In the calewlation, how do you get started again? Well this
meant thot we had weitten our program so that any time we got nto {rouble we
eould just go back and pick oul the cards from three steps or one step or five
steps provicusly and start over agaln.

5. Did gcﬁ }mve ény éhécking dévices'?

. Yes we used the differencs method 5o that when oue looked at the
record, it was obvious thal & mistake occured, Because didffcrence methods
are very sengitive to erroes, Now somoetimes with a difference method, you

wouldn't , .. well if the mistake s bly, you would see it the first step, the



flrst time it printed. I iﬁ vas sraall, you might have to go through three ov
four steps before you notlced it.  But in every case, we found that by helny
able to use our regsults that we hod just mmehed out asg starviing points, that
any tirre you went boek you mevely had to pick up the right deck of cayds,
alip thom in and stavt again. 1k hes been amusing 10 nee people struggling
vrith this é&me prob}.eﬁi with the m-QI"éi éi&béﬁi‘a{e mmm’cerssf z*ecenﬁyears

8, What Twas really driving at was {0 try to analyze exnctly how
far this operation in ita own aren was coming to modern comaputers, I guess
the vay to phrasé the question would be "Did you congsider that opevation that
you gtarted, looking hack at & In perspective, as modern computing or
pre-~computing, pre-modern computing? ™

B, Well, i was & revolutiopary thing becaunse up until that tme general
scientifie computing slways involved hand work., The numbers had {0 be
copies, The arithmetic had to be done, at best with o desk calculator or with
logarithms, and here for the first time you could do genea_:'al things such ag
the solution of the differential equai’ion corapletely outomatically and you
never hnd to read o wrlte a number, You only had to move a few cards and
look at the yesults to sec I you approved of themn,.  And in the mass reduction

of obgervationnl data, the bateh computations, these were very effective. It
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mace it posaible to do say a hundeed times as much work ag you could do
by hand, &0 if you gei o galn of one hundead ... a factor of one hundred in
one step and you gel 100 thnes that of enother, you've got 16,000, and which is
more interesting, the fiwsl hundred or the second hundred?

S, Today are the same kind of tables and caleulations belng made
in astronomical )ab@ratomes as you were c}cmg ‘mc}“ i;hen, updating anrl
forth?

. One of the things that we did was {o use or to make tables as part
of the caleulation, ‘To make and use tables, This {s an econoule matter,
You could corapute vach individual case as you go along o you can make g
table and use the table, For many problems, tables ave exeeedingly etfective,
Now as I say ti-iough; it {5 an econorsic matter de pending upon the cormnputation
anc upon the cquipmaent you hava, At that time multiplication waes cxpensive
or general arithmetic was expenslve, Table look~up was cheap, With the
carly compulers, as soon a5 you got 2 fast e}lectronic caloulator _witi; slow
Iaput/output, then you are buund the other way around wim MOra memory, 5o
that tables arve expensive and arithmetic in cheap, When w«% went, ., . atb that
time we bad the punched card inpud and the wheels for doing arithmetic, So

al that thme fables were effective, Then we bad punched card Input and
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clectronic avithmetic, so that at that tie punched cards were the bottleneck and
Jsou got away from tables and teied to use 1‘fmtihés in the machine, Wall

tais deponds on the configuration you have,  You switch it o little bit both

waysd and you heay people talking about both at all tles,

S, DId you ever got the feeling as this change or switch between
electro~mechanicn] and electré:nic eguipment took place that the tail began
wagg-ng the dog, and did you have to change vour outlook to adjust to this
new equipmsnt ‘?7

B, Ob yos, But anybody who 12 a professional computer, this iz just
seeond natave to him,  He always looks at what h s tools are and he wants to
find out what it does well and he's elways consclous of seonomie balances and the
law of diminishing returns, ag he pursues a particnlar idea, Bo I think any-
body who has been in the business {or o long tise will just naturvally thiok In
these terms,  And whon you gt new cquinment, the fivst thing you ask is
i you want g spead chart of certain kinds of operations and you obvicusly
d.én't Mrap on. :z,réu:c Worst fbot. You try o use the ones that ave most g':fféctive.
How 1 inink that perhaps thes L moro trae of people of my gonevatlon, who
have come up the hard way, Ve are more conscious of these possibilities
than someone who comes in now and lesrms 8 fé-w tricks but doesn't worey

about the effectlivenes:s, 1 oueopose I worry mmove about ., In other words,
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Talways want to gel the most cut of my equinment and sometimes perhaps I
urpend more effort than I showld in doing this,

3. Has thal effort paid off o {o speak, for let's say M when you
came (o work for MBM?.

i7, _wén__it h;m paid off ,_f.{”thmt; ina pumber of rosearch projects., Because
at various times along the way we've heon able to goh to acemmplish certain
ihings that other people didn't beeause of nsing what we had gifectively, In
the S0's we wavs doing these large jobs of dala reduction and numerical
Integration, ete, and we were the only ones that weve doing this. And at the
Neval Observatory the same oot of thing happenad,  And with the 8SREC we
nad  caleulator that sccomplished many scientific problems at 8 time when
competition wasn't solving problems of that typa,

2. Lot me just go back to the pre-war period for & raoment. You
mentioned that no other observatory had a get-up such as your observatory.

B, Nobody,. period. It was tho omly set-up of this type anywhore,

5. Did people from other observatoeles come and take o look ot
ey
yes. O courae one Mmit to this though was that it took qulte &
bit of doing o get into the system.  Whon one has an avtomatic compmiter,

the machineg reads data that &5 available for i, and ¥ somo of the othor obsavvatorics
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hod thelr dita in other places thut wasn't readlly wvallable, in order to
use this equipment you would have had to get your duita on cards and frequently
this would have been troublesome.

3. 1 sse.

m :xnd m those d;,,ru you ha,d to get it on nhe car d.:, cnd you had to
practically process the cards ycucself, b\,f,‘m.ae for mas*t. of ﬁae commtj.twn. -
for the bateh processing, you had to kmow the machines and the dzzt;z and what
you wanted, |

S, What wag the reaction of the astronomers to this? Did they feel
that it was too much trouble to do that?

B, Well, one of the reactions, not only of the astronomers, but of other
people, was to get similay equipment, to get punched card equipment; o that
large amounts of punched cord equipment were installed during the wor for
war work-this included Los Alamos, Aberdeen, ﬁ 11Ji11, the Naval Observatory.
Readly a very large part of the computations that affected the war were made
on IBM equipment,

3. 1 3ee,

E. The AENIAC for inatance, was developed during the war but it

didn't do any war work, The IBM machines though were golng constuntly,
7
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They were available quickly when people needed lth&m.

S, Were they doing the kind of calculations that you had pioneered in?

E. Well, at- Bﬂiddﬂn and at Aberdeen {these are ballistics Jaboratories)
and the difference between a planest and a projectile. .. the computations are
very similar, So that it was a natural, and at the Naval Cbservatory and many
of these other places, So in those places it was almost a direét transfer.

3, You mentioned that you went to the Naval Observatory in 1340, Were
you hired there? Wore you drafted?

E. No. This wasg not a military job, I was a Professor of astronomy
at Columbla when I left, and I went to the Naval Obsefvatory as Director of the
Nautfcal Almanae, which had been considered one of the best and most
interesting astronomic positions in the country, It wag held by Nyman Newcomb,
for instance, and others. So when I went there, it was not just as a temporary
pogition. I became a permanent member 2nd decided or intended to stay.

3. 1 see, so it didn't have anything to do with the mobilization and so
forth., You just took another job.

E, I went there early in 1940, The Director of the Nautical Almanac
is a Clvil Servant and there had been Newcomb and various successors. In
1939 the place became vacant and they held 2 national competition and invited

me to jJoin, I went there because it was an interesting thing and here, of course,
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it was po'ssibie to gquickly set up the game kind of computing eqguipment pretty
much as wea had before and to mechs'mize a ifery .sizable computing center, The
Naval Observatory had always been a center of computation, They had lots

of work to do. This mechanization was quite revolutionary there.

5. They didn't have any automatic equipment to that?

&, "'Théf}’haé no automatic equipment, Every diglt was written by hand
and read and writken repeatedly and the dats was arranged and transiormed.
When I arrived they didn't have a machine that would print figures auto~
matically, They had desk calevlators. As I mentioned before, many of
the people there qct high ratings on the exarnsg because they were good at
using logarithms. The problems they were asked to do on the exams, you
could do effectively with logavithms I you counld get it done In time, And if
you couldn't, you didn't get it done,

3., Wag it IBM equipment that went into the Naval Observatory’

7., j(es, mos_t_ly.

