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Alan Turing

Welltknown

VMiostly Knewn| as; the, Inventor: of the /
UG Macines

Alse invented other machines & theories



Algoerithm

Tiuring made Turing Machines; fiox
fermalizZing NOLIeN Oif a/go/iLiiiis

Algorithms

s systematic procedure that preduces — in; finite
AUMDEr oiF stepsi— the, answer: tora guestion
Or' the solution: o a problem

Named afiter the; mathematician; Al-

Koarizmi fromi the 9-thi century



Algoritihmic computation

Algorithmic computation:

s e computation is; performed!in closed-box,
transforming finitenput, determined at start:
off the computation; to finite eutput in a finite
amount off time.

Matches properties of 1V



Turing Machines

IHave preperties thiat modelralgorithmic
computation:

s Computation s closed

s Resources! ane finite) (time & tape)

s Behavioer st fixed (start in same configuration)



Strong| Turing TThesIs

Thesis:

s A Turing Maehine can doieverythingl a real
computer can do.

Wirengl interpretation Chukech-Furingl ThesIS
Alan Tiuring weuld' have disagreed

Proposed other models With properties
that centradict the algoritimic pProperties



Turing's contributions

Entseneidungspreblem

TiUring's thesis

Choice-'and Oracle; Macnines
Cryptoelogy: andl complexity: theory,
ACE: generaliuniversal computers
Turingrsi Unerganized Machines
Artificiallintelligence & life



Entscheldungsproblem

What 1S 1t?
Cani youl think oif an example?



Entscheldungsproblem

[DEcision: preblen preposed! by David Hilbert in
1918.
Entscheidungspreblem :

= Any mathematical proposition can be decided (proved
true off fialse) by mechanistic/legical methods.

Disproved by Godelfin 1951

s Showed! that fer any fiormal theory, there will be
Undecidable theorems outside Its reach.
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Automatic Machines

Now: called Tiuring Machines
Tiuring continued Godel’s work
Proved Halting-preblemris; Undecidable
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Turing's Thesis

Busy. time around 19350:
s GOodelfinvented recursive functions
» Church invented A=calculls

s [Uring established third class off functions
computaple; by iuring Machines

Both Church and Tiuring searched for
effective ways off computing
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Turing's Thesis

Thesis:

s \Whenever there; s an effective method for
ebtaining thevalles of a mathematical
function| the fitnction cani be computed by a
Turing Machine.

Based on infinite length oif tape
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Church-Turing TThesis

Thesis:

s [The formall notions of rFECUrSIVERESS, A-
defimability, and iurng-computanility
equivalently: capture the intuitive netion: of
effective computability of flunctions over:
IAtegers.
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Church-Turing TThesis

Applied to) iUNCtIoNS GVer Integers
Easily: extendable; tol iUnCtieNS; OVer: stings
Great infitence on field “computer sciencer
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Choice Machines

Alternate methodlior computing

Choice machines:

s Partially’ determined by: configuration

s [N some configurations it stops for Interaction
s Externall operator has to) make a Choice
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Oracle Machines

Believed: formalization of the c=machineé

SIMIarty: Withl c-machines:
s Both make gueries to external agent

Formal description Oracle;

s A set that canrbe dueried apout any: va/eé; it
ieturns truelir the guery: valtie I1s ini this, set
and /a/seletherwise.
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Oracle Machines

TiUring excluded the possibility that the
Oracle was an' effiective computing emtity:

= \We shall net ge any further intoe; the nature
off thisioracle apart fem saying It canmnet be a
Machine.”

(Systems of Logic based on Ordinals, Turing A.)
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Cryptology: &t complexity: theory

Tiuring contributed! ter breaking Enigma

Mechanized decryption: process; wWith
liuring Bombe; (later the Colossus)

Pioneered an interactive randomized
approach to breaking ciphers
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ACE: general universal computer

Autematic: Computing ERgine

Poestwar' attempt for al working computer
Turing:

s - Machines such as the, ACE may: bel redarded

as practical Versions offthe uring Machine.
Tihere;is at lIeasti al very: close analogy.~

(Lecture to the London Math. Society on 20'th February 1947, Turing A.)
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ACE: general universal computer

Radical Innovative design, Unknewn: il
namediRISC

Tloo rievelutionary, pPreject was put hold

(The ACE Report, Turing A.)
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Turing's Unerganizeadl Machines

