Chapter 2

Bui l ding an Academ c Research Conmunity-- Conputer Centers and
G aduat e Students

draft of July 24, 2005

Universities got involved in conputing on their owmm terns, not
those of outside agencies. Wen conputers arrived in t he
uni versity, they were, for the nost part, used in such a fashion
as to support the distinctive values of the university. At first
conputer centers were set up to provide conputational support for
academ c research. Then conputer-related topics were incorporated
in existing academi c fields. When conmputer science departnents
were finally set up, it would be to maintain the self-identity of
the university in the face of corporate conpetition. The subject
matter of conputer science departnments would shift around, in a

search for sonething which was not too corporate in orientation

/'l expand this to an introductory section

When universities got their own conputers, the conputer
centers were likely to be extradepartnental, organized by
what ever persons happened to have rel evant know edge, experience,
and interest. The conputer was usually paid for by governnment
funds, though not necessarily mlitary funds. Oganized training
in conputer usage grew up around the conmputer center, sinply as a
necessary outgrowh of the conputer’s own functioning. As the
conput er got nore conplicated over tinme, so did the training.

The extrene governnent financed "contract research"” style of



MT was not replicated at nost universities. It was nore
typical to spend a lot |less noney, and to focus nore on the
university's internal needs, rather than seeking to becone
primarily a governnent contractor. By 1960, clear differences of
style had developed, according to the priority placed on
obtaining mlitary funding.

The conputer center at Stanford University, set up in
1952-53, was funded by the engi neering school, under Frederick
Terman, and the Applied Mathematics and Statistics Laboratory.
Each organi zation conmitted $25, 000 per year, nore or less as an
overhead on their research prograns. Most of their research
progranms, of course, would have been grant-funded,and the
conputer center was therefore indirectly paid for by mlitary
f undi ng. The conputer center started off wth a Card
Programmabl e Cal cul ator, and got an IBM 650 in 1957. Tr ai ni ng
was nore or |less ad hoc at this stage. The conputer center was
rather nore concerned wth educating professors than W th
educating students. John Herriot, the conputer center director,
observed: "O course, as you m ght expect, the students took to
the conputers rmuch faster than the faculty."?! In other words,
he did not have to do anything special to get in as many
students as his equipnment could support. They sinply arrived
automatically.?

In 1955 (?), very shortly after the M DAC nachine at t he
1. BAB OH 21, John Herriot, p. 7.

2. ibid, pp.4-8.



University of Mchigan started wup, Prof. John Carr of the
Mat hemat i cs depart nment organi zed a course in el enentary
programm ng and nunerical analysis. Because the M DAC machi ne was
classified, Carr had to take student prograns to the machine and
run themhinmself. Anewly arrived, newy mnted, Ph. D. naned
Bernard Galler sat in on Carr’s course. Carr apparently did not
want to teach beginning progranmng over the long term because
he i medi ately set about grooming Galler as a progranmm ng teacher
and researcher. Galler took over the progranmng course the
following term The M DAC console had to be declassified so
that Galler could go and work on it. The next vyear, the
uni versity got an | BM 650, nonclassified, and, unlike the M DAC
| ocated on canpus instead of out at WIlow Run. Wen Gal |l er began
pushing the limts of the I1BM 650" s performance, Carr introduced
Galler to General Mtors, where they had an | BM 701.1

The developnent of a distinctive style of "l and- gr ant
conputing” is illustrated by the experience of the University of
M nnesota. Funding was treated firmy as a neans rather than an
end. The enphasis was on getting conputers w dely used, rather
than on doing contract research for the mlitary. The university
tended to worry about ethical considerations, rather t han
becom ng captivated by the academ c equivalent of business
success.

The begi nnings of conputing at the University of M nnesota
were striking in the extent to which the wuniversity chose a

1. BAB OH 236, Bernard A. Galler, pp.4-6,7, 13.



politics of its own, rather than sinply having one inposed on it
by apparent financial necessity. Mnnesota drew on an incredible
range of financial sources _other_ than the mlitary funding
favored by an institution such as MT. Mnnesota was consciously
egalitarian, trying to spread knowl edge of conputing anong the
| argest nunber of people. The university was being very
consciously true to its land-grant origins.

Marvin Stein arrived at Mnnesota in 1955, the sane year that
Ber nard Galler arrived at Mchigan. Stein was already an
experienced conputer progranmer, and Engi neeri ng Resear ch
Associ at es (Univac) had effectively recruited him because ERA
was making a substantial gift of conputer tine to the university,
and someone was needed to see that it was used properly. The
university' s part of the bargain was to give Stein a tenure-track
appointnment in the Mathematics departnent of its Institute of
Technol ogy, and he was given tenure after a year.?!

Stein launched a yearlong graduate |evel introductory course
in programm ng. The demand was such that he had to teach two
sections of fifty students each. Stein ran the class in
"sem -sem nar" node. As he described it:
woul d suggest sone type of exercise that would
ustrate the ideas that | was discussing. Then we
| d have one student who would vol unt eer to
u

strate that, and actually carry out the exercise on
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e conputer. That student would wite a report. All
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ot her students would receive a copy of that report
their assignment was to do a critique of it.?
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1. BAB OH 90, Marvin Stein, pp. 17, 24.
2. ibid, p. 19.



At the sanme tinme, another faculty nenber, Bill Minro, taught
anot her sequence in nunerical analysis. Both courses involved
regular |aboratory work, apart from preparing problens for
reports. There was sonme kind of screening requirenent for the
progranmm ng course, sinply to keep the nunbers of students within
manageable Ilimts. Stein could not recall the details by the
time he was interviewed, but the requirenent was apparently
sufficiently porous that anyone out of the ordinary who had a
decent reason for wanting to | earn about conputers could get in.
That i ncl uded under graduates, and |iberal arts graduat e
students.?!

Stein al so made it known that he was available to help anyone
with a research problemwhich mght be anenable to the use of
conputers. However, he stipulated that the custoners had to | earn
to do their own progranm ng, albeit with the help of Stein and
his staff. The result was that once a user did one project, he
woul d be disposed to come back for others. These conputations
nmounted up to a point beyond what ERA's initial gift would cover.
So, in the nore advanced phases of the projects, the researchers
would go out to Convair in San D ego, where Stein and the
uni versity had a connection.?

This was not a long-term solution, of course, so t he
university obtained a NSF grant for $100,000, and found other
1. ibid, pp.17, 31-32.

2. ibid, pp. 17-19, 21.



noni es from various sources, to a total of $250,000. They | ooked
around, to see what they could get. There was a nmachine at Los
Al anos which they were offered, but it turned out to be a
fundanental |y unreliable prototype. There was an offer from the
newl y independent Control Data, but that was still a paper
conpany wth a paper machine (this nust have been approximtely
1957-58 or thereabouts). 1In the end, Univac agreed to sell the
university an 1103 machine for exactly the sum of noney they had
rai sed, rather than what it would actually cost. About 1960, the
uni versity got another conputer, a Control Data 1604, with half a
mllion dollars from the National Science Foundation, and a
quarter of a mllion fromthe state legislature. In 1963, the
university got a Control Data 6600. The nom nal price was three
mllions, but Control Data discounted it toa mllion and a
hal f, and the National Science Foundation kicked in $900, 000. The
state regents borrowed the remainder.?
Stein took the conputer center on a consci ously

anti-commercial path. He stated his policy:

One of our restraints was that we didn't care to be in

conpetition with various manufacturers wi th whom we had

to do business in other ways, and who were operating

service bureaus. W allowed outside use if there was

clearly sonme justification for it: if we had sone type

of unique program or if it was one of our students who

had received his or her degree and had gone to work for

an outside organi zation, and wanted to conme back to do

sonething on the equi pnent that he or she had witten

the program for and was famliar wth... | renmenber

turning down offers from Honeywell to buy thousands of

hours, primarily because it seened that we ought not to
be in conpetition in that way. Al so, our faculty and

1. ibid, pp. 21-22, 27, 29.



students were naking good use of the tinme. W were
pretty heavily |oaded. We didn’t want to get into a
position where we essentially said, "Too bad for you,
but we need the noney." Qur systemwas blind as to
whet her the user was paying for the usage or not. It
m ght have been naive of us, but that is the way we
operated. Students had as good access as research
projects that paid. And | was a little worried that
t hese outside users who were putting down |arge suns of
nmoney would demand priorities that at that tinme |
didn’t want to concede to them Maybe if we needed the
nmoney, or if | knew nore about noney in those days, we
woul d have done it; but we didn’t.?

