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Pushlng Back the
Incomputable -
Ten Big Ideas

* The Turing Machine * Exploring ncomputability

Programs as Data * Computing with Oracles

Embodied Computing * Modelling the Brain

Cryptography § Enlogma * The Turing Test § Al

Unsolvable Problems * Movrphogenesis




In Pursuit of the
Computable

O Newton onwards - mathematics rules science
- we look for computable natural Laws ...
- theories which computably predict ...
- try to capture truth via proofs ...

Whew we say that we understand a group of
natural phenomena, we mean that we have found a
constructive theory whieh emibraces them

Albert Elnstein: .54, “out of My Later Years’, 1950




1. Computation
Disem bodied
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reading head which is

O 1936 - Twuring’'s wmachines

J in internal state ¢ and
o obeys Turing program P
0O Hardware trivial

O Actlons swpre

O But aompu‘ce ’awgthiwg’
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O ALl the computing power Lies K J
LA the Pm@ ram ... -tape, infinitely extendable

in each direction




» program lor 7" will be formed from instructions — called guadruples
made up from the programming symbols. Any such quadruple ¢ must take
the form

internal

states

Q—— ¢S Ag;

tape action

symbol symbol

Then Q = ¢5Aq, says: “II T is in state ¢, reading tape symbol S, then
perform action A and pass into new internal state ¢,." If T is in state ¢

reading tape symbol S, then we say that ) s applicadle.,




What does this Turing
machine compute?

gol0g; subroutine for deleting 1’s

( move right in search of another 1,

q10Rqy <« < in preparation for return to “delete”
. subroutine




subroutine for deleting 1's

( move right in search of another 1,

in preparation for return to “delete”
. subroutine

\—  —

Input 2— S~— Output 3




What does this Turing
machine compute?

gol0g; subroutine for deleting 1’s

( move right in search of another 1,

q10Rqy <« < in preparation for return to “delete”
. subroutine

or(n) =0=0(n) for all n € N.




1. Computation
Disembodied

reading head which is
in internal state ¢ and
beys Turing program P
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in internal state ¢ and
obeys Turing program P

1. Computation
Disembodied
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Turing, 1936: Build a UNIVERSAL TURING
MACHHINE, whteh can stmulate ANY other machine

can aompu’cab% code, and so list, the Turing
Programs, gving:

~

<p£k) = the k-place partial function computed by P..

he et partial computable (p.c.) function




2. Universality, and
Programs as Data

Turing, 1936: Build a UNIVERSAL TURING
MACHHINE, whteh can stmulate ANY other machine

(" )

There exists a Turing machine U — the Universal Turing Machine —
which if given input (e, ) simulates the e'® Turing machine with input .

That is, gp( )( ®) = wel®m).

1=




*Turim@, 1936: Build a UNIVERSAL TURING

MACHHINE, whteh can stmulate ANY other machine

0O Awn anticipation of the stored program computer

O A concept tmmediately understood by John von
Newmanw - as itn his 1945 EDVAC report

O Awd ‘program as data’ key to the first compucter ...




A New Computlng
Paradigm ..

L am butlding a bmiw)

The omwipotewt computer =

Fuwnctionalism and Al - stress what a computer does
as something realisable tn different hardware - 58
HLLarg Putinam: “Munds and Machines”, :rﬁéo

3

r v § . y
|. . s i -
T <o g,
N o
H 5 » ~a
o —
Pt
W ‘v -
MO |
|
\
5
v

virtual Machine (IBM, 1965)- software

l' umplementation of a programmable machine -

JAVA, UnLX
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O Successful reduction of “natural” exa mples to the
Turing model - e.9. gquantum computation (Davio
Deutsch)

| am sure
we will have [conscious computers], | expect
they will be purely classical, and | expect that it
will be a long time in the future. Significant
advances in our philosophical understanding of
what consciousness is, will be needed. <

Ruestlon and Answers with pavid Deutsch, on New.Sclentist.com News
Service, December, 2006




A New Computlng
Paradigm ..