IWo by pes:
a Based on BovIEZN [IEWOIKS
s Based onl /finte state [maciilies

Blueprint fer future neural’ AEtWorks

(Intelligent Machinery, Turing A.)
(Turing's Connectionism: An Investigation of Neural Networks Architectures, Turing A.)
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Artificial intelligence & life

Chess| asi startingl point: fer search
Intelligent seareh strategies

JIUring estimated computer Peatss Auman
around 1957 = inf 1997 supercomputer
Peep) Bitebeats Garry: KasparoyV
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Turing Test (for AI)

JUrng:

s a3 computer, on the basis off its Writien
esponses, to questions, could not be
distinguishediireom: arniuman: respendent, then
One; has tersay that the computer is; thinking
and must be;intelligent:
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Hilberts Tenth Problem

Petermination: ofi the solvability: ofi a
Diephantine eguation.

s Given a Diephantine eguation Withrany
RUMDBEr off Unknown: guantitiess and wWith
rational integral numerical ceefficients: /o
GEVISE &l PrOCESS, dCCOrag to: WIICHNLE Carl DE
dElermiined by, a lite IUmPer Ol Operations

WIHELHES el equation. /s SolvapIelii ratiornal
/negers.
(http://legic.pdmi.ras.ru/Hilbert10/)
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Hilberts Tenth Problem

IVpical Diophantine equation:
= 32y — 7)272 = 18

s —7)+82=0

Proven by YurrMatiyasevich as: tnselvable

(Quantum Hypercomputing, Tien'D. Kieu)
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Summary.

TUring has dene lets of Important Worik
Unfortunately’ net always credit
Tihere isimore; than only Tiuring Machines
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Christian Gilissen

s [Introduction & philesophy: off Hyper
computation

Maurice Samulski
s Hyper computing; by examples
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Hyper Computation

Tiheoretical
IHIghly disclissed
Crosses with physics and philesophy.

Sl VIEWS:

x No HC

s HC but net withreur current: laws) off paysics
s HC s already implemented
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Definitions

Super-Iuring: any: form: off Infiormation; processing that a
TUrinGgl Machine cannot do

Super-Turing computation, WhIChIhas been used Inrthe
neurall network literature te describe machnines with
Variousiexpanded apilities

Hypercomputation| Is the theoxry: off methods for the
computation off AGN-FECUrSIVE fURCLIoNS.

Naturall computation: computation 6ccuUrring in, or
Inspired by nature
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Super Turing Cocmputation

Hypercomputation

‘ing Computatiorn
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Some theses

All precesses performable by idealized
mathematiciansiarersimulable By 1IMs

Allfmathematically harnessable Processes of
the universe are simulable by: iMs

All"physically harnessable precesses) off the
Universe; are simulable; by: TMs

All precesses of the universe are simulanle by
TiVs

Al\l/lformalisable Processes are; simulable; by
Vs
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Possibilities

B € D: there is no HC in the universe.
TIMs suffiice to simulate: alll processes.

B C: The universe s HE, butino more power
cam be harnessed than that ofi a iV
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B the universe isi HE, andi it IS at least
theoeretically: pessible to buildaia HE.

[none]: HEC exists in the universe and Is
accessible

(Hypercomputation: computing more than the Turing machine, lioby Ord)
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Extensions of TM’s

O-machines

M s with initial inscription
Coupled TM's

Asynchronous netwerks of TM's
Error prone iM’s

Probabilistic TiM’s

Infinite state; TM's

Accelerated TIMFs

Fair nen-deterministic TM's
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Other systems

Quantum Mechanical systems
Analog| computers

Pllse computers

36



Models for TMs:

Infinite memory
Non:srecursive: Information; SoUkce
Intinite specification

[Afinite time
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Three views: No HC

Most IHE devices: are physically impessible
s Accelerating T

= Analeg computers

= Analog Neural networks

.

==
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lllustration

An Tllustration A simple analog apparatus capable of doing (something that no
Turing machine can do (after F. Waismann 1959).
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Beckenstein bound

The Beckenstein Bound:

A spherical region with radius R and energy
E can contain only a limited amount of
information I

Entails that HC is physically impossible
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Empirical Meaningfulness

the claim that a given device is a
hypercomputer rather than a Turing is in a
sense empirically meaningless.

(Hypercomputation, Gert-Jan C. Lokhorst)
(Hypercomputation: philosophical issues, B. Jack Copeland)
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/0 years of research on Turing degrees has shown the
structure to be extremely complicated. In other words,
the hierarchy of oracles is worse than any political
system. No one oracle is all powerful.