Make  sonme reasonable substitutions, eg. high school for
university, auto repair for conputing, etc., and this speech

could have been made by one of Garrison Keilor’'s Lake Wbegon

characters. The nere expensiveness of the machine was no reason
to run it according to corporate principles.

The nat ure of a technology is not defined by t he
ci rcunst ances of its first invention, but rather by the
ci rcunstances of its gradual adoption and nodification. Academc
conputing was run by people who wanted to be part of the
uni versity, and who inplenented that desire in hardware, when and
as they coul d.

The first generation of graduate students interested in
conput ers wer e still affiliated W th regul ar academ c
departnments. They net all the regular requirenents for their
di sciplines. For the tinme being, the introduction of conputers
did not lead to conflict. However, the graduate students’
advi sors, thenselves often returnees fromthe wartinme conputing

prograns, arranged for the students to get conputer training

1. Ibid, pp. 27-28.



somewhere or other. This did not have to be on-canpus; it m ght
equally well consist in being sent to a summer job at a
governnment | aboratory sonmewhere. This course of instruction,
beyond programming per se, canme to consist of teaching the
students how to build conpilers and kindred progranms, as a point
of departure for |linguistics research, the same point of
departure that their nmentors had reached while doing applied
research in the enploy of the mlitary-industrial conplex. Thus,
this first generation replicated the precarious bal ance of their
el ders.

When conputers first arrived, their influence was limted by
their scarcity. Sonetinmes, graduate students got only very
limted access to conputers, conputer centers, and the people who
worked in them The students got enough exposure to tantalize
them and to yield inportant |ong-term consequences, but in the
short run, this was not enough to derail their graduate prograns,
and force institutional changes. The students got their Ph.D.’s
before they started to act drastically on their new ideas about
conputers.

Thomas Keenan was a physics graduate student at Purdue in
1954, when the university ordered a conmputer. One gathers that
the machine’'s arrival was too late for himto use it in his own
research, for which he used desk calculators (he conpleted his
doctorate in 1955). However he attended the training sessions,
and becanme know edgeabl e about conputers. After graduation, he
got a job at the University of Rochester, Rochester was also

getting a conputer, and Keenan was put in charge of the energent



conputer center.?

It took sonewhat |onger for conputers to filter down to people
who were not in recognized quantitative disciplines. In 1964,
Bruce Buchanan, who had been a mathematics mgjor as an
under gr aduat e, was witing his dissertation in Philosophy at
M chi gan State University, on the subject of scientific
di scovery. He was trying to treat scientific discovery in a
| ogical way, rather than as sonething ineffable. This is known,
in the social sciences, as "operationalizing" a concept, reducing
it to a nodel which is at |east verbally specific (though not
necessarily specific enough to stand up to being progranmmed).
Buchanan had witten the first half of his dissertation, which
woul d probably have been a literature survey. That sumer,
Buchanan applied for a job as a policy analyst at System
Devel opnent Corporation. He did not get the job, but his
application got passed around to potentially interested parties--
notably Edward Fei genbaum at the Rand Cor porati on. Fei genbaum
of course, was gearing up to launch the "expert systens"” school
of artificial intelligence, in the wake of Newell, Sinon, and
Shaw. He was naturally interested in anyone who was trying to

reduce scientific work to sonmething precise enough to be

pr ogr amred. At RAND, Buchanan not only "...learned a | ot about
conputing", 2 but was exposed to t he unpubl i shed or
quasi - publ i shed works of Newell, Sinon, and Shaw. He net people

1. BAB OH 217, Keenan p. 3.
2. BAB OH 230, Bruce Buchanan, p. 4.



with nore nearly kindred interests than he could find in his hone
departnent. At the end of the summer, he went back to M chigan
State and wote the second half of his dissertation, along |ines
influences by Newell, Sinon, and, Shaw lines. Buchanan then
applied to Feigenbaum for a letter of reference. Feigenbaum
offered hima job instead, and Buchanan accepted it, shelving his
pl ans to teach Phil osophy.?

At Mchigan State, Conputer Science was energing as an
under graduate program and as a branch of electrical engineering
(, ref harry hedges, oh 221.). One does not know how rmuch
conput er access Buchanan had before the summer of 1964, but he
woul d have had to fight his way through all kinds of
bureaucratic barriers to establish contact wth the conputer
people on the Mchigan State canpus who mght potentially be
interested in his work.

In both cases, the incipient conputer scientists were obliged
to delay doing anything substantial about their new interests.
Thi s meant that potential conflicts wth their ori gi nal
di sciplines did not cone out into the open.

As conputers becane nore abundant, they were used especially
by mat hematics and hard science students. This, however, did not
trigger conflict. Mathematicians and hard scientists wer e
operating in the real world, not in an ideal one. Applied
mat hemati cs al ready existed before the conputer. The effect of a
shift to conputer-based applied mathematics was to dimnish the

1. Ibid, pp. 4-5.
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role of routine calculation with adding mnachines, which the
wartime experience had shown coul d be done by clerks. The work
that students were doing with conputers involved conparatively
anbitious projects, which had a conparatively high nmathematics
cont ent .

Gene CGolub was recruited by the University of Illinois
conputer center in 1953, when he had just finished his bachel ors’
degree,? and got his Ph.D. in 1959, in nathematics. 1In the
meantinme, the mathematics departnent seens to have inpinged on
himvery little. Golub observed that mathenaticians were not as
ent husi asti ¢ about conputing as other fields,

"...But there was none of the hostility that you would
find at Stanford towards conputing. | think people just
realized that the conputer was there but they didn't,

there was no anger in their attitude towards
conputi ng. "?

He nust have taken the usual courses, exam nations, etc., but
they were apparently so wuneventful as not to be worthy of
menti on. However, the major business of the conmputer center at
IIlinois seens to have been nunerical analysis. This worked out
to taking the mathematical unfinished business of the sixteenth
to nineteenth centuries, and recasting it in ternms of twentieth
century mathematical orthodoxy. As such, nunerical analysis is
essentially conservative, |like teaching nmathematics, and was

unlikely to attract strong aninosities once the issues were

1. BAB OH 105, Golub, p. 4-5.
2. lbid, p. 19.
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properly under st ood.

Simlarly, the mthematics departnent at Stanford had, by
about 1958, set up an alternative formof nmasters degree for
applied mathematicians, in which the student would program a
nunerical analysis problem and wite a report on it, rather than
doing a traditional master’s thesis.?!

The situation was even clearer in physics. Physi ci st s’
approach to mathematics is of course results-oriented. They are,
perforce, applied mathematicians on the side, and the only real
guestion was what kind of applied mathemati cs.