O Martin Davis versus the h 5pemompu’cat£owa lLsts
(Jack copeland et al) -

The great success of modern

computers as all-purpose algorithm-executing

engines embodying Turing's universal computer in

physical form, makes it extremely plausible that the
abstract theory of computability gives the correct
answer to the question ‘What is a computation?’,

and, by itself, makes the existence of any more
general form of computation
extremely doubtful.

Martin Davis [2004], The myth of hypercomputation. tn Alan Turing: Life and
legacy of a great thinker (C. Teuscher, ed.), Springer-Verlag
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Computation?”

- ACM UBIQUITY SYMPOSIUM: Computation Is Process by Dennis ] Frailey:

The concept of computation is arguably the most dramatic
advance in mathematieal thinking of the past century

Church, godel, and Turing defined it in terms of
mathematical functions ... They were tnclined to the view

that only the algorithmic functions constituted
computation

ULL call this the "wmathematician's bias" because 1 believe it
limits owr thinking and prevent us from fully
appreciating the power of computation




Re ‘what we compute’,
Turing took traditional mathematical objects, real
numbers, functions etc. as the things to be computed.
In subsequent work in Computer Science,
the view of computation has

broadened enormously. In the work on Samson
concurrent processes, the behaviour AvrAnER ),
is the object of interest. There is indeed a lack of a clear- P”"f”ce ,
cut Church-Turing thesis in this wider sphere of RO ICNLCALLORS
March 2011

computation - computation as interaction, as
Robin Milner put it.

20




Program-Da
Duality ...

“Formally, giving a program + data
LogLeally tmplies the output (Leaving aside nown-
determintsme or randommness), <o wh Yy_actually bother
computing the result!

“... can nformation tncrease Ln computation?
information theory and thermodyna mics seemn to tell us
that it can't, yet intuitively, this is surely exactly why
we compute - to get Lw-(:ormatiow we didn't have before."

21



Programs as
Data Embodied

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

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

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

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




3. Programs
Data Embols

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




Turing and the Ferranti Mark 1

o/oration.html

Dietrich Prinz and

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

e YR

Computer Chess



http://www.turing.org.uk/bio/oration.html
http://www.turing.org.uk/bio/oration.html

4. Information -
iding & Unhldlng

Iinformation

O Churchill: “the
geese that Laid
the goldew eggs
but never
cackled”




5. The Discovery of
Unsolvability

Hilbert’s Programme:

Y
“For the mathematician there is no (gnorabimus, and, tn

my opiniow, not at all for natural science either. ... The
true reason why [no onel has succeeded tn finding an
unsolvable problem is, tn my opinion, that there Ls no
unsolvable problem.
n contrast to the foolish lgnorabimus, our credo avers:
we must Rnow,
we shall know. “

- David Hilbert’s opening address to the Society of German Scientists and Physicians,
Kdnigsberg, September 1920




5 The Dlscovery of
Unsolvability

O Turing (1926): Take a Universal Turing machine U:

! 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!

\_
-

‘Church’s Theorem’:
No computer can tell us, for each given sentence,
_ Whether it is logically valid or not.
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Problem

O February 26, 1944 - Post addresses the New York
meeting of the American Mathematical Soctety

!

O May 1944 - publishes i the Bulletin of the AMS:
“Recursively Bnumerable Sets of Positive Integers
and Thelr Deciston Problems”

0 RUESTION: Are there Lots of natural examples of
unsolvable problems?
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Post’s remark in this paper
that Hilbert’s tenth
problem “begs for an
unsolvability proof” had a
major influence on my
oW Work.

Martin Davis

From tntroduction to "SDL\/abLLL’cg, Prova bLL'Ltg, DeﬁwabiLi’%:
The Collected Works of Bmil L. Post”, Birkhauser, 1994




PROBLEM: Given any polynomial equation in one or more vari-
ables, with integer coefficients, find a solution consisting entirely
of integers — that is, solve any given Diophantine equation.

