Chapter 2

Bui | ding an Academ ¢ Research Community-- Computer Centers and
Graduate Students

draft of July 24, 2005

Uni versities got involved in conputing on their own terns, not
those of outside agencies. When computers arrived in the
university, 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 conmputational support for
academ c research. Then conputer-related topics were incorporated
in existing academ c fields. When conputer science departnents
were finally set up, it would be to naintain the self-identity of
the university in the face of corporate conpetition. The subject
matter of conputer science departnents would shift around, in a

search for something which was not too corporate in orientation

/'l expand this to an introductory section

When universities got their own computers, the computer
centers were likely to be extradepartmental, organized by
what ever persons happened to have rel evant know edge, experience,
and interest. The conmputer was usually paid for by governnent
funds, though not necessarily mlitary funds. Organi zed training
i n conputer usage grew up around the conputer center, sinply as a
necessary outgrowth of the conmputer’s own functioning. As the
conputer got nore conplicated over tine, so did the training.

The extreme governnent financed "contract research" style of



M T was not replicated at most universities. It was nore
typical to spend a |lot |ess noney, and to focus nmore on the
university’'s internal needs, rather than seeking to becone
primarily a governnment contractor. By 1960, clear differences of
style had devel oped, according to the priority placed on
obtaining mlitary funding.

The computer center at Stanford University, set up in
1952-53, was funded by the engineering school, under Frederick
Terman, and the Applied Mathematics and Statistics Laboratory.
Each organi zation comm tted $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
computer center was therefore indirectly paid for by mlitary
fundi ng. The computer center started off with a Card
Progranmabl e Cal cul ator, and got an IBM 650 in 1957. Tr ai ni ng
was nmore or less ad hoc at this stage. The conputer center was
rat her more concerned with educating professors than with
educating students. John Herriot, the conputer center director,
observed: "OF course, as you m ght expect, the students took to
the conputers nuch faster than the faculty."? I n ot her words,
he did not have to do anything special to get in as many
students as his equi pment could support. They sinply arrived
automatically.?

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

2. ibid, pp.4-8



Uni versity of M chigan started up, Prof. John Carr of the
Mat hemati cs department organized a course in elementary
progranmm ng and nunerical analysis. Because the M DAC machi ne was
classified, Carr had to take student prograns to the machi ne and
run them hinmself. A newWy arrived, newly mnted, Ph. D. naned
Bernard Galler sat in on Carr’s course. Carr apparently did not
want to teach beginning progranm ng over the long term because
he imedi ately set about groom ng Galler as a progranm ng teacher
and researcher. Galler took over the progranmm ng course the
following term The M DAC console had to be declassified so
that Galler could go and work on it. The next year, the
uni versity got an |IBM 650, nonclassified, and, unlike the M DAC,
| ocated on canmpus instead of out at WIIlow Run. Wien Gal |l er began
pushing the limts of the I BM 650°s performance, Carr introduced
Galler to General Mtors, where they had an | BM 701.1

The devel opment of a distinctive style of "land-grant
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 wi dely used, rather
than on doing contract research for the mlitary. The university
tended to worry about ethical considerations, rather than
becom ng captivated by the academ c equi val ent of business
success.

The begi nni ngs of conputing at the University of M nnesota
were striking in the extent to which the university 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. M nnesota was consci ously
egalitarian, trying to spread know edge of conputing anong the
| argest number of people. The university was being very
consciously true to its land-grant origins.

Marvin Stein arrived at M nnesota in 1955, the sane year that
Bernard Galler arrived at M chigan. Stein was already an
experienced computer programmer, and Engi neering Research
Associ ates (Univac) had effectively recruited him because ERA
was making a substantial gift of conputer tine to the university,
and soneone was needed to see that it was used properly. The
university' s part of the bargain was to give Stein a tenure-track
appoi ntnent in the Mathematics departnent of its Institute of
Technol ogy, and he was given tenure after a year.!

Stein | aunched a yearl ong 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:

| would suggest some type of exercise that would
illustrate the ideas that | was discussing. Then we
woul d have one student who would volunteer to
illustrate that, and actually carry out the exercise on
t he conputer. That student would wite a report. All

the other students would receive a copy of that report
and their assignnment was to do a critique of it.

1. BAB OH 90, Marvin Stein, pp. 17, 24.
2. ibid, p. 19.



At the sanme time, another faculty menmber, Bill Minro, taught
anot her sequence in nunerical analysis. Both courses involved
regul ar | aboratory work, apart from preparing problems for
reports. There was sonme kind of screening requirenment for the
programm ng course, sinply to keep the nunbers of students within
manageable limts. Stein could not recall the details by the
time he was interviewed, but the requirement was apparently
sufficiently porous that anyone out of the ordinary who had a
decent reason for wanting to | earn about conmputers could get in.
That included undergraduates, and |liberal arts graduate
students.?!

Stein also nmade it known that he was available to help anyone
with a research problem which m ght be anenable to the use of
conputers. However, he stipulated that the custoners had to | earn
to do their own programm 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 conme back for others. These conputations
mounted up to a point beyond what ERA's initial gift would cover.
So, in the nore advanced phases of the projects, the researchers
woul d go out to Convair in San Diego, where Stein and the
uni versity had a connection.?

This was not a |long-term solution, of course, so the
uni versity 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 machi ne at Los
Al amos which they were offered, but it turned out to be a
fundamental ly unreliable prototype. There was an offer fromthe
newly i ndependent Control Data, but that was still a paper
conpany with a paper nmachine (this nust have been approxi mately
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, wth half a
mllion dollars fromthe National Science Foundation, and a
quarter of a mllion fromthe state |legislature. In 1963, the
uni versity got a Control Data 6600. The nomi nal price was three
mllions, but Control Data discounted it to a mllion and a
hal f, and the National Science Foundation kicked in $900, 000. The
state regents borrowed the remainder.?
Stein took the computer center on a consciously

anti-commercial path. He stated his policy:

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

conpetition with various manufacturers with 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 cone back to do

sonet hing on the equi pnment that he or she had witten

t he program for and was famliar with... | 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. Also, our faculty and

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



students were maki ng good use of the tinme. We 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 money." Our system was 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
money would demand priorities that at that time |
didn’t want to concede to them Maybe if we needed the
money, or if | knew nore about noney in those days, we
woul d have done it; but we didn't.?