Joseph Traub was a good exanple of a physicist in the process
of becom ng a conputer scientist. Traub’s famly was a famly of
German Jewish emigres, with a long tradition of producing
prof essi onal men such as rabbis and doctors. They had gotten out
at about t he | ast possible nonent . Traub’ s formerly
upper - m ddl e-cl ass father happened to be a bank official, one of
t hose professions which does not travel well. He could only find
mar gi nal enploynent in the United States. This kind of famly is
soneti mes call ed "sunken m ddl e cl ass, " battered by
circunstances, and waiting for a son to grow up and get through
school so that the famly can resume its forner status.? Tr aub
went to Bronx Hi gh School of Science, where he played chess as an
extracurricular activity. He was not interested in hamradio, but

he was interested in nountain clinmbing. In fact, his interests

1. BAB OH 21, John Herriot, p. 13.

2. See Jackson and Marsden, 1962, ch 2, section: "the sunken
mddle class,” pp. 67-70, for a discussion of this phenonena.
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were substantially the normative ones of a European school boy in
a French Lycee or German Gymasium !

Traub went to Gty College on a Regent’s Scholarship, Iliving
at  honme. Presumably the schol arship noney went for his share of
housekeepi ng expense. He mmjored in physics and mnored in
mat hemati cs, taking advanced calculus fromEm | Post. Post did
not lecture, but conducted the class as a collective oral
exam nation. This set a standard that Traub’s graduate school
coursework would fail to match in his eyes. Traub started
graduate school in physics at Colunbia in early 1954, wth a
t eachi ng assi st ant shi p. ?

Wthin a year or two, sone tinme in 1955, Traub got involved
in IBMs on-canpus Watson Scientific Conmputation Laboratories. A
friend told himabout it, and suggested he go over, and it was
apparently possible to just goin and talk to soneone in
authority. The Watson Laboratory had a bureaucratic alter ego as
Col unmbia University’'s Commttee on Applied Mathematics, on which
t he physics departnent, inter alia, was represented. In 1957, |BM
gave Traub a generous fellowship, of about $2000, with wunlinted
conputer tine. He afterwards estimated that his thesis required
something like a thousand hours of computer time. 3

Meanwhi l e, the physics departnent per se was not engaging
Traub’s ener gi es. Physi cs does not have conpr ehensi ve
1. BAB OH 70. Traub, pp. 3-10.

2. lbid, pp. 11-14.
3. Ibid, pp. 14-16, 17-18.
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exam nations in the sanme sense that |iberal arts fields do. The
system of examnations and courses is actually a qualifying
exam nation system designed to insure that students learn a
little about all of the branches of the discipline, and, further,
this is typically spread out over three years, instead of being
concentrated in the first year. There is only mnimal opportunity
for specialization in the formal coursework and exam nations. The
systemis seemngly contrived to conpel a very bright student to
spend a couple of years nessing around in a | aboratory, instead
of conpl eting conprehensive exans in the first year, and doing
his dissertation research in the second.

Traub was distinctly underinpressed by the academ c side of

t he physics departnent:

: ny feeling is that | learned a smattering of math,
a smattering of physics, a smattering of nunerical
methods in school. But the way | really |earned

sonmething is | would get interested in it because of ny
research, and then | would just gobble it up, or |

would create things. | think in some ways it may have
been an advantage that my formal training, either
because | wasn't interested in sonebody else’'s agenda

or because | thought the teacher was so bad, was such a
smattering. That, in fact, if anything, may have been
hel pful. But | do not feel Iike | had a good
education. !

At any rate, Traub describes professors who distributed copies of

their lecture notes, and then |ectured fromthem and gave exans

in the undergraduate fashion, and turned a blind eye to

14



class-cutting.?!

Traub did his nmessing around in the |IBM Wtson Laboratory.
Somewhere in the process, he ceased to be a physicist, but the
requirenents for conprehensive exam nations were apparently
sufficiently low that this did not interfere with his passing
them Wien it cane tinme to propose a dissertation topic, he
wanted to do chess (this being i mediately after Arthur Sanuel).
This was not allowed, of course, but he was given an equation
from physics to solve by nunerical nethods instead. In 1959, he
finished his Ph.D. (under the Conmittee on Applied WMathematics),
and went to work at Bell Labs.?

Traub was allowed to work on conputers wthin a physics
departnment, but not for purposes of cerenony. Provided he net
certain requirenents in orthodox physics, which did not by any
means occupy all his time, the departnent would give him a
credential based on these, and allow himto work on | ess orthodox
subj ect s.

M Ganger Mrgan is an exanple of a physicist who went
through an even nore conplicated divergence. H's story is
i ndi cative of the sheer extent to which physics departnents would
accomobdat e people diverging fromthe norm- provided of course
that they belonged to the small fraction of the population
mat hematically tal ented enough to be physicists. In the course of

his undergraduate work (at Harvard), and the early stages of

1. Ibid, pp. 16-17.

2. Ibid, pp. 24-25, 28.
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graduate school (at Cornell), Morgan discovered that he had al
kinds of conplicated humani stic interests. He managed to visit
Latin Arerica on the pretext of working at astronom cal
observatories in Peru and Puerto Rico, and then went off to do
Latin Anerican history at Berkeley. However, this did not sui t
him either. H's humanistic interests were too eclectic, and too
focused around sci ence and technol ogy. As Mdrgan expl ai ns:

In those days there weren't doctoral prograns |like the
one here [at Carnegie-Mellon] in Engineering and Public

Policy, | knew | had to have a Ph.D. in sonething. |
| ooked around and figured | could get a Ph.D. in
appli?d physics faster than | could get one in anything
el se.

Morgan’s fornmer advisor from Cornell had gone to set up a new
departnent at the University of California at San D ego. Morgan
foll owed, becomng the first or second Ph.D student. 1In the
nature of things, his physics skills would have been highly
portable. He woul d have been able to pick up quickly where he had
left off when he had left Cornell, and he would not have had to
cope with the kinds of conplex identity crises which are the norm
in the liberal arts. Mdrgan’s new thesis advisor was hinmself in
the process of becom ng a conputer scientist hinself, by snal

increnents, to the point that he was running the canmpus conputer
center. At any rate, Mdirgan, in his spare-tinme reflections,

became convinced of the potential of conputer progranmng as a

1. BAB OH 224, M G anger Morgan, p. 4.
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means of social mobility.?!

In the |ast year of his doctoral work (Ph. D. 1968, per cmnu
departnment website), he launched a practical experinment. He found
a group of underprivileged teenagers, enployed in a federally
funded nake-work schene, and arranged to teach themto program
using the conputer in his laboratory. It was a roaring success.
Wth his advisor’s encouragenent, Mrgan began scaling up the
program and putting it on an institutional basis. This of course
involved doing the work of a school admnistrator. He then
offered a course in "technol ogy and public policy." This again,
woul d have been an obviously useful thing to do, giving the
physi cs departnent an interesting and probably popul ar course for
the liberal arts undergraduates to take in order to neet the
sci ence requirenent.?

In due course, Mrgan went on to the National Science
Foundation, and eventually, the Engineering and Public Policy
program at Car negi e- Mel | on. 3

Li ke Traub, Mrgan was able to do things which were well
beyond the scope of any reasonable definition of physics. In
Morgan’s case, this neant public education and public policy, as
informed by scientific considerations. The physics departnent
had no special claimto these fields, any nore than any other

sci ence departnent. The | argeness of public education and public
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policy practically make it necessary to treat all science and
technology as one field, rather than breaking them wup into
specialities. If there had been soneone in authority insisting on
the "purity" of physics, his position mght very well have becone
unt enabl e.