HILBERT’S TENTH PROBLEM: To find a general way of telling
effectively whether a given Diophantine equation has a solution

or not.

A set A C N is Diophantine if

A= {'E €N l (ayla” 3y Yn € N)ﬂf1(£3 Yy oo vy'n) = 0]}

for some polynomial pa(x,y1,...,yn) (with integer coefficients).
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A=1{1,3,4,578911,...}
Then A = {z € N| z = y? — y3, some y1,y> € N}. So A is Diophantine with
pA(waylayQ) :y%_y%_a} {‘

DAVIS’ STRATEGY: Show that every computably enumerable
set is Diophantine.

But say -
K = {ZC = NI (Hyla"'ayn GN)[pK(xayla"'ayn) :0]}

Then no QLQOVL’CVWM, PK (O~ Yy e ooy yn)
Known cxists for the equatiows: PK(L () yn)

incomputable

c.e. set pK(Qw Y1y . .. -.?/n)

|

0
0
0




0 _)u.LLa Roblnson, Davis, HﬁLarH Putnam (13@0): For Davls’
strategy, just need to show one exponentially increasing set s
diophantine.

O Ewnter some more old mathematics: Flbonaccel sequences are

exponentially tncreasing, e.g., %[%(1 +/5)|" approximates

1,1,2,3,98,8,13,21,34, ..., Gn, Gnii, Gnis =0nii + Gpys.

O Ywri Matiasevich (1970): The Flbonaccel sequence is
diophantine.

COROLLARY (Davis, Matiasevich, Putnam, Robinson)

(i) Every computably enumerable set is Diophantine.
(it) There is no positive solution to Hilbert’s Tenth Problem.




u+w— FIB(2u) —2 =10
| —2FIB(2u) —2a— 1 =0
“=lz—2°—-1=0
g—>bl*=0

g —=gh—h*=1=0
m—c(2h+g)—3=0
m-— fl—2=0

.'1.'2

—mzy+y°—1=0
d—=U)l+u—z—-1=0
x — FIB(2u) — (2h + g)(l — 1) = 0.
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ap of Road to
the Incomputable? |

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

0 Magbe, using human ngevwaitg, we can use this to
compute begowd the Twuring (machine) Barrier?

O Do lncomputable objeats occur L the real world?

26




Now we witnessed ...

a certain extraordinarily
complicated Looking set, namely the
Mawndelbrot set.

Although the rules which provide its definition
are surprisingly stmple, the set itself exhibits
an endless variety of highly elaborate
structures.

\ RO@&Y Pewnrose
"

bn “The Emperor's New mind”, Oxforo Univ. Press, 1994

R -
OPEN PROBLEM:

s the Mawndelbrot
set computaloLe??
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O uantum randomness Ls a famtiliar
e)q:erimewtaL and theoretical phenomen

It passes all reasonable statistical
properties of randomness

0O Cris Calude/Karl Svozil: It Ls Turing tncomputable

2
Open question: How ra noom LS quantum

randommness ?




Mathematical reasoning
may be regarded ... as the exercise of a combination of
... intuition and ingenuity. ... In pre-Godel 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.

Alan Turing [1939],
Systems of Logic based own ordinals, Proc. London Math. Soc. (2) 45, pp.161-228.
Reprinted in A. M. Turing, Collected Works: Mathematical Logic, pp. S1-148.

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




And mathematical
creativity observed

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

e D
‘Having reached Coutances, we entered an omnibus to go some place or other.

At the moment whew | put my foo’c own the step, the Ldea came to me, without
anything in my former thoughts seeming to have paved the way for it ...
did not verify the idea ... | went on with a conversation already commenced,
buct ( felt a perfect certainty.

On my return to Caen, for conscience sake, | verified
the result at my leisure.”

