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- - . .November 23, 1967: _*=o l:inon
Préfo L.:l?u.&ﬁe Pylé : .- ‘ c ‘_ .:-,-. " T T %3 - : . 1 x A 23 | g A
Asgistant Head
Camputer Sclences . ..y o sped cmbhoryioe oo o e sl cor lggree, Do Yhe
Purdue University .. cabd e on nogreke, : 7 Poyd. Db now

Lafa‘ye;tfte’. Indlanah"(gor Larg, TUhH Lave TO0 porERORTCs D e GEE
Dear P&ofeSEOr'PyieE'L

. .In reply to your letter of 14 November, I have dug a little into our
history. Herriot and I carried on numerical analysis within the Mathematics
Department, and master's degrees were granted in mathematics (with specialty
in scientific computation) from before 1957 through 1961. I have guided
numericel analysis thesesfor the Ph.D. in mathematics, and the first of these
received his degree in 1960.

About 1960 we were trying to see how to get a nonnumerical computer
scientist to Stanford, and reelized that the Mathematics Department wouldn't
want him. Then Dean Albert Bowker proposed setting up a Division of the
Mathematics Department. This was actually set up in the spring or surmer
of 1961. We were called the Computer Science Division and had our own sub-
budget of the Mathematics Department, under our own control. In autumn 1961
our faculty consisted of Jack Herriot, Harold Van Zoeren, and me. Van Zoeren
was our first nonnumerical faculty member, with an appointment as instructor
of Computer Science and was not regarded as a member of the Mathematies faculty.

Students started to transfer from Mathematics intoc our department during
1961-62, and new students entered in September 1962. During the academic year
1961-62 our courses were all called Mathematics xxx, to conform with the catalog
written in January 1961, but in 1962-63 they were all called Computer Science xxx.

In December 1961 we requested permission to award a Master of Science
in Computer Science. This was formelly approved on 30 January 1962. Apparently
the first new master's degrees were awarded in September 1962.

John McCarthy joined our faculty in September 1962, as Professor of Computer
Science.

In December 1963 the chairman of the Mathematics Department asked to be
relieved of any responsibility for our Computer Science Division, because our
scientific directions had become so diverse from that of the Mathematics Depart-
ment. In January 1964 this was agreed to by the School of Humanities and Sciences,
and from then on we were in fact a department, if not in name.
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After several more persons had Joined the faculty, we were established
officially as a separate department of the School of Humanities and Sciences
in Januery 1965, and were immediately authorized to grant a Ph.D. degree,

The first Ph.D. was given in Autumn 1966, but there had been a couple of inter-

——

departmental degrees with a computer science component in earlier years. e

e We have never requested authority to give a bachelor's degree. In the
early days we thought it would be a mistake, at least at Stanford. But now
we think it would make sense here, but have too few resources to expand our
faculty load right now.

I guess L still feel that our department was one of the first computer
science departments in fact, but clearly it's a matter of definition when we
started to exigt. e 3%

T - -
=R FI i ¢

Sincerely yours,

'Gedrge E, Forsythé'
Executive Head
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Professors of computer science are often asked: "Is there
such a thing as computer science, and {f there is, what {s {t?" The
questions have a simple answer:

Wherever there are phenomena, there can be a science to de-
scribe and explain those phenomena. Thus, the simplest (and correct)
answer to "What is botany?'" is, "Botany is the study of plants." And
zoology is the study of animals, astronomy the study of stars, and
80 oOn. _Pheﬁomena breedﬁ?scicnces.

¥ ?

There are computers. Frgo, computer science is the study of

computers. It remains only to answer the objections.

Objection 1. Only natural phencmena breed sciences, but com-
puters are artificial, hence are whatever they are made to be, hence
obey no invariable laws, hence cannot be described and explained. Answer.
1. The objection is patently false, since computers and computer prograns
are being described and explained daily. 2. The objection weculd equally

rule out =l science large portions of organic chemistry (substitute "sili-
cones” for "computers), physics (substitute "superconductivity" for "com- -

puters') and even zoologv (substitute "hybrid corn" for "computers").

The objection would certainly rule out mathematics, but in anv event its
L Y ’ b,

status as a natural science is idiosvncratic.

Objection 2. The term "computer" is not well defined, &nd 1its
mganing will change with new developments, hence computer science does
not have a well-defined subject matter. Answer. The phencmena of all
sciences change over time; the process of understanding assures that this
will be the case. Astronomy did not originally include the study of
interstellar gases; physics did not include radioactivity; psychology
did not include the study of animal behavior. Mathemstics was once de-
fined as the "science of quantity."