3. To what degree did it differ from the equipment jou had developed
at Columbia?

®, Well in the fivst place, at that Hme we were able to get the alphabetic

accomnting machine, ingtead of the numerie, not because wa wanted to use it
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aipimnerically but because the .., . well becausze it provided greater
flexibility, We could stick in wheels that counted by &'s Instead of by 10's
for a degree in seconds. And the counters were pluggable in various com-
binations o that we could put the 6 wheels where we wanted theﬁa and the 10's
where we wanted them. So this was a very great boon in g lot of the table-~
making and that sort of thing that we had,  We did not build a sequence calculator
since we did only batch processing, On the other hand, we spent more time on
the making of table.‘:% and printihg methods -~ antomatic printing,

S. I think we're coming to the end of thig reel very rapldly, Weli we'll
just run the tape out and perhaps we can make this a breaking point. With "chis new

equipment that you got in, you started computing ....,.End,
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 This 15 Part I of Interview TC-1 in the IBM Oral History Project
on the Technology of the Computer. The date is July 2(1)%:52@ place, the
Watson Laboratory in New York City. Lawrence Saphire interviewing Dr,
Wallace 7. Eckert;
had gone to the Naval Observatory and you had been brmgmg in various l{inds
of equipment to do computing there. You were telling me aboul the degree
to which that com.puting equipment was sophisticated, Perhaps you could
describe the kind of equipment you had during the war and how it was Improved
oy to what e:&tenf it si;.artedlapproximatinq modern computing equipment.,

E, Woell the fivst big problem there was mechanizing the work of the

~office, the Almanac Office, and a good bit of that work wag the production

of tables, tables for navigation, My first task wase to design an air almanac

that would be used for the rapidly expanding Alr Force., This was designed

and simultaneously I went to IBM and told about the problerm of gei:ting e e

equipment quickly and in a very short time, astonishingly short, we had
installed equipment to do the bateh processing which i requlred n table-

making and within o few months we were able to compute the data for the air

S Dx_'. Lckert on tho laut {.ap\, we flmshed off as you were Saymg you |
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almanac and by the time it had been accepted, the data was ready to go to
the printer. As a maftter of fact, when I arrived there the first of February, ...
we were able to get the air almanac designed and get it approved by the
Armed Forces and get it into the tralning camps go that the first lssue
started In January, '41, It was 1940 when I went there,

~ 8, Could you just describe what kind 0} information was in the air
almanac?

B, Well the air almanac tells the aviator very easily and quickly

for any time of the day or night, where the navigational celestial objects are
such as the sun and moon and three of the brighter planets ot the time and
a number of navigational stars, This was the first time that the user didan't
have to compromise because of the trouble of making the almanac, In previous
years the aviators or navigators would have liked to have had more information
and less work to get it and to use it. But because of the problems in computing
and constructing the tables, it was always necessary to compromise so that
there was more work done by thé ﬁaﬁi&jator than wag 11ecesSai'y. But with the
air.. almanac, it was tﬁe first tlme when we could afford to give the navigator
exactly what he wanted without worrying about how it would be produced,

This almanac job was batch processing o we didn't need any of the controls
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that we had at the Columbia set-up. We were able to use essentially standard
Serm & {rpAousmewi

equipment which by that tirre had heermppovon, One of the principal machineg

of course was the alphabetic accounting machine, which permitted the use

of degrees, minutes and seconds as well ag decimal numbers, There was,

of course, the multiplying machine snd the reproducer which we used for

- automatic table look-up from tables on punched cards,”

5. You were using standard equzpment but you were doing in effect
a kmd of mCl@ntlfi(.- computation job, wia”;w-&ﬁ"é:ﬁ;%r in the scientific area,
: "ta’«'.i’ AA:;—«-V"/(/‘ ? .
Would you consider that true computing on the standard equipment %e
u‘L’ ARy "i’
Pepukt I know of course/twafa a8 coraputer in terms of having g real stored
program. Is that the kind of thung that they 'would have done on a computer
today? Would that have meant a difference?

E. Iwould say that the construction of tables indeed tends to be a
systematic job which you can do by batch processing and we did batch pro-
cesging on these mathematical tables on a large .;c.alo. And 1t was thib that
made-for the .OU.CCE}SQ of the project. Now i‘c‘s easzer to use a sequence

calculator frequently in batch processing but the efficieiney of the sequence
calculator comes in on a different type of problem, We could do a very effective

job on these mathematical tables with the equipment that we had, One had to
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plan it in such a way as to make use of the equipment that you had but this L::
part of the job, And it did revolutionize tablemaking, We were able to put
out in a few weeks, pages and pages of tables with thousands of digits to
a page.

S. Was this the first time it was done automatically or gemi-automatically
in this fashion? "

E. Yos it was automatic in the sense that nobody had to read or write
a figure or look at anything, You'd have to program the machines b&l;&z-&. put in th
initial data and out would céme the finlshed product, So in that sense it was
completely antomatic, Nobody intervened, Now this invqlved not only the
arithmetic operation, but also elaborate use of mathematical tables on
punched cards, We used the machines firgt to construct the tables, Then
we would uge it to consult the {ables during the course of the computation,

Dy The tables were stored on punched cards?

E, On punched cards and then merged with a, collator and transferred
irorn the table c:aré.s to the detail cards with the reproducer.

S, And was the program wired on the }_:dug‘boérds?

. 'Yes.

5. Did you have one plugboard only ox did you have a nwumnber of

plugboards ?



#50 iy

IZ, The machine of course wonld punch intermediate results on cards
so that many of these things we would have to punch an intermediate card but -
not a great many. There are tricks to the tablemaking buginess that enable you
to build up the table by means of summations and these methods are very
powerful. So thaf there really wasn't much c:qitic:ism of. the equipment for
this kind of work and it revOlixtiomzed'the making of these tables, So that
instead of having astronomers running calculators and copying fiqures from
one sheet to anofher, for the first time we were able to put them on the
machine and have the results come out the way you wanted it,

S. Well was thils system adopted by other observatories or did we do it
for all observatories around the United States?

E. Well there had been the Colurnbla thing which was étill goling
and which was vastly expanded during the war and then the Naval Observatory
was the second. But soon after that or. swelinlirnet supe-of-the-dates
lmi:w&t approximately the same time, similar equipment was installed in othcr
‘ DOML R EN .
places such as Aberdson, @é}gm and Los Ala.mou There was a raplcl
uipanulon of the use of thig equipment at that time,

S. For {ablemaking of different sorts,

B, Well for all kinds of computations, One would have liked to have

had a sequence mlculdtor but there's a lot of heavy computing work in any .
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kind of a problem that one can do by the use of this equipment if he uges a
little ingenulty and of course that's always part of the fun.

S. Dr. Eckert could you just list for me the machines involved in
the standard equivment so that we have it on the record,

E. Well there was an alphabetic accounting machine whzch had)as

1 sald these fractional wheels for domg decimal arithmetic. There was

one or more multiplying punches, o reproducer, collator, key punches,
verifier, Very quickly though, we ran Into a problem. We found that for
the first time it was possible to compute and prepare g printer's copy {or the
table withow error and in large quantity, When we wanted to print these
tables/ however, we had to have them slei: in type and we found that in sending
a thousand pages to the printer, he would set the type, he would have his
proofrgaders correct it, and these corrected proofs would come back to us
and we had to proof read them again and the first year we tried this we

found that even aftex_- the Printing Qffice had done the proofreading, our proof~
readers found about an error on a page, So here was approximately a thousand
errors that had to be corrected, We sent these back to the printer and he
corrected those and gave us revised proofs and wehad to read them, And when

we did this we found that he had corrected most of them but there were still
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about ten errors in a thousand pages, So it was obvious that the proof-
reading was now the bottleneck and here we actually were quite pleased with
our automatic method of proofreading, When we prepared the copy for

the printer, we had a set of punched cards of course, and by using the right
kind of checking methods, these were erroréf?ee. So when the copy came
back or the proofs came baclg, we found that ir;stead of having a person
take the responsibility for reading the proofs and sayiug that there were no
errors in it, we had the proofs punched up on new cards and this is very

simple puaching and the person who did the puachlng of course was in a,,
r‘

B

39
clerical classification aﬁdnwawlrly 1ow‘\a:acl Lhe 8 people were #ﬁssis&y casy

to get and they bad no responsibility except to punch what they saw on the
cards;, so they never had to say that the table was right., We didn't have to
take their word Vﬂg‘ 11, They merely punched what they saw. And this not
only would calch errors in type setting but also whére there was an fllegible
character. So that characters were locked at by human beings but In a
very quick manner and girl could punch up in a day perhaps twenty pages
of proof, whereas a good proofreader was only able to work an hour or two_
at the job and then he would make mistakes. So these cards were mm through

the reproducer or comparing device and compared column by column with the
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cards that were used to prepare the printer's copy, The pervson who ran thi's
was a person of responsibility but not necessarily a person of sclentific
ability, They would run them through and whenever there was one that

would not corapare, it would push.it to the side and then later you'd go through

and make the correction, 8o this became g revolutionary method of proof-

reading ag far as the mass p:éoduction of tables was concerned, And it wag o

most effective, So the flrst year we quickly developed this method of proof-
reading and we used this even after we had foolproof printing methods gfust
asdosgy to make sure that there aren't fllegible characters and so on. S0
that even with automatically prepared and printed tables, this method of
ﬁroofreading s still worth while on something like the air almanac where we
were printing 100,000 copies of it. The next thing was to try to get automatic
methods of typesetting or preparing the printed material, It was too trouble-
some to send perfect copy to a printer and have it come back with an eryor a
page and then go through it all again and have it come back with an error in
one hundred pz;,ges and 5o on, So ‘;‘ié looked at different metiiodé and QC'M1y L
we deviged ono meﬁm.d which enabled us to use the alphabetic accounting
rachine o prepare copy which would be photographed by the printer, It

r = J ~ ., 3 Ll
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wasn't too good but it was quite gea@i “The trouble with things like the
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accounting machine generally ig that the spacing in the line is too far apart
compared to the helght, 8o we found that we could run the sheet through the
printer twice and print one set of columns and then pr‘int the other set the
next time through snd get the alignment #x sufficiontly accurate to make the

pages legible, 8o for about a year or two this method was used in preparing

£

" the alr almanac, Tn the meantime we went to IBM at Poughkeepsie, There

was an engineer who is still in IBM by the naume of Dodge who worked with me
on thig and we cléveloped a table printing typewriter, This one would read
punched cards and it gave you a great deal of flexibility in the spacing of the
chavacters and so on, This machine produced as fine a mathematical table

ag had Been produced before. The type was specially designed for this ?urpose
and it used tae proportional spacing machine go we could control the spacing

in the line, We had provision for also controlling the line spacing

ey =
and the alignment espistwith the forms, So when this machine was delivered

it was really the answer to the question and that machine has been used

about twenty years and recently they had another one just like it delivered
5o BBy now weRwsi,. they have this machine in very good ordey. At the moment
at the Naval Ohservatory they are experimenting with some of these magnetic

tape monotype devices or special printing devices but they still use those



e
/ 3
o

0. .

card operated typewriters which have done a magnificent job for a couple of
decades. Well the tablemaking was and is an important part of the place.

