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2, Refutstion of sone obgections

Tn this section I propose to outline ressons why we do not
need @% be influenced by the sbove desoribed ob jfections ,betim

The objeections (a) snd (b), being purely emotional, do not renllv
need to be refubed., kixe If one feels it neee--ery to refute them

there is little to be said thet could hone to0 nreveil, thourh the
sctusl »roduetion of the npchine% would »robshly heve some effent,
in g0 fer then ss we sre influenced bv such esrouments we ere
bound to be left feeling reth er une~sy erbout the whole »-ofeet,
et env rete far the nresent. These erpunents esnnot hé who' 1v
ignored, beceuse the ide; of 'intelligence' is itself emotionel
- r-ther then mathemetierl. .
crudest
The obieetion (e) in its xixwXexk form is refuted =t once
by the sctusl existence of mechinery (ENIAC ete.) which esn po
on for through immense nunbers (e.=. 1060'000 bt for ACH) of
operstions without revetition, assuwinf no hreslrdown, Thé more
subtle forms of this objection will be considered 2% lensth
T % T A, R A
The srrumentcfrom Godel's =nd other theorems (objﬂétion (a)):
rests escentially on the econdition thet the mechin must not meke

mistekes. But this is not » requirement far intellirence, It is

relsted thet the infent Geuss wrs rsked ~t echool to ﬂo‘the

sddition 154 18 =+ 21 & ...+54 (or somethinz of the rind) end th-t

he immedistely wrote down 443, nresunehly heving eelenleted it
as '(15*- 54}( 54 - 1?.);2.:5 One c¢en imegzine cireumstences where
a foolish mester told the child thet e ought inste-d to have
added 17 to 15 obteining 33, then sdded 21 ete ., FIOM.SOﬁe noints

of view this would be # 'misteke', in spite of the obvjious
a hachen

intelligence involved, One cen 8lso imeo~ine ;xmt:thntﬁthe children

were given s number of sd-itions to do , of'which the first §

xrExx were 11 srithmetie nrogressions, but xmome the ¢ th wes

e
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sey 2354 34 $ 45+ ,...9100 % 112 122+ . 4199,
Gauses might heve given the snswer to this es if it were en
srithmetic nrogression, not heving noticed thot the @ th term wes
112 insterd of 111, This would be r definite misteke, which the
lese in‘e]ligent children would not heve been likelvy © meke,
The view (d) thet intelligence in mechinery is merely 2
reflection of that of its crestor is rsther sim ler to the vi-w
discoveries
thet the credit for the xwmmmx-of » »upil imxExtirsty should
be given to his tescher. In such e cmse the tercher would he
plersed with the suecess of his methods wmm of edueation, but
would not eleim the results themselves unless he hesd sctuelly
communie~ated them to his »unil. He would oertfig;iZenvisnﬁed
in verv broad outline the sort of thing his »u-i] micht be

exnected to do, but would not exneect to foresee eonv sort of

" deteil. Ii is elrredv nossible to ~roduce mrchines where this

sort of situstion erises in = smell desree. TxwraixmrEEwimEx
wiizkte o i rextxxumgx One cen Sroduee 'nener meghines!
for playing chess. Pleying egeinst such - ﬂﬂchine_pives s definite
feeling thet one is pitting one's wits ageinst sonething alive.

These. views will all be deve;oﬂﬁed more completely below,
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3. Varieties of mechinery

It will not be possible to diseuss vnossible meens of nrodueing

intelligent meehinery without introdueing s number of teehnicel

-~ terma to deseribe differ-nt kinds of existent meechinerv.

! Ly
tDiserete! snd 'Continuous! mechinery . When mry crll =

meehine 'diserete! when it is n-oturrl to deccribe it s no==ible
atates 25 s diserete set, the motion of the meehine oecurrins bv
sumpiine from one strte to enother. The strotee of 'eontinuous!
meechinery on th e other hnd form = continuois menifold, -nd the
behaviour of the mechine is deseribed by o curve on this

n
mepifold., All mechinery cen be regerded és continuovs, but when

it is possible to regerd it as diserete it is ususlly best to do so.
L
?.7.0.

"Controlline! snd 'Active'! me€hinery . Meehinerv mev be

deﬁqxibgﬁ;ﬂsmlbﬁntfolling' if it onlv deels with informetion, m®
Pkt E kR DY R R R B B P L ek R ey WO Rt
In preetive this condition is mueh the seme #s geving thet the
megnitude of the mechine's effects may be as small as we plerse, S0
long ss we do not introduce eonfusion through Brownisan movement étc.
thietive! mﬂchinefv is intended to produce some definite vhvsierl
effﬁét.
Exemples A Bulldozer is kmxxyex Continuons Aetive
A Televhone is Continuous Controllih?
A Brunevige is . Diserete Controllins
A Brein is »robebly Continuous Controllins, but mm i=

very
¥®m similer to much diserete mrehinery,

Tle EMBC, feg 2K Desucle Grhotls
A Differentiel Ah»ivqer Continuouns Controllin -

kxkEromzkinpsrivhreExterert iedrra DivepEtecket e
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We shall mainly be concerned with discreté controlling mschinery.

" As we heve mentioned breins very neerly fall into this cless, end

there seems eferv resson to believe th-t thev could have been

mede to f21ll genuinelv into it without sny chenge in their
- nronerty

' essentisl pronerties, However the xixxxixx® of being 'discete!

is onlvy en sf@tventege for the theoretiec~l investigrtor, #nd setpves
no evolutionarv murnose, so we could not exmeect Neture to es=s=ist us

by producing truly 'discrete! brrins.
Given eny diserete "echine théd first thins we wish to finﬁ out

( sk 2) :

about it is the number of stnteﬁ[it een heve. This number mav be

infinite (but enamersble) in whetich cese we sey that the machine

hes infinite memory ( or storsge) cepecity. If the mechine hes

a finite number N of pos=ible states then we sey that it hes

a memory cepacity of (or equivnlent to ) 1loge N binerv digits,

Aecording to this definition we have the followingz teble of

cepacities , very rdusghly

Brunzvigs " 90
ENIAC without ceards

end with fixed nrogremme . 800

FNIAC with eards a0
ACE ss vroposeé 60,000
a, wand

Manchester mechine ia/v/a,.) $iypex 1,100

The memory capecity of a machine more then enything else determines

the complexipﬁ‘of its pos=ible beheviour.

The behaviour of s dis oretekm chine is comnletelv deseribed when
: (&< :

we sre given the sfﬂtelgf the mechine ss a funetion of the immedirtely

preceding stete and the relevent externsl dete,

|
:
|
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Prectienl Comhuting dpehines (P.C.Ms)

Although the onerations vheieh cén be nerfarmed bv L.C.ls
inelude every rule of thumb »rocess, the number of stens involved
tends to be enormous, This is meinly due to the srr-ngement of
the memory eldng the tevpe. imyxperxriizzizxxfxx Two fsects which

: o1 de
need to be used together may be stgded very fer epart on thre

~ tape, There is =1lso rether little eneoursgement, when desking

with these mechines, to condense mx the sbored exnre-=sions st all,
For instence the number of gsymbols reauired in order to .exnress

2 numer in Arsbic form (e.g. 149056 ) cennot be civen env
definite bound, sny more than if %k the numbers sre exnres-ed in
the 'simplified Romen' form (IIIIT.,.I , with 140056 occurrenges
of I) . A® the simplified Romen SGStem obevs verv much simnler

laws one trmyxferE uses it instesd of the Arehie svatom.
In preetice however one cen essign finite bounds to the

numbers thet one will deel with, For instence we cen rs~ipn-»

bound to the nulber of stens thet we will edmit in & esleulstion

\performed with & resl machine in the following sort of way. Sunvose

' thet the storsge system depends on cherging condensers of capacity

c = lupr, an th-t we use two stestes of chsrging, E = 100 volts
snd -E = - 100 volts. %Vhen we wish to use the infarmetion m¥weExai
cerried by the condenser we heve to observe it s voltese, Owing to
thermel egitetion the volteme obsedved will =lweys be slichtly
wrong, end the nrobsbility of sn error between V ~nd V -dV volts
is \[%’%T e“{ vehT V4V , where k is Boltz menns constent,

Teking the velues sufgested we find thet the mrobebility of recdine
the sign of the volteze wronz is sbout lodmemdq*faﬂ If then

o job oak wibe Siai 30397 atepe we should He vickuslly sertsin &
getting the wrong snsewr, snd we may therefore restriet ourselves

to mEmkimewx jobs with Pewerx stepa, Even & bound of thi« order

3

might heve useful simplifying effects, More practical bounds =sre S$hﬂuaia’

-
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essuming that e light weve must trevel 2t least ﬁpm between steps
iy he feda oA

(This wauld meswime » very smell machine) end thet we could not
weit more then 100 verrs for en snswer. This would give » limit
of 1020 steps. The storere canecity will nrobebly ¥E heve 2 rether
similer bound, so thrt we ecould use genuences of 20 decimel dicits
for describing the mosition in whieh = gziven niece of drte we-
t0 be found, end thi= would be 2 Teelly velueble FExtriwkimx
pogesibility. .

Meehines of the tvpe/known =s 'Autometic Digitel Com- uting
Mbchines'of;ten meke gre~t use of this pos-ibility. Thev elso
usually pufaa grest desl of their stored informetion in s form
Tery dirferent from the tape form, By meens of # system rether
reminiseenf of s teleplione exchange it is made pos-=ible to
obtein a piece ot_informstion elmést im edistelv by 'dieslling? ®
the nogition of tﬂig informetion in the étore. The delav ma% : |
be only s few microseconds with some systems, Sueh mechines will |
be described s= 'Practicel comnputines mechines',

frome i ttkex oo ek e ravE R e e km ke x 2 ek
ki omexki
Universsl Prectical Computing mr chines

Nerrly 211 of thexm P,C.M's now under eonstruction heve m%

: Logicrl
the essentiel proverties of the 'Universel Comouting' mechines

mentionef e-~rlier., In practice, given -ny job which could heve
been done on en L.C.M. one cen slso do it on one of these

digital computers, I do not mean that we cen design e digitel
computer to do it, but thet we stiek to one, say the ACE, and th-t
we esn do sny recuired job of the type mentioned on it, by

suiteble progremning., The progremming is oure nener work,
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It wenigxkeExExirErxdfrssyexie ne turellv occurs toone to ~sk
whether e.z. the ACE , would be mxmiwxxXx truly univers~l if its
memory cepecity were infinitely extended, I heve investigrted

this question, ~nd the enswer epreafs to be as follows, though

I have not ‘proved any‘formal me themestic2l theorem about it.

A s has been eiplained, te ACE at present uses finite.=equences
of digits to deseribe positions in its memory:- they are (Sept 1947)
ectually seguences of 9 binery digits. The ACE rlso works lercelw
for other nurnoses with senuences of 32 binery digits., If the

memory were extended e.g. to 1000 times ite nresent ceveeity

d be neturel to ervenge the memory in bloecks of the

1 cepecity wm which cen be hendled with the

would never be switehed, This would cont-in some of the more
fundementel instruction tebles =nd those concerned with
gwitehing, This part might be erlled the 'eentrel part', fmmx
FoRit s rE rrrnan ke cnck e g Ertrakomcork wht e et e d oo
One wouldﬁneed to have 2 number which deseribed whieh block

was _in sction et any moment, This number might however be s
large ns one plessed., Eventuelly the noint would be reached where
it eould not be sﬁtjed in e word (32 digits), or even in the
centrel pert., One would then heve to set esside » bloek for
storing the number, or even 2 seruence of blocks, sew blocks

1,2, ... n, ¥nxkkeor We should then heve to store n,

theoryJwOuld be of indefinite size, This sort of »nrocess een
be extended in rl1ll sorts of wevs, but we shel! elwevs be left
with e positive intecer whieh is of indefinite size and whieh
needs to be stored somewhere, end there seems to he no way
out of the difficulty but to introduce = 'tepe'!. But onece this

has been done, and sinece we ere only truing to »réve » theoretieel
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connedted to e centrel synchrontsing unit from whieh synehronising

So fsr we hrve been considering mechines which rre designed
for s definite purpose (though the univer3r11w chiheg sre in o
sense an exception), We might inste-d nixix consider whet 'hennens
when we mske u» o mnchine‘in a comparatively unsyvstemetic way
from some kind of st nderd components. We could -consider some

perticulsr mechine of this neture =nd find out whet Xkxiwx

zrpxitexef sort of things it is likely to do. Mechines whieh

are lergely r-ndom in their construction in this wey will
be ceslled’'unorgenised mechines' , Thie does not nretend to he

en sceurrte term. It is ronceiveble th-t the s~me mechine misht

- be regerded by one men es oreesinised end bv enother -~ unorgenised,

A typierl exemnle of #n unors nised mechine would be rs follows,

The mechine is mede up from s rether lerge nuﬂbs) N of siniler

units, Bech @nit hes two inout terminels, sAd e s en outnut =3
(O o'bﬂfu_)

terminel wheih een be connected to the innut terminels ofjfother

units, We may imegine thet ke far esch integer r,'. & v B

two numbers C(*) end (P are chosén #t T ndom

from 1,. .,N end thet we conneet the inputs of unit r to

the outputs oqﬁnits ¢(v) end j(+) . All of the units ere

———— e T USRS T ———————

The times when these pulses errive will be celled 'mo-ents', :
pulses =2ve enitted 2t more or les= enuel intervels of ‘ti"le.AEpc‘n i

unit is cenable of heving two stetes ot khm eﬂch moment, The-e
stetes mey be celled 0 ond 1. The str~te is determined by the rule
thet the stetes of the units from whiech the innut le-ds eome

ere = K asdle
ix to be teken et tlr nrevious moent, multi-~lied nnd;@ubtrﬂe+ed
from 1. An unergenimed mechine of this chsrscter id& shown 'in

the diagrem below,
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“he behevions 0 se—sdemde - Prhiﬂezts neturelly verr triviel,

']

However mechines of this cherector e-n behrve in = verv

com~lirrted manner when the number of units is lerge, We mrv ‘enll

th:eﬁe A-tvpe unorcenised machires, This the mechine in the

diecrem is ~n A-tyne unorcenised mechine of & units, The motion

of en A-type mechine with N units is of course eventurlly neriodic,

ps is sny determ ned mechine with finite memory cepecityv, The
period ceniot exceed 2 moments, not can th e length of time
before the neriodie motiqn begins., 4in the examnle sbove the
period is 2 moments snd there rre 3 moments before the veriodie

motion besins: RN iz 32,
ehout
The A-type unorsenised mechines ere of interest =s beins the
sinmlest model of » nervous svetem with » rondom srrengement of
neurons. —t would therefore he of verv fre-t intere-t to find out

something sbout thedr beheviour., Fio—mel be=teten—un—rrin
: e e =

- - - : .

et o i . el Sl S i i

P

el

i Ll iy g a1

i
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A second t me of unorgenised mechine will now be deseribed, not
becsuse it igs of env greect intrinsie imnortence _hut bheercuse it

will he useful leter for illustretive »urnoses, Let us denote

the eircuit g by > y>—

as =n sbbrevistion, Then for esch A-ty»ne unorgesnised mechine we

cen const uet snother machine by replseing ereh eonneetion —_—T

Cin it by~ - . The resulting mochines will

be crlled B-type unorz-nised mechines, It meay be said thet the
B-type meschines ere #ll A-tynme. To this I would renly thet the
sbove definitions if correctly (but drilv !) set out would
take the form of deseribins the »nrobebilitv of sn A- (or B-)
type machine belonginz to = given set: it is not merely o
definition of whieh sre the A-tyne = chines end wheih ~re the

B-type machines, If one chooses en A-ty~e mr~chine, with ~ esiven
number of units,et random, it wil 1,‘0” evtremelv u'likelv th-t one
will set e B-tyne mechine,

It is eessily seen thet the g?nﬂection_ -ﬁ%ﬂ.———?- en
have three conditions. It mey mikimr pess =11 signnllg through with
interchange of 0 s2nd 1,or ii) it may. convert ell signels into ] ,
or aga.in 11i) it may sect im 2s in 1) end ii) in eslte nete moments,
(Altern-tive 11i) hes two sub-ceses), Which of these cese~ svnlies

depemds on the initisl conditions, Tha & a ,_u.,, -3 hoo swracty

JM"‘"‘L "—3"13'—'9—.

b,
13 G

.

>
]
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5_"_125_1;' rference with mpchinery, Modifieble and ’P'Lf;-modi_f'_T.’_f!.-n_._f.?_ meechinery,

The tynes of mechinexx th t me heve considered so f-r ere
meinly ones thet sre s=llowed to continue in théir own wey
for indefinite periods without interfer-nce from outside, The
universal mechines were an exception to this xx , inthtet
froﬁ time to time one might chenge the deserintion of the mesehine
which is beinz imiteted, We shell now consider mschines in
which such interference is the rule rether then the execention,

We mey distinguish t o kinds of interference. There is the
extree form in wh ieh nerts of the “schine ~ve removed and venl-cred
by oth ers, This may be described eos 'serewdriver interference!,

At the oth er end of t e scrle is 'maner interference', which

con sists in th e mere oomquniﬁption of informetion t© the

mw chine, which mevxxkkxeXmxx ~ltersits behsviour, In view of 'I:.hm;.b
properties of the universsl merchine we do not need to consider

the difference between these two kinds of meschine ss being so
very rediecel after all., Paper interference when ap lied to the_
universal mﬂohiﬁe esn be as usefdl as sdrewdriver interference,

We shell mainly be intere=ted in paper in te ference. Since
serewdriver interférence cen nrodﬁoe 2 comnléfel;'new me chine
without difriculty kkxiwxwfxrxkNerxX¥ there s r-ther litile to

be seid ehout it. In future 'int-rference'will normellv meen

'paper interference’, :
Porxemorxrtvencw e et i thxeiv enxr ryr nrErEnt =y fer ey mer
interfErexee WVhen it is nos-ible to slter the beh-viour o e =merhine
véry redically we mey snerk of the m ehine a8 being "rr.todifinh‘te:.
This is = relative term, OUne machine mey be snoken of as being '
more modifirble then snother,
One masy also sometimes speé‘c of e mechine mofifying iteelf,

or of & mechine chenging its own instruections, This is rTeelly e

=

nonsensiesl form of phreseoldgy, but is convenient. Of course,

P e O Sl e e i
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e cryE K s e nE T E X EX TR RN mrcrx v according to our
eoknletely deseribed bv

conventions th e 'mﬂchine' is mxxExiiwitx the r lrtion between
possible

its eonfigurstions et coneecutive mements, It is en ebstreetion
which by the form of its definition e-nnot ehenge in time, Ir we
‘eonsider the mechine 2= sterting in 8 »n-rtieuls r eonfigur-tion
however we mev be temnted to ignore those configuretions whieh

without interference :

cannot be recched from it, "f we do this we should cet o
tguccessor reletion' for the configuretions with diffe*ent
properties #romthe originel me= one #nd so s diffcrent 'npchine’,
FPrERm rxeor e i eoman e Fxrrek fons omers tx ko it ik e

*f now we consider interference,

we should sey that ese¢h time interference oc urs the mechine is (
probsably chrnged, It is in this sense tha£ interference'modifies’ 3 j
e mechine, The sense in which 8 mechine esrn modifv itself is

even more Temobe. We mey if we wish wumxidex Aivide the oner-tions
of the mrehine into two elnsses, normel end self-modifvine
operstions., So long 2% only normel over-iions =re nerforme d

we regerd the meehine g un-ltered. Cleerlv the ide-~ of

tdelf-modificetion' will not be of muech interest exeent where

L R o R N N

the divieion of onerrti-ns into the two cdesces is very

carefully méde. The sort of csse f heve in mind is s computing i
machine like the AEE where lerge m rts of the storsze are ;
normally occupied wikh in holding instruetion te bles.(Imstruction  ;
tebles are the equivelent in U.P.C.Ms of deserintions of | i

machines in U.L.C.M s ) , Whenever the content of this stroasge
wes altered by the intermel onerertions of the mechine, one would

neturally sperk of the mrchine 'modifying itself?,
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6. &.Man gs e nechine., A grest nositive rerson for believing in the
pogsaibllity of making thinking mechinerv is the fret thet it is
so==ible to meke meechinerv to 1ﬂitrte82;%lprttf o men 8-
alle=<antiels . Thet the XEImXIwXx miero~hone does this for
the ear, end th e television cemer=s for the e;a, sere commonnlaces.
One can slso produce remobe controlled Robots whose limbs xxm
belenee the bodvy with the sid of servo-mechenisms, Here we ere
chieflvinterested in the nervous system, We mxm could produce
feairly accur-te eleﬁtr{col models mf to cony the beheviour of nerves,
but th ere seems very litile point in doing so, It would be rether
like put ing = lot of work into Rekmixxwitiriexmxwhx®rExx cers
which welked on legs instesd of continuing to use wheels, The
eleectricsl dircuitv which  ere used in eleectronie commuting
m chinerv seem to have the es~entiel nromertie = of nerves, Thev
sre able to trengmit informetion from nlesce to nlece, end rlso
to store it, Certeinly the mexxwwx nerve hias menv sdventeges,

It is extremely comnect, ‘does not weer out (nrobeblv far
hundreds of veergd &f kept in e suiteble ﬂedium!?n%as s very low
edvantegfes

enercy consumpntion, Agsinst th ese the eleetronic cireuits hawe
only one counter attrection, thet of speed, This advantege is
however on such =& scele th;t_it may posaibly oﬁtweigh the
sdvantages of the nerve.

One wey of setting mbout our tekk of building s 'thinkine .
machine! would be to teke 2 man e~ » Whole‘ﬂnd'to try to
replace ¥k 211 the »nerts of him by meehinery, He would inelude
televion cemerss,micronhones, loudsnesers, wheels ond 'hendlinge
gservomedhsnisms' es well #s some =ort of 'eleotronic'brein‘. This

would of course be = tremmandous undéert-king. The obieet if' .

produced [would be of immense sizZe = geyen if the 'brein' » rt

W
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were stetinery snd controlled the body from = distence, In order
+het the meehine should heve a chence of finding fhings out for
itself it should be =llowed tq rosm the countrvside, =nd the
denger to the ordinerv eitizen would be serious. Moeeover even
when the feeilities mentioned ebove were nrovided, the ere-ture
would still have no conteet with food, sex, smort e=n? =menv other
thinge of interest to the humen being, Thus ﬁlthough thds method
is probsbly the 'sure' wey of producing e thinking mechine it

seems t0 be =ltogether too slow end impresctiwsble.

e el g

Tnstead Ave nropose to try snd see what cen be done with e

R TR RS I

norxrerrIEsxriszixket 'brein'which is more or less without »

body, providing at most or sens of sight mx® speech end heerin=,

il v

We sre then feced with the »roblem of findin g suiteble
branches of thought for the'mbchine to exercise'ité powers in.
The foilowing fields epperr to me to heve adventezes:i-
- (1) Various gemes e.g. chess, noughts snd erosses, bridge,
poker, .
lesrning
(1ii) The TrsmxXmxkimm of langueges.
(11i) Trenslation of lengueces,
(iv) Cryptocrephy.
(v) Methemeties. ; :

Of these (1), fkkk(iv), #nd to = lesser extent (iii) ~nd fw) <
are good in th~t they reouire 1ittle econteet with the outside
world. For instence in order thest the mechine should be

eble to plev shess its only organs.need betevest! cenesble of

dis tinguishing the verious pqsitions on # sneciesllymade boerd, ~nd
meens for ennounding its own moves, Methemeties should prefer-bly
be restricted to bremches where diegrems sare not much uséd. Of the j
above pos=ible fields the lesrning of lrngnn"es would be the ﬁ%
most imores-ive, sinee it is the nm'- numen 4} Hune ccbiset hin
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71'. Eduestion of mechinery.

Althouch we heve ~bendoned the nlen t ~eke = 'whole men', we
sometines

shoudl be wise to Xyxxsmg comnere th e xikwx cirecumrstrnces of
our re chine with those of # men. It would be ou’ te unfrir to
expeet & mechine streight from the fretory to ecommete on

equal terms with e university greduete, The gradtmfe ke = hed

r® contect with tk®m humen beings for twenty vesrs or more . This
contect hms throughout thet period been modifying his beheviour
pattern. His teschers h.ve been intentioenlly trying to
modify it. At the end of th e reriod a lerge nunber of stenderd
routines will heve been sunerimpnosed on the originel ;w*-'*ern of
his brein. These routines will'be X=xxxmkx mnovn to the cormnity

ea ¢ whole, He is then in s nosition to trv ~ut new combinetions

of these routiness 'O meke slight v-ri=tions on them, ~nd to
apply them in new wevs, :

We mey s~y then fxxixikxx thrt in so f-r #= 2 men is =
mechine he is one thet is subjeet to very much interference.
In feet interference will bex the rule rether then the exception,
He is in frecuent communicstion with other men, snd is continuslly
receiving visual end oth er stimuli which themselves constitute A
a form of interference. ~t will only be when the men is 'concentr-
eting! with o view to eliminrting these stimuli or 'distreetions'
thet he epnroximetes a mechine without interference, ¥mmrxwixkine
lzxix1ti!xxm!nzinngtxtnxtilxil:txllziinx We are chiefly interested
in meehines with ecomperetively litile interference, for rersons
given in the 1-st section, but it is immortent to remember thet
elthouzch » msn when concentr-ting mey behsve like = mechine
without int rference, his beheviour when concentr-ting is
lergely determined by the wev he hes bern conditioned b

previous interference,
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Cpoanisine urnorgenised mechiz 7

. Urgenising uriorgenised mschinery.
Meny unorcenised mechines hpve configur~tions sueh t -t
, if once thet configur-tion is re ched, end if the interference
thereefter is ~ppronriestely re tricted, the m chine beheves
gs one or:enised Top some definite nurpose . For instence the
B-type machine s own below wes chosen at rsndom
' I~
oy

If the connections numebred ',.3"1.)1,.) auw o amdRon '!,) *:"“k"”ﬁ
and cﬂmkmg_’&:? ere in condition i) , then the mechine mav be
considered to be one for the pugp -e of prssing on gisnals with a
delay of 4 momeﬁts. This 1= a ™ rticular eesse of @& vQTQ ceneral
(end meny other types) ;
property of B-tvne machines, viz thet with suiteble initial
conditions they will do eny reou red iob, ziven su'ficient time
: : particuler

end mtor=xeE orovided the number of units is sufficient. In fxwk.
with e B-type unorgenised mechine with suffieient unit= one

cen find initiel cOnditions_Wh‘ch will meke 't into = univ psel
mechine with = zciven storerge cepecity, (A fofmnl nroof to this

e fect micht be of -0 ‘nterest, or even » demonstrertion of it
aterting with » »particuler unorgenised B-tvne mvﬁhine, but I am
not ziving it ee it lies rrther too frr outséde the emin ﬂréﬁment.)

With these B-type mechines thex® Xxxmwk nossibility of

interference which could set in sppropriete initial conditions
.hns not been arranged for., It is however not difficult t -think

of sprropriete methods by whieh this could be done., Tor

istence ineterd of the .connection one
o |
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Y Here A, B sre interfering

in-uts, normelly giving ¢t e signel '1l' . By sunnlying spnronriaste
otherl;ignals st 4,B ve cen get the connection into wmx
condition i) or ii) or either farm of iii), -s desired. Ho ever
this reaquires two speciel interfering in-ut~ forerch connection.
We shell be mei 1v interected in crces vhere there ere only
quite m few indenendent innuts eltogether, so thrt 211 the
interference which sets up the 'initiel conditions' of the r¢ chine
hes to be provided through one or two inputs . The process of
setting up these initisl conditionsso EEv L0 YU NEE Y EXEXNEN

th-t the mechine will eerrv out some esprticuler usePul tesk mev
be cerlled 'orzenising the m chine' , ; 6,‘_&,..:-.-.,%_’ M. T Tk“‘“ -‘L

fmudﬁFc.Fﬁk7.
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7_ The eortex ¥ #n unorgeniged mechi e,

Menv perts of » men's brein ere def ' n'te nerve cireuits
; guite
required for definite purnoses., Fx- mles of these ere the

‘centres' wheih control respiration, m, following
moving objeets with the eyesletc: Ell the reflexes proper
( not 'eonditioned’') ere mfxkiix due to the retivities of
these definite struetdres in $he brein, owEx=rxkmrmwre ;
ixkEkimx Likewise the en-eretus for the more elementery
nrob-bly

snelysis of shepes snd sounds comes into this eertegorv.
But the more intellectusl sctivities of tle brein zxumwk
gxxk ere too veried to be meneged on this brsis, The differ-nece
vetween the lengueges spoken on the tvo sides of the chennel

is not due to differences in de%elonment of the French-snerring
ené Inglish-snesking perts of the brrin, It is due to the
linguistie perts heving bern subjected to different treining,
We believe then thrt there are lerge parts of the brein, chiefly
in the cortex, whose fdnetion is ¥ rgely indet- rmin~te, In the
infant these parts do not hesve much erfect:fthé effeet they heve
is uncoordire ted, In the sdult they heve grest snd nurposive
effeect: the form of this effeet devends on the trrining in
childhood. A lerge remneht of xkim the rendom beheviour of
infeney r-meins in the sdult,

All of this suggests thet the cortex of the infent is en
unorgenised mgehine, which cen be org-niscd by su'trble
interfering treining. The orgrnisingi;;: resnlt in the
modificetion of the mrchine 'nto e universel mr chine or
something like Et. This would mern th-t the esdult mxdExzitwmit
will obey orders given in eporopri-te lenguage, even if they

were very compliceted; he would hrve no comion sense, =nd

would obey the most ridiculaous orders unflinehingly, hen 211
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his orde s hed beeh fulfilled he would sink into e comatése stnte.
or perheps obey some stending order, such es erting, Cresture=s not
unlike this 222 rerlly be found, but most peonle beheve quite
differently under meny eireumst-nces. However the fﬂsemblnnce

to 2 universel mechine is still v ery grert, snd sugeests to

us thet the step fromthe unor:s nised infemt to & universel
mechine is one whieh should be understood. When this hes

been mestered we sehll be in = frr better nosition to consider
how the argenising.nrocess mizht Ir ve been modified to nroduce

s more normel tyve of mind. :

This picture of th e cortex ss #n unorgrnised e~chine is

very satisfretory from the noint of view of evolution =nad
geneticé. +t glerrly would not require snv very comnlex

system of genes to “roduce som thing like the A or B-tyne
unoy enised mechine. In feet this chould be much'e~sier then
the production of such things rs. the res»ir- tory centre, This
might suggest thet intellizent reces could be nroduced
comparetive}y easily. I§think this is wrong beceuse the
: virtuslly <
poses=ion of 2 humen cortex (srv) would be xumike useless if
INEXWES ki AorEEERriNEitiXxXfeEXarXxRizxngxitxxerExxiven no
g wolf
sttempt wes mede to orgenise it. Thus if » #&mx by e mutetion
scquibed & humen cortex there isllittle resson to believe theat
he would heve =ny selec’ ve sdvantege. If however tle mut-tion
(perrot-like wolves)
_ occurred in e milieu where spe-ch had devellon’ei. end if the
_ mute~tion by ehenee hed well nerme-ted s smell communi‘y, then
then
gone selective =dventrce micht be felt, It would be pos-ible to
pass informetion on from ~enerrtion to gener~tion, However this

is =11 r-ther specslestive,
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1O, Experiments in orgenising. Ples-ure-pein svstems,

It is interestin: to exrerient with unorgeni¥ ~d mechine-

edmitting def nite tyres of imt rference, end trvins to orgenise
them, e.g. t0 modifr them into univers-1 m chines.

The orgenisation of - mechine into » universel m-chine
would be most imnressive if the errengements ofr interference
involve verv few innuts, The treininz of the humen child de-end-
largely on & svstem of rewerds ~nd nunichments, -nd this
sugzests thet it ought to be »os~ible to cerry throush the
orgenising with only two interfering innuts, one far 'plessure!
or 'rewapd® (R) snd the other for 'nein or 'nunishmmet' (P).

One can devise 8 large number of suech 'plessure-pein' sy=tem$.
T will usc this term to mesn sn unorgenised mechine of the
following gener 1 cha escter:- _
ihtxm:xhtztzmx;zbuxﬁu:uzthedxinxtxzmsxmtxxx§:;;:;;§§:;:::§:§:x:
whixhxinwnmtxzﬁmzzzzxgnnxthx:rtxx:nxtntnxinxnnx! '
The conficur-tions .of the me chine sre deseribed by two
exorescions, wheih we mey ce1ll the che reter-exorescion =nd
the situtetion-exnression. The cherreter »nd situstion rt env
monent, together with the innrut signels, determine the cherreter
and situstion et the next moment. The charreter mey be subieet
to some rendom veristion. Plessure ;nterference has e tendenev
to fix the charscter i.e. toy rds preventing it ehanging, whress
pein stimuli tond to disrupt the ch reeter, ceusing festures
whith had bedome fixed to change, or to become 2gein subjeet to

random verietion,

ini@ deginition is nrobeblv too Vreue snd generrl to be verw
helpful. The ider i= that xkm when the 'cher cter' chencec we

like to think of it 2c e.eh~nge in the " chine, but the'situ~tion'
is merely the configur~tion of the mechine de=eribed bv the ehlereeter
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[]. The P-type unorgrnised mepchine

The P-type mechine mey be r< rrded es an L.C.!Ms without »
tepe, end whoge deserintion is ¥ rcely incomnlete. When =

configupation is reerchexd for which the eetion is undetermined
for the missing dets

e random ehoiece is m de end the sppropriste entry is made in the

desceription, tentstively, sand is epnlied, hen = vain stimulus
occurs all tentetive entries are e~ncelled, and when 2 nleessure
stimulus oecurs -they are all mede —ermanent, 2
Specifieally, The situetion is = nuwber s = 1,2, ..., N

énd corresponds to the configurrtion of the inc_-,oﬁlwlete » chime .
e e mrxerkrercxooocf ek etk d e x oy ok e
IhExYE e 0y X Xy S i m kS e T rE T r AT XX R X dxenerww k
mmmsﬁmﬂxﬁmethxﬁﬁmmmm
frgEnkatiraxyyrRex et ixikEx@ixx@iixdafixixmExxy . The eher-eter
ks & teble of N entries showing the beheviour &f the mechine
in esch situstion. Esch entry hes to sev somethinz both shout
the next situation end sebout whet X setion the me chine I* = to
teke, The action pert mey be either ,@

(i) To do some externally visible aet Aj op Ag ... Ay

(ii) To set one of the memorv units My ... My either
ini-o the '1' eondition or into the '7' econdition. '

Kot}

The next -~itustion

: is elweyg the remeinder
eithe of #m} 28 or of 2s -1-"-_7;";%9]; &8viston by N. The-e may
be called dlternctives 0 end 1 . Which ~1lterntive ~nnlies

" may be determined by wither |

(e) One of the memory units

(b) A sense stimulus

(e) The vlemsure main arrcngements

In esch situstion it is determined which of thece snplies ¥Efmr=

.

4
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when the machine is m de, i.e. interference cennot alter which
of the three esses spolies, Xlso in cs=es a) snd b) interference
can leve no ef":ét. In ceme ¢) the entry in the charscter table
mevy be either U ('uncerhvin'), or TO (tentetive 0),"T1 ,
B DO ( definite ©) or D1 , When the entry in the chesrscter
for the current mitustion is U then the eltern-tive i8 chosen
st r ndom, end the entry in the charrcter is changed to TO or
Tl eccording ss 0 or 1 wes chosen. If thé cheregter entry wes
%3 TO or DO then 'l:]:u-z.-*"-ltﬁrna tive 13 0 snd if it is Tl or D1 tlen
the slterntive is 1. The chrn es in cherereter include the ebove
mentioned chenge from W to TO or T1l, snd ¢ cheng- Lxxmx of every
T to D when e plessure stinulus occurs,‘ohﬁnges o TO end T1 to U
when a pein stimulus occurs;

fle may imegihe the memory units e= sentiallv es 'trigeoer cireunits?
or switehes nixxhx!xxxxlzxixxtzl The sense stimuli sre means
b whieh the teacher communicetes 'unemotionslly' to the
mschine, i.e. otherwise then by plessure -nd »ain stimuli, There
ere ¢ finite number S of sense stimulus lines, end eséh 2lweys
carries either the signel O or e

" A smell P-type mechine is deseribed in the t;hle below

= &
2 B ‘a2 Riie
5K B

“aa e )

5 Ml c g

In this machine thére is onl? one memory unit M1 ~nd one sense line
S1 . Its behaviour ean be described bv giving the succesaive
situstions torether with the sctions of the teacher : the letter
consist of the velues of S1 -nd the xixmx rewrrds snd ﬂuniqhements,

OF ao ot A ek’ Cambs ) T sove il A 2nut P nplaud
6ﬁ . U, To T DO v\.—jl

—— a0 - _j
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Tn workinz out the beheviour of the mechine it is convenient first '

of #17 to meke up e seruence of rondom digits for nse when the

U ceses ocour., Urderne-th the » we mrv write the seruence of

situetions , =nd heve other rows for the'correswonding entries from

the charect-r, #nd for he ections of the tercher, The cierereter

end the velues mf stored in the memory units mey be kepl on

snother sheet, The T entries mey be made in pencil and the B entries

in ink. A bit of the behevio r of the me-hine is given below

¢8H1T 1203001301000
Rend om sequence 2011126038 X

Situations SISl n: ., .

Alternstive given U B TX T T TUUSSSUT T

Visible acgion ﬁﬂg‘mg }})}B

Rew,. & Pun. " y :

Chenges in S1 1 "; 3 |

It will be noticed thet the meechine verw goon ~ot into = renetitive
oycle. This beceme ext rnelly visible thfauﬁh the repetitive

BABAB... By meens of » pein stimulus this eyele wrss broken,

\

It is probebly vpossible to organise these P-type mechines
into universal mechines, but it is not eessy beceuse of the
form of memory =veil-ble, It would be neeesservto orvaniSﬁ
the rendomly distributed ' memory fnits! to »nrovide o svagtemetie
form of memorvy, =nd this would not be racv. If however we
su-oly the P-tv-e mechine with e systemetic external memorv thsi
orgenising becomes quit- f-~sible. Such = memory goﬂld be ~rovided
in the form of » tene, rnd xexwexid the externe1lv visible
oneratldns co:1d ineclude movement to risht ~nd left ~lon= the
taoe,rggterlnp the symbol on the t-nme to N or to 1. Th; sense
lines could inelude one t#i:k from the symbol on the t-ne.

Alternetively, if the memory vere to be finite, e.g. not more










. |
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The sctual technicgue by which the 'orgenising'df the P-tvme
is
machine w-s eervied throush ¥¥x® merhens 2 1lit'le disepnointins

ft is not sufficiently enelogous to the kind of »rocess bv

" whien e child would rerlly be trught. The nroces- eeturlly

sdonted was first to let the mechine run for » long time with
eontinuous spoliestion of nein, =nd with verious chemges of

the sense dete 58,354,358 . Observeotion of the seauence of

.for some thoussnds of noments ;
externelly visible setions mede it possible to set up 2 scheme for
identifying the situetions, é.e. by whiech one could at eny
moment find out whet the situstion wes, excent thet the situatdons
a= a whole hrd bern rememed, A similer inve?tiﬂmtion, with less
use of XEkE punighment ensble~ one to find the situstions which
are Effected b the sénse lines; xmt the xmmyy d=te sbout
the siturtions involving the memory units e~n elso be found
but with mor- diffieultv. At this stece the eherereter hrs ﬁean
reconstruced ., There sre no occurrences of TN, