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Abstract: Some numbers mean things, and some numbers do things. Making--and breaking--that distinction was central to renowned mathematician
John von NeumannA¢A€A ™s implementation of Alan TuringACAEA™s Universal Machine in 1945-56. In this lecture, you will learn about the
unlikeliest place on earth to build such a device and how this vital 5-kilobyte step in the digital revolution was sparked by a collision of ideas
between mathematicians and engineers. Combining soldering guns with science, Von Neumann and his Electronic Computing Instrument tackled
previously intractable problems ranging from thermonuclear explosions, stellar evolution, and long-range weather forecasting to cellular automata,
network optimization, and the origins of life. In this highly visua and informative presentation, George Dyson will impart the full story - from the
people to their processors - and where our digital directions through history may lead us next.
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230 A. M. TorivG [Nov. 12,

ON COMPUTABLE NUMBERS, WITH AN APPLICATION TO
THE ENTSCHEIDUNGSPROBLEM

By A. M. TuriNG.
[Received 28 May, 1936.—Read 12 November, 1936. ]

The “computable” numbers may be described briefly as the real
numbers whose expressions as a decimal are calculable by finite means.
Although the subject of this paper is ostensibly the computable numbers,
it is almost equally easy to define and investigate computable functions
of an integral variable or a real or computable variable, computable
predicates, and so forth. The fundamental problems involved are,
however, the same in each case, and I have chosen the computable numbers
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1936.] ON COMPUTABLE NUMBERS. 231

have valuable applications. In particular, it is shown (§11) that the
Hilbertian Entscheidungsproblem can have no solution.

In a recent paper Alonzo Churchi has introduced an idea of *‘effective
calculability ”’, which is equivalent to my ‘‘computability ”’, but is very
differently defined. Church also reaches similar conclusions about the
Entscheidungsproblemf. The proof of equivalence between ‘‘computa-
bility ” and <‘effective calculability ” is outlined in an appendix to the
present paper.

1. Computing machines.

We have said that the computable numbers are those whose decimals
are calculable by finite means. This requires rather more explicit
definition. No real attempt will be made to justify the definitions given
until we reach §9. For the present I shall only say that the justification
lies in the fact that the human memory is necessarily limited.

We may compare a man in the process of computing a real number to a
machine which is only capable of a finite number of conditions ¢y, 95, ---: 9x
which will be called ‘‘m-configurations >. The machine is supplied with a
“tape’” (the analogue of paper) running through it, and divided in?cr
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WEATHER: Fair tomorrow.

ening News [ B

WALL ST. COMPLETE

Postoffies 3t Nawark New Jermey [under the Act of March 3. 1870 Pages 2%, 3°, 4", 5°*

JU \l T. l‘! 0 lil i \(;1 S Mo~ e e = TWO CENTS

i Bamberfrel and Mrs Fuld
I Give $5, 000 000 to Establish

Illbtltllte of Advanced Learning

Donors of Institute Fund Initial Endowment Announeed
: For Graduate Foundation
In Newark or Vieimity__ .

ATURDAY.

. FelicF
| mamu-m mmnoea smy. was announced today.
] "in Newark or its vicinity.”

Exclusively for post-graduate work and scientific research, the
first of its kind in this country, the institute will bring Newark to the
forefront among world educational centers.

The $5,000,000 will be placed by
[~
Cites “Duress”

Mr. Bamberger and Mrs. Fuld at the
disposal of a distinguished bosrd of
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CrLAss OF SERVICE

-
v SIGNS
This is a full-rate f L e
Telegram or Cable- NM = Night Message
:;mmd u}t\\lcsa its de- NL = Night Letter
erred character is in- erred
dicated by a suitable SR O =
sign above or preced- NLT = Cable NightLetter
ing the address. WLT = Week-End Letter
L r NEWCOMB CARLTON, PRESIDENT

J. C. WILLEVER, FIRST VICE-PRESIDENT .\

The filing time as shown in the date line on full-rate telegrama and day letters, and tho timeof receipt at destination as shown on all messages, is STANDARD TIME.,

Received at 376 Lexington Avenue, New York, N. Y. 1933 JAN 28 PM 6 50
NC194 9 VIA DLY=PRINCETON NJ 28 607P MINUTES IN TRANSIT

DOCTOR ABRAHAM FLEXNER= g
VANSTITUTE 100 EAST 42 ST=

MANY THANKS FOR TELEGRAM AND QUICK ACTION OF APPOINTMENT=
NEUM"ANN:

IN NEW YORK

1020 of the 1099 telegraph points served by
Western Union are exclusively Western
Union, no other company being repre-
sented. Similar situarion in other states.

