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Overview

« Alan Mathison Turing OBE FRS
(23 June 1912 — 7 June 1954)

* Polymath: mathematician, computer
scientist, logician, cryptanalyst,
philosopher, theoretical biologist, ...

* Centenary meetings at Cambridge,

Bletchley Park, Manchester,
Oxford, etc., in 2012



https://en.wikipedia.org/wiki/Alan_Turing

Alan Turing:
The Enigma

15t edition, 1983.
Centenary edition,
2012

Definitive biography
by Andrew Hodges,
Wadham College,
Oxford



https://en.wikipedia.org/wiki/Andrew_Hodges
https://en.wikipedia.org/wiki/Alan_Turing:_The_Enigma

Turing’s Worlds (23-24 June 2012)
Department of Continuing Education, Oxford




Turing’s Worlds (23-24 June 2012)
Department of Contlnumg Educatlon Oxford
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Happy Birthday Alan Turing! (2012)

Cake at Oxford centenary meeting




The Turing Guide (2017)

A collected set of 42 chapters on Alan Turing.
Co-editors (three with Oxford connections)

Jack Copeland (University of Canterbury, New Zealand)
— philosopher (DPhil student at Oxford)

Jonathan Bowen (London South Bank University, England)
— computer scientist (student and PRG researcher at Oxford)

Mark Sprevak (University of Edinburgh, Scotland)
— philosopher

Robin Wilson (Open University / Oxford University, England)
— mathematician

OXFORD

UNIVERSITY PRESS



Book contents

Foreword by Andrew Hodges

Eight parts:
Biography
The Universal Machine & Beyond
Codebreaker
Computers after the War | ﬁ m
Artificial Intelligence & the Mind x ;‘

Biological Growth

Mathematics Display at Oxford
University Press =

Finale bookshop, High = E#s=—
Street, Oxford & "%
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UK locations

Alan Turing was at:;

* University of Cambridge [education, fellow]

» Bletchley Park [codebreaker, Bombe]
 National Physical Laboratory [ACE hardware]
» University of Manchester [Baby software]

Celebrated by these institutions but ...

o University of Oxford? [no written primary evidence]
... until now!



https://en.wikipedia.org/wiki/University_of_Cambridge
https://en.wikipedia.org/wiki/Bletchley_Park
https://en.wikipedia.org/wiki/National_Physical_Laboratory_(United_Kingdom)
https://en.wikipedia.org/wiki/University_of_Manchester
https://en.wikipedia.org/wiki/University_of_Oxford

Oxford connections

* Father, Julius Mathison Turing (1873-1947),
scholar at Corpus Christi College, Oxford

« Turing family visited Oxford in summer 1924
« Turing could have followed his father to Oxford!



https://en.wikipedia.org/wiki/Corpus_Christi_College,_Oxford

Oxford connections

e Security section of Government Code and
Cypher School (GC&CS) at Mansfield College,
Oxford in World War |l

« “Varsity Line”: Oxford—Bletchley—Cambridge

e Could Turing have visited from Bletchley Park
in WWII?



https://en.wikipedia.org/wiki/GCHQ#Government_Code_and_Cypher_School
https://en.wikipedia.org/wiki/Mansfield_College,_Oxford
https://en.wikipedia.org/wiki/Varsity_Line
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Oxford visits by Turing?

Talks on Alan Turing, including at
SETSS 2016 Spring School on T
Engineering Software Systems, S

Sothwest Univ., Chongqging, China

Jim Woodcock, ex Oxford, now
Professor of Software Engineering at
the University of York in the audience

™ Bust of Alan
B Turing at

2® Southwest

| University —
paid for by
students



https://en.wikipedia.org/wiki/Jim_Woodcock
https://en.wikipedia.org/wiki/University_of_York

Oxford visits by Turing?

