
S. Barry Cooper, CODEBREAKERS’ LEGACY, Bletchley Park, 9 November, 2013

Alan Turing &

“Can 
machines 
... decode ?” 
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Pushing Back the 
Incomputable -  
Ten Big Ideas

The Turing Machine

Programs as Data

Embodied Computing

Cryptography & Enigma

Unsolvable Problems

Exploring Incomputability

Computing with Oracles

Modelling the Brain

The Turing Test & AI

Morphogenesis
3



4

W
es

tc
ot

t H
ou

se
 - 

Sh
er

bo
rn

e 
Sc

ho
ol

 A
rc

hi
ve

-1927-
-1931-



Alan Turing 
1912-1954

By
 s

cu
lp

to
r G

ly
n 

H
ug

he
s,

 u
nv

ei
le

d 
Ju

ne
 2

3,
 2

00
1

Fo
rm

er
 h

om
e 

of
 T

ur
in

g,
 H

ol
ly

 M
ea

d,
 A

dl
in

gt
on

 R
oa

d,
 W

ilm
sl

ow

5



Ki
ng

’s
 C

ol
le

ge
 A

rc
hi

ve

N
PL

 S
po

rt
s D

ay
, 1

94
6



TU
RI

N
G

 a
 st

ag
ed

 c
as

e 
hi

st
or

y,
 d

ir.
 M

ar
ia

 E
lis

ab
et

ta
 M

ar
el

li,
 M

ila
n,

 N
ov

em
be

r, 
20

12



2012 Legacy



G
et

ty
 - 

H
an

db
ag

Ex
pr

es
s [

W
EN

N
]

Lo
rd

 S
ha

rk
ey

2014 ...



10

“I Am Building 
a Brain”



... at heart more of an 
applied than a pure 

mathematician

11

See A. Hodges 
in ‘Collected 
Works’



1936 - Turing’s  machines

Hardware trivial

Computes ‘anything’ 
computable

All the computing power lies 
in the program ...
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Computation   
DISEMBODIEDA familiar picture:

0 0 1 1 0 0 0 . . .. . .

reading head which is
in internal state q and

obeys Turing program P

tape, infinitely extendable
in each direction



A familiar picture:

0 0 1 1 0 0 0 . . .. . .

reading head which is
in internal state q and

obeys Turing program P

tape, infinitely extendable
in each direction

13

Computation  
Disembodied
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Computation  
Disembodied

A familiar picture:

0 0 1 1 0 0 0 . . .. . .

reading head which is
in internal state q and

obeys Turing program P

tape, infinitely extendable
in each direction



Turing, 1936: Build a UNIVERSAL TURING 
MACHINE, which can simulate ANY other machine
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Universality, and 
Programs as Data

 Can computably code, and so list, the 
Turing programs, giving:



Turing, 1936: Build a UNIVERSAL TURING 
MACHINE, which can simulate ANY other machine
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Universality, and 
Programs as Data

Depends on TYPE 0 description of eth Turing machine 



First Draft of a Report on 
the EDVAC, 1945

The General and Logical 
Theory of Automata, based 
on talk at the Hixon 
Symposium, Pasadena, 
September 1948

Universality, and 
Programs as Data

John von Neumann
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The omnipotent computer -  

Functionalism and AI - stress what a 
computer does as something realisable 
in different hardware - Hilary 
Putnam: “Minds and Machines”, 
1960

Hilary Putnam

A New Computing 
Paradigm ...

I am building 
a brain ...



Successful reduction of “natural” examples to the 
Turing model - e.g. quantum computation (David 
Deutsch)

19

Question and Answers with David Deutsch, on New.Scientist.com News 
Service, December, 2006

I am sure 
we will have [conscious computers], I expect 

they will be purely classical, and I expect that it 
will be a long time in the future. Significant 

advances in our philosophical understanding of 
what consciousness is, will be needed.