Suppose some quantum genius gave you an oracle as a
black box. No finite amount of observation would tell you
what it does and why it is non-recursive. Hence, there
would be no way to write an algorithm to solve an
understandable problem you couldn't solve before!
Interpretation of oracular statements is a very fine art -
as they found out at Delphi!
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IHOoWever

In short it would (or should) be one of the
greatest astonishments of science if the
activity of Mother Nature were never to
stray beyond the bounds of Turing-
machine-computability.

(Beyond the Universal Turing Machine, Copeland and Sylvan)
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HC? Yes but not here!

Spacetime structures in General Relativity.
= Unlimited time
= Unlimited space

Hogarth showed that in M-H spacetimes either

the Halting Problem or the
Entscheidungsproblem can be computed by a

TM.

(The physical and philosophical implications of the Church-Turing Thesis, Eleni Pagani)

(Physical Hypercomputation and the Church—Turing Thesis, ORON SHAGRIR and ITAMAR PITOWSKY )
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Point r removed

p

Figure 1. A toy Malament-Hogarth spacetime.
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HC Is already: used!

More exact: Super-litring Computation

Driving home! firom Work

Cannet be splved algorthmically Ut Is
nevertheless computable: L j

Hypercomputation: computing more than the, Turing Machine, Toby Ord \q'




i A VETY
e _‘ e | iNITENlig T
(1| -— Search
H

o= algorithm
complete map \ ;
of the world e y

Fig. 2. Driving home from work: the algorithmic scenario
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IVpical Al scenario
Input is not: precisely: definable: Rumans

SO computational tasks sittiated i the real
werld which Includes human agents are
Mot selvable algerithmically
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Neverthelessi it isicomputable;

We use a driving agent: that percepts; on-
iné

Eamem

input:

."" _ current view
G_I_ of the road
o output:

| P e s

- S P adjustments to
— l
path taken I:u _fx_..-}_ wheel and gas/brake

Fig. 3. Driving home from work: the mteractive scenario
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Real-lifie examples

Pistributed Client/Server computation
Mobile reoLics

Evelutionary, computation
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IR summary
Almoest everypody: believes it exists

BUEt ne ene really: knows Whetherit is
narnessanle
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JEreen Broekiilizen

5 SO DEerE SUPEFCOMPULIRNG
Chrstian Gilissen

s RtHEEUEHORFSEPRNICSOPVAGIFSUPEEIIMES

Maurice Samulski
= Hyper computing by examples
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Outline

I, De Humans Hypercompute?

2. Can computers think?
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Do HUumans Hypercompute?

Mathematicians ao; iInfinitary;
feasening

Kinds of Vistal precessing

\We seem| to be able to selve the
haltingl problem
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IS human: cognition non-computable?

Maybe. How: about free will?

f;
For example, we seem to be able to | 2
denerate; truly: randoem AUMIBErS ‘

Prof. Bringsjord claims that net all of
AUmMan reaseningl is computation because
Of OUrr capacity: tergenerate random
AUmMbers
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IS human: cognition non-computable?
[HowW! abeut: Infinitary: Reasening?

Aristoteles makes distinction between
1y poetential™ iInfinity

7). actual™ Infinity
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EXperiment

Rensselaer Polytechnic Institute

Observe; Free Wills and Infinitary
REasening

Tiest ability torexnibit randommess.

Tiest ability ter visualize infinite
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Information on sample

Jiest administered to 31 students of the
Rensselaer’ Pelytechnic Institute

Primarily first Year computer science and
engineering.
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Random Number Generation

Jlesti subject generates number Between
1274862 and 197235355
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Character String Generation

Subject 1s asked toe imagine flippingla coin
20 times.

Subject s asked! tey write T fior tails and H
for'heads.
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Results: Random Numbers

Digit 0 2 3 4 5 §) I 8 9
Frequency | 19 18 | 15 | 19 | 12 13 A & 19+ 1.7 12
Expected Value | Actual Value
Repeats 12 20
High-Low 50 48
Low-High 50 52
Alternations 42 43

One definition: off randemness Implies that the

freguency: ofi the digits should be the same
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Test results: Coin Toss

Setl Expected | Actual [Set3 Expected | Actual
Repeats 12 57 Repeats 12 73
High-Low 36 48 High-Low 36 41
Low-High 36 47 Low-High 36 38
Alternations 36 55 Alternations 36 34
Set 2 Expected | Actual [Set4 Expected | Actual
Repeats 72 58 Repeats 63 52
High-Low 36 49 High-Low 32 40
Low-High 36 45 Low-High 32 41
Alternations 36 53 Alternations 32 44
a “high-low” corresponds to a tails followed by a heads

25 of 31 subjects began their strings with tails.
Of 620 total events, 140 are heads, 480 are tails.
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Achilles Runner

A'runner runs for 1/2 minute, then rests for 1/2
minute, then rnsiagain fox 1/4 minute, then
rests fior 1/4 minute, and soe on,

liest subject Is asked how many: times the

funner willkhave stopped and started! in tWe
MIRUtEs.