Objection 3. Computer science is the study of algorithms f(or
programs), not computers. Answer. 1. Showing decper insight than they
arc oometimes credited with, the founders of the chief professional organ-
fzation for computer science named it the nssociation for Computing
Machinery. 2. 1In the definition, "computers' means "living computers"--
L.e., the hardware, their programs or algorithms, and all that goes with
them. Computer science is the study of the phenorena surrounding com-
puters. "Computers plus algorithms," "living computers," or simply “com-
puters” all come to the same thing--the same phencmena.

$ Objecction 4. Computers, like thermometers, are instruments, not
pheno=ana. Instruments lead away to their user sciences; the behavior
of instruments are subsumed as special topics in other sciences

=
e

RS ]
Ve

T
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(not always the user sciences--electron microscopy belongs to physics,
not biology). Answer. The computer is such a novel and complex in-
strument that its behavior is subsumed under no other science; its
study does not lead away to user sciences, but to further study of com-
puters. Hence, the computer is not just an instrument but a phenomenon
as well, requiring description and explanation.

Obfection 5. Computer science is a branch of electronics (or
mathematics, psychology, etc.). Answer. To study computers, one may need
to study some or all of these. Phenomena define the focus of a science,
not its boundaries. Many of the phenomena of computers are also phenomena
of some other science. The existence of biochemistry denies neither the
existence of biology nor of chemistry. But all of the phenomena of com-
puters are not subsumed under any one existing science.

Objection 6. Computers belong to enginecering, not science.
Ansver. They belong to both, like electricity (physics and electrical
engineering) or plants (botany and agriculture). Time will tell what
professional specialization is desirable between analysis and synthesis,
and between the pure study of computers and their application.

Computer scientists will often join hands with colleagues from
other disciplines in common endeavor. Mostly, computer scientists will
study living computers with the same passion that others have studied
plants, stars, glaciers, dyestuffs, and magnetism; and with the same
confidence that intelligent, persistent curiosity will yield interesting
and perhaps useful knowledge.

. Some Computer Scientists at
Carnegie-Mellon University
Pittsburgh, Pennsylvania
Allen Newell
Alan J. Perlis

Herbert A. Simon

July 10, 1967



{« (
&
Hews Item from Stanford

As of Jaomuary 1965 Stanford University has a separate Computer
Science Department within the School of umanities and Seiences. There
ia a faculty of eignt persons, including the :E‘ollmringlﬁmai members:

E. A. Felgenbsum, G. E. Forsythe, G. H. Golub, J. G. Herriot, W. F,
Miller, C. B. Moler, Joan MeCarthy, end H. B. Wirth. The fields now
covered inciude numerical analysis, programming langusges and systenms,
artificial intelligence, and computer control of external cievi.ces.
Gene M, Amdahl is a visiting faculty member for Winter quarter, 1965.
The new cdepartment is authorized to give the Mo £. and Ph.D. degrees

in Camputer Seience. Go Io Forsythe is lixecutive Head.
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Srofeasny Willism' D. ‘hnro
January 15, 196k
Page 2

no rerular Fa.D. in Computer Sclence 2s yet, but I think we will
about the time we become o separate depertment. Richt nov we have

get up one or two interdevartuental Fh.D. prourems, tailor-made for
anch candidate, involving Computer Science with such departments as
“hysics, Applied Physics, Statisties, Operations Research, Mathematics
and Electrical Engineering. IRl S 20 - pus Al

Tnere have been vive Fh.D.'s awarded in Methemetics in whieh toe
theses were in numerical analysis, guided by ue. The qualifying exaaina-
+ions were the usuel cnes in mather atics, with no concessinms to the
~ather considerable amount of computing which the candidates learned.

The total prograums involved a certain emount of commuter mathematics
ns optional courses. All runmerical analysis at Stanford is taught in
the Commber Science Division, although some classical anulysis tauvght
in the Mathematics Denartment is very closely releted. %3

At present a number of students want to a5 theses in the area o7
artificinl intellipence; guided BY John MeCarthy of our Division. Soize
A% these ave trying ior a Fa.D. in Yathenatics. If they pass the exans,
and i? the thesis has a subctantial mathenaticel content, the Mathenmatics
Departuent hes sgreed that MeCarthy moy guide it, vhether or 1ot +he
gomuter Sciencer Division romgins within Mothenatics. We haven't hed
any cases on which to see now this works. My fuess 1s +hat the mejority
+7 these candidates will switeh to an interdepartmental Ph.D, or t9 2
¥a,D. in Comouter Seience, when ve get it wp. With rove ‘sxceptions,
they are just not enouch interested in vure wmabher mtics to face those
severely competitive examinaticns. In the condung decade, then, I Teel
thatc fi.D.'s awarded Tor thesses in progrowdng, atiricial intellifence,
logsical desipn, inormatlon rotrieval, pattern vecopnition, and eny other
ameas ve may et into,will generally be elther in Computer Scieacz, o I
an interdepartuental Ioraat i1nvolving Couputer Science.