S. What other things did you do with the machines during the war
at the Chservatory?

E, Well we gradually mechanized most of the observing program

" there so that by a reasonable number'of yeéars most of the divisions of the’
i

Observatory had put agide their. pénc;‘zis. and were using automatic computing
methods. | A

8. Did any foreign places coms, for instance the British Observatory,
did they get in on this?

B. Yea but rauch more slowly, We weore in full operation in 1940 and
it was quite a while afterwards thal the other places got to do the same.
Of course by now they are all mechanized, There has always been a large
arnount of exchange between the Almanac Offices of various nations, Actually
including the enemy at times, because some of these tables are made years
ahéétd. Dminq World I and World War 1I, -ﬂle-COH’lputatiOHS went, on and at
1o time were they critical at the moment but the exchange did go on during war
tirne through neutral countries. So that material froxa one office would be
sent to another.

. pblgre s
5. Did you ever consult with places like Aberdeen or Dalgrin about their

particular problems? I believe they worked on ballistics problems mainly,
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E, Yes there were various people who came. I mean people from Lﬁs
Alamos came to talk about computing machines and psople from various
other places came to discuss special projects they had and the mechanization
of them, This wag part of the day's work,

S, Did you ever get involved with things like the »elay calculator
such a8 Aberdeen snd eVal'ua{e it for possiple ﬁse in your operation?

E. No. These things came along reasonably late in the war and
by the time I was pre;_;armg to ledave the Naval Observatory, it was obvious
that the war was going to end and thai our work was done, always ahead of
time, The Nawval Observatory publications are always well in advance so
that they can be printed in the fiold so there seemed to be no particular
nrgency in revising the methods at that time,

S. Is there anything else that we should discuss about the war?

E. T1think not,

8. Why don't you tell me what you ¢iid when you left the Naval Obgerva-
tory, What year was that?
B, Well when I went to the Naval Observatory, I consideved this a
career job and had no intention of leaving, Then in 1944 My, Watson asked me

if T would join IBM and this seemed to be exclting from the point of view of
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belng able to do scientific research and the development of calculators for
this purpose. So that made it very atteactive, Ileft the Naval Observatory
on the flrst of March; five years and a month after I had gone there and
I've been with IBM ever since.

S, When you came into IBM, what wa§ youy assignment?

B, Well Mz, Wats.onﬁ gaid that he had ia’een greatly Intevested in "7
these developments of the use of the computing machines for scientific
research and he felt that he had fine engiﬁeers and fine salesmen and systems
pzople but he didn't have anyone in the sclentific area, He felt that IBM
should have people in this area and not be entively dependent on sclentists
from elsewhere and so my assignment was fo learn the company's problems
and discuss them with people in the business and hire new people as required,
It was more or less of a blank check,

S, You worked, Itake it around 5207

. Tmoved iuto 590 on the first of March and stayed there for
8 few months, something; 1ike thxee, and';;hen‘{v'é EIégﬁided that we should "
start a laboratory, The war wasn't over yet and we weren't complotely
sure that it would be over, In the meantime there were problems and we

felt that we should get interested in some of these, So we set up some
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computing equipment in 2heine by invitation and for six months or so we were

doing computing experiments there and helping people from Les Alamos
§ & AN \;},{!;’j

and some of these places wheve they had difficult problems. wﬂwﬁmw

N sy N

egrartT was one of the people who contacted us.

5. What kind of problem did he bring?

B, wenl by this time of course people were expecding groat develop~

ments in computing machines because the KENIAC had been going, The
IBM calculators (relay) and Bell relay machine,

S. This was 1946 I {ake it,

E, '4b,

S. The #ENIAC was going?

B, No but it wag being built and it was in the air, Bverybodwlmew
Ash /”iﬁe Harvard machine came somewhere along in there so that theve
wasn't any question of building special scientific calculators a.nd many of the
questioﬁs‘were what should one build and how soon can you build tl;em and

POIVEIR_ o
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where will the equipment come from., So we imd this equipment at
and we did sem@w a lot of experirnex1§§§§d studying raethods for partial
differential equations and so on. Then we got a little building on 11Gth Street
and moved in there the begimming of the year and that was the beginning

of the Watson Laboratory.
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5. Let me just go back to people like Noymam who were coming in

Itake it in '44 and '45 and discussing various things,

H. It wag '45,

8, Could you tell me a little bit more about what he discussed and
what the solution was /if any, to those ;Tiscx1ssions? |

B, Wellkfirs.t *&e hﬁd asslembled as fast a8 we could equiprr;iz;lt. We
had some of the IBM engineers model equipment, expermiezltal randels
and they were pﬁt into the laboratory. We had relay machines by Pete Lufa
and others, We early got Balsey Dickenson's electronic multiplying machine,
and we had a good agsortment of stondard equipment. Of course Ven Néiy'mamf
also was aware of the Harvard machine and the IBM relay calculators at
ﬁ’é‘ié;’%‘iﬁ’am the HAENIAC and we all knew that soonef or later we would have
electronic calculators that would be generally useful, But in the meantime
things had to go on and we used what we had for largely exploratory problems,
We didn't of course, tackle the kind of problems that were done laten,

S, Was Van N{;@manf%t Los Alamos then?

. Well he wais everywhere, He went from one computing center
to another and always talked a‘tjéﬁt people with problems and people who were

building machines and he was just sort of the leaven in the loaf in addition
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to being a very able man himself, Of course meantime we gtarted acquiring a

staff for the laboratory. ’Ph% Segber, ‘(E‘sroe’Séh and a nurmber of others, and
we very quickly made the equi;gﬂent we had available to people from everywhere
and very early in the gaine we expanded our instructional facllities so people
could learn how to use the equinment and the equipment was provided for using
3, Did Sefber come from the Harvard Computational Laboratory?
K, Not directly. He had been there at one time and then he was
somewhere elge when the lab opened, I don't recall where he came from
but he did come here and was one of the early ones, He had been trained as
an actuary now and ha.d had experience on the Harvard computer. Thomas had
had no oxperience with computing machines but he wasg recognized as one of the
out:sfzmding applied mathematicians at the time.
| 8. Was he teaching at Columbia?
5, Yes he has been & member of the staff of the Watson Laboratory

ever since and wis quickly made a Professor of Physies and still is, The

- beginning of the Jaboratory was in a way supposed to be a contlnuation of pre-

vious work at Columbia, with close relations for a good many years, So

things were quite informal., We were invited to come and occupy the building
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at 11Gth Street and to set up computing facilities there and to invite people in

to use them and the Intention was that and this was the big distinction I think

hetween the Waigon Laboratory anci any other and that is the complete informality
of it. Our agreements with the universliy have always been exceedingly
informal, The best )wa.y to deseribe it 18 that we were invited to the CaMpus
to oberate a lé.boiﬁtcry with the understanchng that‘ if Wé didn?t ldl'ke béintj herge )
or they didn't like us to be here that the situation could be terminated, but
we never had détailed agreaments about who would provide what or what would
happen., And this has been true from 1945 till the praesent tlme.

S, Was that building owned by Colwumbia or did IBM buy 1t7

B, Both, IBM bought it and gave it to Columbia immediately and
Colwumbia allowed us to occupy it. The bhuilding didn't cost very much to buy.
It was a run down fraternity house. It cost quite a bit to make it useable,

3, 'The price has gone up a bit since then,

E. Wall the boys Hadwmsed<thisPuilding untilveg=amd had not mamtaingd _
it very well so that when we got it it was pretty well deteriorated and also

£ Han
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to make a laboratory out of it, ontrofs-Busbdingsgou-heve to conform to a

Bwjpm &
fairly rigovous code, So thal we spent quite a bit of money in making the

building suitable for a laboratory, but it worked out quite well for many years.
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Vihen this building was acquired, genorally the same arrangement was made but
since this was a much more expensive undértaking, the agreement was in writing
but it still Is just a letter saying what we were going to do. The idea i that
Columbia itself has always been a very loosely integrated school in that

the departments have a great deal of autonomy and the administration does not
try to manage in the sense of c':";%‘poration administration as it normally
manages so that President Butler and President Watson decided that we were

to have a laboraiox*y but we didn't write out agreements-and details on who was
to do what, The idea wag that we were just to be a member of the university
community and the departments would bécome acquainted with some of the
leading people here and would invite them to become members of the depart-
ments, 5o it was not from the President's Office down but in the other
directlon. S0 T was made a Professor of Celestial Mechanics and Thomas was
raade a Professor ofsstmsnemp.orsldiwsiey, Theoretical Physics and this
tradition has been maintained ever since. At the prosent time there are I

think seven or eight of our people who have academic appointmeri.‘té.. Néw these'
academlc appointments don't carry a salayy. One of the first policies of the
laboratory wc,-s that people here are fulltime sc‘ientists. Thaey have the

privilege of coming and going pretty much as they feel they should but we have
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discouraged any moontighting and we folt th:-it if one was going to teach a
course, he should teach it hecause it was useful {o the university and to him
and that he shouldn't be paild extra for it. So none of our lab members