\_

from Jacques Hadamard [19451, "The Psychology of Invention in the Mathematical Field”, Princeton LUnLV. Press
40




/. Computabilit
and ‘Relativity’

O Turing, 1939 - Oracle Turing Machines ...

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

o e

D A modeL WLtl/‘ LV\, \ / obeys Turing program P
which Newtonian 7N \ /
computability ete

comfortably fit ... 3 Z& j
tape, infinitely extendable

in each direction

0 0 1 1 0 0 0




/. Computabilit
and ‘Relativity’

O Twunng’s tdea - Allow programs with guery
quadruples, which can ask for finite information
from the ‘real world’, given by awn ‘oracle’ -

internal

states

o =4 S1.454] ‘

tape internal
symbol state




Causallty and
Computatizj,™ g

TROUBLE
PHYSICS




... fundamental to foundational ...

e I BN SEEEEEEEEEE Fro A. Einstein: “Autoblographical Notes”, in “Albert
; ’ Elnstein: Philosopher-Scientist” (P. Schilpp, ed.),
n | S

Open Court Publishing, 1969, p.63

... | would like to state a
theorem which at present can not be based
upon anything more than upon a faith in
the simplicity, i.e. intelligibility, of nature ...
nature is so constituted that it is possible
logically to lay down such strongly
determined laws that within these laws
only rationally completely determined
constants occur (not constants, therefore,
whose numerical value could be changed
without destroying the theory) ...

ems in physics ...

-—wr.‘
q |

a
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Causality Beyond
Computation?

[According to Strong Determinism] ... all the
complication, variety and apparent
randomness that we see all about us, as well as
the precise physical laws, are all exact and
unambiguous consequences of one single
coherent mathematical structure.

Roger Penrose: Quantum physics and conscious thought, in
uantum mplications: Essays in honour of David Bohm
(B.). HLch and F.D. Peat, eds.), pp.106-10F




Causality Beyond
Computation?

If the creation of the
universe can be described as a quantum process,
we would be left with one deep mystery of '
existence: What is it that determined the laws of <
physics?

A.H. Guth, The
Inflationary Universe
- The Quest for a New

One way of thinking
about what is unsatisfactory about the standard

2 . . . Theory of Cosmic
model is that it leaves seventeen non-trivial Origins, Addison-
numbers still to be explained, .... Wesley, 1997

Peter Woit: Not Even Wrong - The Failure of String Theory and the Continuing Challenge to Unify
the Laws of Physics, Jonathan Cape, 2006

4




pavid gross, quoted Ln New Sclentist, Dec. 10 2005,
“Nobel Lawreate Adwits String Theory (s n Trouble”:

The state of physics today is
like it was when we were
mystified by radioactivity ...
They were missing something
absolutely fundamental. We
are missing perhaps
something as profound as
they were back then.
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Causality Beyond
Computation?

O early champlons of the role of causality - Roger Penrose,
Rafael Sorkin, Fa Y Dowker, and Fotini Markopoulouw

4 p
It is not only the case that the spacetime geometry determines what the causal

relations are. This can be turned around: Causal relations can determine the
spacetime geometry ...

It’s easy to talk about space or spacetime emerging from something more
fundamental, but those who have tried to develop the idea have found it difficult
to realize in practice. ... We now believe they failed because they ignored the role

that causality plays in spacetime. These days, many of us working on quantum
gravity believe that causality itself is fundamental - and is thus meaningful even at
a level where the notion of space has disappeared.

