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QC00 0001 0004 000¢ 0016 0025 003§ 004¢ (054 0081
0100 0121 0144 016S 01¢6 0225 0256 (C28¢ 0324 (361

0400 0441 0484 052° .0576. 0625 0676 C€72¢ 0784 (0641
0C00 0Sh1 1024 108C - 1156 1225 126 136C 1444 1521

1600 1681 1764 184¢ -1¢36 2025 2116 220¢ 2304 2401

—— 2500 2h01 2704 280S 2¢16 3025 3136 324C¢ 3364 3481

3500 3721 3844 396G 40S6 4225 4356 448C 4624 4761

4¢00° 5041 5184 532C 5476 5625 5776 5¢2¢ 6084 6241

6400 6561 6724 688C 7056 7225 73%6 756C 7744 7S21

USER PROGRAM 8100 8281 8464 864C 8836 <025 <216 <40C <604 <801

David Wheeler’s Initial Orders — wired on to uniselectors



UNIVERSITY OF CAMBRIDGE
COMPUTER LABORATORY

Head of Department Corn Exchange Street
Prof. M. V. Wilkes, F.R.S. Cambridge CB2 3QG
Director of the University Telephone Please note that our new

elephone number is
Dr. D. F. Hartley c.:nwao- IO;;M 352435

2 August 1979

Mr M. Campbell-Kelly
Sunderland Polytechnic
Department of Mathematics
and Computer Studies
Priestman Building

Green Terrace

Sunderland SR1 3SD

Dear Mr Campbell-Kelly,

I thought that you might be interested in a very early EDSAC program
tape that has come to light. The tape itself is in a rather fragile condition
and I thought it best to make a Xerox copy. This I enclose.

The tape is labelled in pencil with the word 'Airy’'. I also enclose
a Xerox copy of the first page of a "Record of Programme Tapes" that I began
to keep at the end of July 1949, Since the tape bears no number, it
presumably belongs to just before this period. It is an early version of
the program that was used to compute the table of the Airy integral that I
published in 'Nature’.

Yours sincerely,

m. V. 4\),,4\:/5""

Wilkes’ Airy Program June-July 1949
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ding address was on “The Control of l’npulutim}".

"]? or. C. P. Blacker (secretary of the Fugenics
by Gety). He dealt mainly with the manner in which
smlm‘.cd to control population affects Great Britain
‘hz the Commonwealth, and how it will shortly
m“qpnt itself to the world. As regards Great Britain,
he cuggested that, in our present precarious ocnpnmic
aditions, our basic position would be safer if our
og. ulation were reduced to within five or six per
l."?( of the number we could feed from our own
‘(:nurm‘s. In the case of the Commonwealth, he
;:.;[u‘(l that a Commonwealth Institut‘c of Demo-
gm!'hi(‘ Studies, concerned with collecting informa-
could be formed, and that its work could

'b‘“‘m;upplememed by a Commonwealth Office of
population, designed to weld the Commonwealth into

7 demographic unity. In connexion with the worl«l
sroblem, he maintained that there is but one sn!utmn
for countries like India and China, now struggling in
the high stationary and early expanding phase of the
demographie cycle—the deliberate control of fertility.
\dmitting that the task of transforming unbending
i'u!‘"“ of thought and custom, evolved over millennia
and interwoven in the texture of religion, is formid-
able, there are signs that a sense of demographic
realities is spreading among enlightened men in India
and elsewhere. Under the impact of Government
ncouragement and feminist propaganda, and in the
presence of specially provided facilities, what has
been called the ‘cake of custom’ might break up more
easily than seemed possible.

ELECTRONIC CALCULATING-
MACHINE DEVELOPMENT IN
CAMBRIDGE

By Dr. M. V. WILKES

N a recent article (see Nature, August 27, p. 341) an
I account was given of a conference on high-speed
digital caleulating machines held in the University
Mathematical Laboratory, Cambridge. The article
included a brief description of the EDSAC (electronic
delay storage automatic calcula-

tor)i?, the large electronic cal- gl

culating machine which has been
built in the Laboratory, and its
relationship to the various similar
machines now under construction in
England and the United States. It
isintended to give here some further
information about the EDSAC.

A digital calculating machine
performs the operations of addi-
tion, subtraction, multiplication
and division, and can, therefore,
be used for solving any problem
which can be reduced to arithmet-
ical form. In a number of fields
of research, mathematical formula-
tion of the problems presented is
possible, but analytical treatment
of the resulting equations is either
not feasible or is otherwise in-
appropriate.
numerical analysis are, however,
often applicable, and it may be
expected that progress in such

Fig. 1. A general view of the EDSAC. The racks in the front row contain (from left
The methods of  {f00)% Jirof the store (two racks), pulse generator, and input-output units. Behind
are three racks containing the control, and, in the rear, the remainder of the store
(two racks) and the arithmetical unit (three racks). On the extreme right of the
photograph may be seen the tape-reader for the input tape, and the teleprinter on which
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fields will be greatly accclerated by the application
of high-speed calculating machines.