Mat hematics and Physics departnents were wlling to find
common ground with the energent conputer scientists. There was
practically al ways sonething that the energence conputer
scientist could do, which was interesting as a conputing problem
and was al so desirable to the mathematics or physics departnent.
However, there were often other departnments willing to nake an
even better offer.

Some graduate students got involved in conputing through
departnents where there was an understanding of carte blanche.
Sonetinmes a departnent, or even an entire discipline, found
itself wth an intellectual vacuum The extent of degrees and
prograns was often driven by the need to nmaintain social parity
with ot her peopl e, in other fields, whose i ntellectual
requirenents mght be quite different. The departnment mght be
forced by circunstances to expand beyond what its subject nmatter
coul d support, and if that happened, the departnent would be
open to alnobst any presentable outside subject mtter which
would fill the gap.

For exanple, circa 1950-60, there was an understanding that a
good research masters in engineering constituted full academc
qualification. Gven the basic engineering value of elegant

sinmplicity, the Ph.D. in engineering is inherently a bi t
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contrived. It inplies that the dissertation author spends a year
wi thout generating any results finished enough to publish. That
may sonetinmes be necessary, but it is a situation to be avoided
if possible. The ongoing devel opnent of abstract mathemati cal
met hods (of which conputer techniques are paradoxically an
extreme case) neant that there was |ess and |ess necessary
knowl edge for a student to l|earn, and correspondingly |ess
justification for lengthening the curriculum There is no real
tradition of nonographic witing in science and engineering
generally-- the tradition is that of the journal article, often
very short, and the fruit of a nonth’s or a couple of weeks’
work. To neke matters nore wurgent, undergraduate engineering
students customarily worked in a faster and nore focused way than
ot her science students. Additionally, engineering s underlying
basic science was nostly from the sixteenth to nineteenth
centuries. Engineering nade relatively little use of nodern
physi cs. The underlying physics of engineering can be expressed
in a page or twd. The rest of engineering mathematics and physics
is mathematics comentary, which could be drastically shrunken
wi th nore abstract nethods of representation. The result was that
an engineering student who went on to graduate school would be
anything up to a couple of years nore prepared, vis a vVvis the
material, than a correspondi ng physics student. An engineering
departnent, once it decided to start offering the Ph.D., had an
intellectual gap to fill up, and could therefore be very catholic
indeed in what it allowed students to do for a Ph.D

Ral ph Giswold, eventual founder of the Conputer Science
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departnment at the University of Arizona, and inventor of a couple
of programm ng | anguages, is an exanple of the type of student
such a departnent could sponsor. Giswld s father was a civil
servant (State Departnent). Giswld majored in physics as an
undergraduate at Stanford, nore or |ess by accident. He spent his
ROTC obligated service in the navy, teaching, by rote, Nuclear
Warfare, a subject he had no interest in. On the basis of this
experience, he decided that he did not want to be a teacher. Wen
he went back to Stanford for graduate work, he chose the
el ectrical engineering departnment, because the "... EE departnent
| ooked like it was a place that would give the opportunity to get
an unusual ly broad education."! His interests went as far afield
as netaphysics, apart from the nore nundane areas such as
artificial intelligence. Once he got his degree, in 1962,
Gi swol d noved on to Bell Labs.?

At the major autononobus engi neering schools, the situation was
even nore extrene. The nmassive flow of grant noney broke down the
depart nment al system superseding it wth a system  of
| aboratories run by senior professors, who had their own direct
lines to the funding agencies. Under these <conditions, it 1is
practically difficult to tell who was a conputer scientist, and
at what date. Terry Allen Wnograd arrived at MT in 1967 with an
undergraduate degree in mathematics froma small liberal arts
college, followed by a year of linguistics study in England on a
1. BAB OH 256, Ralph Giswold, p. 5.

2. Ibid, pp. 3-5, 8-10.
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Ful bright Fellowship. At MT, he worked under Marvin M nsky and
Seynmour Papert in the Artificial Intelligence Laboratory. H s
di ssertation, involving the "blocks world" was an exercise in
conputer driven linguistics. He failed to engage with MT s
prem er |inguist, Noam Chonsky, who was by this tine in a state
of feud with M nsky. For reasons of adm nistrative convenience,
Wnograd’s Ph.D. was awarded in WMathematics, and he was then
given a job in Electrical Engineering.! Wnograd remarked:

| honestly don’t know [about how he got an appoi nt nent

in electrical engineering]. It’s true with the funding,

too. This was the m | k-and-honey days. You didn’t have

to think about that; Mnsky took care of that. If you

needed slots, he got them If you needed noney, he got

it. You just did your work. Junior people didn’t think

about those issues. So, | have no idea. | nmean, | said,

"Well, I'mdone with ny thesis, I1'd like to stay _on."

And he said, "Ckay, we’'ll make you an instructor."?
This was of course the nineteenth-century German "professor

royal ty" systemw th a vengeance.

The intellectual openness
grew out of the fact that
intellectual inplosion. The
out wei ghed any traditional

boundari es.

willing to wel conme in people who had no identifiable

wi th engineering,

Wi th conputers.

1. BAB OH 237, Terry Allen Wnograd, pp. 3, 5,

2. lbid, p. 26.

In the |last anal ysis,

but who were willing to do

of graduate engineering prograns

engineering was in a state of

need to find new things to do

criteria of legitimte subj ect

engi neering departnents were
associ ati on

humani stic things

15, 25, 38.
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At the opposite end of the spectrum from engineering was
Education. For institutional reasons, education schools had
expanded far beyond their theoretical basis in psychology. The
situation was opposite fromthat in engineering-- children are
too conplicated for theories and fornulae to be of any wuse in
dealing with them Getting an advanced degree in education was
sonet hing of an exercise in "ticket punching,” in which teachers
got a pay increment for having a nmasters, and school
adm ni strators were expected to have doctorates. As Janes Koerner

docunented in The M seducation of Anerican Teachers, an Ed. D

m ght very well work out to sending out questionnaires to school
districts to ask how they used school busses.! In this climate, a
graduate student who wanted to do sonething-- anything-- really
ort hodoxy.

In the early 1960's (1963?), Dale Lafrenz enrolled as a
graduate student in the mathematics departnment at M nnesota,
having previously gotten a bachelors degree in mathematics
education and spent a couple of years teaching. He soon
di scovered that he was not a mathematician, but rather a
mat hemat i cs educator. He transferred to the education school, and
got a job as an instructor in the university's "laboratory” high
school. [the account is slightly unclear, but confirm this.
states that he got a math degree at Marquette in the sumers]. In

1963, he and his coll eagues started teaching the high school

1. Janes D. Koerner, The M seducation of Anerican Teachers, pp.
180- 192.
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students to program conputers.?

At the tinme, the usual and customary nethod of programm ng was
to wite prograns, submt themto the conputer center, and get a
printout back, eventually. This did not fit very well wth
children’s attention spans, of course. Lafrenz and his coll eagues
heard about John Keneny at Dartnouth, made contact, and arranged
to use his interactive conputer systemrunning BASIC. Keneny’s
conput er was nmade by General Electric, and the GE foundation cane
through with a grant to pay for the tel ephone charges to connect
up from M nnesota. Eventually, Pillsbury in Mnneapolis bought a
copy of Dartnmouth’s software, and the University high school was
able to use it, thus saving |ong-distance tel ephone charges. On
the new terns, the education school group was able to scale up
their project, and turn it into an outreach program? Lafrenz
spent two years running the outreach program and then in 1970,
he noved over to Honeywell, which had decided to get into the
conput er outreach business on a conmmrercial basis.?

I n both engi neering and education, the |ogic of subject matter
and credentialismresulted in the issuance of an "intellectual
poaching license.” This |license was not perfect, of course, but
it was good enough for students who would sooner or later be
recruited by a maj or governnent or corporate |aboratory.