have been paid for thelr teaching at Columbia,

S, What kind of work did the laboratory do in those early years --

- '48 and 477

K, Well we had two questions that the cormapany was interested in
at the beginning, One was computing aﬁd applied mathematics and what is the
relation of this to the computing industry, and the other is what shbuld
machines be like in order to be most useful. And to attack these two problems
we hired the kind of people we did, First there were the applied mathematicians
like Thomas and Setheyr, eic, and for the other we at first did not intend to
go Into any kind of engineering research but we decided that in order to
look ahead properly we really needed some good electronics people in the
laboratory with us, So I went to the Radiation Laboratory at MIT -- the war-
tine Radiation Laboratory was being closed down, We went theve and Gon-
vinced some very good electronies people from that group to come joln the
laboratory. This was I‘Ia%ns, Walker and Lientz and they of course came and
built up thelr staffs. On the mathematical end we made it a policy to keep in

the laboratory the best equipment we could and to try and get better equipment
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experimental equipment made by various engineers, that we should
learn by doing and not by talking, so the 1abora£ory was set up as a computing
service and we invited scientists and students to come and use it and of
course they came from all over the world and actually carried out their
research, The typleal person who came had a problem that he was interested
In. He would try to get ingtruction oy talk to other people and lesyn how to ©
do 1t effectively and then he would proceed to do it, Wé avoided acting as
a service burean because in the first place we felt that we shouldn't get into
the commerxcial aspects of the business, that this would tend to Interfere
with our broad approach o the problem and secondly we shouldn't do ,... or
shouldn't solve problems for people because for the people when they can
get somebody else to solve the problem for them, the tendency is not to
think very carefully about it themsselves, So generally we said, well you
come and we'll show you the squipment and we'll show you how to proceed and
you worry about your problem yourself., And we believe that one can get
greater efficiency by revising the problem and fitting it to the machine
rather than trying to do an efficient job of coding., In other words, the sclentist
has a problem, He has to state it mothematically, Then someone has to
convert .this into sultable arithmetic procedures and then someone has to

convert these into machine programs and get the data to flow through the
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machine. This whole process should not be isolated and it's much better if
the person who knows the problem will think about the squipment on which it
Is going to be done and not just pass it to somebody else and let him over-
work trying to make up for a badly planned problem.

3. By the tlme the laboratory was in full swing, what kind of equip-
ment did you have in here? |

. We had a full line of course of punched card equipment, It
changed with time but we started off with a full line of punched card equip~
ment. We had a number of engineering models'of relay calculators. There
were two that Luhg had built, One was 8, fast arithmetic unit that we attached
to an accounting rmachine and made a little sequence calculator that was
somewhnat like the C‘P‘C that was used later, Infact it was very much that
way, although it wasn't quite. The arithmetic was a little slower but the
programming was movre flexible., Of course the blg relay caleulators were
the fastest things at that time. They did about six multiplications a second
whereas a wheel multipiier took up.'te'n secénds to dé a znultipliéation. o

5. When people came to the laboratory to work on problems, did
they discuss it with the whole staff or were you always aware of what kind of

problems people were coming in with? What king of interaction was there?



72l

.

B, Well the h’lﬁez‘exction was very ciose. Of course we were using
punched cards and that kind of equipment, is not like the modern stored program
calcwlators where you can read in a program qulckly and start to work, You
had to have intimate connection with your card files in order to have efficiency.
A great deal of the eificiency at that time depended on how you could effectively
use card files, So pesople had to actually learn how to manipulate cards. - -
and push them through the sorters and the reproducers and the computers.

This was a very informal place, We felt that the peoplé who were corning

to solve problems should mix with pecple who were learning and who were.
glving courses., We always had problems of our own of course, that we

were interested in getting solved. So the place was more like a university
laboratory than a computing center, People sat around and discussed their
problems and they would walt for the machine and while one person wog using
one machine somebody else would he using another., So it was a very intimate
arrangement,

S. When was the fizst time that the company made a dernand on you to
do something? I'm not sure if we are jumnping ahead to the SSEC too quickly,
but that was one request, Am I correct?

B, Idon't know if it was a request, It was just sort of undersiood

that one of the reasons that I was here was that I was interested in calculators
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and that the company was Interested in calculators and Mr, Watson had already
authorized the relay calculators and the Harvard machine and the Columbia

computing set-—up‘(and s0 he wanted to know what IBM should be doing. It was a

lot of fun very soon after coming here, We had discusslons, a number of

them with all the engir_feers in the company: -This included people like - .
Hmnilton}&ié& Lake 3&&%%@@ Page?and ﬁug;f We would get together,
Sedber and I on the one hand, and becanse we had both had a lot of experience
with computing and knew v;fhat we would like a machine to do, and Hamilton
and these people had been building machines but they didn't really know what
a computer should be like, They knew how to make computers and they could
make them workcﬁii%}ﬁ,@%so this was a nice arrangement, In addition of
course, Hamilton had built the Harvard machine which used wheels, And-
now the problem was much more elaborate and the guestion arose about

what could you do with electronic computing. Ralph Palmer and Halsey
Dickenson were there, So many of these discussions went on at great length
and I think were enjoyed by everyvbody, Qu-the:one hand we-wepe-asking
these-inventors-and-enfinberssia-wekk-Lgob aivead of-uayeedf, I said that

Paimer and Halsey Dickenson had bullt electronic counters and electronic
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multiplying units, so that they had éonsiderable kmow-how in making a machine
that would do arithmetic, And we knew that the @ENIAC was coming along and
that it did arithmetic, But the question of how can you get everything you

need in a scientific computer and get it to go at electronic speed with the
equiprnent that was then available. ... so the engineers and inventors would

tell us everything they knew about components and what they could bulld and
what they could hope to bulld and what the {roubles would be, And we on

the other hand kept telling them that the sky was the limit in what we needed,
not only in doing arithmetic and fast arithmetic but in the controls and the
storage and the flow of numbers, to the machine. In the batch processing
business the flow 18 rather simple, You take a stack of cards from one machine
to another and they flow through in a certain order., But with the automatic
computer you want numbers to flow in all directions and this greatly
aggravates your traffic problems, etc. So at this time the discussions were
very stimulathig. All Kinds of ldeas for storage and control and arithmetic,
ete., input/output, the whole works were discussed, And after a number of
these discussions, it was decided that there was to be an SSEC and that
Hamilton was to build 1t and that Selber was going to work very directly

with him on this, Cun this end of course there was Thomas and Seiber and
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myself, Thoraas had not had expe riencc with machm but he was very
sophisticated on app_lied mathematics and the kind of problems that people
would like to solve If they had a machine and what kind of stores would be
needed and the amount of stuff involved and the size of the problems and

how they coudd be orgamzed mmmm \frhen we fmally undertook

the devempment of thc, ma chme, Scﬁoer went to 11ve in Endicott vmerf., Hamllton |

had hig laboratory and Hamilton of course had had no experience with elec-

tronics but he got some electronics people to work in his grovup and go

flnally the design was solidi;fiéd. It was a compromise on @h‘n@wm
how many ciements of each kind an engineeyr was willing to guarantee would
work, And on the other hand, where we could cut our demands to sbmething
that would still be useful to us and reasonable for him,
| 3. This was ahout 1946 I take it.

o, Yes,

5. Lest me just ask you to swmmarize the inception of the SSEC,
This was more or less your responsibility to do things in this area and you
sald that you and Sogber talked with all the engineers in the company and just
decided. What made you decide that il should be an electroniec machine? The

fact that It was obvious that there was speed lnvolved in electronics vs,
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electro-mechanical or the fact thal oo e e e

B. Well we've mentioned before in connection with the Columbia

cquipraent twenty years earlier, if you set yourself the task of getting a computer

that will be useful and getting it in the finite time, you have to look over the
state of the art and with the proper guidance, decide what are the elements
available, how many of them can you hope to put together and make them
work as a unit and how should you organize them and so when we were
desigming the astronomical thing in 1930 this same king of reasoning had to

be gone through, At that time there were wheels but they were slow and

as I said then, for a sclentific calculator you must have the ability to do

arithmetic. You must have storage that is accessible and channels fror one
part of the machine to the other and you raust have control of the operations,
traffic control. So it's a matter of optimizing what is reasonable and at

that time it was very evident - this was in 1930 -~ that for sequence
caleulation you need an awful lot of equipment and it's expensive. " The
HMarvard machine of course was close to a million dollars, at least half a
million in those days, and 1t had only the speed of the wheel, In other
words, when you wanted o do a multiplication it took you ten or twenty
seconds -~ quite a few seconds to do it, So this is expensive, Now wiay

does one want speed? ¥or two reasons. One is that you'd like to get the job

done and the other is that you couldn't afford to do everything you have to do
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hevedesdo at slow speed and that's one of the th.ngs about the

sequence calculator that the whole machine must be there on demand while
one part of it iz working, so that if you have a boitleneck it is a frightfully
expensive business, So the question was if you can get electronice speed
and make it work, then it works meany times {aster than anything else

and so you can afford to do it.

3. And this was one of the conceptions as you went around discussing
the possibilities with engineers, Could you move into this new electronics
area?

5, Yes. To what extent ...,

S, Waz this what you and Sdiber proposed and tried to find out the
) feaslbility of?