For complete service send your

messages by WESTERN UNION

ey ST AND SAFEST WAY TO SEND MONEY IS BY TELEGRAPH OR CABLE ;
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Abfar;am Flexner (1866-1959)
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THE USEFULNESS OF USELESS
KNOWLEDGE

BY ABRAHAM FLEXNER
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Common Room

Prof. 8}]
Yon Neumann |

Lacture Room

FIRST FLOOR PLAN
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von Neumann Feynman
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von Neumann von Braun
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Report on

THE ENIAC

(Electronic Numerical Integrator and Computer)

Developed under the supervision of the |
Ordoaace Department, United States Army

MAINTENANCE MANUAL

RESTRICTED

UNIVERSITY OF PENNSYLVANIA
Moore School of Electrrcal Engineering

PHILADELPHIA, PENNSYLVANIA

June 1, 1946
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Vladimir Kosma Zworykin, 1889-1982
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MINUTES OF E.C. MEETING

-

D&te - November 12, 1948
Time - 12:45 P.M.

Place ~ Office of V, K, Zworykin

Present: ¢. Y, Brown -~ RCA Laboratories
NI, H. Goldstine ~ Army Ordnance Department
J. von Neumann - Inatitute for Advanced Study
J. A. Rajchman ~ RCA lLaboratories
Jd. W, Tukey ~ Princetcn Universlily
A. ¥, Vance -~ RCA Leboratoriss
V. K. Zworykin - RCA Labeocratories
b 4

. Organlzation Discussion

JJW.T. will continue, for the nresent, at 1§ast, to
contribute 2 days per weel Go the Bell Laborateries, with the

expectation that nc conflict with RCA will result. J.U.T, will
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The heart of the system is a central clock,
carrying an enormous load...

This [modular] sort of design is favorable for
mass production...

‘Words’ coding the orders are handled in the

memory just like numbers...

— First meeting of the IAS Electronic Computer Project, November 12, 1945
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[15 February 1946]

11. The question of offigce space was discussed and it was agreed that

the room connected with Dr. GBdel's office might be used for people working on
the computing machine. Professor Fauli offered to make his room available

while he is away. Reference was nade Lo the need for more suitable rooms for
Frofessors Siegel and rFauli, and Professor lorse called attention to a room on

the fourth floor which he thought would make a desirable office.
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ELECTRONIC COMPUTER PROJECT

STATEMENT OF EXPENDITURES FROM BEGINNING, NOVEMBER 1945 to
9

APRIL 30, 1

t
45

DISBURSED:

Salaries $ 3,506.33
Communications 50.49
Suoplies & Books 48.83
Travel 317.32
Entertainment & conferences 20,90
Legal Services 591.87

Equipment 169.87

TOTAL to 4/30/46 (Actual Expenditures) $ 4,705.61
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ELECTRONIC COMPUTER PROJUCT

STATEMENT OF EXPENDITURES FROM BRGIVVING NOVEMDEER 19485. to
MAY 31, 1946.

DI SBURSED:
Salaries $ 5,326.16
Communications 130.69
Supplies & Books 1,531.19
Travel 543.89
Entertainment & Conferences 33.10
Legal Services 591.87
Equipment 1,177.66
Blectrical VYork S =

TOTAL to 5/31/46 (Actual Expenditures) $ 9,348.48
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THE INSTITUTE FOR ADVANCED STUDY
Founded by Mr. Louis Bamberger and Mrs. Felix Fuld
PRINCETON, NEW JERSEY

June 4, 1946

Dear John:

I have thought very carefully over the problem of
disposing of these Tifteen workers who are to arrive the
middle of June. The only really useable space In our base-
ment IS thHat adjoining the men's lavatory, to which you
are most Heartily welcome, Aside from that, the only
additional rToom In this bPuilding would be the lecture room
and possibly the Mathematics Library, both of which I know
you would be reluctant to use. Other space in the base-
ment must, I think, be kept for the common purposes of the
Institute, which are much more important than you realize.