Lee Smolin, The Trouble With Ph 3s£cs, P.241



O 1939 - Turtng’s oracle Turing machines

O Provide a moodel of computable content of structures,
based on p.c. functionals over the reals

O 1944 - Post defines the degrees of
unsolvability as a classification of _ .
reals tn terms of their relative computabi®a. % 2

: FEES = IR

O Giving a Landscape with a vich structicre i eimicemieron




8. The Brain as
Mathematics

Supervenience ‘represents the tdea that mentality is at bottom physically
based, and that there Ls wo free-floating mew’caLl’cH unanchored L the
physical nature of objects and events tn which it Ls manifested’

~N

J

\_

\
Y \ \ \ ‘ from jaegwon Kim: "Mind in a Physieal world”, MIT Press, 1998, pp.14-15
= r D

“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




8. The Brain as
Mathematics

O How can mew’cati’cg have a causal role L a world that Ls
fundamentally physical?

0O Awnd what about ‘overdetermination’ - the problem of
phenomena having both mental and PhgsicaL CAUSES?

Pru

“
-

... 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.

.

a AV

i
!
’
\
\

£
AF

o~
- Jaegwow Kim: Physiealism, or Something Near Enough, Princeton, 2005 | \,\




Connectionist Models
to the Rescue?

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
_\i{*’ construal of Church's Thesis as the claim that the class of well-
& } defined computations is exhausted
| by those of Turing machines.

Paul Smolens hg [:!ﬁ L1 (recipient 2005 David €. Rumelhart Prize),

Ow the proper treatment of connectionism, in Behavioral and Brain Sciences, 11, pp. 1-74
52




Connectionist Models
to the Rescue?

O Turing, 1948: ‘Unorganised machines’= neural nets Ot Tscher

O Beginnings: Warren McCulloch and Walter Pitts, 1943 'I'urin ’s

Connectionism

ha Investigation of Neural

Netwark Architectures




Connectionist Models
to the Rescue? |

Turing's
Connectionism

A reesagorion of Nearel
Netwueh Achvecasses

O These have come a long way stnce Turing's [194€]
discussion of ‘unorganised wmachines’, and b
McCulloch and Pitts [194=] early paper on newral nets

O But for Steven Pinker “... neural networks alone cannot
do the job”.

* And focussing on our elusive higher functionality, he
points to a “kRind of mental fecundity called

recurslon” . . .
54



Connectionist Model
to the Rescue?

R TESIEEEIRRRRRI—

s |

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 | wonder whether the father saw the
baby eat the slug, the father knows that | wonder
whether he saw the baby eat the slug, and | can guess
that the father knows that | wonder whether he saw
the baby eat the slug, and so on.

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




Connectionist Models
to the Rescue?

N
“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.”

- Antonio Damasio [19991, The Feeling Of what Happens, p.170




9. Intelligent
Machines?

O Solomown Feferman, 1988: “Turing in the Land of O(2)”, in
“The Universal Turing Machine: A HaL-{:—Cewturg
Survey” (Herken R, ed.), Oxford Mwiversitg Press, pp.131-2:

“Turing, as is well known, had a mechanistic
conception of mind, and that conviction led him to

have faith in the possibility of machines exhibiting
intelligent behavior.”




.

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.”

~

J

- ALM. Turing, talk to the London Mathematieal Society, February 20, 1947,

quoted tn Andrew Hodges, p.36&1

-

O

“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.”

~

J

- final paragraph of Alan Turing, Solvable and vnsolvable Problems,
Penguin Sclence News 31, 1954, p.23

R — — -



O 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 s

Lompanr
L Py g

computer), without Rnowing which is which.

If the examiner faLls to corvectly Ldentify which s the

machine, thewm the machine passes the test.

29
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LB The Loebwner Prize - $100,000 at stake

A e ince 1990 ...

O Chatterbox r

Cl’lﬂLLﬂV\:@& ‘ .\\jf.‘m.\(.'n\f
from 2001 :Wn Ciiaiieioox

v W Lhalienge

o The Utmate cortest for chathols

o J

‘Elbot’ by Iired Roberts - Loebner 1st Place, 2008, talks online: http://www.elbot.com/
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0 Rodweg Brooks Lin
Natwre, 2001

... heither Al nor Alife
has produced artifacts
that could be confused
with a living organism

for more than an
instant.
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Turing Test In

Popular Culture ...