This leaves the question of the lea-year sature of Stanford Ih.D.'s
in mumerical analysis. On tnis opinions differ. Some foel that these den
siould always get Fh.D. 's in Jnthemetices. Others Ifeel that a good anny
ghould tele » Ph.D. in Computer 3clence. My own feeling tends toward the
latter. '

77 a student s vory strong and very interested in Mathenatica, I
think he would 4o well o et a Z.D. in (bthenstics. Certalaly Lhat
currency is well zeeopnized overyuiere, wiereas & th.De in Couipute?
Seience will probebly vemain pather funny woaey oOr 2 whlle, antil the
Coxputer Sclence svenent hng taken a firmer hold nationally. But the
qpjority of vood craduate students heeome Tasclaated with the opportuni-
ties in computing lisel?, They want t9 “plld hardvare aad softvare
gsysteus Por the solution o —roblens, or just for the gake o7 building
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systeus. They will learn enoueh numerical anelysis 1o see vhat
problems there are, but they Tind Ho1asgical” research in mmerical
analyeis rather difficult and forbidding. Ia contrast, they can
see Tather carly wiat do do ebout such aptters as building a time-
snaring systez fov bringing wen and nachines into interaction. So
they tend to be drawa awey Pron Mathematies by the easier victorles
%o be sehleved in Computing.

" “hagthet Tactsy which dvsws students evay from the lMathematical
agpects of computing i ‘the direction of growih of our faculty. De-
conge pood prograriing -courses are tought at Stanthrd, and because
they are very popular indeed, our enrolluents are high in prograsing.
The University administraetion sees these envolluents, and urges us o
obtain ‘good faculty versons in the areas of programming. I this
keeps up, our facilty will be less mmd logs in numerical analysis,
and more ahd more-in ‘owogremaing and ouher nopenuseviesl areas. This
in turn wecns thet ourt greducte studeirts will be exposed more and wore
to nontmumerical comneking, whe o L -m ! :

o P v T

VWast 1 & fmnivine f3 that future studemts oF mmerical aualysis
are Yikely to be stronply influenced vy other zspects of computinc.
Thair theses arme- 1ilkely $o be hybrids between ayperical analysis ond
systens desigm.’ They' my ne onoumh conceIned with setting up systens
foT petting approximate solutions to real problens in. new weys, and
enouch less eoncemmed with nupsrical methematieal enslysis thet thelr
theses noy be nretiy w=mathermntical, oy will, navevtheless, Lo
siznificant theses in Compuier Seilences -

Tlease excuce' t2e@ verboasity.
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Ceorpge B. Porsytae
Diveetor
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bee: Prof. Royden



(( NUMERTCAL ANALYSTS LABCRATORY {(
UNIVERSITY OF ARIZONA é;

Tucson, Arizona

TO: University Computing Center Directors (and others interested in
university education and research in fields related to automatic

G computation)

FROM: Dr. A. Wayne Wymore, Director

Numerical Analysis Laboratory

An informal steering committee has been formed to prepare a proposal for a
national invitational conference of University Computing Center Directors and
other interested people on problems of mutual interest. The committee is
under the chairmanship of P. M. Morse, MIT with W, F. Freiberger, Erown Uni-
versity, as secretary.

A list of subjects suitable for a basis for discussion was drawn up, with two
persons appointed for each subject to gather relevant information and canvass
qualified people for their contributions.

Two of these subjects are:

1. COMPUTER ORIENTED RESEARCH (with responsibility delegated to
H. R. Rymer, Northwestern University, W. B. Kehl, University
of Pittsburgh) and

2. CURRICULUM AND INSTRUCTION (with responsibility delegated to
A. W. Wymore, University of Arizona, E. L. Buell, Vorcester
Polytechnic Institute).