...... I, Yes, well ] mean it's fairly obvious that if you wanted a scientific
calculator you had to make it fast, Now let's say the wheel calculator
took ten seconds say to do a multiplication and the relay calculator a second
or s0 and the kind of electronics we had then something like twenty milliseconds,
that's fifty a second. So from ten seconds ox a few seconds down to ten &
second with fast put relays or fiflty a second with an electironic tube, it is
obvious which you would like, And in those days the multiplicaji’on&? was sort of

a bottleneck, Now on the other hand, the sad part about the electronics
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at that timne was that you were using essentially radio teﬁhniques. Palmer

and Dickenson had been using essentlally the technique of radio and your pulse
rate there was about 100,000 counts a second, and you had to have a lot of
vacuum tubes and the number of vacuum tubes obviously had disadvantages.
You know if you have ten tubes, that's all right. But when you get ten thousand,
that begins to be & problem and it was felt that we cértainly didn't want

ten thousand if we could help it, We were willing to approach that number

but ten, twenty oi- a hundred thousand wag just out of -&e question,

So the point of view we took was that one should use vacuum tubes on those
things which will pay off most and we felt the time just wasn't vipe at that
time to make an all-electronic caleulator, that the demands were too much
and that we had to use different kinds of elements and where you would leave
off on electronics and where yéu would ¢o in the next step was quite important,
And we finally decided that we could afford enough vacuum tubes to provide

for the arithmetic operations for the control circuit and for a small amount

of storage, just enough storage to bring in the instructlons, the factors

that had to be operated upon to do an arithmetlc operation and to do i, I
A oty AT

don't know how many tubes there were any more, »i or aight thousand,
but there were plenty of them,

S, And this was on the SSECY
8. Yes,
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S. And wheve you left off with tubes what did you use?

E. Well things had to be compatible and we found tha{ the IBM relays
at that thine were very fast, a few wmilliseconds, so we started with the
feeling that well with electronic tubes maybe something like 20 milliseconds
to a multiplication would be fine. Then how do, you back this up? And
the relays, not féf-\c-o’r.nprutiﬁg Ihov-.f..,h | Whé-rel jrc-)u Lxse réla;'ys for 'cbmpﬁtingn
then you have to have g lot of ¢cycles on an aritﬁmetic operation but for
switching the relays were fine, Now we would rather not had mechanical
or electro~rmechanical relays but we had lots of them. And actually we had
2 big selection in memory that was on relays. And in this the relays were
used and in fact the whole system was binary coded decimal, so that you could
transfer a number over parallel chanaels so that one relay cycle would bring

you a 20~digit decimal number, And so we had I think it was something

like 800 registers of relay storage and of course if we had had this in electronics

we would have just taken the vacuum tubes out. So-the relays were used
for switching and for fast memory and then we found that the punched paper
tape of a special kind had promise, The IBM punched cards are punched
in a reproducer where the card moves with 80 columns and punching 1s done

first the 9's, then the 8's, then the 7's, ote. and we found that some of the
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engineers were willing to take that equipment which was in good working
order and had besen useci in the card field and used continuous card stock
instead of punched cards, and that this continuous card stock would flow
through and you could punch in one line of a card a binary coded decimal
number and the veproducer at the normal rate of speed Is something like

40 milliseconds per line on the card. And sox;.;e were able to get these
pmlcheré and readers operating at 40 millisecond intervals and they were
synchronized so that you could operate two of them and hé,ve one alternately
and this would give you 20 millisecond intervals between input and output
from & huge store, Now this store was rather serial and 'not solective, But
this was a very successiul method of storing, We were able to ... we had
three punches so that you could be punching on one tape and then the tape
would be looped back over a reading station and looped again back over
another s0 if one of these punching and reading waits had a punching station
and about ten reading stations, you could read the mumber back ten times

if you needed to at successive intervals, ’I’hc—ére‘weré three of these and then
there were a number.of other of these tape units thaf dicn't punch but would
read se-you-cotddnse-cleanlatingerviathats clrcular tapes ersthens, S0 you

would take one of these tapes and punch it up and cement the ends together
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and put it on as a sort of loop. 'There are { think about thirty of these, 5o

there are really fifty places where you could be reading nurnbers out of

thege serial stores and by using them in palrs you could get a 20 millisecond

interval which was the time of your multiplication. 5o that the whole thing

was well mtegrated and compatible in that you could use this huge semli~

serial store hecause you conld select from a.ny ‘one of these places. . =

3. Physically how large was the store?

E., Ohit filled a roor. Actually the operators and the people who
were watching were inside the calculator. The calculator was built around
the periphery. |

S \Was the size of the room the size of this room?

B, Ohno it was a big showroam at 590.

S, JJust for the store? |

1. No the whole machine, The store wasn't too big, The store was
the size of an ordinary reproducer and about twice as lony. 1mean the
paper store, There were three of those for it. |

8. And the rélay stores?

rd

12, They occupied a lot of space. 1 think there were 300 and they

LI

were'ii'@- digits and it takes about faremdiopits flve or six relays to a digit s0

there were ui@ﬂfaand& anthhou and&ofﬂ velays,
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S, Well you mentioned binary coded.decimals. Was it straight binary
codlng or was it modified?

&, 1don't kaow, It was a code on which vou didn't need to use a relay
for each digit, So here was the first machine that had the possibility of doing
20 milliseconds arithmetic and had the storage facilities -~ accounting
sélective and-sequential with access in many places., But there was scarc'elyt%
a problem that you couldn't program to keep the data flowing in so that you
could actually kéep this electronic/arithmetic unit busy.

S, Was this operating at b00?

E., Yes,

3. What were some of the first problems. Tun on it?

B, Well the dedication problem which was put on to amuse the people
who came to see it was the calcuiation of the position of the moon, And
before that people used Brown's tableg and the man could just take numbers
out of the table fast enough to keep ahead of the moon. He had o compute two
positions a ds,y . . .-bu!; with 'this\ we ciec:icied that by not using the tables
we would get more aceurate pogitions and the machine could compute one
of these positions with complete sccuracy in about elght minutes or somethuing

of that sort, so thig was the demonstration calculation., This meant you were
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evaluating about thousand aigns and fae-»ﬁi@:m and muli.lpljmg and diviaing

coefficients, etc., elc. But here agam wa decided that we didn't want to charge
for the use of the calculator because this would mean that whatever agency had
the most money wou_ld tie up the machine, So we had problems in all aréas ——
optics, atomic energy, hydra-dynamics, astronomy, eétc., etc. an_cl: we had

a sizable group of peopl_e who coded the jproblems and helped get them oﬁ

the machine. And I think while we've talking about the mé.chine we should talk
a little more about the coding. Thig machine was really a full~blown stored
program calculator and I don't know how this came up but there never sesmed
to be much of a discussion about it between S¢ber and myself, We just took

it for granted that if we were going to have a machine that was computing

at this rate, that you have to be able to get fnstructions to i, Now the

Harvard machine had insteuctlons on a paper tape and when you once had

the instructions, that was that, You just played them off, The astronomy
computer which preceded it allowed a certain amount of flexibillty of the punched
cards, You could chienge the program cards a bit to change the details of
the thing, But we felt that this was not adequate, that you really had to be
able to make choices as you went along and that the instructions should be

arithmetic so that you could operate on them with a calculator. So the
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instructions or numbers ~~ you could uge thé caleulator itself to operate

on the instructions by adding and subtracting anything you wanted to do with
them, And you could store, There was no difference between instructions
and data as far as the storeroom was concerned:. OQur sclective store was
not big enough to have many instructions in the memory but with these tapes
you could take instructions from one or twenty or thiz;gy tapes or you could
take from one and then anotheyr in various combinations, depending on the
choices that you had to make and what we frequently did was to read In a
strip of Instructions from a {ape into the relay memory and then operate on
that until we were through with it and then read In another., So that we really
had a full-blown stored program calculator tha.lt operated rauch the way the
stored programs do now. And of course by getting this machine early, we
got early experience on the use of stored program calculators and how yon
must program and how you trouble shoot and a lot of these problems that you
just don't lmow about until you try.

S, Well who did the trylng and who printed cut the program? These

were the first programs I take it, these tremendously long binary instructions,

5. Well when Sedber went to Endicott he was working with Harailton
on the design of the machine and on the detalled instructions of what they would

be, what the cholces would be, how they operations would be. Sometiies
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 there's a choice in this, Do you want to branch on plus or branch on minusg

or branch on both? &o he was prettjr woll erabroiled not only in the planning
but also in the detalled plamning of the calculator. This was all done fairly
rapidly too bacé,use we wanted to get the thing on the road and gst some
experience with it., Tater Ken Clark went up and his job was to program
under Sedber's direétion and the dedication problem we decided was to be

thig moon calculation which was a sizable calculation, Qune:of:our.asgociatés.

atthodah

(End of tape.}
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This is\-}mnsf Taué; #2. of Intex‘mc,w TC-1 in the IBM Oral History
Project on Computer Tec n;.ology.
. Well we just mentioned that Xen Clark was to go to Endicott and

.o
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assist Sefber in writing programs and of course the dedication problem

Was to be the lunar computation. Now 111 getting & problem onto a machine,

mropt people (ﬁnl«: that you just write some 11’1“1‘.1"113'510115 but actually a Wc,ll
planned problem should start first with the problem planning, to make the
computations you want to do compatible with the abilities of the machine,

S0 Sgi%er\aﬁ@i Clark and I discussed the lunar problem and just how we would
do it as far as the flow of the data and the operations involved, and we did &
great extent of numerical analysis and algo planning of the computation so
that you wouldn't have bottlenecks in the flow of the data that would make
an;':éfficient thing, We had table look-up and that sort of thing and the tables
had to be designed to be effective, Well Becky Jones was also one of the
members of the Watson Laboyatory staff and she worked with me on getting
the problemn. the way we wanted it and how we thought it should bhe done

and the actual outline for writing the program and If;en Clark did the pro-
gramning, so th;ﬁ by the time thle machine was ready to run, the program was |

»

ready to run and the dedication of the problem was debugged and it operated,
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Later on after the dedication was over we ran the problem for quite a while
and produced what is known as thé im;f)roved lunarée!.‘%%efi&ﬁéﬁg from 1952 to
72 which has been the standard of comparison ever since. We took just the
twenty years ph}s a few dates al various places for people who wanted them.
Recently this%ée}géi;?r;géffms bfaen extended back and forward by lots of big
ciputers. S0 when the machine came, Sefhor was pit n chaxrge of the
machine. e had a group of engineers to keep it going and he had a group of
peéple that we hired to look after the operation of programming, As far

as criticizing this calculator, 1 would say that the wopst feature of it was
that we had pushed the technology oiéi}cﬁﬁe about ag far as one could. The
result is thot we bad a huge amount of hardware and there were failures.