ThIs represents an infinite; mathematical series

25 studentsigave the corkect answer, 6 Were
false
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Koch Curve (or “Snowilaker)

SUppose! that: youldraw! al triangle
INSide a circle

Now, add a new: triangle 1/3 the, size
Of the eriginal at each side oi the
original

After repeating| these;steps ani infinite amount of tinmes,
what will the perimeter be ofi the; last shape your draw?
WillFthis shape fill the circle?
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Koch Curve (or “Snowilaker)

ihe answer should be that the perimeter s infinite
and that the shape will' not fill the circle

ihe first question wasi answered correct by 9
PEGPIE, 22 pEOpIEe Were| INCorrect

Jihe second guestion Was answered: Correct: by 7.
PEOple, 24 Were Incorrect:
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Their conclusions

Unlikely that humans generate truly, randem
RAUmMDbErs: Perfaps We have sephisticated pseudor-
iandem NUMBEr generation algoerithms, BULIt IS not
ebvious|that we have the ability to) generate truly:
fiandoem NUMBETS.

SUCEEess with Infinitary: reasoning is INcoensistent at
pest. It IS not ebvieus) that the test subjects have
Used any: capacity. for Infinitany reasening to make
conclusionsfabout the convergence off the fractals.
Correct solutions could just as easily: be attributed to
previous knowledge or experience.
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Can computers taink?

Imitation Game -
Jiuring liest

5 participants:
Interregator, a human
and a machine

Questions like: What
dream did yeu have
last night?

TUriNG predictions
year 2000 at' least
70%0) success
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The Chinese Room Argument

TThought experiment
designed! by John Searle
1960

Searielbeliefs that Stci a 0
system could indeed pass o

al Tluring Test
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Chinese Room




Chinese Room| Objection

Peter Kugel

There is no understanding in the room
because its computer imitation is too
weak =4
If we allowed the book to write on itself, |

it could “remember” and it could change v

what it does as a result of what it
“experiences”

This would achieve intentionality which is
exactly needed to let computers
understand
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The Theological Objection

ihe lTheological Objection: aceording to

TUring, enly: AUMans Were given a soul By,
God. Noranimal er maching has'a seulfand
that Is the reasen wny: they: camn not think.
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he Mathematical ©bjection

Tihere; are; limitations te the powers; off any
partictlar machine, even withiinfinite capacity.

TUrinGrs Approachi: man: have limitations and
make mistakes teo. Maybe in the future there
will-be machines;intelligent enelghi tercompete
WItHh RUMans.
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Arguments from Various Disabilities

Machines) can notact out off emoetional reasons
When they: act they caninot fieel
Iihere are no emotionall CONSEqUENCES

TUriNgfs  Approachi: We cam| not Know: RewW: a machine
feels since we' are not machines. Machines are limited
because of the very small’ capacity’ off most machines’
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Lady Lovelace’s Objection; 1

“Computers cant be creative. For to be
creative Is ter org/nate semething. BUt
computersi originate nothing. They merely
fellow the pregrams given: tor them.”

Jluring’s appreach: IiFwe could add the
POSsSIbIlity torlearn and reason| tera maching; it

could learn everythingl firom scratchilike a
newborn; child
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Lady Lovelace’s Objection| 2

“Machines cani NeVer take, us: by.
SUPKISE:”

TUring’s approachi: computers coular still
SUrprise htmans, in: pakticular where

the conseguences off different fac
ROt Immediately’ recognizable.

IS dli€
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Continuity: with the Nervous; System

Tihe nerveus system) Is certainly: not: aj discrete-
state machine

JiUringfs approach: this fact will'not make; a
difference in the imitation' game
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Conclusions

HUMAans canft hyper compute, DECALSE

s ey cant really generate truly random
AUmMBbEers

x| ey cant really’ reasen abeut IRFnity
5 [hey cantisolve the halting prokiem

Maybe computersican think in the fiuture,
put I'mi quite pessimistic about: It
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The End
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