C SO AN IS s UMN




ALGORITHMIC
DEAULY
OF SEA SHELIJ




1950s - Alan Tu ring _ From website of
proposes a simple

COLLECIED WORKS the Biological

. . . s e S Modeling and
reaction-diffusion S —— Visualization
system describing r&:ﬁ:ﬂ?ﬁi‘?

chemical reactions Computer Science
and diffusion to at the University of

Calgary:
account for S
morphogenesis, i.e., | W“!
the development of
form and shape in
biological systems. NORTH-HOLLAND

o AM TURING

| odrter

Przemuyslaw Prusinkiewicz

.

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



http://www.cpsc.ucalgary.ca/
http://www.cpsc.ucalgary.ca/
http://www.cpsc.ucalgary.ca/
http://www.cpsc.ucalgary.ca/
http://www.ucalgary.ca/
http://www.ucalgary.ca/
http://www.ucalgary.ca/
http://www.ucalgary.ca/
http://www.swintons.net/jonathan/turing.htm
http://www.swintons.net/jonathan/turing.htm

THE CHEMICAL BASIS OF MORFPHOGENESIS

By A. M. TURING, F.RS. Uniserniy of Manchesier
(Recetond 9 November 1901 —Restsed 10 March 1952)
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Emergence and r’ |
Self-Organisationy

Hermann Haken

0 SYNERGETICS - the study of the origins and
evolution of macroscopie patterns ano spacto-temporal
structures Ln Lnteractive systems

0O ewphasis on mapping out self-organisational processes
i science and the humantties - e.g. autopoiests

O Mathematical modelling of wonlinear and
Lrreversable processes, dissipative structures ...

See: Michael Bushev, Synergetics - Chaos, Order, Self-Organization, World Scientific, 1994

llya Prigogine




%\,%_ The Rise & Fall g

British Emergen

)

‘... the characteristic behaviour of the whole ... could not,
evew in theory, be deduced from the most complete
knowledge of the behaviour of its components ... This ...
Ls what ( understand by the “Theory of Bmergence’. |
cannot give a conclusive example of Lt, since it is a
matter of controversy whether it actually applies to
awgth'w\@ .. lwtll merely remark that, <o far as | know
at present, the characteristic behaviour of Common Salt
cannot be deduced from the most complete knowledge of
the properties of Sodium tn isolation; or of Chlorine tn

Lsolation; or of other compounds of Sodium, ..."

, C. D. Broad 1887-1971
- C.D. Broad, The Mind and Its Place in Nature, Kegan-Paul, London, 1925, P-59 % Y a
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Descriptions and
Emergent Structure

O Notice - It is often possible to get descriptions of
ewmergent properties tn terms of the elementary actions

O E.9. this is what Turing did for the role of Flbonacel
numbers L relation to the sunflower ete.

O nwmathematics, it is well-known that complicated
descriptiows may entatl Lwoompu’cabw phenomenn

O A potential source of surprise in emergence ...




Descriptions and
§ Emergent Structure

O [(ntultion - entities exist because of, and according to,
mathematical Laws. (n the words of Letbniz [1714] -

“The Monadology’, section 32:

‘... there can be found wno fact that is true
or existent, or any true proposttion, without
there belng a suffictent reason for its
betng so and not otherwise, although we
cannot Rnow these reasons L most cases.”




Hans Reichenbac
(1891-1953)

|/
] -

O That ts - natwral phenomena not only generate
desorlptiows, but arise and derive form from them . . .

... S0 - conmnecting with a useful abstraction - that of
mathematieal definability - or, more generally,
wvariance (under the automorphisms of the
appropriate structure) ...