Much original work of a mathematical character
may be necessary in order to reduce a problem to a
form in which it can be put on the EDSAC. This
will be specially true of problems which give rise to
very large-scale computing operations such as become
possible when a high-speed machine is available.

The photograph shown in Fig. 1 will give some
idea of the size of the EDSAC. It contains about
3,000 valves and consumes 12 kilowatts of power. A
problem is presented to the machine in the form of
a punched paper tape of the kind used in telegraphy.
The tape contains the programme, that is to say,
instructions (in a coded form) for performing the
successive arithmetical operations needed to solve
the problem, and also any numerical data required.
No other setting up of the machine besides putting
the tape in the tape reader is necessary; the
machine can, therefore, be switched rapidly from one
problem to another. Fig. 2 is a photograph of the
tape-reader with a tape in position. The results of
the calculation are printed on a modified teleprinter.
Instructions for the layout of the work and for
printing any headings required must be included in
the programme.

Except for the input and output mechanism, the
EDSAC has no moving parts, all computing and
control operations being performed by means of
electronic circuits. Within the machine numbers are
expressed in the scale of two and are represented by
trains of pulses synchronized with a continuously
running ‘clock pulse’ generator. If a pulse is present
in a certain position in the train, the corresponding
digit of the number is a 1; if there is no pulse, the
digit is a 0.

Numbers expressed in this form are stored by a
method depending on the use of an ultrasonic delay
unit. The pulses are applied to a quartz crystal
mounted at one end of a column of mercury, and
give rise to ultrasonic pulses which travel through
the mercury with the velocity of sound. On arrival
at the far end they strike a second quartz crystal and
are reconverted into electrical pulses. The time

taken to traverse a column of mercury 5 ft. long is
about 1 msec., and the interval between the beginning

s <
-y ™. S i

results are printed

Fox Phows, Ltd.

Fig. 2. The tape-reader, with an input tape in position, and part
of the teleprinter

of one pulse and the beginning of the next is 2 usec. ;
there can thus be as many as 500 pulses passing down
the column at any one time. On emerging from the
delay unit the pulses are amplified and reshaped,
and passed back to the input of the delay unit. They
then continue to circulate indefinitely and are avail-
able when required.

Conversion of numbers to and from the scale of
two is effected automatically during input and output
by the machine itself, acting under the control of
instructions included in the programme. No incon-
venience is therefore caused to mathematical users
by the fact that the machine works in an unfamiliar
scale.

An example of one type of problem which can be
solved by means of the EDSAC is the evaluation of
Airy’s integral Ai(—z) by the numerical solution of
the differential equation y” + zy = 0. There are
many different methods based on the use of finite-

* A=)
000 +.3550) +.36796 +.3808
+.a872 ela
1573
5 m
100 453556
+.52008
+u46426
236548
’ 100 *.22101
doo
400

o .

“’. 8. An example of work done by the machine. The function

Ai(—2) is tabulated for values of z from 0 to 5 at Intervals of
0-u5. Five cousecutive values are given in each line

difference formul@ by which this can be done; the
one which will be taken as an example depends on
the use of the well-known central difference formula
3%y = (32)* (y" + 14 8%°),
where 3z is the interval of the argument. If this is
expressed in terms of three adjacent values of y,
namely, y,, ¥, and y,, corresponding to the three
equally spaced values of z, that is, z,, z, and z,, and
use made of the differential equation to eliminate y*,
it follows that

1
Y2 = 241 — Yo ]72(8:)‘(2‘0.‘/. + iz, + Zay).

If y, and y, are known, y, may be obtained from this
equation, and by repeated application a solution of
the differential equation may be traced out point by
point. Since y, occurs on the right-hand side with a
small coefficient, the equation may conveniently be
solved by an iterative method.

The problem may now be said to be expressed in
arithmetical form. In order to set out in further
detail the operations to be performed by the machine,
it will be assumed that the quantities y, and y, are
held in the store of the machine in ‘storage locations’
numbered 100 and 101 respectively, and that storage
location 102 contains a number . 7 will change as
the calculation proceeds, and will finally become
equal to y,; initially n = y,. The various stages of
the calculation are then as follow: (1) Evaluate
0 =2 — %~ 1—12 (32)* (zoyo + 1021y, + Za¥a)-
(2) Examine the sign of |n'—n| —¢, where ¢ is &
small quantity specified in advance. If the sign is
positive, replace 7 in storage location 102 by »” and
repeat (1). If the sign is negative, proceed to (3).
(3) Print y,. (4) Replace y, in storage location 100
by v, from storage location 101, and y, in storage
location 101 by y, from storage location 102 (7
remains in storage location 102). Repeat (1).