 Herbert Hart (aka H. L. A. Hart, 1907-1992), at
Bletchley Park during WW I, later Professor of
Jurisprudence at Oxford during 1952-1968

« ...after Arthur Goodhart (1891-1978),
American jurist, at University College, Oxford,
from 1931, later Master (1951-1963)



https://en.wikipedia.org/wiki/H._L._A._Hart
https://en.wikipedia.org/wiki/Professor_of_Jurisprudence_(Oxford)
https://en.wikipedia.org/wiki/Arthur_Lehman_Goodhart

Oxford visits by Turing?

« Visit to University College, Oxford, for lunch
during WWII by General Dwight D. Eisenhower
(1890-1969) and others from Bletchley Park...

* ...Including Alan Turing...
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https://en.wikipedia.org/wiki/Dwight_D._Eisenhower

University College visit?

University College archivist: Robin Darwall-Smith

Arthur Goodhart: an Anglophile American, and
friend of Eisenhower

Sir William Beveridge (1879-1963), Master of
University College (1937-1945) during WWII



https://en.wikipedia.org/wiki/Robin_Darwall-Smith
https://en.wikipedia.org/wiki/William_Beveridge

University College visit?
 Eisenhower archives and diaries, USA

 Eisenhower visited Oxford on 1 October 1942 ...
... and 16 April 1944 before D-Day

EISENHOWER

Diaries

Supremn Headquarters

Eisenhower Ry

1 had hoped to be able to pay a visit te Hletehley Fark
in order to thank you, Sir Edward Travis, and the members
of the staff psrsonally for the magmificent services which

Wrote to th an k | e e e e

1 am very well aware of the immense amount of work and
effort which has been involved in the production of the
material with wiieh you have supplied us, 1 fully realize

also tha numsrous setbacks and difficulties with which you
have had to contend and how you have always, by your supreue
( efforte, overcome them.
The intelligence which has emanated from you before and
during this campaign has bsen of priceless value to me.
It has simplified my task as a commander enormously. It
e C ey ar has saved thousands of British and Amsrican lives and, in

no small way, contributed te the speed with which the eneuy
was routed and 11y forced to

on 12 July 1945 I

-
-

Edited by Robert H. Ferrell




University College visit?

« Beveridge archive, London School of Economics
* Pocket diaries — almost empty!

« Univ Master’s Lodgings visitors’ book...



https://en.wikipedia.org/wiki/London_School_of_Economics

Master’s lodgings visit?

+ 16 April 1944 entry in 85 S SR ST
Master’s Lodgings glLEs s g Toal 24
visitors’ book &

« American entries !

 And Picture Post



Picture Post Photos by Hans Felix Sigismund
(6 May 1944)

Baumann (1893-1985), aka Felix
H. Man; text by Margaret Stewart

The Guests Wait for Tea-time
o Anwrians hasw come 1o te—throe from New York, one from Philadelphia, pne frim
Calfornia.  Lody Beveridpe s dasghter, Mrs. Burn, is third frum the rght

histery, He hes boen Masser snce i

 “the mantesance of cmployment”  Hebi --F&- of the tnsared workens whole coustry ™ They wsee the mulberry tree
et out W shew bow this can be dooe amaure an sdoguate flow of spend-  planted by James 11 in the Fellows' Garden, They

umempiovmen | e demils wi
the Boand of Teade in 1900 he win

uible for creatmg the present system c and the
-hn- -—a-uunmru afver-dinoer port n.
William tells thems, wes fumous even in
P Johnmon's day

Beveridge shows them round, dus tes with them,
and reiarns W the stady where Sis book fs i ity

o
-l-nu-nmfv-mnmnnu neegil » o AN o
't means that there will shwuyr be vacas : . ¥ an with a Plan to
those ot of work, and the degree ol uncmplane 2 g gl ok o M Unempl .
will depend cm the mobility of lahoar oonal A
ment Lusarance will bocome, what it was & Tws Sir William Beveridge beleves we could deep
—u‘:k @ benefit w0 tide over 4 penad MU B Anericans are " Will the Government —zﬂh;f_:‘-tmmfm of the
Westing betwees h N Tmpsoyment nlw-l wmqmuucm.b. inmernd population » war et a3 the danger
Ihm-hc:h-hmn-—nvmm-nl s o these chains o ohder than cur 'qmn?-nl Beveridge do next liwaz in his famus Socal Secursty Report
va Smm

Sunday Tea With the Bﬂmﬂm The Moment Before the Guests Arrive
At the Mauer's Ladgings, Untversity Colle, ()xhnl Str Wellsam and Lady Beveridge are
Naving some American officers to tea. ﬁ: this ewery Sunday when they're 6t heme.