Alfred Tarski

O ... giving precision to our experience of emergence as a
potentially non-algorithmic determinant of events

F0




Symmetries play a huge role tn science ..

y ) , SUQ3) Y
.. EXpressing appropriate automorphisms 7 o |

.\\' \\0 \ﬁ

.. or particular Lapses in deﬁwabLLLtg s=1 & — @—

§=-2 OE 0E
.. S0 giving a clear route: from fundamental

mathematical structures, and their automorphisms and
breakdowns in definability - to far-reaching wmacro-
Sy mmetries L nature

F1




the expected robustness ...

| believe the
following aspects of evolution to be true, without
knowing how to turn them into (respectable) research topics.

Important steps in evolution are robust. Multicellularity
evolved at least ten times. There are several independent
origins of eusociality. There were a number of lineages leading
from primates to humans. If our ancestors had not evolved

language, somebody else would have.

Martin. Nowak,

Director, Program for Bvolutiona ry Pyna mtics, Harvard lx&wi\/ersi’cg,

tn_John Brockmawn (ed.): “what we Believe But Cannot Prove”




Coutances
revisited ...

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

e D
‘Having reached Coutances, we entered an omnibus to go some place or other.

At the moment whew | put my foo’c own the step, the Ldea came to me, without
anything in my former thoughts seeming to have paved the way for it ...
did not verify the idea ... | went on with a conversation already commenced,
buct ( felt a perfect certainty.

On my return to Caen, for conscience sake, | verified
the result at my leisure.”

\_

from Jacques Hadamard [19451, "The Psychology of Invention in the Mathematical Field”, Princeton LUnLV. Press

#3




Basic causality, Turing
landscape and emergence ...

!
4

caw describe global relations
in terms of Local structure ...

.. S0 capturing the emergence
of Large-scale formations

Mathematica Ly - formalise as
deﬁwa biL’L’cg over structure based on Turlwg fuwctiowa ls

More generally - as lnvariance under automorphisms

F4
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¥ Morphogenesis - in
& same world as ...
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... the Mandelbrot set..




Morphogenesis - |
same world as

... the HItlng Problem




Morphogenesis - in |
same world as ...
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orphogenesis - In

same world as ...

Large Scale Structure in the Local Universe
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Hartley Rogers’
programme ...

Fundamental problem: Characterise the Turing tnvariant
relations

Intultlon: These are leeg to Piwwiwg down
how basic laws and entities emerge as
mathematical constraints on causal struecture

Notice: The richness of Turing structure
discovered so far becomes the raw material for a muLtLtuale
of non-trivia Ly definable relations

1




Bi-interpretability ]
Conjecture(Harrington): The Turing' &
definable relations are exactly those
with information content

describable in second-order

arithmetic

where: Conjecture rules out there betng ’ 2.8
)

non-trivial Turing automorphisms ...

whtle: Partial results uwdevpiw observed certaLnties ...




Examples of Failure
of Definability?

Processes for change of wave equation describing_gquantum
state of a physical system:

O Deterministic continuous evolution via Schrsdinger’s
Cquatiow - tnwvolves supevpositiows of bastis states

O Probabilistic non-local discontinuous change due to
measurement - observe a jump to a single basts state

Putative mathematical explanation Ln terms of assertion of
previously tmperfect definability ... providing ...




... an alternatlve”
to Many Worlds g

Bryce DeWitt
ohn Wheeler

A represemabon of the spit thee &
OCOuUrs tased on he possbie outoomes

HUQh Everett Il for sach action, according 10 Everett's
(Nov.11 ~'1 930- ]uly 19 1982) Mary Workss nierpretition (courtesy of Max Tegmark).
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and the Multiverse
+Anthropic|

Principle

"‘ m o 0
t C"“‘t‘

.. understanding the multiverse is a
precondition for understanding reality as best
we can. Nor is this said in a spirit of grim
determination to seek the truth no matter how
unpalatable it may be ... It is, on the contrary,
because the resulting world-view is so much
more integrated, and makes more sense in so
many ways, than any previous world-view, and
certainly more than the cynical pragmatism
which too often nowadays serves as surrogate for
a world-view amongst scientists.