In this way the machine proceeds to evaluate the
function step by step, performing as many iterations
as may be necessary each time.

The various additions, subtractions and other
operations which go to make up the stages of the
calculation given above must now be listed in detail
and expressed in terms of the order code of the
machine?®, Suitable orders must be added for starting
the process from specified initial conditions and for
stopping it when the solution has proceeded suffici-
ently far. The orders, together with all numerical
parameters required, are now punched on a paper
tape. The tape is placed in the tape reader, and the
machine proceeds to evaluate and print successive
values of Ai(—z) without further intervention from
the operator.

Fig. 3 is a photograph of a table of Ai(—z) 8¢
intervals of 0-05 computed and printed by the
EDSAC. The argument has been written in bY
hand ; if desired, the machine could be made t°©
print the argument by including appropriate orders
in the programme.

About 150 orders were required to compute and
print the table shown, and the time taken was four
minutes. Of this, only about twenty seconds Wa%
occupied in computing, the rest being taken up by
input and printing. In many problems of a more
complicated kind, the computing time might be
expected to be a larger fraction of the whole.

' Wilkes, Proc. Roy. Soc., A, 105, 274 (1048).
* Wilkes and Renwick, Elec. Eng., 20, 208 (1948).
* Wilkes, J. Sei. Inatr., 28, 217 (1949).

Wilkes’ Airy Program June-July 1949
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branch
:\' to ]

repeat

1Ox1.2

repeat

branch

if l.\'-~\l—e <0

iteration

0 _

‘1’ . R

0

1

”.I() to 44S
to print Yo

all scaled by 2~

11.10
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Table 2. Errors in the Airy program. 3
A
Location Error .
62, 64, 68,70 Incorrect left-shift order :
72,82 Incorrectly specified operand length 8
45, 50L, 53, 57 Incorrect constants 1 ];'
73,144 Redundant instructions or constants 1
102-3,143-4,148-9  Missing orders 2
130, 141 Incorrect address in instruction
135, 149,152 Incorrect or mispunched opcode
3 ] ! f s S
0 e S

1 119

33 S

44 5

14 5

y1 to

branch if ‘.\'-'”-g &0
l\' to yl

repeat iteration

all scaled by 2

5
xq+bx BO. Xy 7
2 g

Y? to Y,

10x., +2 .10 to 445
repeat

branch to print Yo

11.10

Wilkes’ Airy Program June-July 1949
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MAIN ROUTINE

SUBROUTINE 1

SUBROUTINE 2

SUBROUTINE 3

David Wheeler: Initial Orders 1 - Initial Orders 2
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A Computing Service, January 1950

UniversiTy MaTHEMATICAL LaBorATORY, CAMBRIDGE
EDSAC TAPE TICKET ;
VJ;)biNo. ﬂ Dat: Tlme requiredv,ﬁ']m 4

)~ <Rlease-eallune,
Name [_[EC L/H Do not call me

Programme uses up to Tank No. 4 (D)

S v Ty S :VSt:V\Vrt A = programme stop
Tape No. R = Reset M = manual stop

Fo 0 5 A
DoXea R A

Notes: /O M nwoy. A c.»‘(]A, Crang e (o~
Ali\,xu{/u:‘ W, ‘/'vvy" o eackeey lO’o

T/, W\Aco(w \‘A«\ (,51 Q( ,.# T‘*’W\.}(,(A;d\«w 5
Desoription-of-print-and-tayout: M ocrice .;tag

wiia O Lot c‘u,t{ ur. -

R LT e ;
Must the output tape be retained? JL\ D, !
it 2 VISR M | - "~ it i ~ .
PROGRAMME )
stop when o

MANUAL

W

The job ticket and queue
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Library Sub-routine G 2 (Closed)

Simulteneous first-order differential equations by modified
Runge~-Kutta process: single step, short numbers. Preset para-

Program coding forms and MS conventions
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The diagnosis of mistakes in programmes on the EDSAC

By 8. GrLn
Mathematical Laboratory, University of Cambridge

(Communicaled by D. B. Hartree, F.R.S.—Received 13 December 1950)

This paper methods doveloped at the Cambridge University Mathematical
Laboratory for the speedy diagnosis of mistakes in programmes for an automatic high-speed
digital computer. The aim of these methods is to avoid undue wastage of machine time, and
a principal feature is the provision of several standard routines which may be used in con-
junction with faulty programmes to check the operation of the latter. Two of these routines
are considered in detail, and the others are briefly described.

1. INTRODUCTION

Two kinds of mistakes, or blunders, arise in the use of an automatic digital com-
puting machine: (i) those resulting from faults in the machine itself, and (ii) those
arising because the orders or data presented to the machine are not those required
to obtain the results sought. This paper is entirely concerned with mistakes of the
second kind, and describes methods employed for dealing with such mistakes on
the EDSAC at the Cambridge University Mathematical Laboratory. Although it
is written with special reference to this machine, much of the subject-matter is in
principle more generally applicable.

Programmes are presented to the EDSAC in the form of punched tape, the
entries on which are converted into orders and numbers by the machine as the tape
is read. This process has been described in a paper by Wheeler (1950), and it will
be assumed that the reader is already acquainted with that paper and the various
technical terms employed therein. The order code of the machine is repeated here
in appendix 1 for convenience.

It is natural at first to dismiss mistakes in programming as an inevitable but
temporary evil, due to lack of experience, and to assume that if reasonable care
is taken to prevent such mistakes occurring no other remedy is necessary. However,
experience with the EDSAC has shown that although a high proportion of mistakes
can be removed by preliminary checking, there frequently remain mistakes which
could only have been detected in the early stages by prolonged and laborious study.

552 8. Gill
AppPENDIX 3

Library sub-routine C'11

location with

respect to
first order "~ order notes
2} K control combination
0 [V I storage for sign of C(A p
1 1 » 7) smiﬁ for C?A) )} (note 2)
2 | 8 r
i i ;, _ B 1}4 constants
5 | @ r =+1/16
18 -~ 6 A 40 form new select order (note 4) IX
7 0 240 teleprinter carriage return <
8 (2] 30 teleprinter line feed ;=
- 9 28 14 lace sel 1 Jvit
10 g 1é } place select orc er} Ux
11 (% F) select order }
12 1) 22 0 place eurrent order |
Enter — 13 0 2240 print function letter (note 4) 1T
14 s 0 3/16<z<4/16
15 A 40 —1/16<z<0
16 E 100 fnote ) ypp
17 A 56 0=x<1/16
18 B 66
16— ;g g g } clear top 17 digits of accumulator ] v
21 A 18 restore C(A)
22 (K 3000 F) current order (note 6) V
23 U 14 store C(4) VI
24 E 26 0 test sign of C(4)
25 A 36 add —1/2 if C(4) <0 ]
24 — 26 S 14 subtract C(d4) P VII
2é f g } store sign of €(4) (note 2)
29 A 1146 select order to awcumulutnr]
30 A 2r add unity to address - VIIT
31 ¢ 00 J
E 132

Followed on tape by
EmF punched by user

When this has been read, control is switched to order 13 of this routine, with

Em I in the accumulator,
Notes

(1) The notation described in appendix 2, note 1, is used.

(2) Asin C'1, all working space must lie within the routine itself. This includes a
location for the storage of the 17 digits, referred to as '(4), which would be at the
top (most significant end) of the accumulator if the original programme were
operating direetly, and also a location for recording separately the sign of C(4).
The latter is coded thus: 0if C(A4)>0; —1/2if C(4)<0.

(3) The whole of the accumulator, except the top 17 digits, must remain
undisturbed from the obeying of one current order to that of the next. Hence

Debugging: Postmortem and Checking Routines (Stanley Gill)
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This paper describes methods doveloped at the Cambridge University Mathematical
Laboratory for the speedy diagnosis of mistakes in programmes for an automatic high-speed
digital computer. The aim of these methods is to avoid undue wastage of machine time, and
a principal feature is the provision of several standard routines which may be used in con-
junction with faulty programmes to check the operation of the latter. Two of these routines
are considered in detail, and the others are briefly described.

1. INTRODUCTION

Two kinds of mistakes, or blunders, arise in the use of an automatic digital com-
puting machine: (i) those resulting from faults in the machine itself, and (ii) those
arising because the orders or data presented to the machine are not those required
to obtain the results sought. This paper is entirely concerned with mistakes of the
second kind, and describes methods employed for dealing with such mistakes on
the EDSAC at the Cambridge University Mathematical Laboratory. Although it
is written with special reference to this machine, much of the subject-matter is in
principle more generally applicable.

Programmes are presented to the EDSAC in the form of punched tape, the
entries on which are converted into orders and numbers by the machine as the tape
is read. This process has been described in a paper by Wheeler (1950), and it will
be assumed that the reader is already acquainted with that paper and the various
technical terms employed therein. The order code of the machine is repeated here
in appendix 1 for convenience.