These areas are so closely related in the academic framework that it was felt
they should be handled together. Our present purpose in writing then, is to
gather relevant information and canvass qualified people for their contribu-
tions. We are not, however, making a survey; we are asking for contributions
in whatever form you wish to make them. We would appreciate simple expressions
of interest, ideas, essays or full scale, formal papers or reports; in short:
anything and everything which might constitute a contribution to the general
areas of computer oriented research and curriculum and instruction, anything
which might provide a basis for discussion at the proposed national conference.
Particularly impassioned and eloquent responses will be congidered for in=
dividual discussion at the conference. For your convenience, an outline is
herewith enclosed containing topics of known peneral interest pertinent to the
areas under consideration. This outline is meant as a suggestion only; your
response may take any form you like, cover any topics you think appronriate.
Please give serious consideration to making some respomnse to this invitation;
the success of the proposal for a national conference may depend on it, Please
address your response to me that it may be received by March 1, 1960. I look
forward ta hearing from you. e =

Sincerely,

Dr. A. Wayne Wymore
Director

AWW: jh

Enc.
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Topic Outline for Response to Invitations
for Contributions to a National Conference of University Computing
Center Directors in the Areas of Computer Oriented Regearch
and Curriculum and Inetruction.

With reference to your academic milieu you may want to cover the following
points:

1. Facilities

1.1. Description of available hardware

1.2. Description of the administration of the facility for
1.2.1 Imstruction
1.2.2 Computer oriented research
1.2.3 Other research

1.3. Description of organizational location of the administration of
the facility

2, Curriculum
2,1, Present situation
2.1.1 Present undergraduate curriculum in coumputing,
2.1.2 Degrees offered
2.1.3 Courses offered for credit in computing (Describe Llectures,
labs, Texts, Level, Enrollment, Department, Outline of
topics, Instructors (Department, Qualifications))
.1.4 Description of non-credit courses
5 Thesis work at graduate levels
our proposed curriculum
.2.1 Departmental organization of computing personnel for teaching
purposes
2.2.2 Degree programs in computing, requirements, levels, etc.
2.2.3 VYNames of new departments, new degrees
2.2.4 Thesis work at graduate levels, organization
2.3. Philosophical basis for proposing (or net proposing) degrees, devnart-
ments, etec,

2.2.

3. Coaputer Oriented Research
3.1. Present and past situation with regard to cowputer orieunted research
work
3.1.1 Who and in what area?
3.1.2 Thesis work - in what departments, in what areas and under
whom?
3,2, Proposed situation with regard to computer oriented research

3.2.1 Outatanding unsolved problems
3.2.2 Appropriate topics for thesis work at M.S,, Ph.D. levels.
Examples of suitable papers.
3.2.3 Topice not appropriate for research
3.2.4 Organization for computer oriented research
3.2.5 Industrial vs. Academic involvement in computer oriented research
3.3, Philosophy - reslation of computer oriented research to classical re-

gearch areas.
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( !’.3(.- GEORGE E. FORSYTHE
BEBARTMENT OF MATHEMATICE
STANFORD UNIVERSITY
STANFEORD, CALIFORNIA

February 29, 1950

Dr. A. Wayne Wymore )
Director, Numerical Analysis- Iabvratory S4oun cag oulde Pliae camdiomt
University of Arizcna @ - gn w2 conid » Ph.D. conadcate U
Tucscn,. Arizona :

Dear Dr. Wymore: : b ‘ﬁ%r':,ﬂ ?T

This is a response to your invitation for ccntributions ete. in the
areas of ccmputer-oriented research etc. The numbers in parens are_thosq_
of your out.ine. : T e

WAL : : - L
I am most 1ntere3ted in the impact of mcderm information processing

by automatic digital computers on university curricula and organization.
Wnat specig. talents should be recruited for a university facuity? What
Jepartments}hculd be organized? What cohrses should be taught? What are
suitable Ph.D. areas?

P -
LB T . ! AL 05 e

(2.2.3) In discussing these nmatters there is a basic and impcrtant
question of what name to give the fields. You use the phrase "fields i
related to automatic computation" and also "computer-criented research."
Some say "computer sciences.'" Internationally, the phrase ”informaticn___“_w_
processing” seems to have caught on, although it would seem to encompass’ .
qore than auvtcmatic information processing. ' How gensral a name you Want™’
to use for an area depends on how broad an area ycu want to try to Lnify.

