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"Intelligent i.achinery”. . '

1 propose to investigate the question as to whether §t is possible for
machinery to show intelligent behaviour. It is usually assuacd without argument
that it is not possible, Comuon catch phrases such as 'acting like a machine’,
*hurely mechanical behaviour' reveal this common attitude. It is not difficult to

i see why such an attitude should have arigen. Some of the reasons are

(a) An unwiliingness to admit the possibility that mankind can have any
rivals in intellectual power. This occurs as much amongst intellectual people as
amongst others: they have more to lose. Those who admit the possibility all agree
that its realization would be very disagreeable. The same situation arises in oone
nection with the possibility of our being superseded by some other animal speciea.
This is almost as disagreeable and its theoretical possibility is indisputable.

' (b) A religious belief that any attempt to construct such machines is a
sort of Fromethean irreverence. '

(¢) The very limited character of the machinery which has been used untii
recent times (e.g. up to 1940). This encouraged tho belief that pachinery was
necessarily limited to extremely straightforward, possibly even to ropetitive, Jobs.
This attitude is very well expressed by Dorothy Sayers (The 14nd of the luker, p. 46)
"... which imagines that,God, having created his Universe, has now screwed the cap
on His ven, put His feet on the mantelpiece and left the work to get on with itself.”
This, however, rather comes into St. Augustine's category of figures of speech or
enigmatic sayings framed frou things which do not exist at all. We simply do not
mow of any creation which goes on creating itself in variety when the creator has
withdrawn froi. ite The idea is that God simply created a vast machine and has left
i1t working until it runs down from lack of fuel. This is another of those obscure
analopies, since we have no experience of machines that produce variety of their om
accord; the nature of a machine is to do the saue thing over and over again so long
as it keeps going.” '

{3) Recently the theorem of Godel and related results (Godel 1, Church 1,
“uring 1) have shown that if one tries to use machines for such purposes as deternining
the truth or falsity of mathecatical theorems and one is not willing to tolerate an ;
occasional wrong result, then any given machiie will in soue cages be unable to give
an answer at all. On the other hand the human intelligence seems to be able to rind

nethods of ever increasing power for dealing with such probleas *4transcending’ the

wethods available to machines.

(e) In so far as a machine can show intelligence this is to bcAregaréed
as nqt’ing but a reflection of the intelligence of its creator. ‘ ‘




.s_Refutation of some objcctions

, .

In this section I propose to outling reasons why we do not noced to be in-
fluenced Ly the above describec objections. The objections (a) and (v), being
purely emotional, do not really necd to be refuted. If one feels it nececasary to
refute them there is little to be said that could hope to prevail, though the actual
production of the machines would probably have some effect. In so far then as we
are influenced by such arguments we are bound to be left feeling rather uneasy about
the whole project, at any rate for the present. These arguments cannot be wholly
ignored, because the idea of 'intelligence' is itself emotional rathcr' than mathema=
tical. . )

The objection %c) in its crudest form'is refuted at once by the actual
exiastence of machinery (ENIAC etc.) which can go on through immense numbers (e.g.

1060’000 about for ACE) of operations without repetition, assuming no breakdown. ..
The more subtle forus of this objection will be considered at length in 8 11 and 12.

The argument from Godel's and other theorems (objection (d) ) rests essentially
on the condition that the machine must not make mistakes. But this is not a require-
ment for intelligence. It is related that the infant Gauss was asked at school to
do the addition 15 + 18 + 21 ¢ eeee + 54 (or something of the kind) and that he
fimeciately wrote down 483, preswnably having calculated it as (15 + 54) (54 - 12)/2.3
une can imagine circumstances where a foolish master told the child that he ought
instead to have added 18 to 15 obtaining 33, then added 21 etc. From some points
of view this would be a 'mistake', in spite of the obvious intelligence involved.

One can also imagine a situation where the children were given a-number of additions to

Go, of which the first 5 were all arithumetio progressions, but the 6th was say - :

23 ¢ 34 + 45 ¢ ceee + 100 + 112 ¢ 122 + ceeee + 199. Gauss might have given the

! answer to this as if it were an arithmetic progression, not having noticed that the

"~ 9th term was 112 instead of 1141. This would be a definite mistake, which the less

intelligent childreg— would not have been likely to make, ' '

, The view (&) that intelligence in machinery is merely a reflection of that
of its creator is raflier similar to the view that the credit for the discoveries of

a yupil should be riven to his teacher. In such a case the teacher would be pleased

with the success of his :iethods of education, but would not claim the results them-

selves unless he had actually communicated them to his pupil. He wouid certainly

tave envisaged in very broad outline the sort of thing his pupil right be expected -

to do, but would not expect to foresee any sort of detail. It is already possidle

%c grccuce rachi es where this sort of situation arises in a small degree. One can

rroduce 'parer machines' for playing chess., Flaying against such a machine gives a

definite feeling that one is pitting one's wits against something alive,

'l’hese‘: views will all be 'éev'eloped more cox;letely beiow,

~



Qs Varieties of machinery

It'will not be possible to discuss bosaible means of producing intelligent
~ machinery without introducing a number of technical terms to describe different

kinds of existent machinery.

'Discrete' and 'Continuous’ machinery. We may call a machine 'discrete’
when it is natural to describe its possible states as a discrete set, the motion
of the machine occurring by jumping from one state to another. The states of
'continuous’ machinery on the other hand form a continuous manifold, and the
behaviour of the machine is descridbed by a curve on this manifold, All machinery -
can be regarded as continuous, but when it ig possidble to regard it as discrete
it is usually best to do 80. The states of discrete machinery will be described as

‘configurations’.

' ontrolling' and 'Active' machinery. Xachinery may be described as 'cope
trolling' if it only deals with information. In practice this condition is much
the same as saying that the magnitude of the machine's effects may be as small as

we please, so long as we do not introduce confusion through Brownian movement ete,
‘Active' machinery 4s intended to produce some definite physical effect.