It is natural at first to dismiss mistakes in programming as an inevitable but
temporary evil, due to lack of experience, and to assume that if reasonable care
is taken to prevent such mistakes occurring no other remedy is necessary. However,
experience with the EDSAC has shown that although a high proportion of mistakes
can be removed by preliminary checking, there frequently remain mistakes which
could only have been detected in the early stages by prolonged and laborious study.

554 S. Gill

In order to carry out this example, C'11 would first have to be placed in the store
and then directed to examine the initial orders, starting at a suitable point, say
order 34. If C'11 is placed in locations from 100 onwards, the complete tape would
consist of
T 100 K
sub-routine C'11

B 34 F

followed by the symbols to be read during the test.

Below is shown the result. Only the letters on the left are actually produced by
the machine, the other columns being given for the guidance of the reader, but it
will be seen that the letters themselves are in fact sufficient to show the course of
the programme. The time required, including tape input, to obtain the results
shown is less than a minute.

positions of symbols read
symbols printed by corresponding from tape by
teleprinter orders I order

IARTE 34 to 38 T
TIASG 8 to 12 6
ARVLITIASG 4 to 12 0
ARVLTIASGLSESATAR 4 to 20 K
AE 30 to 31

TE 25 to 26

IARTE 34 to 38 [e]
TIASGLSESATAE 8 to 20 K
AEATIARTE 30 to 38 A
TIASG 8to 12 8
ARVELTIASGLSESATAR 4 to 20 T
AE 27 to 28

TIASGLSE 8 to 15 [}
ATAAATAATE 17 to 26

IARTE 34 to 38 T
TIASG 8 to 12 3
ARVLTIASG 4 to 12 1
ARVLTIASG 4 to 12 0
ARVLTIASGLSE 4 to 15 D
ATAAATAATE 17 to 26

ete.,
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M. V. Wilkes took the Mathematical Tripos at Cam-
bridge University in 1934, and later did graduate work on
radio wave propagation at the Cavendish Laboratory.
During the war he was engaged in radar and operational
research, and when the war was over was appointed
Director of the University Mathematical Laboratory.
He has visited the United States on a number of occasions
and is well known there in the computer field.

David Wheeler entered the field of automatic comput-
ing in 1948. During the years 1948-51 he did graduate
work in programming and numerical analysis in the
Mathematical Laboratory at Camb He obtained
his Ph.D. degree in 1951 and a r :h fellowship at
Trinity College later in the same year.

AT'(

During the years 1951-53 he was Visiting Assistant
Professor at the University of Illinois. He returned to

England in 1953 and now holds a staff appointment in the
Mathematical Laboratory.

Stanley Gill entered the electronic computer field in
1947 while at the National Physical Laboratory, where he
joined the design team planning the Pilot Model A.C.E.
Later he became a programmer at Cambridge, where he
obtained his Ph.D. degree in 1953 for research into
methods of applying the EDSAC to problems in mathe-
matics and physies. This work included the introduction

of mistake diagnostic routines and the development of a
particular form of the Runge-Kutta process for the solu-
tion of differential equations.

Dr. Gill spent 18 months in the United States during
1953-54, where he succeeded Dr. Wheeler in the position
of Visiting Assistant Professor at the University of
Illinois; he also lectured at Summer Session courses at
the Massachusetts Institute of Technology. He is now
head of the Computing Research Group of Ferranti Ltd.,
in London.
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SUMMER SCHOOL IN PROGRAMME DESIGN FOR
AUTOMATIC DIGITAL COMPUTING MACHINES

17 - 28 September 1956
LIME - 74B1L%

The main course of lectures P,1 to P.13 is devoted to programming.
Other lectures cover allied topics including numerical analysis.

Monday, 17 September

D.R. Hartree

D.R, Hartree

+R. Hartree

D.R. Hartree

D.R. Hartree
E.N. Mutch

D.R. Hartree
D.R. Hartree

E,N. Mutch
W, Renwick

D,R. Hartree

E.N. Mutch

J.C.P, Miller
M.V, Wilkes

M.V, Wilkes

2,30 Registration
4.30 General Introduction
Tuesday, 18 September
1238 P.1 & - 39
. Practical Classes in Programmi -
3:20 ta v granming 1-A%, 38
Wednesday, 19 September
9.30 Practical Classes in Prog i -C
11.20 P.3 i N&ramm%e“gb
2,30 Practical Classes in Programming 2
Thursday, 20 September
9.30 P.4 - &8
11.20 Procedure in preparing and running
a programme on the EDSAC
2,30 Practical Classes in Programming
Friday, 21 September
38 i
. Practical Classes in P: 1i
oo e s in Programming
* 4,30 Logical Design of the EDSAC
* 5.15 Logical Design of the EDSAC 2
Saturday, 22 September
9.30 P, 7
11.20 Practical Classes in Programming
Monday, 24 September
£B
% Practical Classes in Programmin
N 2.30 Numerical analysis ( & 5
4.30 Organisation of a Computing
Centre
Tuesday, 25 September
58
o Practical Classes in Programmin
2.30 Numerical analysis (2) e