So the programs had to be written so that failures wouldn't matter.. In other
words, we always wrote ouy programs 80 that there was a continuous running
check and as soon as a mistake was made the discrepancy was pul into
operation again and if it dldn't agree that time, it would stop_an_d i itdld
agree, it would go on, Well this meant that occasional errors of a type that
were checkable, nccidental errors, would be corrected on the spot and the
machine would go on without stopping and then of course when it did stop

there was the whole business of diagnosing and correcting.

S, How frequently did it go down?
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E. Well T wasn't there during much of the operation, There wag algvays
Monday morning sickness, I mean they turned the machine off on Friday
night and of céurse when you started on Monday morning there was always
: systema.tic maintenance, o if you got it on the road again within a couple
hours you were usually lucky, This is something that Rex S_eﬁbér can glve you
better discussion of than I, But ag I say, the ;)rograms were designed so
that they would bé seli~checking and that aceidental errors would be corrected
and the machine would go on. Serious machine errors would stop the machine
and they would have to repé,ir It. Otherwise the thing really had a huge
store., It had elegant programming facilities, It was really a fine machine
from that point of view,

S, 5o there were no real problems i writing that prograr‘n for It7

E. Well-here-again .., “yfm mean the one for the 1unar%ﬁ§?e§§§y§§ ?
No here again suee Sgéber knmew the machine inside and out and I knew the
problem inside and out and we discussed the various possibilities of should
we do 1t this way or that way and he had had program problems for the Harvard
machine so he had a iittle more fecling foy the progr.am than someone else
might have, So we avoided things that would be too difficult for the pro-

gramier and we finally agreed on how it should be done and Ken Clark
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yrogrammed it, PBecky Jones and I deblqned the tables and had them all
‘veady so that the thing started off and solved the problem It ran very well. -
9, How about debugging it? Was there a fairly simple c'te‘bquing -
routine?
B,  No it was elaborate but both Rex and I had had éxperiezlce in
finding troubles with-things,. So we had lea:ned that ’che main problam
ig to isolate 'c_he pleces. and to doa pzece at a time and get it straightaned
out and put them together, . Of course it was 2 1ot of work and Ken ppent
quite a lot of time trying to mal«:e 1t rui. .,Jator a;fter they had a staff goinq '
and the gquestion arase, should we reprogram it and 1t wa.s reproqrammed,
it gave the same snswer as the premqu nrogram and waun‘t an a,wful 1ot
) better speed. 50 it was & gooci JOb of progmin;nu;g- o |
8, Jor subsequent such probloms each peruon oY aqency that
came with a problem, did Clark prograra thelr p*f‘oblem or did they have thelr -
own Programmers?. -
E. Theysetupa group and thlS included qui.t-., a few pLOple. I mean' "
to keep a b1(3 calculator llke that qomg you need a lot of proqramming ThlS
included Sa&“oer and Clark and John Baclm.a and DOII Quarralu Wu had about

a dozen peopls, a fairly sizable group who calzle__and got experience and would




work with the people who had the problems and they would, when a man would
come, they would discuss the problem with him and get it analyzed and usually
I think they had two people working on a problem o a program 50 they could
check each other., But sorme of these were very big problems, partlal
aifferential equations. ., .

3. Of course these first problems tended to be ones in wathematics,
I take it they were, Correct? |

E. Well some of them, for instance the one that I had was the evaluation
of the calculation of trigonometric terras snd the evaluation of arguments and
theories. Later we did the numerical integrations of five outer planets
which wasg a blg job, They had problems in partial differential equations,
hydra-dynamics, There was not what you would call a data, processing problem.
These were the solutions of scientific problems.

S. TFellows like Backus and the rest, they were mathematicians

“essentially, Is that why they were recruited, as programmers In a way, because

thé problenis -to be prograthed wefe cémljléx niathematical bnes?

B, Well for programming In the first place you want mathematical
aptitude and there are certain characteristics ﬂvhich you want in a programmer,
people who are careful and analytical and logleal in their outlook, The

training doesn't have to be mathematics, I don't know what all these people



#0,

‘,\

had done in the past but mathematics, enginzering, physics, anything that’s;'
quantitative and rigorous.

3. Is your feeling that they should be familiar at least with the
problem and know the steps through which the problem would have to go

{o be solved?

BE. Well they would ke to unclerstand' enough of the problem to-make - .-

sure that the person who was promoting or proposing it wasn't overlooking

- something, And as I sald before, frequently you can rewrite your equations,

your basic equations before you start to program in such a way that it will
be a saving of ten or twenty times mmning it. So this prpblem analysis of
course was always done jointly and sometiraes I think the people who camse
with the problem would go along with them under guidance.
8. Was the programming group recruited new at that time?
| B, Yes. There were no programmers, 'That's right, Of course

this group was what later became Applied SBcience, They went into Applied

Seience. The FORTRAN business came out of 16,

S. When the SSEC went into operation, how did it compare with

other computers that were then in operation? I believe the AENIAC was still

4n operation and the EDVAC,
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E., The EDVAC was not, [ don't recall when that carne in but I would
doubt if it was, . The RENIAC was. The #ENIAC was not a general purpose
computer. It was very limlted in what it could do, It was essentially a
plugboard controlled type of computer with something like half a dozen words
of memory. Bo that there was no such thing as programming or solving big
problems on it, The thing that 1t did well was% the ballisties problem which
was a very simple thing and it did this of course, faster than the shell would
fly which was very dramatic, The thug that would be more nearly like it would
be the Bell Relay Calculators, They had paper tape facilitiss on them which
were quite good but there wasn't anything else that would approach the
electronic stored program machine,

5. B0 the SSEC was in effect the flrst general purpose stored pro-
gram elecironic computer.

H. Electronic in the sense that the fast operations were a;ll done
electronically.,

8. Had there been any influences ln the development of the SSEC
that you know of frmﬁ people .+ e e Or Wag there any work that had been done
at Bell Labs or Aberdeen in the Moore School of Engineerving with the AENIAC

or that had been done in Europe by fellows like (2) }/Kl't'td(-.?
, <
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E. Idon't think so. Ihave nevey been one to run around, IfIhada
oroblem I worked on it., IHere the célcxﬂator hao to be built and the limitation
seemed to me to be one of what kind of hardware you could use and then to use
it effectively; S0 we solvéd the proplems as they arose, Now as I say,

Rex Selber had been at Harvard but the programming of that wasn't very
powefful. |

3. What _about the machine itself? For instance, did the experience
that IBM had in constructing the Mark I,... was it Hamilion who did that
or Lake,...

. No Homilton built the Mark I but Lake was Involved, Hamilton may
have been an assistant to Lake but Hawailton really. ..,

3. Did you ever get an fﬁ’ié‘géé as to what extent Hamilton's experience

on the Mark I aided him in avoiding problems of malcing better solutions

for the SSECY

B, Ohawell-Hamiltomss-thedretrthst He had been through the building
of a big caleulator, knew how to bite th-ﬁgs off and how tb orgé.ﬁize £he |
project, It's a huge project to build & calculator of that kind, And Frank's
experience on this was invaluable because he knew how to organize his project

and how to set deadlines and get them done and how to work with a large
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number of people and not get in each other's Way, ete. And many of the
techniques were the same -- the th.ngs that hac_i 1o do with relays and punched
paper, mechauical input/output things. The'Harvard machine also was :c‘athe_r
limited in input/output. It had a typewriter for an output. Iguess it would
read punched cards but that was about all. Bul there was a big source of
experience around Endicott of course on mechanical things, - Just these
huge paper tape readers that used card stock would have been a major
deyelopment for énybody ei:se and the engineers there of course knew how to
tackle a problem like that and how to get the things butlt and running and tested.
Of course Hamiltdn didn't know any electronics. He got some youny people
that knew electroﬁic civcuits, but he was able to fit them into the team and
get everything goling, So between Sgiier and the electxfoﬁics boys and
Hamilton with the mechanical people, it was really a powerhouse of deslgn
and construction.
8. What was Hamilton's reaction to the suggestion that it be electronie?
B, | Well he Ienew that 1t raade problems but still Palmer and -
Dickenson had made electronic arithmetic units. So they were able to find
out in the house, so to speak, what the probleras were and how you had
to proceed, I don't think he was too happy about bullding in-%‘g or &%kftha

thousand vacuurn tubes, and he was concerned about all the relays, but
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we told him that a calculator had 1o be a calenlator and he {oll thsthS ..,
that the Harvard machine had worked well and that the next one would work,

5. So he didn't resist the idea that greater speed would be achieved
with electronics?

I, Oh no there wasg no real questlon about that. The real question

- wag can you get these cireults worked out and designed and built in large: - -

numbers, Actually I don't think the electronic part was all that bad, I

think that the biggest single problem was the huge amount of stuff. Of course
every unit has the probabillly of breaking down. Thousands of units have a
lot more probability of breaking, So this was, as I see i, the big problem.

9, Did Alken have any relationship with IBM during that period?

E. DNo, not that Y know of., 1 think not, As a matter of fact, I think
he was building a calculator of his own., He built a magnetic drum machine
I believe somewhere along in there.

S, e was working at Harvard?

B, Yes. o

3. Was his magnetic dvum machine produced before the SSEC?

E. Idon't belicve so but I don't recall,

w—I-recall-someene-telling-me-of-some-sort-of.nterchange-betwaen
Voo Watson and-Adkernr-around-the time-thak-the S58E was-unveited, -Posyeu

reeall anything of-that-nature ?
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B, No,
9, Well the SSEC ran until 1950 or so or longer than that?