§§eg§;gg A Bulldozer is Continuous Active
A Telephone is Continuous Controlling
A Brunsviga is Discrete Controlling

A Brain is probably Continuous Controlling, but is very similar
' to much discrete machinery,

The ENIAC, ACE etc. Discrete Controlling

A Differential Analyser Continuous Controlling

We shall mainly be concerned with discrete controlling machinery. As we
have mentioned brains very nearly fall into this class, and there seems every reason
to believe that they could have been made to fall genuinely into it without any '
change in their essential properties. However the property of being ‘discrete’ is
only an advantage for the theoretical investigator, and 8€rves no evolutiocnary
purpose, so we could not expect Nature to assist us by producing truly 'discrete’
- brains. . ‘ _ }

Given any discrete machine the first thing we wish to fing out about it is
_the number of stateg (configurations) it can have. This number may be infinite (but
enumerable) in which cage we say that the machine hasg infinite memory (or storage)
capacity., If the machine has a finite nunber N of Possible states then we say that
it has a bemory capacity of (or equivalent to) logy N binary digits. According to
- this definition we have the following table of capacities, very.roughly

Brunsviga 90

"ENIAC without cards .
and with fixed programme ) o 600
IAC with cards , o ‘

ACE as proposed : _ 60,000
hancheater machine (as actually working 3/7/48) 1,100

The momory capacity of a muchine more than anything elne detarmineg the
complaxity of {ta poaaible hehaviour, _ v

The behaviour of a discrete machine s ‘completely describeq when we are
¢iven the atate (configuration) of the machine as a function of the immediately
preceding state and the relevant external data. ) : .

Logical computing machines (L,C.EL:)

- in turing (1) a certain type of discrete machine wag described. Ithad an

| infinite memory capacity obtained in the form of an infinite tape marked out into

dquares on each of which a symbol could be rrinted. st any moment there is one syabol
in the mackine; 4t is called the scannecd syzbol. The machine can alter the scanned
8yaukal und its behuviour is in part determined by thatqaymbol, but the sytbols on :




-

*

the tape elsewhere do not affect the behaviour of the machine. lowever the tupe
-can be moved back and forth through the machine, this being one of the elementary
operations of the machine. Any symbol on the tape may thercfore eventually have

an 1nnings.

These machines will here be called 'Logical Computing Machines'. They are
chiefly of interest when we wish to consider what a machine could in principle be
designed to do, when we are willing to allow it both unlimited time and unlimited

storage capacity. :

Universal Logical Computing iachines. It is possible to describe L.C.ls in a
very astandard way, and to put the description into a form which can be 'understood’

(i.e. applied by) a special machine. In particular it is possible to design a
'universal machine' which is an L.C.i. such that if the standard description of some
other L.C.li. is imposed on the otherwise blank tape from outside, and the (univeraal)_
machine then set going it will carry out the operations of the particular machine
whose description it was given. For details the reader must refer to Turing (1).

The importance of the universal machine is clear. We do not need to have an
infinity of different machines doing different jobs. A single one will suffice. The
engineering problem of producing various machines for various jobs is replaced by the
office work of 'programming' the universal machine to do these jobs.

It is found in practice that L.C.is can do anything that could be deseribed
as 'rule of thumb' or 'purely mechanical’. his is sufficiently well established that it
is now agreed amongst logicians that 'calculable by means of an L.C.M.' is the correct
accurate rendering of such phrases. There are several mathematically equivalent but
superficially very different renderings. . ‘

Practical Computing iachines (2.C.ls)

Altnough the operations which can be performed by L.C.ks include every rule
of thumb process, the number of steps involved tends to be enormous. This is mainly -
due to the arrangement of the memory along the tape. Two facts which need to be used
together may be stored very far apart on the tape. . There is also rather little
encouragement, when dealing with these machines, to condense the stored expressions at
all. ~For instance the number of symbols required in order to express a number in
hrabic form (e.g. 149056) cannot be given any definite bound, any more than if the
numbers are expressed in the ‘simplified Roman' form (IIIII...I, with 149056 occurrences
of I}). As the simplified Roman system obeys very much simpler laws one uses it instead.
| of the Arabic system. . g :

. In practice however one can assign finite bounds to the numbers that one will
| deal with. For instance we can assign a bound to the number of steps that we will

; adnit in a calculation performed with a real machine in the following sort of way.

. Suppose that the storage system depends on charging condensers of capacity C = 1t

. apd that we use two states of charging, E = 100 volts and -E = =100 volts. When we,
| wish to use the information carried by the condenser we have to observe its voltage.
| Uwing to thermal agitation the voltage observed will always slightly wrong, and
Ethe probability of an error between V and V = dV volts is %g? e'; ch' VdV’

| : ' kT

where k is Boltzmanns constant. Taking the values suggested wg find that the probability
™ | - 1 )
of' reading the1?ign of the voltage wrong is about 10~ 142 X 10 o If then a job took

10 o
rore than 10 steps we should be virtually certain of etti wrong
¥* aay therefore restrict ourselves to jobs with fewer stgps.lngv::ea boundagngggsa"d
Ord%r’might have gseful simplifying effects. iore practical bounds are obtained by
nasgsxng that a light wave must travel at least 1 ca between steps, (this would only
be false with a very small machine) and that we could not wait more than 100 years for

4N ANSWr. This would give a limit of 1520

v®” steps. The storage capacity will probab
’?:er:LIAth:; aimi}:; bound, so that we could use sequences of 20 gecim:i digiis f:t}y
e, ng the position in which a given piece of dat : '
Le a really valuable possibility., ? o Qé : "§ * be’found, =nd. this iould‘




1 achincs of the type generally known as ' Autonatic Digital Couputing sachines’
often wake great use of this poasibility. Y“hey also usually jput a great deal of
their stored jinformation in a form very Gifferent from tht tape forie 5 weans of
a sy:.tcn rather reminiscent of a telerhone exchansge 4t is made possible to obtain
a piece of information almost immediately by 'dialling' the position of this infore .
sation in the stote. The delay may be only a few picroseconds with some systems.
Such machines will be described as *}ractical computing machines'. -

Universal Practical Computing irachines -

Hearly all of the F.C...'s now under construction have the essential properties of
the 'Universal Logical Computing' machines mentioned earlier. In practice, given
any job which could have been Gone on an L.C.... one can algso do it on one of these
digital computers. I do not mean that we can degign a digital com, uter to do it,
but that we stick to one, say the ACE, and that we can do any required Job of the
type mentioned on it, by suitable programning. The programming is pure paper work.
It naturally occurs to oue to ask whether e.g. the ACE would be truly universal if-
its memory capacity were infinitely extended. I have investigated this question,
and the answer appears to be as follows, though I have not proved any formal mathe-
matical theorem about it. As has been eaplained, the ACE at present uses finite
sequences of digits to describe positions in its memory: they are (Sept 107) -
actually sequences of 9 binary digits. ‘The ACE also works largely for other purposes
with sequences of 32 binary digits. If the memory were extended e.g. to 1000 times
its present capacity it would be natural to arraunge the memory in dblocks of nearly
the -aximu. capacity which can be handled with the 9 digits, and fron time to time to
switch from block to blocke A prelatively suall part would never be switched. This
would contain some of the more fundamental instruction tables and those concerned
with switching. This part might be called the ‘central part's One would then need
to have a number which described vhich block was in action at any moment. This
nusber might however be as large as one pleased. Eventually the point would be
reached where it coula not be stored in a word (32 aigits), or even in the central
" yart. One would then have to set aside a block for storing the number, Oor even a
" gequence of blocks, say blocks 1, 2, eee n. We should then have to store n, and in -
theory it would be of indefinite sige. This sort of process can be extended in all -
sorts of ways, but we shall always be left with a positive integer which is of
i-definite size and which needs to be stored somewhere, and there seens to be no
way out of the difficulty but to inirocuce a ‘tape'. But once this has been done,
and since we are only trying tc crove a theoretical result one might as well, ‘whilst:
proving the theorem, ignore all the other forms of .storage. One will in fact have
a “.L.Ce.s with some complications. This in effect means that one will not be able
to prove any result of the required kind which gives any intellectual satisfaction.