Make some reasonabl e substitutions, eg. high school for
uni versity, auto repair for conputing, etc., and this speech
coul d 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 nature of a technology is not defined by the
circumstances of its first invention, but rather by the
circunstances of its gradual adoption and nodification. Academ c
computing 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
computers were still affiliated with regular academi c
departments. They nmet all the regular requirements for their
di sciplines. For the time being, the introduction of conputers
did not lead to conflict. However, the graduate students’
advi sors, thenselves often returnees fromthe wartime 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
government | aboratory sonmewhere. This course of instruction,
beyond programm ng per se, came 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 mentors 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 Iimted by
their scarcity. Sometimes, graduate students got only very
[imted 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 i deas about
conput ers.

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

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



conputer center.?

It took sonmewhat |onger for conputers to filter down to people
who were not in recognized quantitative disciplines. In 1964,
Bruce Buchanan, who had been a mathematics maj or as an
under graduate, 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
| ogi cal way, rather than as sonmething ineffable. This is known,
in the social sciences, as "operationalizing" a concept, reducing
it to a nodel which is at |least 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 summer,
Buchanan applied for a job as a policy analyst at System
Devel opment Corporation. He did not get the job, but his
application got passed around to potentially interested parties--
not ably Edward Fei genbaum at the Rand Corporation. Feigenbaum
of course, was gearing up to |aunch 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 something precise enough to be
programred. At RAND, Buchanan not only "...learned a | ot about
computing",? but was exposed to the unpublished or
quasi - publ i shed works of Newell, Sinmon, 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
departnment. At the end of the summer, he went back to M chigan
State and wote the second half of his dissertation, along |lines
i nfl uences 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 M chigan State, Computer Science was emerging as an
under graduate program and as a branch of electrical engineering
(, ref harry hedges, oh 221.). One does not know how nuch
conmput 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 with the computer
people on the M chigan State campus who m ght potentially be
interested in his work.

I n both cases, the incipient conputer scientists were obliged
to delay doi ng anything substantial about their new interests.
This meant that potential conflicts with their original
di sciplines did not conme 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 were
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 dim nish the

1. Ibid, pp. 4-5.

10



role of routine calculation with adding machi nes, which the
wartime experience had shown could be done by clerks. The work
t hat students were doing with conputers involved conparatively
anmbitious projects, which had a conparatively high mthematics
cont ent .

Gene Gol ub 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 mathematics. In the
meanti me, the mathematics departnent seens to have inpinged on
himvery little. Golub observed that mathematicians were not as
ent husi asti c 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
conputing. "?

He nust have taken the usual courses, exam nations, etc., but
t hey were apparently so uneventful as not to be worthy of
mention. However, the major business of the conputer center at
Il1linois seens to have been nunerical analysis. This worked out
to taking the mat hemati cal unfinished business of the sixteenth
to nineteenth centuries, and recasting it in terns of twentieth
century mat hemati cal orthodoxy. As such, nunerical analysis is
essentially conservative, |ike teaching mathematics, and was

unlikely to attract strong aninosities once the issues were

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

Simlarly, the mathematics departnment at Stanford had, by
about 1958, set up an alternative form of masters degree for
applied mat hematicians, in which the student would program a
nuneri cal analysis problem and wite a report on it, rather than
doing a traditional master’s thesis.?!

The situation was even clearer in physics. Physicists’
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 nmathemati cs.

Joseph Traub was a good exanple of a physicist in the process
of becomi ng a conputer scientist. Traub’'s famly was a famly of
German Jewi sh emgres, with a long tradition of producing
prof essi onal nmen such as rabbis and doctors. They had gotten out
at about the | ast possi bl e moment. 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 enploynment in the United States. This kind of famly is
sometimes called "sunken m ddle class,"” battered by
circunmstances, and waiting for a son to grow up and get through
school so that the famly can resune its former status.? Traub
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 nmountain clinbing. In fact, his interests

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

2. See Jackson and Marsden, 1962, ch 2, section: "the sunken
m ddle 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 Gymnasi um !

Traub went to City College on a Regent’s Schol arship, |iving
at home. Presumably the schol arship noney went for his share of
housekeepi ng expense. He majored in physics and m nored in
mat hemati cs, taking advanced cal culus from Em| Post. Post did
not | ecture, 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, with a
t eachi ng assi st ant ship. ?

Wthin a year or two, sone tinme in 1955, Traub got involved
in IBMs on-canpus Watson Scientific Conputation Laboratories. A
friend told him about it, and suggested he go over, and it was
apparently possible to just go in and talk to someone in
authority. The Watson Laboratory had a bureaucratic alter ego as
Col unbi a University's Commttee on Applied Mathematics, on which
the physics departnment, inter alia, was represented. In 1957, |BM
gave Traub a generous fellowship, of about $2000, with unlimted
conputer time. He afterwards estimated that his thesis required
sonething |ike a thousand hours of conputer tinme.3

Meanwhi | e, the physics department per se was not engagi ng
Traub’ s energies. Physics does not have comprehensive
1. BAB OH 70. Traub, pp. 3-10.

2. Ibid, pp. 11-14.
3. Ibid, pp. 14-16, 17-18.
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exam nations in the sane sense that l|iberal arts fields do. The
system of exam nations and courses is actually a qualifying
exam nati on 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 m nimal 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 conpleting conprehensive exans in the first year, and doing
his dissertation research in the second.

Traub was distinctly underinpressed by the academ c si de of

t he physics departnent:

: my feeling is that | learned a smatteri ng of math,
a smattering of physics, a smattering of numerical
met hods in school. But the way | really | earned

sonething is | would get interested in it because of ny
research, and then | would just gobble it up, or
woul d create things. | think in sonme ways it may have
been an advantage that my formal training, either
because | wasn’'t interested in sonebody el se’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 like | had a good
education.?!

At any rate, Traub describes professors who distributed copies of

their lecture notes, and then lectured fromthem and gave exans

in the undergraduate fashion, and turned a blind eye to

14



class-cutting.?!

Traub did his nessing around in the |IBM Watson Laboratory.
Sonmewhere in the process, he ceased to be a physicist, but the
requi rements for conmprehensive exam nations were apparently
sufficiently low that this did not interfere with his passing
them When it came time to propose a dissertation topic, he
wanted to do chess (this being imediately 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 Commttee on Applied Mathematics),
and went to work at Bell Labs.?

Traub was allowed to work on computers within 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 department would give hima
credential based on these, and allow himto work on | ess orthodox
subj ect s.

M Granger Morgan is an exanple of a physicist who went
t hrough an even more conplicated divergence. His story is
i ndi cative of the sheer extent to which physics departnents woul d
accommodat e people diverging fromthe norm- provided of course
t hat they belonged to the small fraction of the popul ation
mat hematically tal ented enough to be physicists. In the course of

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

1. 1bid, pp. 16-17.

2. Ibid, pp. 24-25, 28.
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graduate school (at Cornell), Mrgan discovered that he had al
ki nds of conplicated humanistic interests. He nanaged to visit
Latin America on the pretext of working at astronom cal
observatories in Peru and Puerto Rico, and then went off to do
Latin American history at Berkeley. However, this did not suit
himeither. H's humanistic interests were too eclectic, and too
focused around sci ence and technol ogy. As Myrgan expl ai ns:

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

Policy, | knew I 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 former advisor from Cornell had gone to set up a new
departnment at the University of California at San Di ego. Morgan
foll owed, becom ng the first or second Ph.D student. In 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
| eft 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 hinself in
t he process of becom ng a conputer scientist hinself, by small
increnents, to the point that he was running the canpus conputer
center. At any rate, Morgan, in his spare-time reflections,

becane convinced of the potential of conputer programm ng as a

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

In the | ast year of his doctoral work (Ph. D. 1968, per cnu
departnment website), he launched a practical experinent. He found
a group of underprivileged teenagers, enployed in a federally
funded make-work scheme, and arranged to teach them to program
using the conputer in his |aboratory. 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
i nvol ved doing the work of a school adm nistrator. He then
offered a course in "technology and public policy." This again
woul d have been an obviously useful thing to do, giving the
physi cs departnment 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, Morgan went on to the National Science
Foundati on, and eventually, the Engineering and Public Policy
program at Carnegi e- Mel | on. 3

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

sci ence department. The | argeness of public education and public

3. lbid, p. 6-9.
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policy practically make it necessary to treat all science and
technol ogy as one field, rather than breaking them up 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 hemati cs and Physics departments were willing to find
common ground with the enmergent conputer scientists. There was
practically always something that the emergence computer
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 make an
even better offer.

Some graduate students got involved in computing through
departnments where there was an understandi ng of carte bl anche.
Someti mes a department, or even an entire discipline, found
itself with an intellectual vacuum The extent of degrees and
prograns was often driven by the need to maintain social parity
with other people, in other fields, whose intellectua
requi rements mght be quite different. The departnent m ght be
forced by circunstances to expand beyond what its subject matter
could support, and if that happened, the departnent would be
open to al nost any presentable outside subject matter which
would fill the gap.

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

simplicity, the Ph.D. in engineering is inherently a bit
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contrived. It inplies that the dissertation author spends a year
wi t hout generating any results finished enough to publish. That
may sonetines be necessary, but it is a situation to be avoi ded
i f possible. The ongoi ng devel opnment of abstract mathemati cal
met hods (of which conputer techniques are paradoxically an
extreme case) meant that there was |ess and | ess necessary
knowl edge for a student to |l earn, and correspondingly |ess
justification for |engthening the curriculum There is no real
tradition of monographic writing in science and engi neering
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 make matters nore urgent, undergraduate engineering
students customarily worked in a faster and nore focused way than
ot her science students. Additionally, engineering s underlying
basic science was mostly from the sixteenth to nineteenth
centuries. Engineering made relatively little use of mpdern
physi cs. The underlying physics of engineering can be expressed
in a page or two. The rest of engineering mathematics and physics
is mat hematics commentary, which could be drastically shrunken
wi th nore abstract nethods of representation. The result was that
an engi neering student who went on to graduate school would be
anything up to a couple of years nobre prepared, vis a vis the
material, than a correspondi ng physics student. An engi neering
departnment, 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 Griswol d, eventual founder of the Conputer Science
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departnment at the University of Arizona, and inventor of a couple
of progranmm ng | anguages, is an exanple of the type of student
such a departnment could sponsor. Giswold s father was a civi

servant (State Departnment). Giswold majored in physics as an
under graduate 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 departnent, because the "... EE departnent
| ooked like it was a place that would give the opportunity to get

1 His interests went as far afield

an unusual ly broad education.™
as metaphysics, apart from the more mundane areas such as
artificial intelligence. Once he got his degree, in 1962,
Griswold noved on to Bell Labs.?

At the maj or autononous engi neering schools, the situation was
even nore extrene. The nmassive flow of grant noney broke down the
departmental system, superseding it with a system of
| aboratories run by senior professors, who had their own direct
lines to the funding agencies. Under these conditions, it is
practically difficult to tell who was a conputer scientist, and
at what date. Terry Allen Wnograd arrived at MT in 1967 with an
under graduate degree in mathematics froma small |iberal arts
col l ege, followed by a year of linguistics study in England on a

1. BAB OH 256, Ralph Giswld, p. 5.
2. Ibid, pp. 3-5, 8-10.
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Ful bri ght Fellowship. At MT, he worked under Marvin M nsky and
Seynmour Papert in the Artificial Intelligence Laboratory. Hi s
di ssertation, involving the "blocks world' was an exercise in
conmputer driven linguistics. He failed to engage with MT's
prem er |inguist, Noam Chonsky, who was by this tinme in a state
of feud with Mnsky. For reasons of adm nistrative convenience,
W nograd’s Ph.D. was awarded in Mathematics, 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; M nsky 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. | nean, | said,
"Well, I’mdone with ny thesis, I'd like to stay on."
And he said, "Ckay, we’'ll make you an instructor.™"?

This was of course the nineteenth-century German "professor
royalty" systemw th a vengeance.