E, Idon' recall. Ithink so.

w

Solviﬁq problems all the time?

2

Yes,

»

1t did one big atomic energy problem, -

Yas I believe they called it Problem IHippo,

e

S, Did you follow the electronic computing business beyond the SSEC?

E, Well as I mentioned before, the electronics of the SSEC and the
KENIAC and of the 601 and the 604, the circuitry there was basically radio tube
type cirveuitry, things #8at,. 100,000 cycles, ... and during the wax the raday
group at MIT and elsewhere were working on microseconds clreuits, So
when [ got Ha&fens and Walker and Lentz to come here, they came from this
microsecond envivonment and they were convinced that nothing in the future
would be slower than that. So they had nothing to do with the SSEC. They
started doing electronics research under their own guldance in the leboratory =
and after a few years of this they went in different directlons. I—Ia%’ené went
more toward the big calculator concept ancﬁgé;z;"»vent toward minlature
calculators with feedback into the personal automatic computer that Lentz

designed and built and finally marketed. It had very few vacuun tubes ln it
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This was pre~transistor of course, S50 H‘a&ené' work had to do with circuits
that would be particularly suitable for a big calculator and in large numbers and
he also worked on the electro-static sterage tube, the Willlams tube, So that
after a few years of this it was obvious that the time was ripa to make
eléctronic caleulators that were all electronic with comparatively little

mechanical stuff, So we discussed Lhc, possibility of making a new calculator ..

‘and declded to make one for the Navy and this was what was later known

.,v,;:.

as the NORC, A:ﬁd He¥ens des igned and built that h@ﬁé in the laboratory

and here again, actually in this case one of Seﬁ)er‘s people, %ljj&@ wrote
a book on programming and came to wbrk on the NORC and here agaln of
course Thomasg and T had discusslons with By@ﬁibout what people wanted

in the way of a calculator and the different trade-offs, Very frequently in

designing a calculator 1t i8,can you do this, can you do that? So ii's a dis-

cussion between the user and the maker, So Thomas and I helped on that.

xL‘i: M EL

mell of couvse was responsible for the specific programming system that was
ised. He had had experience on the SSEC. Von N@sﬁmangﬁvas a consultant for
the Navy. So this was the ovigin of the NORC., |
5. Did the Navy bid that out or did they come directly to IBMY?
E, Well they koew that Ha¥ens had 8 lot of stuff here and we all had

ideas on the computer and they wanted one so the question arose as to whether
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wea'd bulld one foy them,

S. What yeay did they come, do you recall?

B, No. |

8. But the NORC wasg finished in about 'b4, wasn't it?

E. Ithink so, The last]heard it was still running., Tt was cer-
tainly the most powerfui scientific calculatgi of ite time. |

3. More powerful than the 7017

B. The 701 was designsd to be an all purpose calculator, and an
assembly line calculator, the kind that a lot of people could use. But the
NORC was designed primarily for big problems, the kind that we had solved
or tried to solve on the SSEC, There were o number of very interesting
electronic things in that machine, One was that it had only essentially one
kind of a c¢ircuit that was used for storing and computing the multiplication of
two G4-bit numbers. It took just the time it took to write the product in
coded form, The numbers flowad in one end and the answer flowed out the
other. So there was very fast multiplication, I think something like 30
microseconds for a multiplication, As I say, there were very few types
of pluggable units, There was.an automatic tester for the plughoard so
that you could plug the plugboard unit into this tester and put the right plug-

board in and throw some switches for that unit and the thing showed you on

the oscilloscope whether it was working and doing what it was supposed to do.
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So systematic maintenance was very well organized and the reliabiliiy of it |
wag exceedingly high, The cathode' ray tobe store ....,

g, Were we uging the Williams tube?

E., Yes, However, aftsrward the Navy replaced the Williarnsg tube
store by magnetic core store.
: T8, But the WORC is still yunning®: ,.

I, It was the last I heard,

S. Isee. Andit was speaifically built to do largescale mothematical
problems’? |

B, Yes. It wasvery nice to code, Lots of problgems. People just

coded machine language without any fuse because 1t had very nice features.

I the first place, it was decimal and the instructlons or systems set-up
H T ) ':fﬂ

Fid “%h )
was very good, Paul I«f&?}%’e%-for instance would go down there., He would

discuss a problem with somebody and he would decide he would go and do the

problem, So he'd walk in and sketch out 2 prograr and punch it up and

stick it on and 1 wowld yun. Part of this s the fact that he is a very good .

programmer but part of it is the fact that the system ig clear and simple,
S Was that installed at the Bureau of Ships or the Navy Depavtraent?
DRREREY _
B, No it's ot Melgrin, at the Naval Weapons Laboratory. When 1

was last there they had it running begide a STRETCIL
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S, What was the impact of the development of the UNIVAC on the opera-
tion here. Did you keep up with the development of computing oxttsic‘te of
IBM and did that cause any reaction within the laboratory here or within
the company or among the people who were using the machines in thig labora-

tory?

E, Ididn't have much to do with if, 7T folt that theré were other people
in the company who could handle the competitive aspects and that this was .
thelr business, My job was rather to make sure that some of the things

we were trylng fo do were done properly and to get the right kind of people into

the place. You see let's say when we started the lab, the first question

was the role of scientific computation and the role of the electronic calculator,
With the SSEC we had the general concept of the stored p\:f'ogram calcunlator
and how things were to rﬁn and how a group would operate them and how one
could malntain them and all this, And then the NORC was 8 sort of a cul-
mination of the big fast elsctyonic calculator and then while the NORC was
heing designed and }milt, this laboratory was Shiftiﬁg emphasié from electronlcs
to physics. So our pyimesstedprincipalf operation becamse that of research
and physics, largely solid state, This program took the center of the stage
thon.,

S, Wag this because we had organized to produce big computers in

Poughkeepsle and so forth and therefore there was no need any longer for the
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laboratory to concern itself with more or less the hardware aspects?

. Yes you ses when :he SSEC was being designed there were basic

‘questions of what a calculator should be tike, By the time the NORC cams

along, a lot of otheyr people had ideas of what a calculator should be like

and the NORC was a hixge, fancy computer, By thils time it was felt that,
well our general policy here has not been to cfb things that can be done well .
elsewhere, We, by cholce, decided that we would keep a building that

could only hold about sixty people. So it is foolish fox us to try to go into

- big calculator design and big projects. We are a research laboratory.

So in the early days it was appropriate o have our mathematical operations
and our small electronic group and the NORC was really stretching it a
point, I mean that was really not company policy to build the NORC here.
The only reason it was built here was because the people were here and
they could do it more effectively, But as soon a8 that was done, there were

fifty people on that, but they were mostly moved out of here, They were

“mostly brought in just for the prdject. So they all went to the engineering

laboratory elsewhere, And in the meantime we had bullt up our physics
group. Then of course physles grew at Yorktown. So that at the moment
our biggest expanslon is in the life scicnces,

S. Let me just go back a bit Dr, Eckert to that swilchover from
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electronicss to physics. I recall when I first came into Research In the late
80's that people were kind of declding whether they roally wanted to go up to
W.'Eorktov-m to the Watson Laboratory or stay down here and I guess this Was
the perlod of switchover from physical research in semi-conductors and so fortu
from here up' to Yorktown, Is that correct?

B. Probably yes.

3, Whatwsd it ... we're getting right now really, switching from
electronic_s, Into a discugsion of the beginning of compoxientaé in the company, s
that correct?

frem the

.
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E, Wellagtsny, that work starbed here at the laboratory#
polis state i_:hysic:; 5mf";1'mougn there was solid state physics started at
Yorktown. 1ut I think our general policy here is that this is a small group
at o university. It should not get too big, It should not try to do things that
have to be done in a big way. Itis baslcally made up of a group of individuals
with one ox two or thre_@ assooiétes aind whenever an operation becomes bigger
than this, then it should move. And so the people here have this choice to
make, whether thejr want to stay and run a small thizig where they are free to
do pretty much as they want to except to grow, And if they want their opera-
tion to grow, it just iin't done here, So when the electronics got big, then we

completed the project and that stopped, By that time of course there was lots
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of electronics at Yorktown and so it would have been superfluous for us to tyy
to compete with these large developfnents. 'Also there's a tendency for people
like Havens to /./f: PC g/ P somethrng In the meantime anybody who is a
member of the staff 1s free to stay here, Thomas has stayed and I've stayed.
A good many others have gone elsewhere, Redfield has been here a long time,
Koenigy came in at the beginning, On the other hand, Gunther-Mobre and
Gardiner Tucker and Art Anderson and a all of these psople have gone else~
where, |
3., And they were working on semi~conductors and solid state devices?
E. Azt Anderson worked here with Walker on a way out project
called Spin Fchoes, That was a phenomenon, You could take a teaspoonful
of water and oxdent the molecules in It and store information. And Bob Walkey
and Art Anderson worked on that for a long time to Investigate the possi
bilities of using it ?é&%“étore.
i LhE (_
§ 8, Did people like let's say Anderson tend to go out to San Jose to work
VAl '/& 4’(*( Sl . / / / . / P /}
OfLseane othey ihmq" Ctori.. c,// LA A ez /} 2-‘?' T
4 ;
B, Well he got his Ph, D. and the San Jose Lab was trying to build up
s .
the kind of thing he was good at and he went there, John Lentz proved a way

and he jolned the eryogenic project at Yorktown and then he came back here

later to a different kind of project.
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8. Held

Of course during these years.asd there were
little interesting things coming out of the laboratory, There was work in
lasers that went on, ‘. . ‘I‘homas‘é;g:ork n lasers, A e A

E. Well E‘avens was working on masers., That was before the dayé
of lazers, B;Ut%‘;:—éﬁne Bwfinished the NORC he decided that he would
investigate microwave circuits and he did quite a number of things, One of
them was this experiment, the redoing of an electronic version of the
Michaelson-Morley experiment. They had a couple of masers for that,
Tals was in the days of the gos, Bob Walker a long time ago was domg 50
microsecond circult work .., . that would be 20 nanosecond work., That was
years ago. I mentioned Jobn Lentz building a calculator thai called for few
vacuum tubes. Of course the microwave group that Havens developed was
moved to Yorktown later. That includes Land (?) and a number of thése
people,

S. How did you feel personally about watching the process whereby

people would come In and do relatively scholarly work or experimental work

and then when it looked like there was some sort of an application for it, the

people moved away more into the main strearm of the practical side of develop-

ment. What were your personal reactions fo this ﬁ/gZ#wm Do b / {,ﬁw,,;{;v)?