THERE’S GOING TO BE A
BEVERIDGE REPORT

e

g

The Last Corroctions ta His R&"

In the Master's study, he oo throse? Vlnlm
Iypeserpe of s Unowmgduyresd Rt Yound ther collags, mccs

Wy wndergracduates

n.Mmum of Relaxation : An Exchange of Views About Americs
T.v0m, of Spokane, Washington, talks to Ser William about miedical servies
Brisain.  His hosst was i the States last year, and vecully his exparsences



https://en.wikipedia.org/wiki/Felix_H._Man

University College visit?
American soldiers visit Beveridge at the Master’s
Lodgings for tea on Sunday 16 April 1944
Beveridge and Eisenhower both in Oxford

No record of people signing in for lunch in Hall at
University College

Could there have been a secret lunch at the
Master’'s Lodgings with Eisenhower, Turing, and
other Bletchley Park personnel?

Robin Darwall-Smith, University College
archivist, thinks it entirely possible ...

...but sadly no written evidence



Other wartime and post-war Visits?

« Weekend visit to Oxford with Joan Clarke
(1917-1996)

« At Bletchley Park, briefly engaged to Turing

* Visiting her brother, Martin Clarke, previously a
Fellow at King's College, Cambridge (Hodges)



https://en.wikipedia.org/wiki/Joan_Clarke

Other wartime and post-war Visits?

 David Champernowne (1912-2000 ), former
mathematics scholar with Turing at King's College

* Professor of Statistical Economics at Oxford
(1948-1959)

« Collaborated with Turing on an early chess-
playing program, Turochamp

« ... some visits likely in Oxford (Hodges)

Turochamp v. Kasparov
at the 2012 Alan Turing

Centenary Conference,
University of Manchester

el Lon Turing Centen
1 ' 3

—_



https://en.wikipedia.org/wiki/D._G._Champernowne
https://en.wikipedia.org/wiki/Turochamp

- p Jonathan P. Bowen
Turing’s Zhiming Li

Zili Zhang (Eds.)

academic
adviser tree

« Talk on Alan Turing, Software Systems
SETSS Sprlng SChOOI 4th International School, SETSS 2018
on Engineering QR Cioragon e b7
Software Systems,
Chongging, China,
2018

 Based on the
Mathematics
Genealogy Project
(MGP) database &) Springer

Engineering Trustworthy

LNCS 11430 RIft)El



https://www.genealogy.math.ndsu.nodak.edu/

Academic Later at Oxford: Dana Scott*,
advisor tree  Robin Gandy (1919-1995),

Max Newman Alonzo Church
Cambridge (1921) Princeton (1927)
Douglas Hartree Alan Turlng 33(Zté1§5ft“de’llts
: Cambridge (1934 tota .
Cambridge (1926) P::E():nif ((1938; Hescendarite) Princeton (1958)
4
Beatrice Worsley Robin Gandy Jack Copeland 48 z’zfl_‘gistfc‘)‘:’a‘-i“ts
Cambridge (1952) Cambridge (1953) | Oxford (1979) descendants)
g Mike Yates Martin Hyland 24 E’fggi Stt(‘:&el“ts
3 Manchester (1963) . Oxford (1975) o

(Barry Cooper\ ( Andrew Piets 20 other students
3 Leicester (1971) n Cambridge (1982) at Cambridge

Dana Scott

21 students (10 students _
at Leeds | at Cambridge | *ACM Turing Award (1996)



https://en.wikipedia.org/wiki/Dana_Scott
https://en.wikipedia.org/wiki/Robin_Gandy
https://en.wikipedia.org/wiki/Turing_Award

Robin Gandy
(1919-1995)

British mathematician and logician
PhD student of Turing at Cambridge

Studied at King's College, Cambridge
(like Turing)

Worked on radio intercept equipment
at Hanslope Park (north of Bletchley
Park) in WWII

Turing worked there too
on speech encipherment

They became lifelong
friends and associates




Robin Gandy
(1919-1995)

Poem from Turing to Gandy

Hyperboloids of wondrous Light;

Rolling for aye through Space and Time;
larbour those Waves which somehow Might;
Play out God's holy pantomime.