Wednesday, 26 September

9.30 P.10
11,20 Practical Classes in Programmin
2.30 Numerical analysis & S

optional item

J.C,P, Miller

M.V, Wilkes
J.C.P. Miller

P.T.0,
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SUMMER SCHOOL IN PROGRAMME DESIGN

FOR _AUTOMATIC DIGITAL COMPUTING MACHINES

No. Name

64. ABSALOM, Mr W.L.G.

42, AGAR, Miss D.M,
67. ALENIUS, Mr B,

77. BADCOCK,
Miss P.M.J.H,

54. BAINES, Dr A.
63. BARCIAY, Mr W,
110. BARNEIT, Mrs L.

83. BARRON, Iir D,W,

101. BEAVEN, Mr A.H,

4, BECHERET, Miss O,

98. BECK, Mr F.

23. BRAZIER, Mr D,.E.
5. BROISE, iir P.

60. BRYANT, Mr P.R.

107. CARTZ, Mr L.
33. CHAPPEY, Mr M.

34, CHRIST, Miss G.M.

17 - 28 September 1956
LIST OF STUDENTS

Place of Employment

A.E, Reed & Co., Ltd.,
Aylesford Paper Mills,
Larkfield, Nr liaidstone,
Kent.

English Electric Co. Ltd.,
Cambridge Road, Whetstone,
Nr Leicester.

Swedish Board for
Computing Machinery,
Stockholm, Sweden.
Ferranti Ltd., 21 Portland
Place, London, W.1,

I.C,I. Ltd.,, General
Chemicals Division,
Research Department,
Widnes.

Middlesex County Council,
Acton Technical College.

Cambridge University,
M.R.C., Unit, Cavendish
Laboratory.

Elliott Brothers (London)
Ltd., Elstree Way,
Borehamwood, Herts.

E.D,F, 12 Place des Etats
Unis, Paris, France.

G.E.C. Ltd., Research
Laboratories, North
Wembley, Middx.

British Aaro—Engines Itd.
Patchway, Nr Bristol.

E.D.F,, 12 Place des Etats
Unis, Paris, France.
G,E.C, Ltd. Research
Laboratories, East Iane,
Wembley .

Cavendish Laboratory

Centre National d'Etudes
des Telecommunications,
2 bis Avenue de la
Republique, Issy les
Moulineaux, (Seine)
France.

Cambridge University,

Engineering Laboratory,
Trumpington Street.

Cambridge Address
6 Warkworth Street

University ArmsHotel

"Hillside", 13
Chesterton Lane

56 Jesus lane

Goldsborough Hotel
8 St Andrew's Hill
58 Bateman Street

215 Queen Edith's
Way .
71 Jesus Lane

56 Jesus Lane

Garden House HQ@E®

2 Willis Road
27 Malcolm Strg
6 North Terracel

60 Hertford St

“"Hillside", 13
Chesterton Lang

12 Mill Lane,
22 September 1
Huntingdon Roa

Summer School in Programming, from September 1951

-
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INTRODUCTION TO PROGRAMMING
FOR THE EDSAC

A supplement to
“The Preparation of Programs for
an Electronic Digital Computer ”

by Wilkes, Wheeler and Gill
(Addison-Wesley Press, 1951)

UNIVERSITY MATHEMATICAL LABORATORY |
CAMBRIDGE |
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Machme Plays Noughts and Grosses

ugrc\m 1((:’ The boavd wilk. a cross
W pasition O

])], R \hHrn \~~|~| ant Direc-
of the University Mathe-
matic II Labhoratory, MIM to mem-
hers of the Cambridge and District
Amatenr R Club at the Mathe-
matical Laboratory, Cor Lxchange
Street, on Fi

I'he visit was g

to enable
mic caleu-
arly known as
> part of which

(B
c

e
the “electronic
ig in the back
ture. The other
operating position of the machine into
which problems are fed on specially
prepared perforated tape on the left
of the unit
machine was huilt in 1949,
from Government surplus
equipment due to lack of funds, and
now serves all departments of the
University. It is capable of doing
40,000 calculations per minute and
uses 3,800 valves.