Paper iachines. It is possible to produce the effect of a computing machine by
writirg dowm a set of rules of vrocedure and asking a man to carry the: out. Such
4 co-bination of a man with written instructions vill be called a Paper lachine’
A -an vrovided with vaper, pencil and rusber, and subject to strict discipline is
inlef‘fect a universel machine. The expression ‘paper machine' will often be used
.helow, - 4 :

Tartially cando.. anc ap;arent]y' A_Ljartiall:,' rar.co.. nachines

. it is possible to w.0dify the above Gescribed types of discrete uzcrizes oy
aliowi.; several alternative operetions to oe applied at sone points, ithe alierratives
to b2 ch.ngen by a rencon process. ouch a cuchine vill be descrited as ';artially
anco Yo IR we wich to s ferinitely fthut a rachine is nnt of this ind '.'rc'wil“’:.
.eLerice 3% es ‘Geteroined'. Soastiec a wachine way be strictly sgeaking deter.ined
bzt o, zar sigersicially as iJ it were partially randoi. shis woula oceur if Tor
ingtance ihe ai-its ol the nwuber 9€ crc used to daterwine the choices of a partia-
11y ruals  wchingywhere greviously a Cice thrower or elecironic equivulent had '
'L dgsde  whese c«Chipnes are nown us asparently paartially rando. o



a4 Unorganised aanchines.

So far we have been considering machines which are designed for u defirits .

}\ur;sose (though the universal machines are in a sense an exception). de might

* {nstead consider what happens when we make up a machine in a comjaratively unaysterq:.;

1 way from some kind of standard components. We could cox.mider some particuiar sacrive

! of this nature and find out what sort of things it is likely to do. 'unchinen v len
are largely random in their construction in this way will be called 'unorganisst

| machines'. This does not pretend to be an accurate term. It ia conceivalle trat 1ye
same machine might be regarded by one man as organised and by amother as unorsariser

A typical example of an unorganised machine would be as follows. The zachise

{"is made up from a rather large numwber I of similar units. Each unit has two ir;ut
| terminals, and has an output terminal which can be connected to the input terzirads
! of (O or more) other units. We may imagine that for each integer r, [|£¢ <>

' two numbers i(r) and j(r) are chosen at randoxf:vfrom 1 esceess I and that we con-ezt
" the inputs of unit r to the outputs of units i(r) and j(r). All of the units are

connected to a central synchronising unit from which synchronising pulses are eaiitst
at more or less equal intervals of time. The times when these pulses arrive wilj}

. be called 'moments'.  Each unit is capable of having two states at each woment, Thiwe

states may be called O and 1. The state is determined by the rule that the states
of the units from which the input leads come are to be taken at the previous scmesi,
multiplied together and the result subtracted from 1. An unorganised machine of Lria

character is shown in the diagram below.

r 4i(r) . ¥(r) (1) (2)
1 3. 2
2 5

3 b 5

b 3 b

-5 2 5

ey

A sequence of i}vé p'osaible consecutive conditions for the whole machine is:

\n#\uuy-b
OO
Caaaa
O=200
- O o-h eh b
O=2-200

The behéviour of a machine with so few units is naturally very trivial. However,

| machines of this character can behave ‘in a very complicated manner when ths nualer

of units is large. We may call these A-type unorganised machines. Thus the machize

| in the diagram is an A-type unorganised machine of 5 units. The motion of an A-ty;e

machine with I units is of course eventually periodic, as is any determined zachine

with finite memory capacity. The period cannot exceed 21“ moments, nor can the lengia "
of time before the periodic motion begins. In the example above the period is 2

| moments and there are 3 moments before the periodic motion begins 2 is 32.

The A=type unorganised machines are of interest as being about ths sixplest
wodel of a nervous system with a randon arrangement of neurons. It would therefore
be of very great interest to find out something about their behaviour. A second
tyve of unorganised machine will now te descrited, not because it is of any great
'im.rinsic importunce, but because it will be useful later for illustrative jurposes.
Let us denote the circuit ™ by r--r>_

-1
R
<

| 4% wn abbreviation. Thea for cach a=-type unorganised machine we can construet o
| mnother uachire by re;lacing each connection - .. e - -in it by »o){“.')‘

“"he . , . . : . E . R . . . ‘ K - . : ‘
_the resuitiny wachines will be called iwt¥ie unorvanised michipes. it muv he safd



. . ¢
that the Detype wachines arc all A-type. To this I would reply that the above
dei'initions if correctly %but drily!) set out would take the form of descriding
the 1r:bability of an A~ (or B-)type machine belonging to a given set; it is not
werely a definition of which are the A-type iwachines and which arc the «=ty.e
rachinee. If one chooses an A-tyre .achine, with a given nurber of units, at :anlo,
it w1l be exircuely unlikely that one will get a E-tyie mauchine.

Tt ¢z easily seen that the connection =¥ can have three cinditions.

Tt .ay i) pass all signals through with interchange of O and 1, or ii) it nay con-
vert all signals into 4, or againili) it may act as in 1) and 1i) in slternate
wments. (lternative iii) has two sub-cases). which of these cases applies
Ge enus on the initial conditions. There is a delay of two mowents in golag through

—py T




' . g - PN IV, N » R rnynes
S lnto Cevence with ciechinerv. losiciuble and self=nodllring vachinery,

- ——

2ve iypes of machine that we have consiucred go fur arc uainly onss thut ure
allwoel t continue in trese own vay for iscefinite periods without interference
Sro aubride.  Tre universal muchines were an exception to this, in that frou tie
to tiue one wi ht change the description of the machine which is being Lattatal,

Te sh:ell now consider awchines in which such interf'srence is the rvle rather than
the exception.