R P
S Fiﬁwﬁc e (ﬁ .
- ’
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E. Well I thought it was fine, My feeling was i:h.at the company could
be a place where people could do just ag good basic research as in a university
and people who do basic research, many of them are exceedingly able people
and _that the companjr was big enough to afford having some of these people
in the company and that the way to get them was to arrange a place where they
could do the same kind of research that they might at o university and the
way to keep & place like that 1s to be able to bring in new people and not have
the place get too big and not get Projecitis, So we've been able here to
nave lesg Projectitis than many universities, The tendency in a wniversity
is to set up projects and grants and to build up large operating groups,

But our policy wag that we weren't going to do that, We were going to be
more like the university than the university is. That we would not get a

huge bullding and then have to £ill it and that our people didn't have to make
the declsion, This was sometirnes very ativactive to young people, You
picked a young man just out of graduate school and ik's hard for him to decide
whether he wants to go into inchistfial work o.r ih’co a Lmive:ésity, 'I‘Iere hé éan
do both, He can come here and if he rang the bell on his own research,

he could either stay or go to another university, We didn't feel that there

was anything wrong with that, ¥ he decided that he wanted a bigger group



#21.

and in the meantime had found somaething that he wanted to work on anc_i he

needed twenty people, he had the opportunity of going somewhere else. 3o

this has worked out very vgel_l I think, There have been cases where people

had to move that didn't want to but by and 1argé the people who wanted to go, wanted
to. For instance, Gardiner ’%‘uc:ker, when he first came to the lab, when he
fest got s Ph. D, b6 knew he was intorested 1n research management

s0 he did resear;:h here very well for a while and then he decided that he

would transfer to Yorktown. So this has been the way of life,

3. You mentioned that now the laboratories work in 'the ares of the
life sciences. When did that staxrt?

B, Ohtime flles, I think that was about three years ago.

5. What was the rationale for moving in that direction?

E., Well in the {irst place, the feeling that life sciences are attracting
sonie of the brighter psople at the moment, I mean thers was a time when
physics attracted all of us -~ the sharp. yc__)qngsters agd now apparently th;-a
life sciences i‘a doing this and we'd like a few of those people in the company.
It's an area where there are going to be sharply important discoveries made
in the next few years. It's closely connected with medicine and things of

that sort and we feel that there's going to be a lot of business in medical and
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. testing and those ayeas, so we would like to have knowledgability in the

comypany. You see after the war the electronics was the big white hope and - ...

' then solid state wags discovered. | We felt that it was not just solid state

but other areas where physics might influence our machines such as the
microwave business which is partly electronics but not entirely so, So at
that time we felt we needed t:: buildup physics;, savvy in physics for the =
company.

S, Well 'le%imy in#8 my few short years with the company I never
realized that the Watson Lab was performing this precise function that you
just described -~ which is a very interesting type of rationale behind the
laboratory, Since you were the one who really started it, I take it that this

r)é your conception and your policy. You mentioned a lot of things ~- that you
bl Sy festat ST wekeod ad Collbcinrltn
didn't want people WOI‘P’ng/]#"P >/ou wanted to keep it kind of pure and not
mix up the moonlighting let's say and teaching with working, etc, That you
wanted more or less a pure scholarly sense, I take It that all of these
policies that we have been discussing are bas icéllsr é,rours Cﬂ"f*" e
E. Well more than that I think they have been done with my assistance

and concurrence ... and of course when I first came I didn't have a Twenty

Year Plan, When I first came I didn't expect even to g_ét electronics into the



lab, I thought then in terms of applied mathematics and the computational
sciences and machine deslgn and use, and that the engineering would be
done elsewhere, DBut I felt that after a short time that our engineering and
electronics was not adequate and that I needed in the house gome people
who were not tied up on development programs, There were people in the
company who were trying to build the 604 and the 650 and the 701 and so on,
I felt that v}ereally needed the other type of electronic research that is more
or loss Lﬁ'lc’tirected. I came to this cénclusion within a few months atter I
came hore, __When Tiirst came T didn't think that we would have electronic
research at the lab, 8o then we did end went on for a long tine and then
I didn't know at that thme that we would go into Phgﬁ, physics either but aftef
a while 1t just scemed to me that the company needed the kind of physics we
could do here so we got this building and developed it, Now the life scionce
wosn't my ldea particularly but I approved of it, This was Gardiner Tucker's
first whim, He felt that this was soxﬁéthing that ought to be done and so
it was declded, |

5. Do you think the Watson Laboratory will continue this function in
the company of drawing people Into the company and permiltting them to do

really the more pure or wnstructured expsrimental work in the company and
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to act as a kind of §eeding qround as it hag in the last twenty years?

E, OhIretired as Director a year ago and I haven't seen any change -+
In policy since I retired, But even before that I felt that if the lab essentially
was going to continue in the future that I shouldn't try to master mind it any
longer, So for two or three yeaprs before I reitired as Director, I started
shifting the responsibility on to Dick Garwin a,;1d Koenig and others, just on
the feeling that I had been here for a long time and if the lab is to go on
the way it should, it shouldn't go on because of me but because of other
people, So essentially for the last three years I've been withdrawing from
management and as far as I can tell, I haven't seen any change in policy,
For meny years of course, during the life of the laboratory, in the early
days there wore times when I had to do a great deal of selling new ideas,
And then as I say, within the last few years my feeling was that I shouldn't
sell these ideas, REither they were good or they were bad and this was some-
body else's problem, So what I've noticed is that gradually management hags
taken to this.idea and that it is not any longer my problem. o
5. Did you encounter any resistance to this particular social research
function of the laboratory along the way? Iiake it that originally when T, J.

Watson asked you to start it you had cooperation, WereAthe:ce rough spots along



#20, S

the way?

E, Oh yes. Thereare alwag.rs different‘ épinions on what the company
should do with the money and when budgets gst tight, then they say well
why don't we close this down and do something else here instead. This Iz to

be expected, And moreover, until this laboratory, the company had no

sclentific management, We had no gféup of sciéniiéﬁé with ac:.entificback- .

ground, We had engineers, We had salesmen. We had lawyers and what
have you, but nd geientists, Ithink I proba-bly was the first one wﬁo came to
the company with a Ph, D, and I suppose another reason why we have more
sympathy outside the lab now is because of the alumnl irom he-re., I mean if
you look over the scientific and engineering managerent of the company now,
there are about fifty people that are falrly well thought of that all started here.
Our people have almost invariably made go.od elsewhere in the company.
Havens is head of Engineering for World Trade, Art Anderson is Director

of Research. Gardiner Tucker was Dircctor of Research, Holtabez‘g,
Reigman, Rogenhelm, Walker., We have a very interestihg groﬁp of almnni.
And of course we also have a very distinguished group of people who came hers
in the early days and studied computing. Starting about 1945 and fox the next

ten years we trained in one program fifteen hundred people and thuse are the
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people now largely who ave yvunning computing 1§1boratofies around the country
and the world,

3. Well from what you've told me Dr. Eckert, ?gft was an excellent idea
that you and My, Watson developed.

¥, Ji's been a 1ot of fun.

(End of intervie\s_z. )
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From: "ARCHIVE1" <archive1@us.ibm.com>
To: "Frank da Cruz" <fdc@columbia.edu>
Sent: Monday, August 02, 2010 10:57 AM
Subject: Re: Wallace Eckert Interview

Hi Frank,

I have copied the Wallace Eckert interview and will mail it you. I could not locate any
phone/office lists for the Watson Lab.

Best regards,
Stacy L. Castillo

Reference Desk

IBM Corporate Archives
Route 100/CSB

Somers, NY 10589
914-766-0612
archivel@us.ibm.com

Frank da Cruz ---08/02/2010 09:39:26 AM---Hi! Any chance I can get a copy of this?
Transcript of interview of Wallace J. Eckert by Lawrence

From: Frank da Cruz <fdc@columbia.edu>
To: ARCHIVEl/Armonk/IBM@IBMUS
Date: 08/02/2010 09:39 AM

Subject: Wallace Eckert Interview

Hi! Any chance I can get a copy of this?
Transcript of interview of Wallace J. Eckert by Lawrence Saphire. IBM
Thomas J. Watson laboratory at Columbia, July 11 and July 20, 1967,
Interview TC-1 in the IBM Oral History Project on Computer Technology.

I just found out about it, and it might clear up some mysteries in here:

htep://wew. colunbia.edu/acis/history/eckert . heml

Thanks!
- Frank

Frank da Crusz

Columbia University

612 West 115th Street <-- Watson Laboratory
New York NY 10025-779%

USA

Email: fdc@columbia,edu

Voice: +1 212 854-3508

Fax: +1 212 662-6442
http://wew.columbia,edu/acis/history/

P.8. Speaking of Watson Lab, I wonder if you have any phone / office /
personnel lists from the two Watson Labs at Columbia University, 1945-1970.
I confess, I'm curious whose office I'm sitting in!
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