The fact that graduate students were becomng interested in
1. BAB OH 315, Dale Lafrenz, pp. 4-5.

2. lbid, pp. 6-11.
3. Ibid, pp. 11-15.

23



conputers did not inply the energence of conputer science
departnments. Apart fromanything else, the sheer scarcity of
conputers delayed the process for a few years. Even then, the
departnments containing potential recruits were able to negotiate
a conpromse. Finally, there were always sone departnents whose
internal inperatives led to eclecticism instead of leading to
the formul ation and definition of an orthodoxy.

Because of this lack of conflict in existing departnments, it
was a long tinme before even full-blown academic interest in
conputers would result in separate conputer science departnents.
It was possible to find comon ground with existing disciplines,
even when doing things which were well within the core of what
woul d become conputer science. And if that did not suffice, there
were always the corporate and governnent |aboratories, which
of fered substantially academ ¢ working conditions. Setting up a
depart nent, or even an interdepartnental program was a
conparatively conplicated proposition, not to be undertaken to
sol ve a probl em which could be solved by a professor calling up a
friend at a | aboratory somewhere to find a job for an ill-placed
graduat e student.

John Hol | and, at the University of M chigan, probably got the
first Ph.D. in conputer science. This was at the level of the
near-accidental. In the late 1940's, Arthur Burks had begun
teaching automata theory in his philosophy classes, and had
attracted students who wanted to do theses along those I|ines.
Many of these students were in no sense of t he wor d

phi | osophers. As Burks describes it:
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Thi s

Well there was a man on the faculty naned Gordon
Peterson, who had been a fellow student of mne at
DePauw, in physics. He went to the University of

II'linois, and then to the University of Louisiana, took
a Ph.D. in physics and went to Bell Labs. Then he cane
here in the speech departnent after the war, and we
becane reacquai nted. He had students in the physics of
speech, phonetics, and acoustics and so forth. Then |
began to teach automata theory even in the late "40s in
ny phil osophy of science and mathematical | ogi c
courses, and so | had sonme students who were interested
in witing theses, basically in what we now call
conput er science, though we didn’t have that nane. John
Holland was the first of these students, and they
clearly didn’t fit in our departnents. That is, Holland
wasn’t about to study two years of courses, to |learn
hi story of phil osophy and ot her phil osophy courses, in
order to wite a thesis on conputing. And Gordon’s
students didn't fit in his speech departnent, which was
oriented toward speech and drama. So as a consequence,
Gordon and | organi zed or started to organi ze the joint
program in Conputer and Conmuni cat i on Sci ences,
bringing in other people. In 1957, we got permssion
from the graduate school to give nasters degrees and
Ph.D. degrees, even though we didn’t have any budget
other than our research project budgets.?

case arose only because Burks had a double identity as a

consequence of the war, that of phil osopher and engineer.

Bur ks

had gotten his joint appointnent in Philosophy

Engi neering at the University of Pennsylvania, he m ght not

| f
and

have

needed to go to such Ilengths, since, as we have not ed,

engi neering schools were fundanentally perm ssive about

capabl e graduate students coul d do.

what

People differently situated did not face such an early crisis.

For

exanpl e, there were mathematicians doing theory

conput ati on. Stephen Cook got his Ph.D. at Harvard in 1966,

1. BAB OH 75, Arthur W Burks, pp. 106-107
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a dissertation on the conplexity of nmultiplication. There was a
whol e cluster of people around himdoing simlar work. Cook then
got a position at UC Berkeley. He was denied tenure in 1970. By
this time, his "natural colleagues tended to be in conputer
science departments."! He immediately got hired to tenure at
Toronto, in Conmputer Science. By this tinme, of course, the
convention was establishing itself that conput er sci ence
departnments were where conputational theorists lived, and there
must have been a sense that they should go and take those | obs,
and | eave the other jobs to other kinds of people.?

One of the givens was that there was an ongoing brain drain
from the wuniversities to the better governnent and corporate
| aboratories in all of the technically-oriented fields. The
overwhelmng mgjority of incipient conputer scientists went off
to a |l aboratory as soon as they got their Ph.D.’s. Likew se, the
| aboratories were not very particular about paper credentials.
There were still only a handful of academ c conputer scientists
or near-conputer scientists-- perhaps several hundred or fewer
advanced/ conm tted graduate students in the mddle sixties. By
conparison, the corporations were huge, and could easily absorb
anyone they could persuade to join them A capable student in a
relevant field who got into difficulties with academc rules and
regul ations could always go off to a | aboratory. At Harvard, the
mat hematician and conplexity theorist Alan Cobham actually
1. BAB OH, 350, Stephen Cook, p. 12.

2. Ibid, pp. 6-8, 12-13.
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conpleted all the work for Ph.D., except for a secondary thesis
in a ninor field, but at that point, he went off to IBM1 At
M nnesota, Marvin Stein's nmotive for eventually starting a
conputer science departnent was nostly to contain the brain
drain, which resulted when students sinply would not take course
they did not see any use for, or prepare for exam nations which
i kewi se seened pointless. As Stein put it:

"I really felt that it would be difficult, if not
inpossible, to build up the staff properly and to
retain the staff without a program a solid program in
conputer science in the university while the students

that we had devel oped were going off to Bell Labs and
ot her places."?

The result was that, by the early 1960's, after twenty-odd
years of academ c involvenment with conputers, there were still no
conput er sci ence departnments, and only a handf ul of
i nterdepartnental degree prograns. There were sinply too many
forces siphoning off potential students. Every institution wanted
to get involved in conputers, and every institution nade what
accomodations it could nake without conpromsing its basic
m ssi on.

The energence of conputer science as an academ c discipline
was driven by the need of the newfield to differentiate itself
from its principle conpetitors for manpower, the industrial
| aboratories. At first, computer science was nerely a response to
1. BAB H 350, Stephen Cook, p. 6.

2. BAB OH 90, Marvin Stein, p. 40.
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the technol ogical obsolescence of applied mathematics as an
academc field. This was reflected in the graduate-only character
of the first prograns. However, the need to retain graduate
students led to an abortive foray into artificial intelligence.
Attenpts to approach problens in a theoretical way turned out to
lead to alarmngly practical tools, which lead their devel opers
back towards industry. By a process of trial and error, conputer
science drifted into the production of open source software, and
t he revival of engineering radicalism

The break fromthe previous status quo cane, oddly enough,
fromthe nost traditional formof academ c conputing, the use of
conputers in applied mathematics. New software was superseding
the traditional role of the academ c conputer expert as applied
mat hemati ci an. The applied mat hematici ans responded by going into
conput ational linguistics. This was a stabilizing response, which
avoi ded greater changes.

By the early 1960’s, the early and inprovised conputers were
bei ng replaced by standard conputers of greatly i mproved
performance produced by major corporations, and these conputers
case Wwth service contracts and standard software, especially
hi gh-1 evel programm ng | anguages such as FORTRAN and ALGOL. Such
| anguages could be taught in a course of only two or three
senmester hours. An extensive course in applied nmathematics could
be covered in fifteen senmester-hours, provided that the students
could do their programm ng exercises in FORTRAN or ALGOL. The
conditions were ripe, in short, for applied mathematics and its

associ at ed conput er pr ogr anm ng to be r e- absor bed by
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mat hematics. On the whole, FORTRAN or ALGOL code conpared
reasonably favorably in "mathematical density” with other forns
of mathematical witing. Problens which contained little in the
way of mathematical novelty could now be dealt wth in an
appropri ate place-- undergraduate courses. This would becone even
nore enphatically the case in a few years when new | anguages such
as SAS and SIMSCRIPT cane to enbody the specific technique of
| ar ge sections of applied mathematics. Like the engineer in
Kurt Vonnegut’s Player Piano, the conputer experts had invented
t hensel ves out of a job. Thanks to their efforts, there was no
longer a mathematical justification for a separate field of
conputers.