€ 1y distinguish two kinds of interference. “here is the extrecme fom in -
 which purts of the iuchine a'e removed and replaced by others. This may be deperiiad

a3 'screwdariver interference'. At the other end of the scale is 'paper interference’ .

which consists in the were cowmunication of inforuwation to the inachine, which alters
its behaviour., In view of the properties of the universal machine we do not nsed ¢ ;
c.nsider the dilfercnce between these two kinds of machine -as being so very radical

after all. Paper irterference when ap;lied to the universal sachine can be as useful

as screwdriver interference.

e shall mainly be interested in paper interference. Since screwdriver intere
- ference can produce a completely new machine without difficulty there is rather
little -to be said about it. In future 'interlerence' will normally mean 'paper
"interference’. ‘ : '

When it is--possible to alter the behaviour of a machine very radically we may
speak of the nachine as being 'modifiable'. This is a relative term. One machine
ua) be syoken of as being more modifiable than another, ' '

One uay also sometimes speak of a machine modifying itself, or of a machine
. changing its own instructions. This is really a nonsensical form of phraseology,
~ but is convenient. Jf course, according to our conventions the 'machine' is coxe
~ pletely described by the relation between its possible configurations at consecu~
. tive moments. It is an abstraction which by the form of its definition cannot _
change in ti:e. If we consider the machine as starting in a particular configura«
tion however we may be tempted to ignore thaose configurations which cannot be. reached
without interference from it. If we do this we should get a 'successor relation'
for the configurations with different properties from the ‘original one and so a
- differs=nt 'machine’. o . ’

-+ If we now consider interference, we should say that each time interference occurs
the ..achine 1s probably changed. It is in this sense that interference 'modifies'
@ wachise, '[he sense in which a machine can modify itself is even more remote. 7e
&y if we wigh divide the operations of the .achine into two classes » normal and selfs
r.0dilying operations. So long as only normal operations are perforned we regard the
-achine as unaltered. Clearly the idea of 'self-modification' will not be of nuch
~ interest except where the division of operations into the two classes is very care-
fully made.. The sort of case I have in mind is a computing xachine like the ACE
where large perts of the storage are normally occpuied in holding instruction tables..
(Instruotion tables are the equivalent in U.P.C.is of descriptions of machines in
UsLuCeis)e Whenever the content of this storage was altered by the intermal operae
tions of the machine, one would naturally speak of the machine 'modifying itself’,

S N :




ve  Man as « .wuoline.

A creat pogltive reason [or believing in the possibility of isaking thinzing
machinery is the fact that it is possible to wake machinery to indtate any small part
of a uan, That the .iorophone does this for the eur, wnd the television aiera
vor the eye, are cosion laces. Une can also produce remote controlled Hobots

~ whose linbs balunce the body with the aid of servo-.echanisms. Here we ure
chiefly interestea in the nervous systeis. We could produce fairly accirute elace
trical rwocels to copy the behaviour of nerves, but there seems very litt:'Le poins
in doing so. It woula be rather like vutting a lot of work into cars which wulved
on legs irnste.d of continuing to use wheels. The electrical circuits which are
used n electronic corjuting machinery seen to have the essential propertics of
nerves. they are able to tranamit informati.n from place to place, and also to
store it. Certainly the nerve has uany advantaces. It is extreuely compact, does _
not wear out (probably for hundreds of years if kept in a suitable mediws!) and has
a very low energy consw:ption. Against these advantages the electronic circuits '
kave only one counter atiraction, that ol speed. This aavantape is rowever on such
a scale that it may possibly outweigh the advantages of the nerve.

: One way ol setting about our task of building a 'thinking machine' would ve to
take a ian as a whole and to try to replace all the parts of him by machinery., lie
woulé include television cameras, microghimes, loudspeakers, wheels ard 'handling
servo-uechanisus' as well as some sort of 'electronic brain'. This would of course
be a trewendous undertaking. Uhe object if produced by present techniques would e
of immense gize, even if the 'brain' part were stationary and controlled the body
fron a distance. In order that the machine should have a chance of finding things

- out for itself it should be allowed to roam the countrysiée, and the danger to the
ordinary citizen woulG be serious. I.oreover even when the facilities mentioned
above were provided, the oreature would still have no contact with food, sex, sport
and nany other things of interest to the huuan being. Thus although this method ig

' probably the 'sure' way of producing a thinking machine it seeus to be altogether
too slow and iupracticable, ‘ B

Instead we propose to try and se¢ what can be Gone with a 'brain' which is more -
or less without a body, providing at most,organs of sight speech and hearing. We
are then faced with the problem of finding suitable branches of thought for the
machine to exercise its powers in. ‘Tine following _fielc‘;g appear to me to have -
advantacess= . o ‘ , ‘ R

(i) Various games e.g. chess,. xioughta and crosses,ibridge-, poker.
(41) The learning of languages. ‘
‘(i1i) Translation of languaggs. :

(iv) ’erpto‘gra;ﬁ):.v

(v) .'.Avthex.ntiés.&

of these (i;, {iv}, and to a lesser extent (i14) and (v) are good in that they
reg.dre little contact with the outside world. #or instance in order that the
machine should be able to play chess its only organs need be 'eyves' cavable of
distinguisning the various positions on a s;ecially made board, and me;ms for
announcing its own moves. .athenatics stould pPrelerably be restrictec to branches
where diagrams are not .uch useé. Of the above ;ossible fields the leaming of
languages would be the most jucressive, since it is the ao0st human of these acti-
vities. Uhis field seeus however to de, end rather too auch on sense orcans ani
locorotion to be feasible. / N

Tte fielG of cry;to:rarhy will rerhaps be the ost rewarding. “there is a
| Teuarkably close jarallel between the jroblezs of the physicist and those of the
| ervptosru her. ihe sysiem on which a uessage is enciphered corres onds to the laws
- oi the universe, the interce;tec .essuces to the evidence a_vaila‘ol..e, the <ers for a_
Guy or u essage to in, ortant constants which hive to be deter.ined. ‘'he correscon-
Cerce is very ciuse, but the subject watter of cryjtorru.hy is very casily Gealt
with, by ciscrete rachinery, uvycies not so casily, ‘ R S o
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7e Suncation of .achinery. . ;

althow h we have abandoned the plan to uake a 'whole nan',we should bLe wice
to souetines compare the circuustances of our .actine with thoce of .a man. It
would be quite unfair to ex;ect a ..achine straight from the factory to. couzete on
equal terus with a university graduate. The praduate has had contact with huaan
beings for twenty years or more. This contact has throughout that vperiod been
.o0¢ifyring his behaviour pattern. Iils teachers have been intentionally trying to
0dify it. At the end of the period a large number of standard routines will have
been superimposed on the original pattern of his brain. These routines will be
*nown to the coi.wunity as a whole. 1ile is then in a position to try out new com-
binations of these routines, to make slight varintions on them, and to apply theu
in nev ways.

