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Computation 
DECONSTRUCTED



1936 - Turing’s  machines 

Hardware trivial 

Computes ‘anything’ 
computable 

All the computing power lies 
in the program ...
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... and reduced to    
Logical StructureA 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
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Can Computation be ... 
Disembodied?



ANDREW CHI-CHIH YAO 
Classical Physics and the Church–Turing Thesis, Journal of the ACM, Jan. 2003.

Would  
physical laws permit  

the construction of computing  
machines that are capable of solving 
some problems much faster than the 

standard computational model? 
Recent evidence suggests that this 
might be the case in the quantum 
world. But the question is of great 

interest even in the realm of  
classical physics.

 The Turing Model 
and Complexity 
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Program-Data 
Duality ...

“Giving a program + data logically                  
implies  the output (leaving aside non-determinism 
or randomness), so why bother computing the result! 

“... Can information increase in computation? 
Information theory and thermodynamics seem to tell 
us that it can't, yet intuitively, this is surely exactly 
why we compute - to get information we didn't have 
before.”
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UNIVERSALITY



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 
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A New Computing 
Paradigm ...

The omnipotent computer -   I am building a brain 

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

Virtual Machine (IBM, 1965)- software 
implementation of a programmable machine -    
JAVA, Unix



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

12
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.

Can a COMPUTER 
Be CONSCIOUS?
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Universality 
EMBODIED



The first electronic digital computer - 
John Atanasoff (1937-42) 

First stored program computer that 
worked - Manchester ‘Baby’ (1948) 

First commercial computer - EDSAC in 
Cambridge (Maurice Wilkes, 1949), or 
Eckert and Mauchly’s UNIVAC (1951) 

If ‘Program as data’ key to the first 
computer ... out go Babbage; Zuse, 
1930s; Colossus,1944; ENIAC,1946

14

Programs as Data 
Embodied



Programs as Data 
Embodied
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Turing Bombe Rebuild at Bletchley Park

Pilot ACE, May 10, 1950 - small 
version of plan contained in 
Turing’s ACE Report of 1945
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Semantics of 
BIG DATA



Churchill: “the 
geese that laid 
the golden eggs 
but never 
cackled”
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Bletchley Park ... 
Hiding & Unhiding   
Information

© Dirk Rijmenants 2004 - 2010
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Computers are 
LIMITED



“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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The Discovery of 
Unsolvability

Hilbert’s Programme: 



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

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



Real world 
randomness

Quantum randomness is a familiar               
experimental and theoretical phenomenon 

Calude: “It passes all reasonable                             
statistical properties of randomness” 

Cris Calude/Karl Svozil: It is Turing incomputable 

Open question: How random is quantum 
randomness ?

It passes all reasonable statistical 
properties of randomness
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Computing the 
INCOMPUTABLE



Turing’s observation: Things we cannot compute 
can often be approximated - as closely as we want!  

Maybe, using human ingenuity, we can use this to 
compute beyond the Turing (machine) Barrier? 

Do incomputable objects occur in the real world?
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Map of Road to the 
Incomputable?



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 . . .
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Roger Penrose   
      in “The Emperor’s New mind”, Oxford Univ. Press, 1994

Now we witnessed ...  
a certain extraordinarily  

complicated looking set, namely the 
Mandelbrot set.  

Although the rules which provide its definition 
are surprisingly simple, the set itself exhibits  

an endless variety of highly elaborate  
structures.
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OPEN PROBLEM: 
Is the Mandelbrot 
set computable??
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INTERACTION 
as Computation



 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

ORACLES and 
INTERACTIVITY



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

28
Phyllis, Emil and Gertrude Post

STRUCTURE of the 
INCOMPUTABLE?



Physical Computation, Turing 
Landscape and Emergence ...

Emergence of semantics hosted                                               
by interactive infrastructure ... 

... as embodied computation of                                          
large-scale neural formations 

Formalised as definability/invariance or higher type 
computation relative to a relativistic computational base 

Iterable using type reduction via sampling, language etc 
29
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Modelling the 
BRAIN ...



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
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“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 
Mathematics?



How can mentality have a causal role in a world that is 
fundamentally physical?  

And what about ‘overdetermination’ - the problem of 
phenomena having both mental and physical causes?

... the problem of mental causation is solvable only if 
mentality is physically reducible; however, phenomenal 

consciousness resists physical reduction, putting its causal 
efficacy in peril.

- Jaegwon Kim: Physicalism, or Something Near Enough, Princeton, 2005

Supervenience as 
Mathematics?



Turing, 1948: ‘Unorganised  machines’= neural nets 

Beginnings: Warren McCulloch and Walter Pitts,1943 

Supervenience as 
Mathematics?



Rodney Brooks in 
Nature, 2001:
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AI has  
been brain-dead 

since the  
1970s     

 Marvin Minsky at 
Boston University, May 
2003:



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     



 Antonio Damasio [1999],  
The Feeling Of What Happens, p.170:            

“As the brain forms images of an object - such as a face,                           
a melody, a toothache, the memory of an event - and as                       
the images of the object affect the state of the organism, yet another 
level of brain structure creates a swift nonverbal account of the events 
that are taking place in the varied brain regions activated as a 
consequence of the object-organism interaction. The mapping of the 
object-related consequences occurs in first-order neural maps 
representing the proto-self and object; the account of the causal 
relationship between object and organism can only be captured in 
second-order neural maps.  ... one might say that the swift, second-
order nonverbal account narrates a story: 	

that of the organism caught in the act of representing its own changing state 	

as it goes about representing something else.” 
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... respecting the 
MIND 



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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How do we judge whether a machine can                                
"think" at approximately human-level? 

The Turing Test (1950): A human                            
examiner ‘converses’ with another human,                       
and with the machine (an advanced                     
computer), without knowing which is which.  

If the examiner fails to correctly identify which is the 
machine, then the machine passes the test.                       
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Human mind the 
Benchmark?



Garry Kasparov - youngest 
undisputed world chess champion 

... became arguably world’s 
greatest ever chess champion   

Beaten on May 11, 1997 by IBM 
chess playing computer ‘Deep Blue’  

And IBM’s Watson wins  
Jeopardy ...                
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‘Deep Blue’ and 
other successes ... 
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Turing Test in 
Popular Culture ...  
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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

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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Computing 
HIGHER TYPE 
DATA 
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How Does Nature 
COMPUTE?



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

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, i.e., 
the development of 
form and shape in 
biological systems. 
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How Does Nature 
COMPUTE?

http://www.cpsc.ucalgary.ca/
http://www.ucalgary.ca/
http://www.swintons.net/jonathan/turing.htm
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How Does Nature 
COMPUTE?



Morphogenesis - in 
same world as ...

47... the Mandelbrot set ?



Morphogenesis - in 
same world as ...

... the Halting Problem?



Morphogenesis - in 
same world as ...

... Mental Supervenience?





Andrew Hodges   
  unveiling the Blue Plaque at the Colonnade Hotel, June 23rd, 1998                 

    It is the greatest honour to                         
unveil the place where Ethel Sara gave birth on 
23 June 1912. My sentiments are not the same 

as those that impelled her to rediscover her 
dead son and tell her story. But I hope she 

would recognise an echo of her               
language when I conclude:                                                                     

The law killed but the spirit gives life.

www.turing.org.uk
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http://www.turing.org.uk


Thank You !	