Computer science, perforce, defined itself in terns which
were, at first sight, only tangentially related to the things
whi ch conputers were actually being used for in the wuniversity.
That is, conputer science was defined around conputational
linguistics, and eventually, artificial intelligence. However,
what conputers were actually being used for was appl i ed
mat hematics. As Quptal notes, followi ng Conte, eight out of ten
of the nmenbers of the conputer science departnment at Purdue,
circa 1964, held joint appointnents in t he mat hemat i cs
departnment. Only a handful of disciplines used nmathematics
extensively enough to get in the position of formul ati ng
mat hemat i cal probl ens which were not readily solvable by paper
and pencil nethods. These disciplines tended to train their own

1. G K GCupt, "Conputer Science Curriculum.., 2004, p. 6
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applied mathematicians, many of whom would eventually becone
conputer scientists. Wile George Forsythe clainmed a diverse
background for the nenbers of the Conputer Science departnent,
nine out of ten had Ph.D s in either mathematics, physics, or
engineering.! They came fromthe disciplines which cared about
mat hemat i cs enough to really nake their menber s | earn
mat hemat i cs.

The first aspect of conput er sci ence, conput at i onal
i nguistics, was about creating progranmm ng | anguages. This was
at least a reasonable outgrowth of applied mathematics in the
sense that a programm ng | anguage could be a sort of framework
into which to install applied mathematics software. It would give
the energing conputer scientists a breathing space to adapt to
new conditions. The identity of the applied mathematicians in the
process of becom ng conputer scientists was probably as much a
matter of social relations of production as it was of subject
matter per se. They had all the organizational baggage of
conputers, and funding, and staff to use the conputers. It was
not very inportant if the conputer center started producing
software instead of calculations. |If an applied nmathematician
could learn conputer science by small increnents over a period of
years as it was invented, while continuing to work wwth the sane
peopl e, mai ntaining the sane standards of mutual ity and
cooperation, he mght becone a conputer scientist wthout ever

experiencing any sense of change. Conputer Science was rather a
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case of "things nust change to stay the sane.”
From the standpoint of running the new graduate prograns in

Conmput er Science, there was no i medi ate need for undergraduate

progr ans. Computer Science graduate students were naturally
selected from persons already possessing sufficient |iberal
educati on and mathematical and |inguistic background. The

necessary requirenents in those areas for an academ c researcher
were al ready conpatible with undergraduate curricula. That is, a
prospective Conputer Science student could earn a bachelor’s
degree in one of the antecedent fields, such as mathematics or
psychol ogy, w thout thereby overspecializing, and could then set
about learning other fields relating to Conputer Science. Thus,
there was no real need to set up undergraduate Conputer Science
prograns. Some conputer science departnments (notably Stanford)
acted on that principle, and stuck toit. As WlliamF. Mller
of Stanford expl ai ned:

W spent a lot of tinme making sure our graduate

students were well prepared. W did not develop an

under gr aduat e maj or ; we had curses [ sic] for

under graduates, but we concentrated on graduates and
research areas as far as our majors were concerned. I

think that was a good nove on our part... So, |
woul dn’t find it necessary to find a conputer science
major. | think our programhere of a mjor in the
mat hemat i cal sciences where students can take a
concentration in mat hemat i cs or statistics or
operations research or conputer science but still get a

broader major is adequate preparation for anY of those
subjects. |I’'d probably stick with that idea.

As late as 1967, this view retained popularity, and the reports

1. BAB OH 29, WIlliamF. MIller, pp. 7-8.
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on undergraduate curricula were challenged on the sanme grounds.
(note for exanple L. Fulkerson’s letter, CACM mar 1967).
This was in Kkeeping with the broader strain of academc

t hi nki ng. The authors of academ c white papers tended to view the
under gr aduat e professional program on the nodel of engineering,
as an anachronism The whol e sense was "becone a liberal art or
get out." In 1968, Lewis B. Mayhew, who was professor of higher
education at Stanford, wote, in his "The Future Undergraduate
Curriculum™"(1968) that by 1980:

vocational training will gradually cease being a ngjor

preoccupation of the undergraduate schools. Miuch of the

technical training needed even in such conplex fields

as electronics will be provided by enployers who al one

will be able to provide the newest equi pment with which
to conduct training.?!

The mnor I|iberal arts professions, such as education and
journalismwere to be noved up into graduate school, on the node
of the MBA in business. In any case, Myhew enphasized that
"possibly five or ten percent of the adult population can man
the entire productive enterprise."? Under the circunstances,
undergraduates did not |ook like a particularly inpressive |abor
pool .

The i nmrediate requirenent facing Conputer Science was sinply
to find a way to hang onto the founders’ graduate students, who
at this stage, were nostly doing applied mathematics. The
1. Mayhew, in Eurich, 1968, p. 210.

2. lbid, p 211.
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i medi ate adaptation was to have them do nuch the sane kind of
work that they had been doing, only in a nore anbitious form to
refl ect the better progranm ng |anguages which wer e now
avai | abl e. Undergraduates were |eft out for the tine being,
because they did not present a key | abor shortage issue.

Part of the ongoing identity crisis of academc conputer
science was howto differentiate itself fromindustry. G aduate
students were perpetually being recruited by industry, wth
extrenely good pay and working conditions. The very nature of an
academ ¢ departnment node it inpossible to match the terns offered
by industry. The founding of conputer science departnents did not
solve this problem At nost, students waited wuntil finishing
their Ph.D.’s before going off to industry. To hang on to them
to maintain a collective group identity, it was necessary to cone
up wth sonething that corporations could not or would not do.
Artificial intelligence, the nore radical fork of conputer
science, was, anong other things, an attenpt to neet this
requi renent. Conputer science had to be defined as a liberal art,
rather than an engi neering discipline, because the liberal arts
aspects were the only real reason for working in a poorly funded
university rather than a nunificent government or corporate
| abor at ory.

The wearly artificial intelligence researchers were not in
uni versities. Artificial intelligence was nothing i f not
prodigal of conputer power, and the artificial intelligence
researchers tended to go soneplace where they could have nore

di rect access to powerful computers. When t he appl i ed
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mat hematicians in the wuniversities decided that artificial
intelligence was going to be the capstone of conputer science,
they had to inport artificial intelligence researchers, as in the
case of George Forsythe bringing in Edward Fei genbaum at
Stanford in Septenber 1964, fully three nonths before the
Conmputer Science departnent cane into being. Simlarly, John
McCarthy had been recruited fromMT to Stanford in 1962, wth
the offer of a |aboratory of his own. The artificial intelligence
experts must have been nore than usually difficult to recruit--
no doubt it was necessary to have everything lined up, wth a
departnment in being, and the funding in place, before they would
conmt thensel ves.?!

The chanpioning of a conmputer science rooted in artificial
intelligence was not the sort of organic growth that progranm ng
| anguages were. However, it was seemngly well suited to
mai ntai ning the identity of Conputer Science departnents agai nst
corporations. Artificial intelligence tended to draw on the ful
range of the university, not just on the technical faculties.
Then too, businesses were nore inclined to be leery about
extravagant clains. A business’s culture was in sone part forned
by peopl e who handl ed ot her people s noney, and who were inclined
to worry about not crossing a |line representing enbezzl enent. The
conput er sci ence depart nment could sinmply step up t he
anbiti ousness of projects until the results becane so erratic
that the corporations could not follow It would have appeared

1. BAB OH 21, John Herriot, p. 9; Crevier, pp. 64-65.
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t hat costs could be kept within bounds by insisting that ideas
be tal ked to death before actually being tried out.