We may sw then that in so far as & man is a machine he is one that ia aubdoot
to very ..uch interference. In fact interference will be the rule rather than the
exce;ticn, He is in frequent cowamunication with other men, and is continually N
receiving visual and other stimull which theuselves constitute a form of interference.
It will only be when the man is ‘'concentrating' with a view to eliminating these
stinuli or 'distractions' that he approximates a machine without interference.

We are chiefly interested in machines with comparatively little intei'ference, , |
for reasons given in the last section, but it is important to remember that although
@ man when concentrating ray behave like a machine without interference, his

"behaviour vhen’ concentrating is largely deterunined by the way ha has been conditioned

by previous interference.

If we are trying to produce an intelligent machine, and are following the  ’
hwian'.odel as closely as we can we should begin with a machine with very little
capacity to carry out elaborate operations or to react in a disciplined manner to
orders (taking the form of interference). Then by applying ‘apsxopriate interference,

- whuwicking education, we should hope to moaify the machine until it could be relied

on to produce definite reagtions to certain commands. 7This would be the beginning
of the procesa. I will not attempt to follow it further now. LR
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Jo  Orpanisine unorpanised wuclinerye

iuny unorganised machines have confiiurations such that if once that cone
~ figuration is reached, and if the interference thereafter is appr?priately restricted,
‘the machine behaves as one orpunised for some definite purpose. A‘or_ instance the

i=type .umchine shown below was chosen «t random .

ovT

If the connections numbered 1, 3, 6, 4, are in condition 4i) initially and connections
2, 5,.7 are in condition i), then the uachi..e uay be consiaered to be one for the
surpose of passing on signals with a Gelay of 4 moments. This is a particular case of
a very ceneral property of S-type machines (and rmany other types) viz that with suit-
able iritial conditiuns they will do any required Job, given surficient tiue and pro-
vided the npuwiber of units is sufficient. In :articular with a B-type unorganised .
sachine with sufficient units one can find initial conditioms which will make 1t into
s universal mac¢hine with a given storage capacity. (A formal. proof to this effect
vight be of some interest, or even a demonstration of it starting with a particular
unorgenised B-type machine, but I am not giving it as it lies rather too far outside
the main argument). ‘ : ¥

#ith these B-type machines the possibility of interference which could get
in a propriate initial oonditions has not been arranged for. It is however not - ,
difficuit to think of appropriate methods by which this could be done. For instance -
‘instead of the connection : one might use Lere A, B

1

are ‘nterfering inputs, noﬁmlly giving the signal *1'. By supplying appropriate
other signals at 4, B we can get the connection into condition i) or ii) or either
forn of 1ii), as desired. lowever this requires two s:;ecial interfering inputs for
~ each connection. ' :

Je shall be mainly interesteé in cases where there are only quite few
inle,endent inyjuts altogether, so that all the interference vhich sets up the ‘4xitial
conuitions' of the wachine has to be rovided throuch one or two inguts. The process
~of e.tiing u, these initial conditions so that the uuchine will ce.r;'_'f out soae '

. erticuier useful tas!: ray be called ‘organizing the rachine®. . '“rganising’ is thus
a forn of ‘sodificatien's’ A PRI
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o, Mte corisx ads ap unorpanised wactine.

cany parts of a wan's biuin are Gefinite nerve circuits requirecd for quite
cedtinite | oses.  daawples of these are the tcentrec! which contml res ization,
snecsine, folluwing uoving objects with the eyes etc: all the reflexes proper {not
Yoo \.Jti\)ued') are due to the activitic: of these definite structures in tl_xc brain.
iikewige the ﬂ“pu"utu" for the uore elcientury analysis of chupes and gounds probably
coics into this caterory. Dut the nore intellectual activities of the brain are too
vuriec to be munaged on this basis. . The difercnce between the lanpuages s;.oken on
th¢ two sldes of the channel is not wue to éifferences in dcveloonnent of the French-
speacing and Enclishespeaking parts of the brain, It is due to the linguistic ;,a.rts.
 having been su‘b*ectcd to different training. We believe then that there are larye
.arts of the brain, chiefly in the coriex, whose function iz largely indeterminate.
In tre infant these parts do not have nuch effect: the effect they have is unco-
ordinated. In the acult they have creat and purposive effect: the form of this effect
uacrencs on the training in childhiocod. A large resnant of the random behaviour of
1r.fg.ncy rewains in the adult,

All of this suggests that the cortex of the infant is an unorganised machine,
+hich can be orgar’lsea by suitable interfering training. 1he organising aight result
in the wodification oi' the machine into a universal machine or somecthing like it., This
woulc nean that the adult will obey orders ziven in appropriate langua:e, even if they
werc very complicated; ~he would have no cowion sense, and woull obey the most ridiocu-
lous orders unflinchingly. ‘/hen all his orxrders had been fulfilled he would sink into
a couatoss state or cerhaps obey sowe standing order, such as eaticg. Creatures not
unlike this can really be found, but iost people behave quite differently under uany
circustances. “‘owever the resewblance to « universal wachine is still very great,
_anc sui.ests to us that the step froa the unorcanised infant to a universal machine is
wae whioh should be understood., hen this has been mastered we shall be in a far
Vbetier sosition to considGer low the organlslm process . night have been wodified to.
,.mmce a i.ore normal typ.e of mind.

A L.. :icture of the cortex as an unorganised wachine is very satisfactorv
fro.. the oint of view of evolution and genetics. It clearly would not require any
ver:: o plex systen of cenes > procduce sonething like the A or Ze-tyoe unorganised
.acti.e. In fact t‘*ns should ’be much easie: then the prouuctizn of sucl things as the

e lratory cent.o. This wight cusoest tvat int. 1ligent races could bc procuced m' B
.:;t.".'c:lf' carile, I thin this is wrons because the iossession of a Muwnan cortsx (M.)':
wrie e vi tually useless if oo wtleupt vos rade to organise it. hus i & wolf by a

1.8 aetdney a bum.n cortex there is little reszsor to believe that he would have
> 'cloctf.vg avirti e, IT hovever the . utation occurred in a milicu vhere s, _cech
PR elaped, | arrote-litc wvolves). und 17 tre zutation by chance had well »c::.eatcc.
Lot ~o amity, then so e stlective a vantage .ig‘*t be Jelt, Tt would then be - -
rellie o ;ags infor.adior on Trog sineration 43 ceoreraticc.  Cowever thds ig o)

\p lotive, - . : . T . '

K




180 iicerdients in or shising.  Tleasure= win nvntais,

2t is interesting to experinent vith unorsunised machi-wy o
Wies of interrerence and trying to orpunige then, c.g. to modify tr,

-
Lot -
’KErLien,.

d.*.itting Galirdte
¢ into wiivergay

<he osvanigation of a wchine into a universal muchine would be O3t Ligrcosive -
it the arrausenents of iuterfercrce iavolve very few inputs. ‘lhe training of tlo Yuwn
Ll e enas larjely on a system ol revurds ang .unigbuents, and this 3ugrests that 4g
2@ ht to be possible to carry through the or anising with only two interferinc ir uts,
wue ror 'rleasure! or 'revarg! (R) and the other for 'rain or ' unishient' (£}, ‘e
Sed Levise a larie nuwber of such 'pleagure-guia' systens. I will use this tern to
~ull an worganised nachine of the following genersl character:-

Jue coufiguwrations of the mactine
cay call the chauracter-exprecsion and

3

are descrived by two ex ressiong, which we
the situation-expressin. The character and

situation «t any noment, together with the injut signals, deterwine the character and
situati -z at the next moment. the character may be subject to scre randoi: variation.
Fleasure intecrference hag a tendency to fix the charucter i.e, towards :reventing it
changing, whereas rain stimaldi ten¢ to disrupt the character, causing features which

had beco:e fixed to change, or to becone again subject to randoa variati by

ihis definition '1s probadbly too vague and general to be very helpf‘\.ﬂ.. The -
idea is that when the 'character' chunges we like to think of it as a change in the
nachine, but the 'situation' is uerely the configuration of the iachine deserdited by -

the character. It ig intended thot pain stinuli occur when the aaciine's behaviour
is wrong

Gs_Pleasure stiruli when it is carticularly Tight. %ith ‘aprropriate stimuli

on these lines, Judiciously operated by the 'teacher' on may kope that the 'character’
will converge towards the one degired, i.e. that wrong behaviowr will tend to becone
Tare, , ' .

v

~ I have investigated a
now Gescribe. P '

Jarticrlar type of pleasuré-pain asysten, which I willv



19, e -t e wnorpunised auchine

Jhe 1-ty,e .uachine aay be regarded as an L.C. - ~ithout a tape, and whoge
deseri, tion is larcely incowplete. Tien a configurs’ s2acned for which the
action is uncetercined a r ndou choice for the .issing cuaiu is vade and the ajpro-
_viute entry is :ede in the deseri tion, tentautively, and is applied. Mhen a pain
stinulus occurs all tentative entries are cancelled, and when a pleasure stimulug
occurs they are all uade perianent.

3 Specifically. The situation is & nuiber s = 1, 2, eee, il and corresponds
{  to the configuration of tne incomplete uwachine. The character is a table of I entries
showing the behaviour of the machine in each situation. Each entry has to say soue-
thing both about the next situation and about what action the machine has to take,

the action part may be either

(i) To do some externally visible act Ay Or Ay eee Ag

; . (i1) To set one of the memory units i.q ... by either into the
i o '1' condition or into the 'C' condition.

The next situation is :lways the ie:.tainder either of 2s or of 23 + 1 on
division by .. These .ay be called alternatives C and 1. ‘hich alternative applies
nay be deteruined by either

(a) One of the memory units
(b) A sense stimulus
(c) The pleasure pain arran ements

in each situation it is deteruined which of these applies when the machine is rade
~i.e. interference cannot alter which of the three cases ayplies. A4lso in cases (a5
and (b) interference can have no effect. In case (c) the entry in the character ,
table way be either U ('uncertain'), or 70 (tentative 0), T4, DO (definite O) or Di.
+hen the entry in the character for the current situation is U then the alternative
is chosen at random, and the entry in the character is chunged to O or T1 according
as C or 1 was chosen. If the character entry was TO or DO then the altsrnative is O
ana if ic is 1 or D1 then the altemative is 1. The changes in character include
the above iientioned change from U to TO or T1, axd a change of every © to D when a
leasure stiaulus ocecurs, changes of 10 and T1 to U when & pain stimulus occurs.

- de may imagine the wemory units essentially as 'trigger circuits' or switches.
The sense stimuli are means by which the teacher commmicates 'unemotionally' to ths
machire, i.e. otherwise than by pleasure and rain stimuli. 7There are a finite number
S of sense stimulus lines, and each always carries either the signal O or 4.

A soall F-type machine is described in the tabie below

.01 P A
2. P B id=1
3 P 3
& St A LW =0
5 M ¢

. In this'machl}nc_t}le!‘e‘i§ OLlY one uemory unit +1 and one sense line S1. Its betavio
can te ¢escribed oy giving the successive situations tosether with the. actions ;;f tbzr
tescrer: the L:.tter consist of the values of 31 ard thé rewvaras-and -“uniszhrent At
gny"_-"..;'e‘xit t}::e c}:alfactexf' 00}1sists of' the above table with ezch *'5¢ re{:cea 'o;.eit'ner

. 10, 1‘1 ’ D( tOr U;‘ , In Warsin:: out the behaviour of the rackine it i.s. convenizsnt

xix_*st o:‘alu‘ °'l~-'.’~\= U & seuence of rando.. dicits for use when the ' casec oc 4

"n\.c.-'neavf_'.t':csc V¢ &7 write tre sequence of situutions, and have ~é)t.l'::r rows "c'L'lr‘.t“

corpas, cnaing c_qtrw ¢ fro. the cheracter, wnd for the uctions of the “each -'c‘.': -

Chazucier and }t;:;e v::lu:;s stored in the .emory units mav be Yoot n axi;tbex-cr;x ;..c g

N e¢1tri¢3 L&Y De .iGe 1'? iencil ang the D entries in i;x'-:. & ;:vit-of the -}'eb:‘v:;u;’ o;“hc




the imchine is given belows=.

andon” sequence P01110040011014000
Situations 5151313424 4432,.,
alternative given UTTTTTUUSSSUT .

by 00000 144 o0
Visible action  DABABABABAAABB
Rew., ¢. Fun. , P
Changes in S$1 v 1 _ 0

It will be noticed that the machine very soon got into a repetitive cycle. Thig
became externally visible through the repetitive BABAB,.. By means of a pain stimmge
lus this eycle was broken. :

It is probably possible to organise these P-ty;e machines into universal ,
machines, but it is not easy because of the form of cemory availavle., It would be
necessary to organise the randomly distributed 'membry units' to provide a syste-
rwatic form of mwemory, and this would not be easy. If however we supply the P-type
nactine with a systematic external memory this organising becomes quite feasible. Such
a2 memory could be provided in the form of a tape; and the externally visible opera- :
| tions could include movement to right and left along the tape, and altering the symbol
| on the tape to C or to 1, The sense lines could include one from the symbol on the
tape. Alternatively, if the iemory were to be finite, e.g. not more than 232}
digits, we could use a diallinc system. (Dialling systems can also be used with an
infinite memory, but this is not of wuch practical interest). I have succeeded in
organising such a (paper) machine into a universal machine. ‘ '

The details of the uachine involved were as follows. There was a circular
wemory consisting of 64 squares of which at any moment one was in the achine ('acanned'}
and motior to right or left were among the *visille actions'. Changing the syubol on -
the s;uare was another ‘visible action', and the symbol was connected to one of the
sense lines Si. ‘The even-nuubered souares also had another function, they controlled
the dialling of informution to or from the main memory. This main memory consisted of

232 binary digits. At any moment one of  these digits was connected to the sense line
S2. The digit of the main Lemory concerned was that indicated by the 32 even positioned
uigits or the circular memory. Another two of the 'visible actions’ were printing 0
or 1 in this square of the iain memory. There were also three ordinary wemory units

This P-tyve machine vith external wen:ry has, it must be aduitied, considerdbly
«€wore ‘organisation' than say the A-ty.e unorsanised ~achine. evertheless the fact
that it can Le organized into a universal iachine still riiains interesting.

the wctual tectmioue by which the 'ox‘ganising' of the r-type machine U8 ’
ecarriea throw hh is verrais a iittle disap, ointing. "It is not sufficiently analogous
to the Hind of . roecess by which a chilé would really be taught. Tre Jrocesszactually
saopted was £irst to let the .achine run for a long tine with continuous application
of iuin, und with various changes of the sense dcte 53, S4, S5. Jbservation of the
sequence of externelly visible actions for same thousands of wowents rade it Possible
t> set up a scheze for identifyiny the situations, i.e. by vhich one could at any
Spworent fing out what the situati-n was, except that the situations as a vhole had bBeen
Creru eGe A sindilar investigation, with less use of runishment enables one to find the
titustions which are afiectec by the sense iines; the data about the situations ine
o |Yolv'ny: the remory units ozn aiso be found but with more djfficulty. At this stace
~ t‘jc churacter has veen mganstmcted. There are no Occurrences of %0, 1, DO, I1.
<€ prext stase Is to think U soue vay of replacing the “'s of ithe character by DO
1 it s.eh avay as to sive the desired wodilication, Tiis will normaliyr be - os.-zi't’)lc
‘::‘.t‘ the SW . e3Led nu.ber of situati ms (1CCO), Senory mits ete. © (he i‘t.nal staze is
g S LS R s e e e ey e aone 517y
Lt{.. i wien the .prouc c;:oioe iq‘ ~"'C~.e. -1;3:<f“s~';g??¢§‘0f‘ o yntd s, gm ap;uc{:l!:.g sadn
5 bert wico o o 10 ain s;:i::l" cleasure stizuli when the rizht one is .ade.
 wdio Ly i when irrelevant choices are iace, Uhis is to

tvvent .ettii;: isnlated in @ ring of irre Vo . . e N .
op amnt _— £ irrelevant situstions. The ractine is now ‘reagy

und three sense units S3, 34k, S5. Also six other externally visivle actions A,3,C,D,E,P,
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Tt dnser obiop counisbed of 125 &3 dte, which we iay ze,yerma. formdr: four ntis
50w of ) Teh oo entio o oore luee fa the raln iyl dnese places 2y be cal-

led _
at § then 4 - 3q is to be transferred to position R and that the next instructi.n wil}

be found in the 128 digits beginning at S. This gives a U.P. C._l.'. s though with ratier
less facilities than are availabie say on the ACE.

I feecl that more should be done on these lines. I would like to investigute
other types of unorganised machine, and also to try out orpanising methods that
would be ..ore nearly analogous to our ‘uethods of eaucation'. I made a start on tre
latter but found the work altogether too laborious at present. ihen sowe elactronie
rvachines are in actual operation I hope that they will uake this more feasible. It
shoula be easy to make a model of any particular wmachine that one wishes to work on
within such a U.P.Ce... instead of having to work with a paper wmachine as at present.
I1' a1so one decided on quite aefinite 'teaching policies' these could also be pro-
gramiea into the iachine. OUne would then allow the whole system t0 run for an appre-
ciable period, and then breuk in as a kind of ‘inspector of schools' and see what
progress had been wade. One might also be able to ma:e some progress with unorgsniged
wachines more like the A and B typres. The work involved with these is altogether
too great for pure paper-machine work.

One particular kind of phenomenon I had been hoping to £ind in connection with
the P-type machines. This was the incorporation of old routines into new. Ome might
- have 'taught' (i.c. wodified or organised) a machine to add(say). Later ome .ight

l—‘,:z,ii,s. The meaning of the instruction is that if p is the digit at ! and q that :

teach it to multiply by amall numbers by repeated addition and so arrange matters that: ;

the same set of situations which formed the addition routine, as orizinally taught,
was also used in the additions involved in the multiplication. Although I was able to
obtain a fairly detailed picture of how this might happen I was not able to do ex-

periments on a sufficient scale for such phenomena to be seen as part of a larger cone

text. :

I also hoped to find something rather similar to the ‘irregular verbs' which
add variety to language. le seem to bDe quite content that things should not obey
too mathematically regular rules. By long experience we can rick up and ap:;ly the
woat couwplicated rules without being able to enunciate them at all. I rather suspect
that a P~type machine without the systematic memory would behave in & rather similar
aanner because of the randomly distributed memory units. Clearly this could only be
verified by very painstaking work; by the very nature of the problem 'zmass productim®
methods like built-in teaching procedures could not help, o -

-,
/
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Liscij Line anu initiative,

1;.

18 the witrained -ifunt's minu is to becowe an intellisent one, it must;
ucuire both uiscipline and initiative. So fur we have been gonsidcr1ng only disci-
jlire. Jo ¢ nvert a brain or wachine into a universal machine is the extremsat
»}qrm ot uiscipline, Without souethi g of' this xind one cannot set up p-oper cou-
wul cuti ne  Sut uiscipline is certainly not enough in itself to proauce intclligence.
Ifkat which is required in ad.ition we call initiative. This statement will have to
sexrve as a aef'i ition. wvur task is tc discover the nature of this resiage as it
occurs in ..an, and to try and copy it in machi.es.