My own vote is for "infermation processing,' because I see a generai’ unity
in the use of automatic computers in diverse areas. The lack of reierenue

to autcmatic computers is okay with me; I think much of the progress 1 A ‘fl'“'

the area goes on without specific mac:ine application. For ‘example, I think"
that the work on ALCOL would be important, even if there were nc autonatic
computers. In any case, I think we should all try to settle ¢n a name, and
use it WidELj—-JUBt as a symbo! 'of the emergence of a new dis"ipline. o
use c-mputer lore" as & slang phrase. 3 _ i e

- (2.3) Sentiment at Stanfcrd is rather conservative. ' Although we see
infermation processing emerging, we do not ruuh into new curricuAa and new
organizations, fir several reasons: ¥ )

l. We think we have high standards in selecting facultj'menbers, and
there are not many pecple arcund whc seem likely to be strong research wOrLers
in the new areas and a.so to be ntrong faculty membera. .

2. We Teel that most students are more likeiy to learn-their fundamentaLS
in establiished departments, and to develop their analytical pcwer in areas



Dr. Wymore -2- February 29, 1960

Abuk

where the structure cf the subject 1is understcod. In cther words, wany of
us feel that a M,A. or Ph.D. in matuematics (for example) may be better
preparaticn for a career in {nformation prccessing than a newly invented
M.A. or Ph.D. degree in information processing. : '

3, It is certainly true that mest of us can guide a Ph.D. candidate
in a clessical subject far better than we ¢éculd a Ph.D. candidate in - /%
iﬂfumtien processingl = - ¥ LA AT . ke A8 B el PG DG

4. There is an interesting difficulty in trying tc set up a new type
of department and offer a Ph.D. degree. You want many of your new Ph.D.'s to
join other university faculties, but, for cne to do so, there must be a-
department that will accept his Ph.D. A Ph.D. graduate from an isolated
first department of Information Processing is going to have trcuble landing
an academic jcb. I am told that the first Statistics Departments had’ this
trouble, that they very nearly foundered on the i{ssue. Wnat saved Statistics
was that two or three departuments were founded nearly at once. 1115 ook

5. New departments,'like_new ccurses, seem to attract weaker students,-
on the average, than old cnes. Probably it's because the teachers of new
courses haven't gstabLished definite standards of competence in students.

The ab.ve five pcints are not t.e last word at Stanford. But they seen
to represent reasons for making change slowly. I feel that for scme years
we will nurture faculty members of a future Departient of Infirmation Prccessing
within cur present facu:ties of mathematics, statistics, electrical engineering,
business aduinistraticn, physics, sociclogy, jndustrial engineering, etc. This
seems to be satisfactory at Stanford, where there is a strong tradition of
tolerance. It might not be satisfactory at some other universities.

(2.2.2) Numerica. analysis (the art and science of scientific computation)
is part of the science of infcrmation processing; and offers the saue choices
on & sualler scale that tue whole sclence offers. That is, one wonders
whether to teach it in speciai ccurses, or whether tc work it into other--
_mathematics courses. ‘At the undergraduate level, I think there are advantages
in trying to work it into matiematics courses that most students take. For
cne reason, it's so important thatevery one shculd get the point of view of
wodern digital computing. And, at the undergraduate level, it is largely a
point of view, and not a mass of information or technique. Finally, it's
aiways better to have fewer courses in the catalog, and more unity of curricula.
If ALGOL really takes over, I belleve a short ccurse in it shculd be pushed
at young undergraduates, and that that should be all the coding we teach. Then
I think there siaould be a semester or two-quarter genior-graduate course on
what every physicist, engineer, and mathematician should know about modern
computation. This shculd be selectlve and not cosprehensive. You couldn't
teach this course to junlors; they den't know enough analysis or algebra.

Some of my ideas on how to work nunerical analysis into undergraduate
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mat-ematics courses will be found in my article, THE ROLE OF MATHEMATICS

IN THE UNDERCRADUATE CURRICULUM, Amer. Math. Monthly, vol. 66 (1959), pp.
651-662. I have changed my mind abcut some matters discussed there, but
the pcint of view remains correct, I think. The majcr difficulty about
sprinkling numerical analysis here and there is that the faculty don't know
~what to teach, and tuere aren't sultable textbooks. Thls is & real problem.

In graduate werk there is room for considerable speciaiization in .
numerical analysis, of course. The number of specialized ccurses can be
left to the desires of the faculty. And one would expect graduate students
in the areas of information processing to study machine languages.