For the last three years a new
machine of an even more complex
nature, has been under construction
and it will, it is hoped, be working in
about another vear

Members of the I\n(m Club  were

fascinated to see Mr. N. Mutch,
he operational mana ;xlu noughts
w machine as well

ylex caleulations,
sk many hours of

which previously toc
tedions wo

FRED HOVLE WAS THERE.

When members arrived at the lab-
orat ‘n. Fred Hoyle, llm famous cos-
mologist and broad t astron-
omical subjects, wa g the mach-
ine for calculations on the evolution of
the Ars.

A general description of the uses of
the machine and how it works was
given by Mr. Mutch, who was assisted |
in the actual demonstration by
Teech, a res. h student. He
that the name “electronic brain’
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Sandy Douglas’ Noughts and Crosses
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From Wikipedia, the free encyclopedia

For other uses, see Ox

isambiguation)
©OXO is a video game created by Alexander S. Douglas in 1952 for the Electronic Delay Storage
Automatic Calculator (EDSAC) computer, which simulates a game of noughts and crosses, also called
tic-tac-toe. It was one of the first games developed in the early history of video games. Douglas
programmed the game as part of a thesis on human-computer interaction for the University of
Cambridge. The EDSAC was one of the first stored-program computers, with memory that could be
read from or written to, and had three small cathode ray tube screens to display the state of the
memory: Douglas re-purposed one Screen to demonsirate portraying other information to the user.
such as the state of a noughts and crosses game. After the game served its purpose, it was discarded
OXO, along with a draughts game by Christopher Strachey completed around the same time, is one of

OXO played in an EDSAC simulator for Mac

the earliest known games to display visuals on an electronic screen. Under some definitions it thus Designer(s) Acl):xander S Douglas
may qua\m{‘ as the first video game. though other definitions exclude it due to its lack of moving or reak- Platformis) e
time updating graphics. Release date(s) 1952

Contents [hide] Mode(s) Single-player

1 History
2 Interaction
3 References

4 Extemnal links

History [edit)

The Electronic Delay Storage Automatic Calculator (EDSAC) mainframe computer was built in the
University of Cambridge's Mathematical Laboratory between 1946 and 6 May 1949, when it ran its first
program "2 and remained in use until 11 July 1958 %! The EDSAC was one of the first stored-program
computers, with memory that could be read from or written to. and filled an entire room: it included three
35x16 dot matrix cathode ray tubes (CRTS) to graphically display the state of the computer's memory. Il
As a part of a thesis on human-computer interaction, Alexander S. Douglas, a doctoral candidate in
mathematics at the university, used one of these screens to portray other information to the user: he chose
to do so via displaying the current state of a game 8171

The Electronic Delay Storage

Douglas used the EDSAC to simulate a game of noughts and crosses. also called tic-tac-toe, and display Automatic Calculator in 1948

the state of the game on the screen. Like other early video games, after serving Douglas's purpose, the

game was discarded ¥l Douglas did not give the game a name beyond "noughts and crosses"; the name

OXO first appeared as the name of the simulation file created by computer historian Martin Campbell-Kelly while creating a simulation of the
EDSAG several decades later.®! Around the same time that OXO was completed, Ghristopher Strachey expanded a draughts program he had
originally written in 1951 and ported it to the Ferranti Mark 1, which showed the state of the game on a CRT display.Il'% 0X0 and Strachey's
draughts program are the earliest known games ta display visuals on an electronic screen, though it is unclear which of the two games was
displayed first 1 As it ran on a computing device and used a graphical display, OXO is considered under some definitions to be a contender for the
first video game, "] though under others it does not due to its lack of moving graphics or graphics which update continuously.['2

Interaction [edit]

Each game was played by one user against an artificially inteligent opponent, which could play a "perfect” game. The player entered their input
using a rotary telephone controller, selecting which of the nine squares on the board they wished to move next. Their move would appear on the
screen, and then the computer's move would follow; the game display only updated when the game state changed ¥l 0XO was not available to the
general public and could only be played in the University of Cambridge's Mathematical Laboratory by special permission, as the EDSAC could not
be moved, and both the computer and the game were only intended for academic research purposes. (%

References [edt]
1. # Wilkes, M'V. (January 1997), "Arithmetic on the EDSAC"®. IEEE 8 2 Hey, Tony: Papay, Gyuri (2014-11-30). The Computing Universs: A
Annsls of the History of Gomputing (IEEE) 19 (1) 13-15. ISSN 1 Journey through a Revolution. Cambridge University Press. p. 174
61808 1SBN §78.0-521-15018-7
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Prominent Users applying to the “Priorities Committee”
M. V. Wilkes: Atmospheric oscillations