Lwo possible wethods of settins about this present themselves. un the one
rana we have fully disciplined machines immeuiately available, or in a matter of
.onths or years, in the form or various u.l.C..'s. ile might try to graft soms i.itia-
tive onto these. This would probably teke the form of programuing the machine to do
every xina of job that could be done, as a matter of urinciple, whether it were econocie
cal to ao it by wachine or not. uit by bit one would be able to allow the machine to
wake more and wmore 'choices' or 'decisions'.. (ne would eventually f£ind it possidle to
projrame it so as to .nake its behaviour be the logical result of a comparatively saall
nuzber of general yrinciples. When these became sufficiently general, interlerencs
would no longer be necessary, and the machine would have grown up’. This may be called
_the 'direct method'.

Tre other wethod is to start with an unorganised machine ana to try to bring
both discipline a:nd initiative inco it at once, i.e. instead of trying to organise
the machine to become a universal wachine, to organise it for initiative as well,
both uethods should I think be attempted.

inteliectual, Cenetical and Cultural searcies.

4 very typical sort of probleu requiring some sort of initiative consists of
those of the rorm "find a number n such that "o “his form covers a very great
variety of problems. For instance problems of the form "See if you can find a way
of' calculat:ng the function which will enable us to obt.in the values for argu-
ments see 10 accuracy eee. within a time eeo USing the UueF.Cese oes " are reducitle to
this form, for the problew is ciearly evguivalent to that of findaing a program.e to
put on the uachine in question, and it is easy to put the prograw.es into corcespone
dence with the positive integers in such a way that given either the nuw:ber or the
progruue the other can easily be found. se shoulda not go far wrong for the tims being
i’ we as.uuea that all problems were reducible to this forw, It will be time to think
aijain when something turns up which is obviously not of this foru.

the cruaest vay of' Gealing with such a problex is to tuke the integers in
oruer anu to test sach one tv sec vhether it has the requirea’ rroperty, and to go on
until one is founa which has it. Such a wethoa will only be successful in the sicplest
casts.  Jor instence in the case of problews of the kina =entioned above, where one is

1600 ang 100ULW0,  wor practical work therefore some more expecitisus rethod is
neces:ary. In a nw.ber o cases the roiiowing method would be successful, Starting
With 4 eieCeie we first ut a brograi..e into it which corresponds to building 1. a
logdcal syste. (like russell's rrincipia ~athe.aiica). ihis would not usteruine the
uelaviour of the wachi.e causletely: at various staces wore than one choice as to the
next sty w.ulu oe possible. we micht hovever arrenge to talks all poscible arrunge-ents
ol' choices in oreer, and +0 on uctil the .achine ETUvVeG a theore_, which, by its famm,
coulu be veriried to give a solution of the p:obies. Ihis way be seen to be & conver-
$i0i. 0. the wrd) inel jrobleu into another or Wwe S&e roru. Ins eac of searchin;;
Lol Vaiues off the oriyrinal variable i one searches th:ouch values ol sowething elce,
4 . ractice when solvinc problems of the above Xina one will ,:obabiv ar_ 1y soie very
¢ . cdea 'trairor ol ot or the origiral s£roblen; irv lwing aearchiné thi%ugh various
V.. lubles, sc.e Lore analag:us.t; the orizinal one, sae more lize a8 "scazch throwh
u}‘ 1:43450. : rnhg r?scurch into inteliivence of zachirery will ;rotubly be very
'c:f‘“.c?#?ﬁtﬁedu7;t§. scg;che:f of this ;i§d. - +€¢ Zay .erhap3 call such scarches
|- Les-cCtuas seerches's lhey Lichi V.Y orielly b= l:linec as 'scarchacs carriew ous
L. Liulns Sor €0 ldiaticns with sarticuldar Lro. e ties®. :

real.y searchi: g for a urograiue, the nuiber required will normally be sacewhers between
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1t sy be o interest tou sienticn two other iinds of scaich in this conneoion,
Jdiere 1s the cnetical or evolutiovnary scarch by which a cou.bination of neneg ig
luokew ror, the criterion bei:y zwivival value. The rcan:zuble succsu. of thig ge pop
comirig to so.e eatent the idea that intellcctual aciivity consisis mainly of various
“i.wz of search,

<hie rewaining rforu of search is what I shouwld like to call the 'cuitural
searcr'. As I have mentiunea, the isolated wan uoes n .t develop any intcllectual
svWels It is necessary for hin to be iamersed in an environaent of other men, whoge
teciuiigues he absorbs during the first 2u years of his lif'e. lHe may then perhaps
do a little research of his own and uake & very few discoveries which are passed
on to other wen. .roi this point of view the search for new techniques must be regardec
as carsieu out by the human cormunity as a whole, raiher tha: by individuals, .

Wil s e <o
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1., aintellijence as an ewotdonul concept

- The extent to which we regard souething as behaving in an intelligent manner
is ueterwined as much by our own state of mind and training as by the properties
of the object under consideration. If we are able to explain and predict its
behaviour or if there secus to be little underlying plan, we have little terptation
to imagine intelligence., With the same object therefore it is poassible that one °
sman would consider it as intelligent and another would not; the second wan would
have founu out the rules of its behaviour.

It is possible to do a little experiment on these lines, even at the present
" stage of wnowleage. It is not difficult to devise a paper machine vhich will play
a not very bad gaue of chess. Now get three men as subjects for the experiment
4,..0. A and C are to be rather poor chess players, B is the operator who works
the yaper machice. (In order that he should be able to work it fairly fast it is
advisable that he be both mathematician and chess player). TIwo rooms are used with
soue arrangement for coumunicating moves, anc a game is played betwcen C and either
4 or the paper machine. C wmay £ind it quite difficult to twll which he is playing.

(This is a rather idealised form of an eiperiment I have actually dome). '
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SUMLARY,

“he possible ways in which machinery might be made to show intelligent
behaviour are adaiscussed. The analogy with the human bra;n iz used as a guiding
princi le. 1t is pointed out that the potentialities of the human intelligence

- can only be realised if suitable education is provideds The investigation mainly

centres round an analogous tesching process applied to wmachines. The idea of an
anorganised wachine is defined, and it is suggested that the infant human cortex

is of this nature. Sicple examples of such wachinss are given, and their education
by weans of rewards and punishments is discussed. In one case the education process
is carried through until the organisation is siuilar to that of an ACE.
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