David Peutsch, The Fabric of Reality, Allen Lane, 1997, p.48
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And: Downward
§ Causation Reyisitec

The “levels” involved are levels of
organisation and integration, and the
downward influence means that the
behavior of “lower” levels - that is, of the
components of which the “higher-level”
structure consists - is different than it
would otherwise be, because of the
influence of the new property that
emerges in consequence of the higher-

level organization.
\ J

william Hasker, ‘“The Emergent Self’, Cornell University Press, 1999, p.175 L6
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'Brain’.

expert

“fook cyanide

Dispatch Reporter

R. ALAN MATHISON

TURING, aged 4],
lived alone at Adlington-
road. Wimsiow, Cheshire,

and rarely wrote to relatives,

Dr. Turing, who belped to
deveolop Manchestey Unive

famoun mechanical braln, ¢
a siution of cranide, ale
APpDic o take away the
lrﬁ tiea went 1o bed.
0 Was ":ﬂd
aﬂﬂ“w;

Tuesd
Ellra

The bedciothes were pulled up
ound his neck and there was a
falnt smell of bitler almonds n
the rooen There was a botile of
Ccyanids in & drawer,

In the small back room where
Dr. Turog add his sxperunents
%0 eiegiric wiren weare
conoocted o & ransformer.

more wired i&d W the
buc'.le of & and s black
substances nside B 'l‘he pan
wu st babbilng.

J. F. Turiog. of Wem'
M ‘Culkdlord. 10 Mr J A

Dr‘l\m

Sy uR

at cm&m'z

with

mother. He did pot seemn 10 have
WOrT08
Juse 5 he acteplied an
inviiation 30 & meeling of the
Roval Sodtt which he was
s Pellow—n on on June 24

Did own cooking

Mra. Clayton said: * I used
to go In for three bow'a o0
Mondavs, Tuesdays, Thursdayvs
and Fridays. He did quite & t.
a!oo-ohng himself.

“On Tuesday
Lght was oo,

DO answer. so 1 went In.

& WAS Gaad, and I calked the

nls bedrocom

Drcc Bird, mologu
said Dc rur'm g?ax jrom
aaade pousoning. He had

drunk cyanide solution from a
Jam Sar.

The Coroner: * I am forced o
e Conclusion that 1L was &
dellbetnte nol. Everybody knows
that eyanide is a Odangerous

poison
“Although Dr. Turare acoepiad
Wis invitation on Juns Y
um. DAVe WBicome unstable

uium whils the balance

“of mind was disturdbed ™ was
recorded

I knocked. but |

—————
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2009 - the Prime
Minister’s Apology

Gordon Brown issued an unequivocal apology last night on behalf of the
government to Alan Turing, the second world war codebreaker who took his
own life 55 years ago after being sentenced to chemical castration for being gay.

Describing Turing's treatment as "horrifying" and "utterly unfair", Brown said
the country owed the brilliant mathematician a huge debt. He was proud, he
said, to offer an official apology. "We're sorry, you deserved so much better,"
Brown writes in a statement posted on the No 10 website.

guardian

John Graham-Cumming
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“Some things
happen for n;
reason ...”

- Robin Gandy (1919-95)

COLLECTED WORKS
o AM. TURING

MATHEMATICAL |
LOGIC




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 | hope she
would recognise an echo of her
language when | conclude:
The law killed but the spirit gives life.

| li"t 2 | PALAN
f i £ TURING
K\f;' & m aw” : Fx , 1912~1954
N > - = ” . T :! ' ) 2 ¢ (udcﬂt’l‘fjﬂt"’
’ , ‘. "' o «J e ",, Tl b —A‘--;::h = " ngjglt\:;'fbg'tm'

was born here

8

Awndrew Hodges www.turing.org.uk

waveiling the Blue Plague at the Colonnade Hotel, June 23rd, 1998
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