Turing notebook, 1942 (sold April 2015)

« Handwritten during WWII
« Given to Robin Gandy after Turing’s death

 Sold at Bonhams, New York for $1,025,000
(£700,850)!
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Robin Gandy
(1919-1995)

« Later Fellow of Wolfson College,
Oxford (1969-1986)

« Reader in Mathematical Logic at
the Oxford Mathematical Institute

* Emeritus Fellow (1986—1995)
* Robin Gandy Buildings




Robin Gandy
(1919-1995)

Centenary celebration at Wolfson
College, Oxford (just pre-COVID)

« Many former colleagues ...

e ... and me! ... Samson Abramsky FRS, Oxford



https://www.wolfson.ox.ac.uk/node/7584

Dana Scott (b. 1932)

American logician
Domain theory

Semantics of programming languages
Mathematical Institute, Oxford (1972— 1981)

Collaborated with Christopher Strachey
(1916-1975), leader of the Programming
Research Group, Oxford, in the 1970s

Scott-Strachey approach to denotational
semantics

1976 ACM Turing Award for automata theory



Christopher Strachey
(1916-1975)

British computer scientist

Member of the Strachey family .
Studied at King's College, Cambridge (like Turing)
Draughts program for the Pilot ACE at NPL
Worked with Turing at Manchester

First computer music on Manchester Mark |l

First director of the Programming Research
Group, Oxford (1965—-1975)

First professor of computer science at Oxford
Distinguished Fellow of the BCS



Earliest computer music

 Recorded in 1951 by the BBC
at the University of Manchester EE

* On Ferranti Mark 1 computer

* Tunes: God Save the King, Baa Baa Black
Sheep, part of In the Mood

« Written by Christopher Strachey, colleague
of Turing

 Restored in 2016

AV HaI

MMIIIIIIII- SOUNDCLOUD

Copeland, J. & Long, J. (2017).
Computer music, chapter 23. In
The Turing Guide, Oxford T
University Press. Manchester B

computer



http://news.bbc.co.uk/1/hi/technology/7458479.stm
https://soundcloud.com/guardianaustralia/first-ever-recording-of-computer-music
http://blogs.bl.uk/sound-and-vision/2016/09/restoring-the-first-recording-of-computer-music.html

Scott & Strachey

. Early PRG-6 TOWARD A MATHEMATICAL

SEMANTICS FOR
monograph (1971) COMPUTER LANGUAGES

« Mathematical
semantics of
programming

b
languages Dans oot
and
) SCOtt_StraChey Christopher Strachey
ap p roac h to 8xmn:l p’niwergﬁy
. omputing Laboratory )
d e n Ot atl O n al gf%rim;n ozisearch Group-Library
sem antl CS 8::3% gﬁés?%% 41

Oxford University Computing Laboratory
Programming Research Group



Jack Copeland (b. 1950)
British philosopher

Based in New Zealand
Oxford DPhil (logic) under Dana Scott
Turing scholar (many books)

TURING
UIDE

THE ESSENTIAL

TURING
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Alonzo Church @
(1903-1995) 1

Supervisor of
Turing at

Princeton /
University, USA
(Sept. 1936 —

July 1938)

Turing: PhD in June 1938
(only 1 year 9 months):

Systems of Logic Based
on Ordinals



https://en.wikipedia.org/wiki/Alonzo_Church

The Church-Turing thesis

* Alonzo Church and Turing

« Undecidabillity of the
Entscheidungsproblem
("decision problem?)