A New Computing 
Paradigm ...
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Embodiment & 
INCOMPUTABLE
INFORMATION 



“For the mathematician there is no Ignorabimus, and, in 
my opinion, not at all for natural science either. ... The 
true reason why [no one] has succeeded in finding an 
unsolvable problem is, in my opinion, that there is no 

unsolvable problem. 
In contrast to the foolish Ignorabimus, our credo avers:

We must know,
We shall know. “

- David Hilbert’s opening address to the Society of German Scientists and Physicians, 
Königsberg,  September 1930 
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Hilbert’s Programme: 

The Discovery of 
‘Incomputability’



Unsolvability of the Halting Problem for U:           
No computer can tell us, for each given input x, 
whether U will compute - where, remember - we 
allow an input to include a coded program!

22

The Discovery of 
‘Incomputability’

Turing(1936): Take a Universal Turing machine U:

‘Church’s Theorem’:                                                  
No computer can tell us, for each given sentence, 
whether it is logically valid or not.
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Turing Bombe Rebuild at Bletchley Park

Pilot ACE, May 10, 1950 - small version 
of planned computer described in

Turing’s ACE Report of 1945, fastest 
computer in world at time

Programs as 
Data Embodied



Programmable computers - 
Charles Babbage/Ada Lovelace, 
1834 onwards; Zuse, 1930s;  
Atanasoff (1937-42); Tommy 
Flowers and Colossus, 1944; 
ENIAC, 1946 ...
First stored program computer 
that worked - Manchester 
‘Baby’ (1948), then EDSAC in 
Cambridge (Maurice Wilkes, 
1949)
First commercial computers - 
Ferranti Mark 1, and Eckert and 
Mauchly’s UNIVAC I (1951) 24

Programs as 
Data Embodied

Tommy Flowers 

Capt. Jerry Roberts and 
Members of rebuild team, 2012, TNMOC 



Hiding & Unhiding

 Information

Churchill: “the 
geese that laid 
the golden eggs 
but never 
cackled”

25© Dirk Rijmenants 2004 - 2010
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‘Enigmatic Statistics’ 
& Banburismus

Notebook of Thomas Bayes Jack Good, 1955

http://www.mathcomp.leeds.ac.uk/turing2012/Images/Turing_Statistics.pdf

http://www.mathcomp.leeds.ac.uk/turing2012/Images/Turing_Statistics.pdf
http://www.mathcomp.leeds.ac.uk/turing2012/Images/Turing_Statistics.pdf


I have spent my entire life 
studying randomness, practicing 

randomness, hating 
randomness. The more that 

time passes, the worse things 
seem to me, the more scared I 
get, the more disgusted I am 
with Mother Nature .....  The 

more I think about my subject, 
the more I see evidence that 

the world we have in our minds 
is different from the one playing 

outside. Nassim Taleb



“Some things 
happen for no 
reason ...” 

-  Robin Gandy (1919-95)
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INCOMPUTABLE
INFORMATION 
& Embodiment

Higher 
Type
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TYPES & LEVELS of 
ABSTRACTION

By the theory of simple types I mean the 
doctrine which says that the objects of 

thought ... are divided into types, namely: 
individuals, properties of individuals, relations 

between individuals, properties of such 
relations, etc. ...

   That the theory of simple types suffices for 
avoiding also the epistemological paradoxes is 

shown by a closer analysis of these.
(Kurt Gödel: Russell's mathematical logic, 

1944)
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How Does Nature 
Compute?



Emergence of 
patterns in Nature  

See http://www.swintons.net/jonathan/turing.htm

1950s - Alan 
Turing proposes 

a simple 
reaction-

diffusion system 
describing 
chemical 

reactions and 
diffusion to 
account for 

morphogenesis 

James D. Murray

From website of the Biological Modeling and Visualization research 
group, Department of Computer Science at the University of Calgary  

Philip Maini

http://www.swintons.net/jonathan/turing.htm
http://www.swintons.net/jonathan/turing.htm
http://www.cpsc.ucalgary.ca/
http://www.cpsc.ucalgary.ca/
http://www.ucalgary.ca/
http://www.ucalgary.ca/
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WHAT IS  interesting 
about ...

