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=
ey Issues -
How does sciencegpresent and establish controlover
iInformation about the Universe

How doedhe Universe itself exercise control over its own

develpment ... or more feasible:

How can wereflect that control via our scientific and
mathematical representations




WA versus descriptions
Newton onwards - overarching

alm of science became the

extraction o the conputable content

of the world ...theories which computably

predict, exhibiting algorithmic proofs ...

Einstein [p.54, “Out of My Later YearsO, 1950]: When we
say that we understand a group of natural phenomena, we
mean that we have found a constructive theory which
embraces then©O




One Deterministic
World to Capture ...

~N

dsiven for one instant an intelligence which could
comprehend all the forces by which nature is animated

and the respective situations of the beings who compose it
- an intelligence sufficiently vast to submit these data to
analysis - it would embrace in the same formula the
movements of the greatest bodies and those of the lightest
atom,; for it, nothing would be uncertain and the future,
as the past, would be present to its eyés.

from P. S. de Laplace [1819], OEssai philosophique sur les probabilitZsO




& but Self-Destructs

0 1936 - TuringOs machines appear

0O Points to a model ofalgorithmic natural processes
within structures which arecountably pr ted

reading head which is
\ in internal state ¢ and

But - techniques for presenting on e
machines give theUniversal : O\Tll p

Turin g machine - and 1 j

iIncom putable ohects

in each direction
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&M as discipline problem
Davis versus thehypercomputationalists ( Jack
Copelandet 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. In Alan Turing: Life and
legacy of a great thinker (C. Teuscher, ed.), Springer-Verlag




Natural phenomena |
as discipline problem|

0 Successful reduction of OnaturalO examples to the Turing
model - e.g. quantum computation (David 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.

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




“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, etc) 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.”

Andrew Hodges

in OWhat would Alan Turing have done after 1954?0Ofrom Teuscher,
OAlan Turing: Life and legacy of a great thinkerO




Schrodinger’s
disappearing worlds

Processe$or change ¢ wave guation describin g
guantum state of a phy sical sy stem:

Deterministic continuous evolution via SchrddingerOs
eqguation - involves superpositionsof basis states

Probabilistic non-local discontinuous change due to
measurement- observe a jJump to a single basis state

* Interpretation??(where do the other states go)
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Bryce DeWitt
John Wheeler

Mark Oliver Everett -
lead singer/guitarist of EELS

Hugh Everett llI
(Nov.11, 1930- July 19, 1982)




WA Interpretation

Proposes manyalternative histories of the universe

All treated alike except for theirdifferent probabilities

Would you fike 17
o for a drink?

.J."'u
\ ke
T

A representation of the split that

occurs based on the possible outcomes

for each action, according to Everett's

Many-Worlds interpretation (courtesy of Max Tegmark).




Proposes manyalternative histories of the universe

All treated alike except for theirdifferent probabilities

Later development by many people, including Murray
Gell-Mann, Jim Hartle, Roland Omnes, Wojciech

Zurek ...

... theoretical elaboration ofdlecoherence, entanglement
multiverse, our Oquasi-classical domainO,..




Many Worlds
¥ Interpretatic

Such decoherence
mechanisms make possible the existence of the
quasiclassical domain that includes ordinary
experience. That domain consists of decoherent
coarse-grained histories, which can be envisaged as
forming a tree-like structure. ....
The structure first branches into alternative
possibilities right at, or just after, the beginning of
the expansion of the universe. Each branch then
splits again a short time later into further
alternatives, and so on for all time. At each M. Gell-Mann: The Quark
branching, there are well-defined probabilities for a"‘i,fhtf;f'sg,%g;e adveagle
the alternatives. There is no quantum Complex,

interference between them. Little, Brown and Company,
1994, p.149
13




More Questiofi- =g

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 AH. Guth, The
R0, Inflationary Universe
physics? - The Quest for a New
Theory of Cosmic
Origins, Addison-
Wesley, 1997

One way of thinking
about what is unsatisfactory about the standard
model is that it leaves seventeen non-trivial
numbers still to be explained, ....

Peter Woit: Not Even Wrong - The Failure of String Theory and the Continuing Challenge to Unify
the Laws of Physics, Jonathan Cape, 2006 14




The Multiverse

| + Anthropic
— erstanding the multiverse is a Pri nCi ple

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 Deutsch,The Fabric of Reality, Allen Lane, 1997, p.48 ,A "'-J




The issue of what is to be regarded as an
ensemble of ‘all possible” universes is unclear, it
can be manipulated to produce any result you
want ... The argument that this infinite ensemble
actually exists can be claimed to have a certain
explanatory economy (Tegmark 1993), although
others would claim that Occam’s razor has been
completely abandoned in favour of a profligate
excess of existential multiplicity, extravagantly
hypothesized in order to explain the one
universe that we do know exists.

