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) » = Various authors define forms of computation as specialized types of processes. As the scope of computation
ADD THIS nes Feco SEND US PRING widens, the range of such specialties increases. Dennis J. Frailey posits that the essence of computation can be
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found in any form of process, hence the title and the thesis of this paper in the Ubiquity symposium discussion whal
is computation. --Editor

The concept of computation is arguably the most dramatic advance in mathematical thinking of the past century.
Denning [2010], in his opening statement, describes how computation was originally defined in the 1930s and
how that definition has progressed through the ensuing decades. Church, Gédel, and Turing defined it in terms of
mathematical funetinns. which thev divided inta the decidahle (can he evaluated hv alaarithmas) and the un-




“What Is

Computation?”

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

The concept of computation is arguably the most dramatic
advance tn 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

I'LL call this the "wmathematicitan's bias" because 1 believe it
Limits our thinking and prevent us from fully
appreciating the power of computation
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LY . causality itself N

PHYSICS (R
“vien) |s fundamental

Lee Smoltn, “The Trouble with Ph gsics’, P.241




_John Barmawn in “A Primer Own Determinism”, B. Retdel/Kluwer,
1986, p.5:
. the most venerable of
all the philosophical definitions
[of determinism] holds that the world is
deterministic just in case every event has a
cause. The most immediate objection to
this approach is that it seeks to explain a
vague concept - determinism - in terms
of a truly obscure one - causation.



From A. Blnstein: “Autoblographical Notes”, in “Albert
Elnstein: Philosopher-Scientist” (P. Schilpp, ed.),
Open Court Publishing, 1969, p.e3

... | 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) ...




Causality
Incomplete

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

One way of thinking Inflationary Universe

about what is unsatisfactory about the standard \ - The Quest fora New
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
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Causality
Incomplete

ABC/ BBC
News:
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Causality
Abrogated ...

= &S A repre%entaéion or1: the splgc| that
. . L iy occurs hased on the possible outcomes
H Ugh Everett Il —c for each action, according to Everett's
(Nov.11, 1930- july 19, 198 2) : Many-Worlds interpretation (courtesy of Max Tegmark).




)

LR L s T

Bii
g

LI

N
i Sl &

By Max Tegmark
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: Not just a staple
of science fiction,
Other Uuniverses arc
9 - - . - . . e .
- a direct implication
mological obsen
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r selves. The farthest
fields and : s the distance that light has been able to trav-
anets? The it 1 years since the big bang expansion be-
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i a le volu
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f a larger “r
“unverse,”
wat that does rse to be forever in the
stimate is de-  phy / derline between ph
even assume
ve modern 1C8, 1t atsg 3 {or at i ) ! ke fron-
g least sufficently | e i if ed with 5 0 rsxcs have lly e rporate

qice metag sepes such as a round
h, ir Clromagnetic 1 wdown at high
eds, quantum supe ons, curved space, and black holes.
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... Causality
Fragmented

(

Supervenience ‘represents the tdea 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’

~N

J

. ‘ from Jaegwon Kim: "Mind tn a PhgsicaL world”, MIT Press, 1998, pp.14-15

4 )

“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




... Causality
Fragmented

O How can mewtaL'Ltg have a compu’catiowaL role L a world that
ls funda mentally ph 5s£oat?

0O Awnd what about ‘overdetermination’ - the problem of
phenomenn having both mental and plflgsiam 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.

) l (‘\" >
’ ’ ’ ’ ’ ‘ //// /] |
- Jaegwon Kim: Physiealism, or Something Near Enough, Princeton, 2005 n il >
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| Mental Causality
) Hard to Simulate

O Solomown Feferman, 1988: “Turing in the Land of O(2)”, in
“The Universal Turing Machine: A HaLf—Cewturg
Suwrvey” (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.”