Outside the Institute I have thought of two things:
application to Princeton University for the use of a labora-
tory, and application to the R. C. A. for a similar accommo-
dation. Would you consider either of these feasible? ©So

o 4 al. 1 & L) = o=
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June 5, 1947

Professor John von Neumann
Institute for Advanced Study
Princeton, New Jersey

Dear John:

I am a 11ttle troubled about the tea service in the
electronic commuter bBullding. Apparently the members of your
staff consume severzl times as much gupplies as the game numder
of people do In Fuld Hall and they have been egpecially unraly
In the matter of sugar. Sugar 1s rationed and for a member of
your gtaff to come up here ss Thompson 4id and carry dovn a
large gquantity of sugar in excess of your rations is not cricket.
I understand, furthermore, that the tea 18 served in several
different places, VWe have never undertcken in the Tnstitute

- %0 provide tes service in a large number of private offices
and I ghould like to raisec the question whether it would not
be better for the computer people to come up to Fuld Hall at
the end of the day at five o'clock iIn the afterncon and have
their tea here under proper supervision, The only alternative
seems To me to be to esgtablish some centrzl place in the gomputer
bullding =nd have proper supervision there.
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Lectures on

Probabilistic logics and the synthesis of
reliable organisms from unreliable components.

delivered by
Professor J. von Neumann
of
The Institute for Advanced Study
Princeton, N. J.
at the
Jalifornia Institute of Technology
January L4-15, 1952

Notes by
Re S. Pierce
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Ivy Mike - 10.2 megatons
Marshall Islands, 1 November 1952
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The factor 4 is a gift of God

(or of the other party).

—John von Neumann to Edward Teller
7 October 1946

Pirsa: 11090140 Page 71/81




The first language and the first technology on
Earth was not created by humans. It was created by
primordial RNA molecules—almost 4 billion years ago.
Is there any possibility that an evolution process with
the potentiality of leading to comparable results could
be started in the memory of a computing machine?
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THE INSTITUTE FOR ADVANCED STUDY

Princeton, New Jersey

To: Prof. S. Chandrasekhar October 20, 1954
Prof. M. J. Lighthill F.R.S.
Sir Geoffrey Taylor
Prof. Sydney Goldstein
Sir Edward Bullard

I have been comnissioned by the faculty of the Institute to collect a few
outside opinions and views on a question of long-range policy which we
feel we ought to make up our minds about. Namely, what is a proper rule
for the Institute to play in the fields of applied mathematics and elec=-
tronic computing? We are faced with this question in trying to decide
upon some new appointments which are now under consideration. We would
be very grateful if you could spare the time to let us have any comments
you may care to make upon this question. Of course, this letter, and
anything you may say in reply to it, will be treated as confidential.

Our present situation is the following. The School of Mathematics has a
permanent establishment which is divided into three groups, one consisting

consisting of Professor von Neumann. Von Neumann originated in 1946 and
has since directed our Computer Project. The Computer Project built and
operates a fast digital computer, the cost of the machine and of almost
all the staff being paid by govermment money and not by the Institute.
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Stellar Evolution

Biological Evolution

Meteorology

Shock Waves

Nuclear Explosions

1017
1016
1015
1014
1013
1012
101
1010
109
108
107
108
105
104
108
102
101
100
101
10-2
103
104
10-5
106
107
10-8

Lifetime of the Sun (100 years)

1 Million Years

Human Lifespan (90 Years)

1 Year

8 Hours

Blink of an Eye (.3 seconds)

Williams Tube memory access time

Lifetime of a Neutron in a nuclear explosion
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We talked somewhat randomly but this was the pattern of it:
You said you were... struggling in space and time: in space
because your physical body gets in the way; in time because of
the slowness of elementary reactions... These problems you
said might be overcome with a mechanical device... that would

project a book page on a photosensitized surface on the

ceiling, a phosphorescent pencil for writing on it, and a device

with options: to move pages forward and backwards... the
luminous pointer to be in several colors with a method of

erasure. ..
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You said such an invention was difficult but not

impossible... The idea is to be able to read and write

"oure bred in consciousness without physical

interference.”
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