R.A. Fisher (research student David Wheeler): Genetics
Peter Naur: Orbital calculations

S.F. Boys (research student A.S. Douglas): Wave mechanics
Fred Hoyle (research student Joyce Wheeler): Astrophysics

J.C. Kendrew (research student J.M. Bennett): Molecular biology (Nobel
Laureate 1962)

Andrew Huxley: physiology (Nobel Laureate 1963)

Martin Ryle: Radio astronomy (Nobel Laureate 1974)

The EDSAC was a scientific instrument



36 THE BLACK CLOUD

your observations of these other planets. If my results agree with
the observations then I'll know there’s no hoax. But if they don’t
agree — well!’

‘That’s all very fine,’ said the Astronomer Royal, ‘but how do
you propose to do all this in a couple of days?’

‘Oh, by using an electronic computer. Fortunately I've got a
programme already written for the Cambridge computer. It’ll
take me all tomorrow modifying it slightly, and to write a few
subsidiary routines to deal with this problem. But I ought to be
ready to start calculating by tomorrow night. Look here, A.R.,
why don’t you come to the lab. after your Feast? If we work
through tomorrow night, we ought to get the matter settled very
quickly.’

*

The following day was most unpleasant; it was cold, rainy, and a
thin mist covered the town of Cambridge. Kingsley worked all
through the morning and into mid-afternoon before a blazing
fire in his College rooms. He worked steadily, writing an aston-
ishing scrawl of symbols of which the following is a short sample,
a sample of the code by which the computer was instructed as to
how it should perform its calculations and operations:

o z
0 A 23 e
1 U 11 o
2 A 2 F
3 U 13 e

At about three-thirty he went out of College, thoroughly
muffled up and sheltering under his umbrella a voluminous sheaf
of papers. He worked his way by the shortest route to Corn Ex-
change Street, and so into the building where the computing
machine was housed, the machine that could do five years of
calculation in one night. The building had once been the old
Anatomy School and was rumoured by some to be haunted, but
this was far from his mind as he turned from the narrow street
into the side door.

His first move was not to the machine itself, which in any case
was being operated by others just at that moment. He still had to

A MEETING IN LONDOT® =

convert the letters and figures he had writte:
machine could interpret. This he did with a
writer, a typewriter that delivered a strip of
were punched, the pattern of the holes corre:
bols that were being typed. It was the holes i
stituted the final instructions to the computei_ 3
among many thousands must be out of its pr{
the machine would compute incorrectly. T
done with meticulous accuracy, with litera
cent accuracy.

It was not until nearly six o’clock that K.
that everything was satisfactorily in order, ¢
checked. He made his way to the top floor ¢
the machine was housed. The heat of many,
made the machine-room pleasantly warm 2
damp January day. There was the familiar hy
and the rattle of the teleprinter.’

The Astronomer Royal had spent a plea’
friends, and a delightful evening at the Tr
about midnight he felt much more like sleep
the Mathematical Laboratory. Still, perhaps,
and see what the crazy fellow was up to. A f
him by car to the lab., so there he was standir:
for the door to be opened. At length Kingsl¢

‘Oh hello, A.R.,” he said. ‘You’ve con
moment.’

They walked up several flights of stairs tc

‘Have you got some results already ?”

‘No, but I think I've got everything work:
several mistakes in the routines I wrote th
spent the last few hours in tracking ’em dc
them all. I think so. Provided nothing goes
chine, we should get some decent results in a
feast?’
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It was about two o’clock in the morning wh
‘Well, we're nearly there. We should hay
minute or two.’

COMPLETE

UNABRIDGED

Fred Hoyle, The Black Cloud, 1957



Kendrew & Bennett: Crystallography and the road to DNA



Fig. 2. Fourier synthesis of myoglobin at 6-A resolution.
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(a)

(b)

Fig. 5. Patterson projection of whale myoglobin: ‘contours’
printed by the EDSAC. (a) Contours at intervals of 32.
(b) Contours at intervals of 4.

Kendrew & Bennett: Elucidation of myoglobin to 6 Angstrom




Fig. 2. Fourier synthesis of myoglobin at 6-A resolution.

Kendrew & Bennett: Elucidation of myoglobin to 6 Angstrom



Fig. 7 (above). Model of the myoglobin molecule, derived from the 2-A Fourier synthesis.

4.8 The hand-sorted data of the myoglobin calculations on EDSAC 2
are carried over from the Mathematical Laboratory to the MRC unit.

Kendrew & Bennett: Elucidation of myoglobin to 2 Angstrom, 1960