... Morphogenesis ?



Morphogenesis - in 
same world as ...

35



Morphogenesis - in 
same world as ...

... the Halting Problem?



‘Having reached Coutances, we entered an omnibus to go some place or other. 
At the moment when I put my foot on the step, the idea came to me, without 
anything in my former thoughts seeming to have paved the way for it ... I 

did not verify the idea ... I went on with a conversation already commenced, 
but I felt a perfect certainty. 

On my return to Caen, for conscience sake, I verified 
the result at my leisure.’     “ 

from Jacques Hadamard [1945], ”The Psychology of Invention in the Mathematical Field”,  Princeton Univ. Press

“At first Poincaré attacked [a problem] vainly for a fortnight, attempting 
to prove there could not be any such function ... [quoting Poincaré]:
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Emergence and 
Mathematical 
Intuition 



Exhibition: Intuition & Ingenuity, Bletchley Park, November 1-30

Alan Turing [1939], 
Systems of logic based on ordinals, Proc.  London Math. Soc. (2) 45, pp.161-228. 

Reprinted in A. M. Turing, Collected Works: Mathematical Logic,  pp.  81-148.      

Mathematical  
reasoning may be regarded ... 

as the exercise of a combination of 
... intuition and ingenuity. ... In pre-Gödel times it was 
thought by some that all the intuitive judgements of 

mathematics could be replaced by a finite number of ... 
rules. The necessity for intuition would then be entirely 
eliminated. In our discussions, however, we have gone 
to the opposite extreme and eliminated not intuition 

but ingenuity, and this  in spite of the 
fact that our aim has been in much 

the same direction.    

An explanation of why written proofs do not 
tell us how the proof was discovered . . .

38



Morphogenesis - in 
same world as ...

... Mental Supervenience?



Supervenience ’represents the idea that mentality is at bottom physically 
based, and that there is no free-floating mentality unanchored in the 

physical nature of objects and events in which it is manifested’     

                                                            from Jaegwon Kim: ”Mind in a Physical World”,  MIT Press, 1998, pp.14-15

40

“A set of properties A supervenes upon another 
set B just in case no two things can differ with 
respect to A-properties without also differing 
with respect to their B-properties.” 

Stanford Encyclopedia of Philosophy

SUPERVENIENCE 
as Emergence
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THE BRAIN & 
HIGHER TYPE
COMPUTATION



42Higher type data via Emergence?



But what is intelligence?  “... if a machine is expected 
to be infallible, it cannot also be intelligent. There are 
several theorems which say almost exactly that.”

“The results which have been described in this article 
are mainly of  a negative character, setting certain 
bounds to what we can hope to achieve purely by 
reasoning. These, and some other results of 
mathematical logic may be regarded as going some 
way towards a demonstration, within mathematics 
itself, of the inadequacy of ‘reason’ unsupported by 
common sense.”

- A.M. Turing, talk to the London Mathematical Society, February 20, 1947, 
 quoted in Andrew Hodges, p.361

- final paragraph of Alan Turing,  Solvable and Unsolvable Problems, 
Penguin Science News 31, 1954, p.23 
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  The world of the left hemisphere, dependent on denotative 
language and abstraction, yields clarity and power to manipulate 
things that are known, fixed, static, isolated, decontextualised, 
explicit, disembodied, general in nature, but ultimately lifeless. 

  The right hemisphere by contrast, yields a world of individual, 
changing, evolving, interconnected, implicit, incarnate, living 
beings within the context of the lived world, but in the nature of 
things never fully graspable, always imperfectly known - and to 
this world it exists in a relationship of care. 

  The knowledge that is mediated by the left hemisphere is 
knowledge within a closed system. It has the advantage of 
perfection, but such perfection is bought ultimately at the price   
of emptiness, of self- reference. It can mediate knowledge only    
in terms of a mechanical rearrangement of other things already 
known. It can never really ‘break out’ to know anything new, 
because its knowledge is of its own representations only. 

