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The Laplactan model becomes wore of a model

Some uncomfortable consequences

what is emergence? - defunability, nonlocality

ls that all therve Ls? - Turiwg and the humawn braiwn ...

The extended Turing model, and a physics road test




The Algorithmic
Content of Science

qalileo and Newtow onwards - overarching
aim of science became the

extraction of the algorithmic content

of the world ... theories which predict,
theorems with proofs ...

Elnsteln [p.54, “oOut of My Later Years’, 1950]1: “When we
say that we understand a group o-f natural phewomewa, We
mean that we have found a constructive theory which
embraces them.”




Laplace’s Predictive
‘Demon’ as model

“Ggiven for one instant an intelligence which could
comprehend all the forces by which nature Ls anitmated
and the respective situations of the betngs who compose it
- an intelligence sufficiently vast to submit these data to
analystis - it would embrace tn the same formula the
movements of the greatest bodies and those of the lightest
atow; for it, nothing would be uncertain and the future,
as the past, would be present to its eyes.”

from P. S. de Laplace [1819], "Essai philosophigue sur Les probabilités”




“For the mathematiclan there is no (gnorabimus, and, tn

my opivxiow, not at all ‘(:or natural sclence etther. ... 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 ignorabimus, owr credo avers:
we must Rnow,
we shall know.

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

\




A mathematical
model at last

O 1936 - Turing’s wmachines appear

O Provide a model of algorithmic natural processes
withim structures which are countably presented

reading head which is
\ in internal state ¢ and

\ / obeys Turing program P
\ /

0 0 1 ik 0 0 0

Qtape, infinitely extendablej

in each direction




A mathematical
model at last

O 1936 - Turing’s wmachines appear

O Provide a model of algorithmic natural processes
withim structures which are countably presented
But - technigques for presenting \ / e T program ¢
machines give the Luniversal \/

0 0 1 ik 0 0 0

Turing machine - and

incomputable objects 1 j
tape, infinitely extendable

in each direction




New algorithmic
content ...

0O lwcompu’cabw compu’cabtg enumerable sets

0 Approximatiows to A2 and 22 sets

( ’ ’ ’ ’ ’ ’
“...f a machine Ls expected to be nfallible, Lt cannot

also be intelligent. There are several theorems which say
almost exactly that. "

A.M. Turing, talk to the London Mathematical Society, February 20, 1947, quoted by
Awndrew Hoodges tn “Alan Turing - the enigma”, p.261




| 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.

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

Natural phenomena as |
discipline problem

Successful reduction of “natural” exa mples to the Turing
model - e.g. quantum com]:utatlow (pavid Deutseh)



Natural phenomena as|
discipline problem

Martin Davis versus the hypercomputationalists (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




But back in the real
world ...

Persistence of problems of predictability - quantum
uncertainty, emergent phenomena, chaos and strange
attractors, reLatithg and singularities (black holes)

Renewed Lnterest Ln analog and hybrid computing
machines leading to: ... the classical Turing paradigm.

may no longer be fully appropriate to capture all features of
present-day computing.”

-_). van Leeuwewn, ). Wledermaww, The Turﬂwg Machine Pamoligm LA Cow’cempomrg
Compu.tlwg. I Mathematics Unlimited - 2001 and Begowd, LNCS, 2000




“Von Neumann’s axioms distinguished the U (unitary evolution) and
R (reduction) rules of quantum mechanics. Now, quantum computing
so far (in the work of Feynman, Deutsch, Shor, etcj is based on the U
process and so computable. It has not made serious use of the R process:
the unpredictable element that comes in with reduction, measurement, or
collapse of the wave function.”

Awndrew Hoodges

tn “What would Alan Turing have dowe after 195427, from Teuscher,

“Alan Turing: Life and legacy of a great thinker”




Co-operative
phenomena

1970 - Georg Krelsel
proposes a collision
problem related to the =-
body problem, whieh
might result Lt “an
analog computation of a
nown-recursive function”




Mathematical
analogues of ch

Growth of Chaos theory, generation of tinformational
aompLexltg via very stmple rules, accompanted bg the

emergence of new regularities - e.g. Robert Shaw’s
dripping tap[1984]

Link between structures L nature, and mathematical
objects, such as the Mandelbrot and julia sets

Penrose, Smale - computability of Mandelbrot, Julia
sets?




Now we witnessed ... a certatn extraoroliwariLg

complicated looking set, na mely the Mandelbrot set.
Although the rules which provide its definition are
surprisingkj stmple, the set itself exhibits
an endless variety of highly elaborate
structures.

Roger Penrose

ln “The Emperor’s New mind”, Oxforad LUniv. Press, 1994

Recent results - Braverman [1999],
Hertling [2005], Rettinger [2005],
Rettinger and Wethrauch [2003]




Emergence occurs
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patterns in Nap:

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.

.

\

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
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Big Claims %

Emergence is often invoked in an almost mystical sense regarding the
capabilities of behavior-based systems. Emergent behavior implies a
holistic capability where the sum is considerably greater than its parts.
It is true that what occurs in a behavior-based system is often a surprise
to the system's designer, but does the surprise come because of a
shortcoming of the analysis of the constituent behavioral building
blocks and their coordination, or because of something else?

Ronald C. Arkin in “Behaviour-Based Robotics”, MIT Press, 1998, p.105




1) Design: The system has been constructed by the designer, by describing local
elementary interactions between components (e.g., artificial creatures and elements of
the environment) in a language 1.

2) Observation: The observer is fully aware of the design, but describes global behaviors
and properties of the running system, over a period of time, using a language %».

3) Surprise: The language of design ¥£; and the language of observation &2 are distinct,
and the causal link between the elementary interactions programmed in £ and the
behaviors observed in £z is non-obvious to the observer - who therefore experiences

surprise. In other words, there is a cognitive dissonance between the observer's mental

image of the system's design stated in £1 and his contemporaneous observation of the
system's behavior stated in £>.

Rownald, Sipper and Capearrére in “Desigwn, observation, surprise! A test of emergence”,
Artifictal Life, 5 (1999), 225-239

~N




Descriptions and
Emergent Structure

Notice - tt is often posstble to get descriptions of
emergent properties tn terms of the elementary actions

E.g., this is what Turing did for the role of Flbonacct
numbers L relation to the sunflower ete.

v mathematics, it ts well-knowwn that complicated
descriptions may take us beyond what is computable

A potential source of surprise tn emergence ...




The Halting
Problem Revisited

Turing machines have simple destgns, using very
baste language, and are clearly observable

Expanding the Language by the addition of set
theoretical notation and existential quantifiers ...

... get an emergent halting set whieh can surprise us by
being incomputable

The Mandelbrot set stmilarly passes the Bmergence Test




Descriptions and
Emergent Structure ...

Intuition - entities exist because of, and according to,
mathematical laws. (n the words of Letbniz [1714] -

“The Monadology’, sectlons 21, 32

“ ... there can be found no fact that is true
or existent, or any true proposition, without
there belng a suffictent reasown for its
betng so and wnot otherwise, although we
cannot Rnow these reasons L most cases.”




... and definability§?
the key concept

So natural Phewomewa not ong generate olescriptiows, but
arise and derive form from them . . .

... S0 connecting with a useful abstraction - the concept of
mathematical definability ...

... formalising describability wn a mathematical structure

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




. and confirmed by our experience of robustness of
emergent phenomenda ...

I 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,\/ersitg,

tn_John Brockman (ed.): “wWhat we Believe But Cannot Prove”




s the Human Mind
Physical?

Supervenience ‘represents the Ldea that mentality is at bottom physically
based, and that there Ls no free-floating mewtathU unanchored L the
physical nature of objects and events tn which it Ls manifested’

~N

J

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

“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 Bncyclopedia of Philosophy




s the Human Mind
Physical?

2
Supervenience ‘represents the Ldea that mentality is at bottom physically
based, and that there Ls no free-floating mentality unanchored tn the
physical nature of objects and events tn which it Ls manifested’

J

from jaegwon Kim: "Mind in a Physieal world”, MIT Press, 1998, pp.14-15

The role of a clarified notton of emergence in pinning
doww the nature of supervenience - and so, of Lntelligence

Ph 5sicaLLsm and consclousness reconctled ...




Descartes
revisited ...

A non-reductive phﬁsioaLLsm, deﬁwabid‘cg delivertmore

Mind-bod Y quaer\/ewiewce

The ph 55100& 'Lweduaibititg of the mental - including
consclousness, qualia

Awnd the causal efficactousness of the mental

with removal of conflict between ‘vertical’ determination
and ‘horizontal’ causation




Emergence and _
Mathematical Intuition

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

4 A
‘Having reached Coutances, we entered an omnibus to go some place or other. At the

moment whew [ put my foot on the step, the idea came to me, without angthiwg LA my
former thoughts seeming to have paved the way for it ... tdid not verify the wdea ... (
went on with a conversation already commenced, but t felt a perfect certainty.
On my return to Caen, for conscience sake, | verified

the result at my letswre.” “

. J

from Jacoues Hadamard [1945]1, "The Psychology of Invention tn the Mathematical Fleld”, Princeton Univ. Press




Intelligent thoughts as |
emergent phenomena

Need to bridge the gap between ‘emergent’ higher mental
functionality and ... what algorithmic ‘design’?




Intelligent machines as|
emergent phenomena

Need to bridge the gap between ‘emergent’ higher mental
functionality and ... what algorithmic ‘design’?

B Difficult - Rodney Brooks [Nature, 2001]: “neither Al
nor Alife has produced artifacts that could be confused
with a Lliving organism for more thawn an instant.”




Intelligent machines as|
emergent phenomena

Need to bridge the gap between ‘emergent’ higher mental
functionality and ... what algorithmic ‘design’?

B Difficult - Rodney Brooks [Nature, 2001]: “neither Al
nor Alife has produced artifacts that could be confused
with a Lliving organism for more thawn an instant.”

So does emergence explain what we observe ... Ls that all

there Ls ¢




Connectionist Models
of Computation?

There 1s 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 1s exhausted
by those of Turing machines.

Paul Smolens IQ,Z] [1:9 2] (reciplent 2005 pavid €. Rumelhart Prize),

Ow the proper treatment of connectionism, in Behavioral and Brain Sciences, 11, pp. 1-74
32




Connectionist Models
of Computation?

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

But -for Steven Punker “... neural networks alone cannot
do the job”.




Connectionist Models |
of Computation? '

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

But -for Steven Punker “... neural networks alone cannot
do the job”.

‘ Awnd focussing on our elusive higher fuwctiowaL'Ltg, he

points to a “kRind of mental fecundity called
recursLon” . . .




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.

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

O Making a stmilar point - Damasio has a nice description of the hierarchical
development of a particular instance of consclousness within the brain,
interacting with some external object . . .




“... both organism and object are
mapped as neural patterns, in first-order maps; all of these

neural patterns can become images. ... The sensorimotor maps pertaining to the
object cause changes in the maps pertaining to the organism. ... [These] changes ... can be

re-represented in yet other maps (second-order maps) which thus represent the relationship of
object and organism. ... The neural patterns transiently formed in second-order maps

can become mental images, no less so than the neural
patterns in first-order maps.”

Awntonlo DPamasto,
The Feeling of what Happens, Harcourt, Orlando FL, 1999

O Picture is - re-representation of newral patterns formed across some region of
the bratn, Ln such a wa Yy that they can have a computational relevance in
forming new patterns

Key conception - computational Loops Lncorporating, tn a controlled way,
these ‘second-order” aspects of the computation itself
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Turing on Description
versus Computation

Turing, 1939 - The computational content of descriptions
can be captured hiemrohicaLLg - but n uwprediatab!,e ways

No conslstent axtomatie theory captures artthmeetie
(Godel)- but we can hlemmhicau,g transcend this barrier

But thew - tdentifying the route to a new theorem tnvolves
using an tncomputable oracle

Despite tnouctive structure, reductionism breaks down

I-E.
e
Fl

.
3
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Mathematical reasoning
may be regarded ... as the exercise of a combination of
... intuition and ingenuity. ... In pre-Godel times 1t 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 ow 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 . . .




Towards a basic

computational model

Key tngredients - imaging, parallelism,
LW’CCVODV\/WCGtLVL’CH, and a counterpart to the second-order

YeCUrSLOWS poiw’ced to above

Conmnectiontst models - strong on parallelism,
Lnterconmectivity, Lmaging - but not recursions




extended

O 1939 - Turing’s oracle Turing machines appear

O Provides a wmodel of algorithmic content of
structures, based on p.c. functionals over the reals

reading head which is
\ in internal state ¢ and

\ / obeys Turing program P
\ /

0 0 1 ik 0 0 0

Qtape, infinitely extendablej

in each direction




extended

O 1939 - Turing’s oracle Turing machines appear

O Provides a wmodel of algorithmic content of
structures, based on p.c. functionals over the reals

reading head which is
\ in internal state ¢ and

D A WLOdCL Wiatl’lizl/\z Wh Lah \ / obeys Turing program P
Newtow etc \ /
comtforta bLH | ‘

»
fit "y v )
tape, infinitely extendable

in each direction

0 0 1 ik 0 0 0




extended

O 1939 - Turing’s oracle Turing machines appear

a

Provides a model of algorithmic 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 thetr relative
computa bLLL’cg

Giving a landscape with a rich structure



The Turing landscape,
causality and emergence ...

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

.. S0 capturing the emergence
of Large-scale formations

Mathewmatically - formalise as
defina blL’L’cg over structure based on Turing functionals?

More generally - as nvaritance under automorphisms




Fundamental problem: Characterise the Turing
Lnvariant relations




Hartley Rogers’
programme ...

Fundamental problem: Characterise the Turing
tnvaritant relations

(ntultlon: These are key to plriniing down
how basic laws and entities emerge as

Notice: The richness of Turing structure disco

far becomes the raw material for a multitude of nown-
trivially definable relations




A physics test-drive
for the model

By 1973, physicists had in place what was to become
a fantastically successful theory of fundamental
particles and their interactions, a theory that was
soon to acquire the name of the ‘standard model’.
Since that time, the overwhelming triumph of the
standard model has been matched by a similarly
overwhelming failure to find any way to make further
progress on fundamental questions.

Introduction to Peter Wolt: “Not Bven Wrong - The Fatlure of String
Theory and the Continuing Challenge to Unify the Laws of Physies”,
Jonathaw cape, 2006




From A. BElnstein: “Autoblographical Notes”, in “Albert
ELnsteln: 'PMLLosopher—SaLethst" (P. SGVILL‘P‘P ed.),
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) ...

f



‘ Peter Wolt: “Owne wa Y of thinking about what is
unsatisfactory about the standard model Ls that it Leaves
seventeen non-trivial numbers still to be explained, ...”

String theory as a unifying explanatory theory - “the
only game tn town” ... ?




Peter Wolt: “Owne wa Y of thinking about what is
unsatisfactory about the standard model Ls that it Leaves
seventeen non-trivial numbers still to be explained, ...”

String theory as a unifying explanatory theory - “the
only game tn town” ... ?

The longstanding crisis of string
theory is its complete failure to explain or predict
any large distance physics. ... String theory is
incapable of determining the dimension, geometry,
particle spectrum and coupling constants of
macroscopic spacetime. ... The reliability of string
theory cannot be evaluated, much less established.
String theory has no credibility as a candidate
theory of physics.

Daniel Friedan: A Tentative Theory of Large Distance Physics, ). High
Energy Phys. JHEPLO(2003)063




Lee Smolin’s 5
Great Problems:

1. Combine general relativity and quantum theory into a
single theory that can claim to be the complete theory of nature.

2. Resolve the problems in the foundations of gquantum mechanties

3. The unification of particles and forces problem: Determine whether or not the
various particles and forces can be unified in a theory that explains thewm all as
mawnifestations of a single, fundamental entity.

4. Explain how the values of the free constants in the standard model of physics
are chosew Ln nature.

5. Explain dark wmatter and dark energ Y. or, Lf they don't extst, determine how
and why gravity ts modified on large scales.




pavid Gross, quoted Ln New Sclentist, Dec. 10 2005,
“Nobel Lawreate Adwmits 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.




“Causality is
fundamenta

early champions of the role of causality - Roger Penvose,
Rafael Sorkin, Fa Y Dowker, and Fotini Markopoulouw

I”

-

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 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 5sics, P.241




Quantum uncertainty, |
Classical emergence

Emergence Test hard to apply -

Surprise factor evident! but basie destgn wnclear

(and part of surprise comes from a failure of emergence)

Lesson from string theory: Whew observational base
falters, fall back on deep thought and mathematics ...




A deconstructed _
informational Universe

Described L terms of reals ... With natural laws based
ow algorithmic relations between reals

Ewmergence described in terms of definability/invariance

... with failures of definable information content
modelling gquantum amblgui‘cg

. . . which gives rise to new levels of algorithmic structure

... and a fragmented sclentific 8wterprise




Physical entities modelled as information

Turing la ndscape

Structures information

Theories describing relations over the reals,
enabling calculations

Functionals over the reals modelled on
human computational capabilities

An extensive basic causal structure which is
algorithmic

Models computable causal relations over
the reals

Descriptions of globally emerging laws and
constants elusive

Problems pinning down the nature of
Turing invariance and definability

Quantum ambiguity and nonlocality

Explanation in terms of putative breakdown
in Turing definability

Theoretical fragmentation involving phase
transitions

Incomputability, and algorithmic relations

over emergent objects
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