A series of "manifesti” were issued, the first being Louis
Fein' s 1957 report for Stanford. There was a steady flow of
simlar works over the next ten years, nostly published in the
Conmuni cati ons of the ACM !

The details of these reports did not differ very inportantly.
The gist was that conputer science clained to be a science of
information. But of course, essentially everything except energy
is information. Thus, Conmputer Science was claimng authority
over the thought processes of researchers in all other fields,
setting itself wup as a kind of "glass bead ganme," along the

lines satirized by Hermann Hesse in Magister Ludi. John Holland

at Mchigan actually seens to have been aware of the 3 ass Bead
Gane anal ogy, ? and to have consciously taken it as an ideal.
Hol | and apparently did not take any notice of Hesse's satirical
intent, or his om nous warning that know edge could not be lifted
from its context. Hesse's character of "Fritz Tegularius" 1is
generally taken to be Friedrich Nietzsche, but at the time Hesse
was witing, the spectacle of Martin Heidigger-- the opportunist
professor as Nazi-- was not very far away. Hesse lays great
enphasis on the idea that the delocalized intellect is not just
erroneous, but norally untrustworthy. The singular thing about

Hol l and’ s adoption of Magister Ludi was that he did not engage

1. GQupta, 2004, above, p. 2. Gupta provides an extensive
conpendi um of the manifesti.

2. Waldrop, Conplexity, 1992, p. 163.
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this poi nt . Theodore Ziol kowski, in his introduction to the
W nst on translation of Magister Ludi, refers to the "o
hunor | ess readers who conpl ained to Hesse that they had invented
the Gane Dbefore he put it into his novel-- Hesse actually
received letters asserting this!"?!

The pretensions of conputer science, or of mthematics for
that matter, did not make a very great |odgenment in the social
science and humanities. There was a tendency for second-rate work
to use statistics as "padding," but the hard-edged marxi st nonment
had been back in the 1930's. By the 1960's, there was little
backi ng for the kind of mechanical schemata which | ent thensel ves
to programm ng. This was not inportant, however, because the real
guestion was the rel ationship of academ c conputer programmng to
i ndustry.

In the aftermath of Noam Chonsky’s Syntactic Structures, there
had been a nunber of experinments wth nat ur al | anguage
processi ng, notable a group of dissertations supervised by Marvin
M nsky between 1963 and 1966, which were afterwards published as
Semantic Information Processing. This work | ooked nore inpressive
at the tinme than it does in hindsight. The experinenters could
pl ead obvious nachine limtations. The progranms could not
necessarily handle any input of the type they were supposed to,
but only those inputs which the experinenter had done sone
tinkering with.?

1. Hesse, Magister Ludi, p. iXx.
2. Crevier, p. 78.
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Anot her antecedent was Newell, Sinon, and Shaw s Logi c
Theorist, nentioned above. Many pure mathematicians tended to
di scount the inportance of Logic Theorist, placing | ess stress on
t he actual proving of theorens, and nore on the decision of what
to attenpt to prove.

The sumand total of all of these was ideally to make conputer
science indigestible by industry. A graduate student who went
into industry, it was hoped, would have to | eave the esoteric
know edge behind. This solution had the inherent problemthat the
esoteric knowl edge was not very practical.

The hopes of artificial intelligence did not, in practice,
materialize. I t did not become the ki nd of energetic
phi | osophi cal debating society that proponents such as Forsythe
had hoped for. Wat actually happened was that artificial
intelligence becane a near nonopoly of a handful of schools and
| aboratories, which were willing to make nore or less unlimted
concessions in order to develop artificial intelligence prograns.

Experinmental work in artificial intelligence (as distinct from
theoretical work) required virtually wunlimted conputationa
hor sepower. Leaving aside the discouraging estimates of critics
such as Stanley Jaki, even seenmingly nodest and reasonable
undertaki ngs presented serious hardware difficulties. A typical
book occupies about a negabyte. Wth the core nenory used circa
1964- 68, a negabyte worked out to sonmeone having to thread a wire
through a netal "eye" nearly thirty mllion tinmes, sonething
approximating a lifetime’s work. Contenporary handbooks refer to

menory by the byte, that is 1024, 2048, 4096, or even 8192 bytes.
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G ven these econom cs, using conputer storage in lieu of paper
was unt hi nkable. Under these conditions, the nost obvi ously
reasonabl e neasures, such as using a standard vade neccum or
reference work (such as a pocket dictionary) in its entirety,
were extravagantly costly. O her conponents were proportionately
expensi ve. 1

Such experinmental work in artificial intelligence got
"channelized" into a handful of |aboratories on a handful of
canpuses which were prepared to go to extravagant |lengths to get
the requisite |arge suns of noney. O her schools could not even
make it into the starting gate, as far as artificial intelligence
was concerned. Artificial intelligence research probably did not
have any nore strings than any other kind of expensive research,
such as atom smashers (see Nual Pharr Davies, Lawr ence and
OQppenhei ner). However, someone who did not enjoy working for a
defense contractor probably would not enjoy working in a
wel | -funded artificial intelligence | aboratory either.

It was hardly surprising that generous mlitary funding would
come with sone strings attached. Paul Edwards has argued that
artificial intelligence was directed toward the synbolic goals of
mlitarism as an expensive piece of political t heat er.
Artificial Intelligence was to project an aura of machinelike
infallibility, papering over the real risks of war. This, by
itself, did not have to be crippling-- as indicated by conputer
science’s later engagenent wth the even nore theatrical video

1. See Crevier, p. 310, for conparison with the 1980’s.

38



ganme industry-- but it raised the "defense contractor” question
inadfferent form why not go to work for Universal Studios and

make a | ot of noney?!

Equally to the point, mlitary artificial intelligence
proj ects wer e conspi cuously | acki ng in "engi neering
practicality.” For exanple, vast suns were spent on Vvoice

recognition when the |arger problemwas usually best solved by
i nexpensi ve feedback automation. For exanple, it is a suprenely
chal lenging problem to get a machine to wunderstand that an
airplane pilot has just said "fifteen degrees flaps,” and neant
it as a command. It is nuch sinpler to intercouple the flaps
control to the airspeed indicator, etc., giving an effect simlar
to an automatic transm ssion in an autonobile. The problem wth
this is that it tends to destroy the illusion that the pilot 1is
flying the airplane. Mst of the necessary human inputs to
conpl ex control systens ultimately boil down to either pushing a

button, giving the machine permi ssion to carry on, or not pushing

t he button.
To be successful in the sense of retaining funding, an
artificial intelligence researcher had to do a good deal of

undi gni fied scranbling, maki ng unkeepable prom ses, playing to
the vanity of officials involved in funding. By the standards of
physics in its 1930's and 1940's heyday, none of this was
especially blatant. By the 1960's, the choice of funding sources
was broader, and researchers had roomto make choices. However,

1. Edwards, pp 142-43, 264-66, 299-301.
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the basic proposition remained: if one is doing research which
requires inmrensely expensive equipnent, one nust needs be a
financier. Gven that the results of research are by definition
unpredictable, it is further necessary in this instance to be a
di sreputable financier. For an academ c whose basic problem was
to distance hinself from business, the realities of fund-raising
were a "show stopper."?!

Artificial intelligence was confined to a handful of schools,
partly on account of its cost, and partly on account of the
strains it placed on researchers grounds for being in academ a in
the first pl ace. Basic disputes often express thenselves in
seeming trivialities. At Stanford, which was divided between
peopl e who were confortable with big science and people who were
not confortable wth bit science, the conflict erupted in a
di spute over a picnic. Panela MCorduck, who had been Edward

Fei genbaunmis secretary, renenbered while interviewing Al exandra

For syt he:
In fact, | renenber just after Ed Fei genbaum becane the
conputer center director, | think he may have been

acting director then, it was decided that there would
be a picnic and it would be for the conputer center

but not for the conputer science or visa-versa, | don't
remenber. And | remenber George [Forsythe] comng in
to see ne, because | was Feigenbaumi s secretary then,
and saying that his was very enbarrassing. "How can we
invite one side and not the other." And, wherever this
was going to be held could only accommpbdate the one

group and | said, "Well, | don't know, but that’s the
way it has been arranged"” and he said, "Well, which one
1. For a discussion of puffery in artificial intelligence, see

Crevier, pp. 6-7, 83.

40



are you conming as?"!

Al exandra Forsythe replied that: "He was very nuch against
discrimnation or shutting anybody out of anything. He always
wanted to include anybody and that was a very good trait."? It
was on this sort of grounds that Artificial Intelligence becane
norally inpossible for a large strata of conputer scientists to
pur sue.

Schools which did not choose to go the necessary length to
get huge suns of DARPA funding for artificial intelligence found
t hensel ves things to do which did not cost very much noney. There
was theoretical work, of course. However, the dom nant tendency
was to solve fairly practical problens involving software tools,
for use with the type of conmputer which was readily avail able and
not too expensive. These "Prairie Schools" (as distinct from
DARPA schools), nostly Mdwestern land grant wuniversities,
first started working on accessories for the conputer itself,
typically general - purpose software such as programm ng | anguages.
Wen that got too simlar to what the corporations were doing,
they branched out into applications in nonquantitative fields.
However, finally, they found their way to a political populist
approach in keeping with the schools’ ancestral traditions.

Probably the npbst comopn area of work was basic research
applying to the major hardware and software used in conputing.

Basic research was supposed to be sufficiently inpractical that

1. BAB OH 17, Al exandra Forsythe, p. 18.
2. Ibid.
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corporations would not do it. However, things did not work quite
that way in conmputing.

At Mchigan, Bernard Galler’s Ph.D. students did things |ike:
...a very ingenious |linear programm ng technique... a
thesis on disk cacheing and so on... a nice study of
i maging techniques for nmedical inmges and scanner
imges... a nice thesis on dynam c updating of conputer
nmodul es. . . the analysis of nusical sound. . . an
interesting topic involved with nanme directory service

and organi zati on of database systens connected with the
X. 500 standard... Intelligent Vehicle H ghway Systens.?!

These were nearly all things which could equally well have been
done at [|IBMor AT&T. Many of these students went on to places
|i ke Texas Instrunents, Apollo Conputer, and Bellcore (AT&T).?

This Kkind of work tended to collapse the distinction between
academ c conput er scientists and i ndustry. There were
uni versities which vended commerci al products.

Jim Gray was one of the first conputer science graduate
students at the University of California at Berkeley. He first
enrolled as a freshman in 1961, co-oping his way through coll ege,
and at one point, sinply going and working in industry for six
months. On his return, he got interested in conmputing. He not
only took the authorized courses, but talked his way into
graduate-level electrical engineering courses. The Mathematics
depart nent f ound him as well, and gave him research
assi stantships as an undergraduate. By the end of his senior
1. BAB OH 236, Bernard A. Galler, pp. 10-12.

2. 1lbid.
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year, he had exceeded the requirenents for a bachelors’ degree,
and was a fair way along towards a masters. At this point, he
went off to Bell Labs. Bell labs sent him to the Courant
Institute at New York University, two days a week. After a year,
Gray had accunul ated enough savings to drop out and travel for a
bit-- this being the age of Easy Rider, after all. Travel did not
turn out to be as nuch fun as Gray thought it would be. So he
went back to Berkeley as a graduate student wunder his old
under graduate advisor, MKke Harrison, who had noved from the
Mat hemati cs departnment to the new Conputer Science departnent.
Gay becane interested in the theoretical aspects of progranm ng
| anguages and conpilers, and wote his dissertation on one aspect
of the subject. This sort of work was theoretical, but it was
also extrenely practical. The wultimate inplication was the
possibility of a "universal conpiler,” which could | oad a gramar
for a language, and a programwitten in that |anguage, and run
them |1BM had every reason to be interested in someone doing this
kind of work. Gray had also gotten interested in Jay Forrester’s

Limts To Gowh, and it turned out that |BM Research was being

expect ed to respond constructively to Forrester. |BM gave G ay
a two-year post-doctoral fellowship at Berkeley, and then hired
him at their Yor kt own Hei ghts research center. Gay found
eastern winters depressing, and the only way | BM could hang on to
him was to give hima job at its San Jose center, back in

California, where he started working on research into relational
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dat abases. !

Comput er science was facing, relatively early, a probl em which
would wultimately confront all of the hard sciences. If one can
formulate a theory, however abstract, in explicit terns, then a
conputer can nechanically crunch out particular derivations and
special cases of +the theory, and apply then to particular
problens. |If the theory cannot be fornulated in explicit terns,
then it is not possible to determ ne whether a piece of evidence
contradicts the theory-- in other words, the theory 1is not
falsifiable, and is therefore not a theory, just a theol ogical
dogna. One inplication of this phenonmena was that there was no
clear distinction between successful pure research on the one
hand, and technol ogy on the other hand. A pure science faculty
cannot, on the basis of subject matter, avoid the kind of
"revol ving door" enploynent pattern characteristic of an
engi neering school, with people constantly going back and forth
to and from industry. Pure research did not Create soci al
separation fromindustry.

Anot her possi bl e node of escape was to work on creating
applied tools for previously unrepresented fields, such as art.
However, the role of academ c conputer scientists was outwei ghed
by that of corporate researchers. Success in such work put its
creator rather in the position of a successful typewiter
inventor, and encouraged him to go into the business of
manuf acturing his invention.

1. BAB OH 353, JimGay, pp. 5 8. 10-20, 23-33.
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Charles A. Csuri canme back to Onio State University from the
Second World War, got his bachelors degree in art, and his MA,
in short order, and joined the faculty. By the tinme he got
interested in conputers, he was long since tenured. In 1955, he
first began to learn about conputers through a per sonal

fri endshi p:

At the University, a personal friend, Jack Mtten, who
was a professor of engineering, began explaining to ne
conputers and their applications for science and
engineering. | asked all of those initial questions,
i ke, "What is a conputer? and 'How does it work? . He
patiently explained to nme basic ideas and we began a
di al ogue about conputers and art which continued over a
period of eight years. At first he would describe the
problens of converting by conputer programrng the
Russian | anguage into the English | anguage, and that
was a radical idea in 1955 - it may still be a radica
idea. Please keep in mnd that in 1955 there were no
plotters or graphics output devices, but | was able to
specul ate about conputerized theories of art and
notions about artificial intelligence. The ideas were
interesting, but the practical reality of progranmm ng
prevented ne fromtaking any serious action. W were
cl ose personal and social friends and our famlies
frequently ate dinner together. During the cocktai
hour, we would talk about conputers, and as the
martinis began to flow nore freely, so did our ideas
about conputers and art.?!

When, in 1965, Csuri heard of people producing "typewiter
graphics" inmages with a conputer, he took that as a signal that
the tine was ripe to get actively involved in conmputers. He took
a short progranm ng course, and started working away. Wen he

needed noney for programmers and special equipnent, he went to