George Ellis, The
Unique Nature of
Cosmology, in
Revisiting the
Foundations of
Relativistic Physics
(eds. Abhay Ashtekar
et al), Kluwer, 1996,
p.198

16




[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 PenroseQuantum physics and conscious thought, in
Quantum Implications: Essays in honour of David Bohm
(B.J. Hiley and F.D. Peat, eds.), pp.106-107




G Determinism

For computability theoretic ramifications:

C. Calude, D.I. Campbell, K.Svozil, D. Stefanescu:

Strong determinism vs. computability,

in W. Depauli-Schimanovich, E. Koehler, F. Stadler (eds.),
The Foundational Debate, Complexity and Constructivity in

Mathematics and Physics,
Kluwer, Dordrecht, 1995, 115-131.




From A. Einstein: OAutobiographical NotesQOn OAlbert
Einstein: Philosopher-ScientistO (P. Schilpp, 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) ...
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QA constrain existence:

Intuition - entities exist because © and according to,
mathematical laws. In the words ofLeibniz [1714] -

OThe Monadology€ections 31, 32:

O ..there can be found no fact that is true
or existent, or any true proposition, without
there being asufficient reason for its

being soand not otherwise, although we
cannot know these reasons in most cases.(




Definability the
key concept

That is - Natural phenomena not only generate
descriptions, but arise and derive formfrom them . . .

... SO connecting with a useful abstraction - the concept of
mathematical definabilit vy ...

... formalising describablility in a mathematical structure

0O Giving precision to our conception ofpossible worlds - a
possible world involvegelationships which aredefinable




WA extended

0O 1939 - TuringOsoracle Turing machines appear

0O Provides a model of theomputable contentof

structures, based on p.c. functionals over the reals
S

{ reading head which is
in internal state ¢ and

O A model within \ 7 /oo Tusing poogsamn 7
which Newtonian . \u/
computabllity etc e & e

comfortably fit ... 2 t j

in each direction




The Turmg model
extended

0O 1939 - TuringOsoracle Turing machines appear

0O Provides a model of theomputable contentof
structures, based on p.c. functionals over the reals

classification of reals In terms of their relative
computability

‘ 1944 - Post defines thedegrees of unsolvabllity as a

O Giving a landscape with a rich structure




The Turing landscape, and
emergent global structure ...

Can describe global relations
INn terms of local structure ...

. socapturing theemergence
of large-scale formations

Mathematically - formalise as
definability over structure based on Turing functionals

More generally - aslInvariance under automorphisms




Hartley Rogers’
N
£33 Programme

Invariant relations

Intuition : These are key to pinning down
how basic laws and entities emerge as

mathematical constraints on causal structure

far becomes the raw material for a multitude of non-
trivially invariant relations




Bi-inter pretability Conecture
(Harrington): The Turing definable
relations are exactly those with
Information content describable In
second-order arithmetic

Notice: Conjecture not consistent with the existence of
non-trivial Turing automorphisms ...

But - work over the years makes it increasingly unlikely o




in’ TROUBLE
Lee Smolin’s 5 TROMBLE

Great Problemsk ¢ &

an Tlnr,;

e ﬂ:ﬂlu
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1. Combinegeneral relativity and quantum theory into a
single theory that can claim to be the complete theory of nature.

2. Resolve the problems inhe foundations of quantum mechanics

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 them all as
manifestations of a single, fundamental entity.

4. Explain how thevalues d thefree constants in the standard modelof physics
are chosen in nature.

5. Explain dark matter and dark ener gy. Or, if they donOt exist, determine how
and why gravity is modified on large scales. 217
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& fundamenta

Early champions of the role of causality - Roger Penrose
Rafael Sorkin, Fay Dowker, and Fotini Markopoulou

(

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.

~N

Lee Smolin, The Trouble With Physics, p.241
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¥y Universe
Describedin terms of reals ... With natural laws based
on algorithmic relations between reals

Emergence described in terms ofiefinabllity/invariance

.. . with failures of invariance of information content
modelling quantum ambiguity

... which gives rise tanew levels of algorithmic structure

... and afragmented scientific enterprise
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