* Two independently developed
approaches

* Turing could have stayed at
Princeton, but... WWII



https://en.wikipedia.org/wiki/Alonzo_Church

_Siméon Poisson
Ecole Polytechnique
(1800)

Advisor tree
(19t to 20t \Emfg;ag}}?ﬁf;ue
century)

\

J

Hubert Newton
Yale (1850)

&

Hastings Moore
Yale (1885)

Oswald Veblen
Chicago (1903)

Max Newman Alonzo Church
Cambridge (1921) Princeton (1927)

Poisson

Princeton (1938)

Douglas Hartree Alan Turlng 33 other students
( Cambridge (1926) ] [ Cambridge (1934) %4658(?89114(-1;5;51

SETSS 2018, from the Mathematics Genealogy Project

Dana Scott
Princeton (1958)



Oswald Veblen
(1880-1960)

American mathematician and topologist
Taught at Princeton (1905-1932) 4|

Helped organize the Institute for Advanced Stud
(IAS) at Princeton (1932)

Albert Einstein at the IAS (1933-1955)
... after visits to Oxford in 1931 & 1933
Kurt Godel visited IAS In 1934

Turing in Princeton for PhD
(1936-1938) ...

Could Turing & Einstein have met? |



https://en.wikipedia.org/wiki/Institute_for_Advanced_Study

Theodor Zwinger /" QGottfried Leibniz Emmanuel
the Younger Universitit Stupanus
Universitit Basel Leipzig & Altdorf Universitat Basel
(1630) (1666 & 1667) (1613)
- | | I
Peter Werenfels M I?Tlgolas 5 Lel bn IZ Johann Bauhin
Universitat Basel A Universitat Basel
Université Paris
(1649) (1672) (1649)
| |

(1676 & 1684) (1660 & 1661)
| |

Jacob Bernoulli Nikolaus Eglinger
Universitat Basel Universitat Basel

Johann Bernoulli
Universitat Basel ‘
(1690 & 1694)

Bernoulli x 2

Giovanni Beccaria
(no dissertation)
|

Joseph-Louis
Lagrange
Universita di Torino
(1754)

Leonhard Euler
Universitat Basel
(1726)

Jean le Rond AdVisor
[ Sollat i ]
free
Pigrre-Simon (17t to

(1735)

N3

Université de Caen
(1769)

. 18th C.)

(1800)

Lagrange [mpj Laplace

|
SETSS 2018, from the Mathematics Genealogy Project



Further Oxford influences

Roger Penrose OM FRS, Rouse Ball Professor
of Mathematics at Oxford (Al and computablllty)

Andrew Hodges, Turing’s biographer
(1983/2012)

Philip Maini FRS, Mathematical Institute
(mathematical biology)

Christopher Strachey (1916-1975), founder of
the PRG, colleague of Turing at Manchester

Samson Abramsky FRS FRSE, Christopher
Strachey Professorship (computer science)

Alan Turing Institute data science researchers
(www.oxford-turing.ox.ac.uk)



https://en.wikipedia.org/wiki/Roger_Penrose
https://en.wikipedia.org/wiki/Rouse_Ball_Professor_of_Mathematics
https://en.wikipedia.org/wiki/Philip_Maini
https://en.wikipedia.org/wiki/Christopher_Strachey
https://en.wikipedia.org/wiki/Samson_Abramsky
https://en.wikipedia.org/wiki/Alan_Turing_Institute
http://www.oxford-turing.ox.ac.uk/
http://www.amazon.com/Alan-Turing-Enigma-Centenary-Edition/dp/069115564X

Roger Penrose (b. 1931)

British mathematician and physicist

Emeritus Rouse Ball Professor of
Mathematics, Oxford

The Emperor's New Mind (1989)

Variant of Turing’s halting problem

Has worked with Andrew Hodges,
Turing’s biographer

\H Il
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Nobel Prize in Physics (2020) INI]



https://en.wikipedia.org/wiki/The_Emperor%27s_New_Mind

Turing and formal methods

Turing’s legacy — program proving:
* A.M. Turing (1949). “Checking a Large
Routine”. In Report of a Conference on High

Speed Automatic Calculating Machines, Univ.
Math, Lab., Cambridge, UK, pp. 67-69.

 F.L. Morris & C.B. Jones* (1984). An Early
Program Proof by Alan Turing, IEEE Annals of
the History of Computing, 6(2):139-143.

« Cliff Jones* (2014). Turing and Software
Verification. Technical Report CS-TR-1441,
Newcastle University, UK.

* DPhil under Tony Hoare at the PRG, Oxford (1981)




Priday, 24th June, |

/Q!ootxg A large routine. by Dr, A, Turing.

Mow can one chack & routine in the sense of making sure that it Lo right?

In order that the man w0 chacks may not bave too difficult « task the
programes should muko a mmber of definite sassortions which can be checked

individually, and froa which the correctacss of the
e g M whole progresmce easily

Conalder the waalogy of oheoking an addition, If Lt la glven asy

Ln,
5906
6ng
L337
7768
26104
one muat cleck the whols at ones eltting, becauss of the cxrrics,
Hat A7 the totals for the various ocolizne are glven, as below;

137
5906
6719
W57
7768

3974
2213

2610,

the chacker's work 1s much easler belng aplit up into the checking of the
Vorivis axnestions 3 ¢ e T ¢ 3 o 7 w29 ete, und the maall addition

375,
2213

This principle can be applied to
but ws »ill illustrate the zethod by me
obtaln § without the use of a multiplier,
by repoatet addition,

ocase of oheckiag a lurge routine
» waall routine viz, ooe W
lication being carried cut

At & typioal t of the p wo bave recorded p
¥, a. We can change s T to (se1) » by sddition of r.
wa can change r to Te! by a transfor, Unfortunately there ia no
oysten sufricleatly generally kncwn to Justily glving the routine for

process in full, but the flow dlagraa given ia Plg.1 will be surflalent
for 1lluatration.

Each 'box of the flow disgras representa a straight sequence of
ioatructions withaut changes of coatrol. The following convention is usedp

(1) & dashed lottor indicates tha valus at the end of tha process
ropreacnted by the box;
{11) an undashed letter represents tho inith

One cennot equate mimilar letters sppoaring in dirfereat baxoay
13 1atenisl that the following fdentificaticos be valid throughout

&7.

~—w

/

content of line 27 of atore

L

- - - 26- -
& » . - 29 " -
u - - - ”l .
v ™ - - ,10 -

It 4a also intendad that o be w r O .gno'.hlnd of tho eort o.g. 1t might be
{est) r or = r=1 but st 8.g. 82 + x¥,

Io order to anslst ths chesker, tha programacr -mu.lg nake aasertions
about the various states that the machine cen reach, Thess sssartions may
Le tubulated wa in ©ig.2. Assortions sre only mude for the utsjes when
certain partioular quentitles are in control, uorraaéondln; %o ringed
lottars in the [Now diagraa. One coluan of the table h.und oot auch
situation of the control, Uther quantitics are also nueled %o Bpecify the
contition of the machine cospletely: in our cane 1t 4a sufricignt to give
The upper part of the table gives She various coutenjm of the atore

r and s,
1inas in the verlous conditions of the mecliioe, and ruuifu on the
quantitioe a, * (wilch we oy call irtuctivn varlublesj. The ar purt
teiln us which of the cumiitions will be the nueat L0 ocour.

the initiel

by 4 yorify that the coluans corresyoniing
e e ?omn:aon agres with the claiza thatgare aude for
n this case the clelm ia shut 10 wi otart with
B th & in 1ins 29 we oball Ciad wfquantity in
'.oi. which 3 r (provided this isfloasa than 20,
1)

gnored),

condlttan and the stojpe
the routine as a whale,
coutrol in condition D
lire )1 when the mschine
but this condition Nlas be

gwer half of
wey ba tokfin in any order
checiker wihuld argue,

ve that after 8 thelbox v' = ufepplies, From
Yonod v' = r Ao,
ther entries are

Ho las slao to verily
the tasle is correct. A I
and yuite indepenlen
*"yras the Clow diagrea
tho upper part of The bl
the entry for v L6, fo
tho eaas aa in B,

to an end,
further definite
hntity which 1s
s atope. 7O the
In this problem

o verify that the pr
the programaerfigiving
Ay take the To
vanigh whan
%0 give an ordi
(p =) we ke
Anteger & {n -

Prally the checker
lore agali he should be afsifjted J
ssasrtion to be verified,
asssrtod 0o degreaze oon
pure rathossticlen 1t is
the ordinal might ba (a -
sese thing would be %0 gl

by . e latter oase mully tep frop B to C Qhare ald bo a decrease
from 20 (a = x) + 20 (¥ a0 (a e v) [ 200 - 2) o b In the
stop ryom ¥ to B there i hocrease fros 280 (§ - 7)ff+ 240 (r ~8) + 4

2020 (n=713) + 20 (z+

n end the tize
by arrangiuz Shat deffransing quantity
btopa.

Ia the ceurne of cheaking
tnyolysd say elso ba estinat
represeits an upper bound to

“verification”

“assertions”
“dashed™after states




Checking a large routine

“In order to assist the checker, the programmer
should make assertions about the various
states that the machine can reach.”

“The checker has to verify that the ... initial
condition and the stopped condition agree with
the claims that are made for the routine as a
whole.”

“He has also to verify that each of the
assertions ... is correct.”

“Finally the checker has to verify that the
process comes to an end.”
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An Early Program Proof by

Alan Turing
F. L. MORRIS AND C. B. JONES

The paper reproduces, with typographical corfecllons and comments, a 1949
paper by Alan Turing that fol much q waork in program

proving.

Categories and Subject Descriptors: D.2.4 [Software Englneerlng]—
correctness proofs; F.3.1 [Logics and Meanings of Pi
K.2 [History of Computing]—software

General Terms: Verification

Additional Key Words and Phrases: A. M. Turing
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Introduction

The standard references for work on program proofs
attribute the early statement of direction to John
McCarthy (e.g., McCarthy 1963); the first workable
methods to Peter Naur (1966) and Robert Floyd
(1967); and the provision of more formal systems to
C. A. R. Hoare (1969) and Edsger Dijkstra (1976). The
early papers of some of the computing pioneers, how-
ever, show an awareness of the need for proofs of
program correctness and even present workable meth-
ods (e.g., Goldstine and von Neumann 1947; Turing
1949).

The 1949 paper by Alan M. Turing is remarkable
in many respects. The three (foolscap) pages of text
contain an excellent motivation by analogy, a proof of
a program with two nested loops, and an indication of
a general proof method very like that of Floyd. Unfor-
tunately, the paper is made extremely difficult to read
by the large number of transcription errors. For ex-
ample, all instances of the factorial sign (Turing used
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In) have been omitted in the commentary, and ten
other identifiers are written incorrectly. It would ap-
pear to be worth correcting these errors and com-
menting on the proof from the viewpoint of subse-
quent work on program proofs.

Turing delivered this paper in June 1949, at the
inaugural conference of the EDSAC, the computer at
Cambridge University built under the direction of
Maurice V. Wilkes. Turing had been writing programs
for an electronic computer since the end of 1945—at
first for the proposed ACE, the computer project at the
National Physical Laboratory, but since October
1948 for the Manchester prototype computer, of which
he was deputy director. The references in his paper to
2* are reflections of the 40-bit “lines” of the Man-
chester machine storage system.

The following is the text of Turing’s 1949 paper,
corrected to the best of our ability to what we believe
Turing intended. We have made no changes in spell-
ing, punctuation, or grammar.

Turing Text

Friday, 24th June [1949]

Checking a large routine by Dr A. Turing.

How can one check a routine in the sense of making sure
that it is right?

In order that the man who checks may not have too
difficult a task the programmer should make a number of
definite assertions which can be checked individually, and
from which the correctness of the whole programme easily
follows.
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Turing and program proving

Modernized flow diagram, with assertions
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Turing’s influence on
program proving

Aad van Wijngaarden was at the
Cambridge meeting — but no known
influence (1949...)

Robert Floyd rediscovered ideas similar to
those of Turing (published 1967)

Tony Hoare (later at Oxford) developed
these further (published 1969)

Had Turing lived longer, perhaps formal
methods would have developed more rapidly
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https://en.wikipedia.org/wiki/Headington_Quarry

Oxford History of Mathematics Forum (2020)

* Chris Hollings (forum co-organizer)
* loan James mathematics student at Oxford
* The Queen’s College Record, December 2017

told us about what becan

 But:

* So was the lecture on Oxford or Cambridge...?


https://en.wikipedia.org/wiki/Ioan_James

loan James FRS (b. 1928)

 British mathematician (topology)

« Student at Queen’s College, Oxford
* Reader in pure mathematics (1957-1969)
« Research fellow at St John's College, Oxford

« Savilian Chair of Geometry at the University of
Oxford (1970-1995)

* President of London Mathematical Society (1984)

s
< .
|



https://en.wikipedia.org/wiki/Savilian_chair_of_geometry
https://en.wikipedia.org/wiki/London_Mathematical_Society

loan James
letter

| wrote via
St John's
College...

Reply in
Feb. 2021:
written
evidence
of Turing
In Oxford
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Correspondence with loan James

Was a Fellow at St John’s College, Oxford

Not on email! College closed for the pandemic in
2020!

Handwritten letter (postmarked 18 February
2021, Oxford), confirming talk by Turing at
Oxford, hosted by David Kendall FRS (1918-
2007), later a professor in Cambridge

Subsequently confirmed by email (1 January
2022) to be at Magdalen College, Oxford, In
1950



David Kendall FRS (1928-2007)

British statistician & mathematician -
University of Oxford (1946—1962) ‘ -
Fellow at Magdalen College, Oxford éﬁ i
Hosted Turing lecture in 1950 at Magdalen

(Humphry Bowen studying for a chemistry DPhil at
Magdalen, 1949-1953)



https://en.wikipedia.org/wiki/Humphry_Bowen

Article on Alan Turing and Oxford

« J.P. Bowen, “Alan Turing and Oxford”.
Resurrection: The Journal of the Computing
Conservation Society, 97, pp. 1-18, Spring 2022.

« https://www.computerconservationsociety.org/resurrection/res97.htm#e
(web version)

« https://www.computerconservationsociety.org/resurrection/pdfs/res97.pdf
(PDF version)

o htips://ccsoc.org/turingox.pdf (full version with references)

C[C S

Computer ¢ Conservation ¢ Society
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Epitaph

“A sort of scientific Shelley.”

— Sir Geoffrey Jefferson FRS (1886-1961)
Professor of Neurosurgery at Manchester

Shelley Memorial,
University College,
Oxford
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Pet Shop Boys — The Proms

* Royal Albert Hall, London, 23 July 2014
* World premiere of “A Man from the Future”
* Tribute to Alan Turing




The Imitation Game
(2014 film)

« Historical drama film on the life of Alan Turing
« Starring Benedict Cumberbatch & Keira Knightley

« Based on the biography Alan Turing: The Enigma by
Andrew Hodges

Filming at g
King's Cross ¥
Station, London |
October 2013



http://www.express.co.uk/news/showbiz/438236/Keira-Knightley-and-Benedict-Cumberbatch-go-back-in-time-as-they-film-The-Imitation-Game

“Alan Turing law”
(31 January 2017)

« UK Policing and Crime Act 2017

« General pardon for gay men
— 50 years after 1967 legislation

* Imagine If Turing
had been born
20 years later...




Issued on Turing’s 109" birthday
£50 note 23 June 2021




Thank you
Alan Turing

110 yesterday!

Prof. Jonathan Bowen

FBCS, FRSA Cm
jonathan.bowen@Isbu.ac.uk W
WWW. |pbowen com London South Bank

University
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