As far as (1.3) is ccncerned, we have just begun to reaiize what a
big business digital information processing has become at Stanford. My
present concern is that the administration centralize the responsibility
for information processing, so that individual departments or services won't
be free to buy their own computers without ccordinating with a central agency.
We also want to prevent an unnecessary export of our university wcney for
tihe purpcse of buying camputer time elsewhere. Finally, we'd like tc set
up a mechanism to encourage people to incliude adequate ccmputing mcney in
their project proposals. - '

I consider such a centralized responsibility to be like that of the
university library. It dces not imply that all ccmputing cperations will themsel.ves
be centralized--branch centers may exist, just as branch iibraries exist. But
the choice between a branch faciility and the central facility sticuld be made
by & central university agency that takes due account of the whole university's
needs. - ; . : :

Good luck to you on your plans fcr a national conference. If I recail
correctly, the Council of the American Mathematical Society agreed to have
your conference meet with the Society, but nct to "sponsor' the conference.
The latter decision was based on the understanding that your conference is
to be primarily on aduministrative matters.

T rire | 5 Sincersly yours, .

: i g George E. Forsythe
GEF:bs 2 ;



October 27, 1961

¥Mr. Ross H, Flemuer
Research Asgsistant

Digital Computer Labovatory
Universitvy of Iliinois
Urbana, 1ilinois

Dear Mr., Flenner:

I'll answer your letter with respect to my course Math. 136,
vhich is using the 220 in a big way this fall for the f{irst
time. 1t is 2 junilor-senior-graduate course with 139 enrolled,
meeting thrice a week for 10 weeks. I taught machine-language
coding for about a wesk, and something »f the logiec of sircuits
and wmachine organization. For the following 15 hours or so0 1
am lectuwing the BALGOL ianguage, which 1s a sort of "ALGOL 33.7
I have assigned two vroblems so far in BALGOL. Fach student

is independently writing a BALGOL program and putting it into
the in box. I hope to do two or three wore problems, ending
up with something rather substantial. In the last couple of
weeks I expect to get into numerical analysis and Kancy appli-
cations oi cowputers.

Before a problem is handed to the students, I have written (in
BALGOL) a procedure called GRADER which Iurnishes the student
random cata (really a function of his number and the time). The
program then returns control to the student's program. After
the student is through his calculations, he calls GRADER again,
and I check his results against wine. Finally, I line-print
him information about the data, his answers, and his grader, and
punch a card for my grade record.

To save compilation time, GRADNER is converted to machine-language
and put on the library tape (along with SIN, COS, etec.)

To understand how all this works, you'd have to see our operating
system. We accept piles of programs in BALCOL every day. It vas
238 in one l6-hour day. Syntactical errors are checked in the
source language. These student problems jist float through the
system with everyone else's. The secret is a fast-compiling com-
pller and an avtomatic operating system. -

I don't have a lot of statistics. TProblem 1 is finished. I be-
lieve 131 students made a total of 385 passes-—some without
GRADER and some with it. [ We now include GRADFR on every run,
to cut down the double running of good programs.] The average



- mumber of runs per student was about 3. The average time per
&conds, I believe. (Ue know how to reduce
this.) So this took a total of about 5 hours. Of course, prob-
lem 1 was pretty trivial-—add a few mumsbers, and then find the
sun of the subset of the humbers which were positive. But I
expect that student competence in the language will grow as
the problems get harder.

My later problems will probably involve maybe 500 or 1000 words
of compiled program per student. Hg ecarly grader programs run
around 500 machine words or so, with lots of format strings for
wesgages, 1 just wouldn't even consider trving to write such
things in a machine language. But in BALGOL I write them in
about half an hour. Some assistants then convert the program
in a few minutes to machine language and put it on the tape.

I just vouldn't have time to write a grader program in machine-
language. #And I don't believe I could delegate this fundamental
program Lo an assistant. We cerfainly couldn't handle 140 stu-
dents without the auvtomatic grading.

BALGOL is absolutely dominating Stanford's computation: students
and faculty like the language and use it for almost evarything.
Only one major customer prefers wachine language. And several
house experts use machine language a lot for special purposes
like running two line-printers together. e have many useful
machine- language vrocedures which work easily into a RALGGL
prograi,

I don't know what data I could marshali. I've programmed in
wachine language for years. But never before could I create
programs of hundreds and even thousands of words so easily and
with such accuracy. It's just a new era.

Perhaps Professors Gere or Oskford will answer you separately.

Sincerely yours,

George E. Forsythe
Birector

GEF:ro
P.S, Professors Cere and Qakford received s copy of your wire.

cc Prof. J. M, Gere, Civil Engineering
cc Prof. R. V, Qakford, Industrial Engineering
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