  Where the thing itself is present to the right hemisphere,         
it is only ‘re-presented’ by the left hemisphere, now become an 
idea of a thing. 

  Where the right hemisphere is conscious of the Other, 
whatever it may be, the left hemisphere’s consciousness is of itself.



... the evidence is that the primary effect of callosal 
transmission is to produce functional inhibition.

... it turns out that the evolution both of brain size and of 
hemisphere asymmetry went hand in hand with a 

reduction in interhemispheric connectivity. And, in the 
ultimate case of the modern human brain, its twin 

hemispheres have been characterised as two autonomous 
systems.

So is there actually some purpose in the division of 
neuronal, and therefore, mental processes?                          

If so, what could that be? 
45

... a harmonious 
partnership?

          - from Iain McGilchrist: ”The Master 
and his Emissary - The Divided Brain and 

the Making of the Western World”,  Yale 
University Press, 2009, pp.18-19:



Paul Smolensky [1988] (recipient 2005 David E. Rumelhart Prize), 

      On the proper treatment of connectionism, in  Behavioral and Brain Sciences, 11, pp. 1-74              

  There is a reasonable chance 
that connectionist models will lead to the development of 

new somewhat-general-purpose self-programming, massively 
parallel analog computers, and a new theory of analog parallel 

computation: they may possibly even challenge the strong 
construal of Church's Thesis as the claim that the class of well-

defined computations is exhausted 
by those of Turing machines.

46

Connectionist 
Models? 
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Steven Pinker, 

      How the Mind Works, W. W. Norton, New York, 1997              

We humans can 
take an entire proposition and give it a role in some 

larger proposition. Then we can take the larger 
proposition and embed it in a still-larger one. Not only 
did the baby eat the slug, but the father saw the baby 
eat the slug, and I wonder whether the father saw the 

baby eat the slug, the father knows that I wonder 
whether he saw the baby eat the slug, and I can guess 
that the father knows that I wonder whether he saw 

the baby eat the slug, and so on.      

Connectionist 
Models? 



Rodney Brooks in 
Nature, 2001:
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... neither AI nor Alife 
has produced artifacts 
that could be confused 
with a living organism 

for more than an 
instant     
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AI has 
been brain-dead 

since the 
1970s     

 Marvin Minsky at 
Boston University, May 
2003:
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Information, 
Embodiment & 
Mathematics



 ... it is unclear in advance 
whether at higher types there is 
really just one natural notion of 
computability (as in ordinary 
recursion theory), or several, or 
no really natural notions at all. 

51

Notions of higher 
type computation?

          - from John Longley: ”Notions of Computability at Higher Types I”,  in 
‘Logic Colloquium 2000’, Lecture Notes in Logic 19, ASL (2005), pp.32-142



 Turing, 1939 - Oracle Turing Machines ...

Provide a model of how we compute using data given 
to us from unknown sources

A model within                                                      
which Newtonian                                        
computability etc                                                      
comfortably fit ...
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A familiar picture:

0 0 1 1 0 0 0 . . .. . .

reading head which is
in internal state q and

obeys Turing program P

tape, infinitely extendable
in each direction

Computation also 
about Information



A model of computable content of structures, based 
on p.c. functionals over the reals

1944 - Post defines the degrees of            
unsolvability as a classification of                        
reals in terms of their relative computability 

Giving a landscape with a rich structure

53

Phyllis, Emil and Gertrude Post

The Mathematics of 
Relative Computability
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Machines, 
Humans & the 
Turing Test
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 - Alan Turing: “Lecture to the London Mathematical Society 0n 20 February 1947” 
in “Alan Turing - His Work and Impact”, Elsevier, 2013, p.497

To continue my plea for ‘fair 
play for the machines’ when 

testing their I.Q. ...
 No man adds very much to the 
body of knowledge, why should 
we expect more of a machine? 

Putting the same point 
differently, the machine must 

be allowed to have contact with 
human beings in order that it 

may adapt itself to their 
standards. 
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Turing Test in 
Popular Culture ...  



Thank You !