The intellectual openness of graduate engi neering prograns
grew out of the fact that engineering was in a state of
intellectual implosion. The need to find new things to do
out wei ghed any traditional criteria of legitimte subject
boundaries. In the last analysis, engineering departnments were
willing to welcone in people who had no identifiable association
with engineering, but who were willing to do humani stic things

Wi th conputers.

1. BAB OH 237, Terry Allen Wnograd, pp. 3, 5, 15, 25, 38.
2. Ibid, p. 26
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At the opposite end of the spectrum from engi neeri ng 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 fornmulae to be of any use in
dealing with them Getting an advanced degree in educati on was
sonmet hing of an exercise in "ticket punching,” in which teachers
got a pay increment for having a masters, and school
adm ni strators were expected to have doctorates. As Janes Koerner

docunmented 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 climte, a
gr aduat e st udent who want ed t o do sonet hi ng-- anything-- reallywell sinply didnot
or t hodoxy.

In the early 1960's (1963?), Dale Lafrenz enrolled as a
graduate student in the mathematics department at M nnesot a,
havi ng previously gotten a bachel ors 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 hemati cs educator. He transferred to the education school, and
got a job as an instructor in the university's "l aboratory" high
school. [the account is slightly unclear, but confirmthis.
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 progranms, submt themto the conputer center, and get a
printout back, eventually. This did not fit very well with
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 system running BASIC Keneny's
conputer was nade by CGeneral Electric, and the GE foundation cane
through wth a grant to pay for the tel ephone charges to connect
up from M nnesota. Eventually, Pillsbury in M nneapolis bought a
copy of Dartmouth’s software, and the University high school was
able to use it, thus saving |ong-distance tel ephone charges. On
the new ternms, 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 moved over to Honeywell, which had decided to get into the
conput er outreach business on a comrercial basis.3

I n both engineering and education, the |logic 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 |ater be
recruited by a major governnent or corporate |aboratory.

The fact that graduate students were becom ng interested in
1. BAB OH 315, Dale Lafrenz, pp. 4-5.
2. Ibid, pp. 6-11.
3. lbid, pp. 11-15.
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computers did not imply the emergence of conmputer science
departments. Apart from anything el se, the sheer scarcity of
comput ers del ayed the process for a few years. Even then, the
departnents containing potential recruits were able to negotiate
a conprom se. 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 departnents, it
was a long time before even full-blown academ c interest in
conputers would result in separate conputer science departnents.
It was possible to find conmon ground with existing disciplines,
even when doing things which were well within the core of what
woul d beconme conputer science. And if that did not suffice, there
wer e al ways the corporate and government | aboratories, which
of fered substantially academ c working conditions. Setting up a
department, or even an interdepartmental program was a
conparatively conplicated proposition, not to be undertaken to
sol ve a problem which could be solved by a professor calling up a
friend at a | aboratory sonewhere to find a job for an ill-placed
graduat e student.

John Hol l and, at the University of M chigan, probably got the
first Ph.D. in conputer science. This was at the |evel 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 al ong those |ines.
Many of these students were in no sense of the wor d

phi | osophers. As Burks describes it:
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Well there was a man on the faculty named Gordon
Peterson, who had been a fellow student of m ne at
DePauw, in physics. He went to the University of

I[1linois, 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 departnment after the war, and we
becane reacquainted. 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
my phil osophy of science and mat hematical | ogic
courses, and so | had sone students who were interested
in witing theses, basically in what we now call
conput er science, though we didn’t have that nane. John
Hol | and 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 philosophy and ot her phil osophy courses, in
order to wite a thesis on computing. And Gordon’s
students didn't fit in his speech departnent, which was
oriented toward speech and drana. So as a consequence,
Gordon and | organi zed or started to organize the joint
program in Computer and Communi cation Sciences,
bringing in other people. In 1957, we got perm ssion
fromthe graduate school to give masters degrees and
Ph. D. degrees, even though we didn’t have any budget
other than our research project budgets.?

This case arose only because Burks had a double identity as a
consequence of the war, that of philosopher and engineer. |If
Bur ks had gotten his joint appointment in Philosophy and
Engi neering at the University of Pennsylvania, he m ght not have
needed to go to such lengths, since, as we have noted,
engi neering schools were fundanmentally perm ssive about what
capabl e graduate students coul d do.

People differently situated did not face such an early crisis.
For example, there were mathematicians doing theory of

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

1. BAB OH 75, Arthur W Burks, pp. 106-107
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a dissertation on the conplexity of multiplication. 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 computer
science departments."! He immediately got hired to tenure at
Toronto, in Computer Science. By this time, of course, the
convention was establishing itself that computer science
departnments were where conputational theorists lived, and there
must have been a sense that they should go and take those jobs,
and | eave the other jobs to other kinds of people.?

One of the givens was that there was an ongoing brain drain
fromthe universities to the better governnment and corporate
| aboratories in all of the technically-oriented fields. The
overwhelmng majority of incipient conputer scientists went off
to a | aboratory as soon as they got their Ph.D.’s. Likew se, the
| aboratories were not very particul ar about paper credentials.
There were still only a handful of academ c conputer scientists
or near-conputer scientists-- perhaps several hundred or fewer
advanced/ comm tted graduate students in the mddle sixties. By
conpari son, 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 academ c rules and
regul ations could always go off to a | aboratory. At Harvard, the
mat hemati ci an and conpl exity 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
ina mnor field, but at that point, he went off to IBM!? At
M nnesota, Marvin Stein’s motive for eventually starting a
conputer science departnment 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 exanm nations which
i kew se seened pointless. As Stein put it:

"I really felt that it would be difficult, if not

i mpossible, to build up the staff properly and to

retain the staff wthout 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 pl aces."?

The result was that, by the early 1960 s, after twenty-odd
years of academ c involvenent with conputers, there were still no
computer science departments, and only a handful of
i nterdepartnental degree prograns. There were sinply too nmany
forces siphoning off potential students. Every institution wanted
to get involved in conputers, and every institution made what
accommodations it could make wi thout conprom sing its basic
m ssi on.

The emergence of computer science as an academ c discipline
was driven by the need of the new field to differentiate itself
fromits principle competitors for manpower, the industrial
| aboratories. At first, conputer science was nerely a response to
1. BAB OH 350, Stephen Cook, p. 6.

2. BAB OH 90, Marvin Stein, p. 40.
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the technol ogi cal obsol escence of applied mathematics as an
academc field. This was reflected in the graduate-only character
of the first programs. 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 alarm ngly practical tools, which |ead their devel opers
back towards industry. By a process of trial and error, conputer
science drifted into the production of open source software, and
the revival of engineering radicalism

The break from the previous status quo canme, oddly enough,
fromthe nost traditional form of academ c conputing, the use of
conmputers 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 hemati ci ans responded by going into
conputational |inguistics. This was a stabilizing response, which
avoi ded greater changes.

By the early 1960’s, the early and i nprovi sed conputers were
bei ng replaced by standard conputers of greatly improved
performance produced by major corporations, and these conputers
case with 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 mathematics could
be covered in fifteen senmester-hours, provided that the students
could do their progranmm ng exercises in FORTRAN or ALGOL. The
conditions were ripe, in short, for applied mthematics and its

associ ated computer programm ng to be re-absorbed 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. Problenms which contained little in the
way of mat hematical novelty could now be dealt with 1in an
appropriate place-- undergraduate courses. This woul d becone even
nmore enphatically the case in a few years when new | anguages such
as SAS and SI MSCRI PT cane to enbody the specific technique of
| arge sections of applied mathematics. Like the engineer in
Kurt Vonnegut’s Pl ayer Piano, the conputer experts had invented
t hensel ves out of a job. Thanks to their efforts, there was no
| onger a mat hematical justification for a separate field of
conmput ers.

Comput er 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 university.
That is, computer science was defined around computati onal
i nguistics, and eventually, artificial intelligence. However,
what computers were actually being used for was applied
mat hematics. As Guptal notes, followi ng Conte, eight out of ten
of the menmbers of the conmputer science departnment at Purdue,
circa 1964, held joint appointments in the mathematics
department. Only a handful of disciplines used mat hematics
extensively enough to get in the position of formulating
mat hemati cal problenms which were not readily sol vabl e by paper
and pencil nmethods. These disciplines tended to train their own

1. G K Cupt, "Conputer Science Curriculum.., 2004, p. 6
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applied mat hemati ci ans, many of whom would eventually becone
conputer scientists. While George Forsythe clained a diverse
background for the nmenbers of the Computer Science departnent,
nine out of ten had Ph.D' s in either mathematics, physics, or
engi neering.! They came from the disciplines which cared about
mat hematics enough to really make their members | earn
mat hemat i cs.
The first aspect of computer science, computational

i nguistics, was about creating programm ng | anguages. This was
at | east 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 nuch 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 conmputers. It was
not very inportant if the computer center started producing
software instead of calculations. |[If an applied mathematician
could Il earn conputer science by small increnents over a period of
years as it was invented, while continuing to work with the sane
people, maintaining the same standards of mutuality and
cooperation, he m ght becone a conmputer scientist wthout ever

experienci ng any sense of change. Conputer Science was rather a
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case of "things nust change to stay the sane.”

From t he standpoi nt of running the new graduate prograns in
Conmput er Sci ence, there was no i nmedi ate need for undergraduate
prograns. Comput er Science graduate students were naturally
selected from persons already possessing sufficient |iberal
education and mat hemati cal and |inguistic background. The
necessary requirenents in those areas for an academ c researcher
were already 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. Sone conputer science departnments (notably Stanford)
acted on that principle, and stuck toit. As WlliamF. Mller
of Stanford expl ai ned:

We spent a | ot of time making sure our graduate
students were well prepared. We did not devel op an
undergraduate major; we had curses [sic] for

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

think that was a good move on our part... So, |
woul dn’t find it necessary to find a conmputer science
maj or. | think our program here of a major in the

nathenatical sqiences where students can take a
concentration in mathematics or statistics or

operations research or conputer science but still get a
broader major is adequate preparation for any of those
subjects. 1'd probably stick with that idea.?

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

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

t hi nki ng. The authors of academ c white papers tended to view the
under graduat e professional program on the nodel of engineering,
as an anachroni sm The whol e sense was "becone a liberal art or
get out." In 1968, Lewi s 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 mjor

preoccupati on of the undergraduate schools. Mich of the

technical training needed even in such conplex fields

as electronics will be provided by enployers who al one

w |l be able to provide the newest equipnment with which
to conduct training.?!

The m nor |iberal arts professions, such as education and
journalismwere to be noved up into graduate school, on the nobde
of the MBA in business. In any case, Mayhew enphasi zed t hat
"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 mmedi ate requirenent facing Conputer Science was sinmly
to find a way to hang onto the founders’ graduate students, who
at this stage, were nmostly 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 formto
reflect the better programm ng | anguages which were now
avail abl e. Undergraduates were |left out for the time being,
because they did not present a key |abor shortage issue.

Part of the ongoing identity crisis of academ c conputer
science was how to differentiate itself fromindustry. G aduate
students were perpetually being recruited by industry, with
extrenely good pay and working conditions. The very nature of an
academ c departnent node it inpossible to match the terns offered
by industry. The foundi ng of conputer science departnents did not
solve this problem At nost, students waited until 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 with sonething that corporations could not or would not do.
Artificial intelligence, the nore radical fork of conputer
science, was, among other things, an attempt to meet this
requi renent. Conputer science had to be defined as a liberal art,
rather than an engineering discipline, because the |liberal arts
aspects were the only real reason for working in a poorly funded
uni versity rather than a munificent government or corporate
| abor at ory.

The early artificial intelligence researchers were not in
universities. Artificial intelligence was nothing if not
prodi gal of computer power, and the artificial intelligence
researchers tended to go sonepl ace where they could have nore

direct access to powerful computers. When the applied
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mat hemati cians in the universities 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 September 1964, fully three mont hs before the
Conmput er Science departnment canme into being. Simlarly, John
McCarthy had been recruited fromMT to Stanford in 1962, with
the offer of a |aboratory of his own. The artificial intelligence
experts nust have been nore than usually difficult to recruit--
no doubt it was necessary to have everything lined up, with a
departnent in being, and the funding in place, before they would
commit thensel ves.?!

The chanpi oning of a conputer science rooted in artificial
intelligence was not the sort of organic growth that progranmm ng
| anguages were. However, it was seem ngly well suited to
mai ntai ning the identity of Conputer Science departnents against
corporations. Artificial intelligence tended to draw on the full
range of the university, not just on the technical faculties.
Then too, businesses were nore inclined to be |eery about
extravagant clainms. 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
computer science department could simply step up the
anmbi ti ousness of projects until the results became 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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that 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
Communi cati ons of the ACM !

The details of these reports did not differ very inportantly.
The gi st was that conputer science clainmed to be a science of
information. But of course, essentially everything except energy
is informati on. Thus, Conmputer Science was claimng authority
over the thought processes of researchers in all other fields,
setting itself up as a kind of "glass bead gane," along the
lines satirized by Hermann Hesse in Magister Ludi. John Holl and
at M chigan actually seenms to have been aware of the d 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
fromits context. Hesse's character of "Fritz Tegularius" is
generally taken to be Friedrich N etzsche, but at the tine Hesse
was witing, the spectacle of Martin Heidigger-- the opportunist
professor as Nazi-- was not very far away. Hesse | ays great
enphasis on the idea that the delocalized intellect is not just
erroneous, but norally untrustworthy. The singular thing about

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

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

2. Waldrop, Conplexity, 1992, p. 163.
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this point. Theodore Ziolkowski, in his introduction to the
W nston translation of Magister Ludi, refers to the
hunor| ess readers who conpl ained to Hesse that they had invented
the Game before he put it into his novel-- Hesse actually
received letters asserting this!"?!

The pretensions of conputer science, or of mathematics for
that matter, did not make a very great |odgenent 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 nonent
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 number of experiments with natural |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 time than it does in hindsight. The experinmenters could
pl ead obvi ous machine limtations. The programs could not
necessarily handl e any input of the type they were supposed to,
but only those inputs which the experimenter had done some
tinkering with.?

1. Hesse, Magister Ludi, p. iXx.
2. Crevier, p. 78.
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Anot her antecedent was Newell, Sinmon, and Shaw s Logic
Theori st, nmentioned above. Many pure mat hematicians tended to
di scount the inportance of Logic Theorist, placing |less stress on
the actual proving of theorens, and nore on the decision of what
to attenpt to prove.

The sum and 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. 1t did not become the kind of energetic
phi | osophi cal debating society that proponents such as Forsythe
had hoped for. What 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.

Experimental work in artificial intelligence (as distinct from
t heoretical work) required virtually unlimted conputational
horsepower. Leaving aside the discouraging estimtes of critics
such as Stanley Jaki, even seem ngly modest and reasonabl e
undert aki ngs presented serious hardware difficulties. A typical
book occupi es about a negabyte. Wth the core nenory used circa
1964- 68, a negabyte worked out to soneone having to thread a wire
t hrough a nmetal "eye" nearly thirty mllion tinmes, something
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 econoni cs, using conputer storage in |lieu of paper
was unt hi nkable. Under these conditions, the nost obviously
reasonabl e measures, such as using a standard vade meccum or
reference work (such as a pocket dictionary) in its entirety,
were extravagantly costly. O her conponents were proportionately
expensi ve. 1

Such experimental work in artificial intelligence got
"channelized" into a handful of |aboratories on a handful of
canpuses which were prepared to go to extravagant |engths to get
the requisite [arge suns of noney. Ot 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
Oppenhei 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 fundi ng woul d
come with some strings attached. Paul Edwards has argued that
artificial intelligence was directed toward the synbolic goals of
mlitarism as an expensive piece of political theater.
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 computer
science’s |ater engagenent wth the even nore theatrical video

1. See Crevier, p. 310, for conparison with the 1980’ s.
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gane industry-- but it raised the "defense contractor”™ question
inadifferent form why not go to work for Universal Studios and
make a | ot of noney?!

Equally to the point, mlitary artificial intelligence
projects were conspicuously lacking in "engineering
practicality." For exanmple, vast sums were spent on voice
recognition when the |arger problem was usually best solved by
i nexpensi ve feedback autonmation. For exanple, it is a suprenely
chal l enging problemto get a machine to understand that an
airplane pilot has just said "fifteen degrees flaps," and neant
it as a command. It is nuch sinmpler to intercouple the flaps
control to the airspeed indicator, etc., giving an effect simlar
to an automatic transm ssion in an autonobile. The problemw th
this is that it tends to destroy the illusion that the pilot is
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 perm 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, nmaking 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 nake choices. However

1. Edwards, pp 142-43, 264-66, 299-301.
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t he basic proposition remained: if one is doing research which
requires immensely expensive equi pment, one must 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 sreputabl e financier. For an academ c whose basic probl em 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 place. Basic disputes often express thenselves in
seemng 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. Panmela MCorduck, who had been Edward

Fei genbaum s secretary, renmenbered while interview ng Al exandra

For syt he:
In fact, | renenber just after Ed Fei genbaum becane the
conmputer 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 | renmenber George [Forsythe] coming in
to see nme, because | was Fei genbaunis 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 accommpdate the one

group and | said, "Well, I 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.
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are you conming as?"!

Al exandra Forsythe replied that: "He was very nmuch agai nst
di scrimnation or shutting anybody out of anything. He al ways
wanted to include anybody and that was a very good trait."? |t
was on this sort of grounds that Artificial Intelligence becane
morally inpossible for a large strata of conputer scientists to
pur sue.

School s 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 nmuch 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), nmostly M dwestern |and grant universities,
first started working on accessories for the conputer itself,
typically general - purpose software such as progranmm ng | anguages.
When that got too simlar to what the corporations were doing,
t hey 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 most conmon area of work was basic research
applying to the major hardware and software used in computing.

Basi c research was supposed to be sufficiently inpractical that

1. BAB OH 17, Al exandra Forsythe, p. 18.
2. lbid.
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corporations would not do it. However, things did not work quite
that way in computing.
At Mchigan, Bernard Galler’s Ph.D. students did things |ike:
...a very ingenious |linear programm ng technique... a
t hesis on disk cacheing and so on... a nice study of
i mgi ng techni ques for medical imges and scanner
images... a nice thesis on dynam c updating of conputer
modul es... the analysis of musical sound... an
interesting topic involved with nane 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 | BM or AT&T. Many of these students went on to places
li ke Texas Instruments, Apollo Conputer, and Bellcore (AT&T).?

This kind of work tended to coll apse the distinction between
academ c computer scientists and industry. There were
uni versities which vended comercial products.

Jim Gray was one of the first computer 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 conputing. He not
only took the authorized courses, but talked his way into
graduate-level electrical engineering courses. The Mathematics
department found him as well, and gave him research
assi stantshi ps as an undergraduate. By the end of his senior
1. BAB OH 236, Bernard A. Galler, pp. 10-12.

2. 1bid.
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year, he had exceeded the requirenents for a bachel ors’ degree,
and was a fair way along towards a masters. At this point, he
went off to Bell Labs. Bell |abs sent himto 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 much fun as Gray thought it would be. So he
went back to Berkeley as a graduate student under his old
under graduat e advisor, M ke Harrison, who had noved fromthe
Mat hemati cs departnent to the new Conputer Science departnment.
Gray becane interested in the theoretical aspects of programm ng
| anguages and conpilers, and wote his dissertation on one aspect
of the subject. This sort of work was theoretical, but it was
al so extremely practical. The ultimte inplication was the
possibility of a "universal conpiler,” which could | oad a grammar
for a |l anguage, and a programwitten in that |anguage, and run
them |IBM had every reason to be interested in sonmeone doing this
ki nd of work. Gray had al so gotten interested in Jay Forrester’s

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

expected to respond constructively to Forrester. |BM gave G ay
a two-year post-doctoral fellowship at Berkeley, and then hired
himat their Yorktown Heights research center. Gray found
eastern winters depressing, and the only way | BM coul d hang on to
himwas to give hima job at its San Jose center, back in

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

Comput er science was facing, relatively early, a probl em which
would ultimately confront all of the hard sciences. [|f one can
formul ate a theory, however abstract, in explicit ternms, then a
conputer can nechanically crunch out particular derivations and
speci al cases of the theory, and apply then to particul ar
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 is not
falsifiable, and is therefore not a theory, just a theol ogical
dogma. One inplication of this phenonena 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
"revolving door" employment pattern characteristic of an
engi neering school, with people constantly going back and forth
to and fromindustry. Pure research did not <create social
separation fromindustry.

Anot her possible npde 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 typewriter
i nventor, and encouraged himto go into the business of
manuf acturing his invention.

1. BAB OH 353, Jim Gray, pp. 5, 8. 10-20, 23-33.
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Charles A. Csuri canme back to Chio State University fromthe
Second World War, got his bachelors degree in art, and his MA,
in short order, and joined the faculty. By the time he got
interested in conputers, he was |long since tenured. In 1955, he
first began to | earn about computers through a personal

friendshi p:

At the University, a personal friend, Jack Mtten, who
was a professor of engineering, began explaining to ne
computers and their applications for science and
engi neering. | asked all of those initial questions,
like, "What is a conputer? and 'How does it work? . He
patiently explained to me 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
probl ems of converting by computer progranm ng the
Russi an | anguage into the English | anguage, and that
was a radical idea in 1955 - it may still be a radica
i dea. Please keep in mnd that in 1955 there were no
plotters or graphics output devices, but | was able to
specul ate about computerized theories of art and
notions about artificial intelligence. The ideas were
interesting, but the practical reality of programm ng
prevented me from taking 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 computers, 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 "typewriter
graphics" inmages with a conputer, he took that as a signal that
the tine was ripe to get actively involved in conputers. He took
a short programm ng course, and started working away. \When he
needed noney for programers and special equipnment, he went to
the National Science Foundation. By small increnents, Csuri noved

1. BAB OH 180, Charles A CGCsuri, p. 4.
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away from actual art into research in conputer graphics. This
research turned out to be tool making. Like most of the early
conmputer workers, Csuri’s first task was to nake his own tools
for his own use, and that turned out to take on a life of its
own. Thus his research into the possibility of doing art by
conputer had applied di nensions, such as special effects for
tel evision and novie studios. Csuri wound up with, for a tine,
his own conpany on the side.?!

Csuri’s work represented the outer limts of what the
National Science Foundation could fund. Frederick Weingarten at
NSF justified the funding on the grounds that he "wanted to see
what sonmebody comng in fromthe outside making different kind of
demands on the graphical capabilities of computers would do."--?2
in other words, as a lever to enforce the rapid devel opnent of
conputer graphics. Despite a precautionary warning to Csuri to
keep quiet about the business, the matter got brought up in
congressi onal appropriations hearings. 2

However, art was not only for academ cs. At about the sane
time as Csuri, a group of people at Bell Labs were al so doing
computer art: Kenneth C. Know ton, Leon D. Harnon, Lillian
Schwartz, A. Mchael Noll, MR Schroeder, and Bela Julesz. As
Jasi a Reichardt, conpiler of a contenporary anthol ogy of conputer
art, observed:

1. BAB OH 180, Charles A Csuri, pp 5, 14, 15-31.
2. BAB OH 212, Frederick Wingarten, p. 12.

3. Weingarten, above, p. 12; Csuri, above, p. 20.
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If one were to |ook for any one centre [sic] which has
produced mor e, and a greater variety of
conput er-generated imges than any other, one would
probably have to turn one’s steps to New Jersey and the
Bel | Tel ephone Laboratories.?

| BM al so had its conputer artists, working at the IBM Scientific
Data Center in Tokyo. Anong other projects, they rigged up an
array of photocells, plugged into an art-produci ng conputer, and
then they got in a couple of ballet dancers to performin front
of the photocells for the benefit of the conputer. This won them
poi nts for panache.?

The artists who were willing to work with computers at an
early stage tended to have a strong preoccupation wth artistic
techni que, and their goal was to produce universal tools for
appl ying techni que-- Csuri, when interviewed in 1989, was making
a case for a programnore or less |ike Photoshop. (Csuri, above,
pp. 8,24) The sanples of conputer art in Reichardt’s book are
remar kably devoid of human content. They rem nd one of the
exercises in which budding artists are made to draw circles over
and over again, in order to gain fine notor control. A BFA fina
show will be full of paintings of arrangenents of circles and
squares, etc., and this is very nuch the flavor of early conputer
art. However, the sane nental tendency which ordinarily produced
abstract paintings in this case produced software tools, which
1. Reichardt, The Conputer in Art, 1971, p. 20.

2. Reichardt, above, pp. 20-33 (for Bell Labs), 81-87 (for
| BM) .
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could be used for all kinds of artistic work, including
commercial art.

The corporations could do about as good a job of sponsoring
computer art as the universities and the National Science
Foundation. The practitioners were so technically m nded that
they did not find any interest in the uniquely distinctive
qualities of the university. The very fact that a good tool is
uni versal neans that it does not enbody any particul ar val ues,
any nore than a typewiter does-- or even a word processor. The
values of things |like academ c freedom were not imedi ately
essential to producing tools. It was the sane basic pattern as
compil ers and operating systenms. |If the things worked at all
t hey put the researcher in the position of doing things which
could equally well have been done for a corporation.

It was seemngly inpossible to find anything useful to do in
academ a which a corporation could not do just as well. Another,
and better, solution was to revive engineering radicalism The
idea was to critique corporations, as it were, on their econom cs
instead of their subject matter. The conputer science departnent
could do things which were exceedingly practical, but which flew
in the face of the econom c |logic corporations lived by.

Ral ph Gi swol d, who we |last saw |l eaving Stanford to go to Bel
Labs, invented the SNOBOL progranmm ng | anguage there. In the
course of distributing and promoting it, he got into a
di sagreenent with corporate policy. Griswold was acting as if
Bell Labs was a national |aboratory such as Argonne Nati onal

Laboratory or Los Alanpos, which should operate for the public
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good. In the case of SNOBOL, this nmeant placing the software,
manual s, etc. in the public domain, so that everyone could use
them and they could become a standard. However corporate
management took the view that Bell Labs was a profitmaking
corporation, and that software should be sold for a profit. This
was of course a shortsighted view for a firm whose finances
ultimately depended on public utility franchises, which is to
say, on political goodw ||, but that was the view of managenent.
In 1971, Giswld left to go to the University of Arizona.

At Arizona, Griswold continued a program of | anguage
devel opnment and research, setting out to produce his second
| anguage, I CON. Griswold obtained National Science Foundation
fundi ng, on a nodest scale (he estinmated $100, 000 annually from
1971 to 1990), which was used to pay stipends for graduate
students, salaries for |aboratory staff, and summer salary for
hi meel f.1 In other words, he did not ask for enough noney to
buy the greatest new giant computer, in contrast to the
DARPA- ori ented | abs.

Giswold, in effect, replicated a slice of Bell Labs-- as it
ought to have been-- with acadenm c requirenments | oosely cobbled
over the actual organization. As he remarked about dissertation
t opi cs:

Di ssertation topics don't conme out to be what | thought
they mght be. And | typically don't assign a topic and
say, "Go do this.” Nor do | typically expect a student

to develop a topic in advance of doing any research and
then carry it out. | expect that to develop as a

1. BAB OH 201, Ralph Giswld, p. 8, 22.

49



process of |earning how to do research and conducti ng
it... If you are conmtted to doing a big project you
just plain have to get it done, and the people that you
hire have to be willing to do it and they have to nake
di ssertations out of it sonmehow - one way or another,
which is quite different fromtruly inspirational
t hi ngs.?!

The general spirit of this is to make the dissertation into
sonething very like a patent application-- the traditional and
authoritative formof engineering witing.

Much the sanme principle applied to coursework. The students
who woul d eventually conme to work with Giswold on | CON tended to
get jobs at the canpus conputer center in the first instance,
and then begin taking conputer science courses at a leisurely
pace. By definition, a prom sing student was one for whomthis
| evel of coursework was essentially recreational. Their rea
chal |l enges would have come in the course of their jobs, and
woul d have involved delving into the internal workings of really
| arge programs written by |arge numbers of people. Giswold
m ght have had three or four such students at any one tine,?
and his grant noney would have sufficed to maintain them at a
| evel of reasonable confort, so that they did not worry very
much about finishing up quickly.

This attitude is illustrated by two of Giswol d s students.
Stephen Wanpler started in the masters programin 1972, swtched
to the Ph.D programin 1976, conpleted his Ph.D. in December
1. Ibid, pp. 22-23.

2. 10-12 Ph.D.’ s and 20-30 Masters’ over eighteen years, ibid, p.
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1981, and started teaching at Northern Arizona University in
January 1982. He had decided that he wanted to teach
under gr aduat es, sonething he could not conveniently do at the
Uni versity of Arizona.! Presumably, to do that, he needed to get
his papers in order. Gregg M Townsend had gotten a bachel ors
degree in systens engineering in 1974, and had spent three years
working in industry, before com ng back to the University of
Arizona as a systens progranmer at the computer center. He
finished up his masters degree in 1984, and shortly afterwards
got a job as a Research Programmer in the conputer science
departnment, working partly on I CON, and partly on other things.
At the time of the interview (1990), Townsend was clear that he
did not want to get a Ph.D. He did not want to teach, and he did
not particularly care for research per se. What he |iked was
programing, and that was what he did.?

Giswold was able to craft a unique identity as a publicly
pai d devel oper of public domain software for public use. He
recruited students very much |ike hinself, who tended to carry on
and expand his program However, a long-terminplication was that
it reinforced a tendency for Conputer Science to define itself in
terms of producing conpilers, operating systens, etc.

A large section of Conmputer Science was driven by the need to
gi ve students a good reason not to go off to industry. This neant
avoiding policies which led to becomng simlar to industry, and
1. BAB OH 202, Stephen Wanpler, pp. 3, 7, 11
2. BAB OH 204, G egg M Townsend, pp. 3-4, 7, 10.
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at the same tinme, finding things which industry could not do.
After a certain anmount of experinmentation, the best solution
which energed was to be ethically part of the university, that
is, to exenplify the university's values in the new area of
conmputers and software, and to stand in contrast to corporate
val ues. The new conputer scientists were in effect betting that
sooner or |ater, AT&T and IBM would revert to type, that is, to
the primal capitalism of soneone |ike Jay Gould, or that they

woul d be replaced by soneone rather |ike Jay Goul d.

/1l insert a concluding section
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