0 Roolweg Brooks Lin
Nature, 2001

... neither Al nor Alife
has produced artifacts
that could be confused
with a living organism

for more than an
instant




0O Marvin M'wx,sleg at
Boston M.V\,'Lversi’cg, May
22003

Al has

been brain-dead

since the
1970s
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O 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 in 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




Causality as |
Computatio '

O Newton onwards - mathematics rules science
- we look for computable natural Laws ...
- theories which computably predict ...
- tr to capture truth vLa proofs ... | »
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Whew we say that we understand a group of
natural phenomena, we mean that we have found a
constructive theory which embraces them

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







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

See A. Hodges
in ‘Collected
Works’




Computation seen as
DISEMBODIED

) :{:336 — ’T'(,(_ri,y\,g dc VWQOMLWCS readlng head which is

J 1n internal state ¢ and
obeys Turing program P
0O Hardware trivial

0 Compu’ccs ‘a wgtlflim@ f
compu’cabw

0 0 1 0 0

, 7 i
O ALl the computing power L¢<s .
L'A’ tl/‘e PVOQ ram ... -tape, infinitely extendablej

in each direction
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| Universality, and
sal Programs as Data

*Turim@, 1936: Build a UNIVERSAL TURING

MACHHINE, whteh can stmulate ANY other machine

[Depends on TYPE O description of et" Turing machine]
| |

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

That is, ¢y (e, %) = pe().




potent computer -

Functlo \\xm and Al - stress what a

compu’cer d\&s\i\zome’cmwg realisable

Ln different 1/1\5( are HLLarg
Putnam: “Min \d Machines”,
1960

| am building
a brain ...

Hilary Putnam
23
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Paradlgm

0O SuwcessfuL reduwctlon of “watural” exa mpLes to the
Turing model - e.9. gquantum computation (Davio

Deutsch)

| am sure we
will have [conscious computers],

the future.

®Ruestion and Answers with David Deutseh, on
New.Sclenwtlst.com News Service, December, 2006
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| Emergence
sl patterns i

! e )
1950s - Alan Wﬁ i
Turing proposes ‘ A 4
a simple &3 T
reaction- st ety
diffusion system y
describing
chemical
reactions and U .,
diffusion to S W
account for B A -

o i \!
W\
morphogenesis , —— , ——
From website of the Biological Modeling and Visualization research

\_ group, Department of Computer Science at the University of Calgary

See htt:://www.swiwtows.wet/jowathaw/turiwg.htm

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/

WHAT IS in “
about ...

. THE CHEMICAL BASIS OF MORPHOGENESIS
By A. M. TURING, F.R.S. Umnivernty of Manchester
(Receioed 9 November 1951 —Revised 16 March 1952)

{ that & systemn of chemical sulstances, called morphogens, reacting

' w.h&bm»mmthmm phenomena of mo

) system, although it may originally be quite homogeneous, may later
due o an instability of the homogeneows equilibrium, which i trigy
ances. Such reaction-diffsion systems are corsidered in some dotaidl
d ring of cells, & mathematically convenient, though biologically umw

Morphogenesis ?




BRI Y anaglbrot Set ?




A level of abstraction (LoA) is a finite but

non-empty set of observables. ...
The introduction of LoAs is often an

important step prior to mathematical
modelling of the phenomenon under

consideration ... Use of LoAs is effective ...

where a typed theory would be
effective ... [but] analysis ...may be
conducted at different levels of
epistemological levelism.

The Philosophy
of Information




By the theory of simple types | 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. ...,
and that sentences of the form: " a has the property @ ", "
b bears the relation Rto ¢ ", etc. are meaningless, if a, b,
¢, R, ® are not of types fitting together. Mixed types (such
as classes containing individuals and classes as elements)
and therefore also transfinite types (such as the class of all
classes of finite types) are excluded. That the theory of
simple types suffices for avoiding also the epistemological

paradoxes is shown by a closer analysis of these.
(Kurt Godel: Russell's mathematical logic, 1944)



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




m.l The Rise & Fall
& British Emergeny:
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“ ... the mental properties of those events which
do have mental properties are completely
determined by the material properties which
these events also have ... it is certainly not ... a
form of Reductive Materialism; it is a form of the
theory ... of Emergent Materialism."

- C.D. Broad, The Mind and Its Place In Nature, Kegan-Paul,
London, 1923, p.623

- See Brian P. McLaughlin: “The Rise and Fall of British Emergentism”,
in “Emergence or Reduction? - Essays on the Prospects of Nonreductive

Physicalism” (A. Beckermann, H. Flohr, J. Kim, eds.), de Gruyter, Berlin,

1992, pp.49-93 C. D. Broad 1887-1971 5







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

A

Turing Bombe Rebuild at Bletchley Park
B A aall o W Ls e




‘Incomputablllty

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.




AT

.:ﬂ;l!_!l;n.ol' "',{1"1. -
e, ) |

¥EETY§ i

. { i

13030
"“l"e('.(..‘.
» )




O uantum randomness is a familiar
e)qserlmcwtm and theoretical phenomeno

It passes all reasonable statistical
properties of randomness

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

X
Open guestion: How random ts quantum

randommness ? Magbe not random




" 1 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 |
get, the more disgusted | am
with Mother Nature ..... The
more | think about my subject,
the more | see evidence that
the world we have in our minds , .
is different from the one playing NG MR

outside. “The Black sSwawn”

\_




1970 - Georg) Kreisel

proposes a collision
problem related to the
3-body problem, which
mlg ht result tn “an
analog computation of
A WON-VECUVSLVE

-(:uwatio n”







Hans Reichenbac
(1891-1953)

e
o

(ntultlon: Natural phenomena not only generate
olesoriptiows, but arise and derive form from them . . .

... S0 - connecting with a useful abstraction - that of
mathematical defina b'LLLtg - or, more generally,
invariance (under appropriate automorphisms) ...

\
N\
... QLVLING PrecLlslon to our experience of emergence as Afredtark
a computationally non-algorithmic determinant of

phenomena




Ludwig Wittgenstein

TRACTATUS
LOGICO-
PHILOSOPHICUS

Translated from the German by C.K.Ogden
With an Infroduction by Bertrand Russell

“The world Ls

everything that
Ls the case”




Al to desceribe global relations tn
terms of Local structure ...

.. S0 capturing the emergence of
large-scale formations ...

Mathemiatica LLy formalised as defina bLLx’,’cg

Or ... as computability over higher type
information




Al to desceribe global relations tn
terms of Local structure ...

.. S0 capturing the emergence of
large-scale formations ...

Mathemiatica LLy formalised as defina bLLx’,’cg

Or ... as computability over higher type
information







O Turing, 1939 - Oracle Turing Machines ...

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

e dmeticads e

O A wodel within \\ //oétyi?“ﬂﬁil;fo??gfa;?dp
whiteh Newtontan -~ W \ /
computability ete 8 4 = e e

A . ‘
comfortably fit ... N ' 1 j
: tape, infinitely extendable

in each direction




O A wodel of computable content of structures, based
ow p.c. functionals over the reals

O 1944 - Post defines the degrees of
uwsoLvabLLLtg as a cLassuﬁoatLow of

Phyllis, Emil and Gertrude Post

0O quwing a landscape with a rich structure




Programme

Fundamental problem: Characterise the Turing
definable/invariant relations

Intultlon: These are key to plwwiwg dowwn
how higher order relations on the real worldl
can appear to be computed

O So: The richness of Turing structure discovered so far
becomes the raw material for a multitude of definable -
and hence visibly computable - velations




Bi-interpretability
Conjecture(Harrington): The Turing
definable relations are exactly those
with information content
describable in second-order
arithmetic

Where: Conjecture rules out there being 3
non-trivial Turing automorphisms ...

)




Phy5|cal Computatlon Turmg
Landscape and Emergence ...

Description of global relations
in terms of Local structure ...

. capturing the computation
of Large-scale formations

Mathematically - formalised as
definability over structure based on oracle computations

Or - as iwvariance / higher type computation




happen for n;
reason

Robin Gandy (1919-95)

44

COLLECTED WORKS
of A.M. TURING

MATHEMATICAL
LOGIC

R.O. Gandy' &
C.E.M. Yates
editors

NORTH-HOLLAND
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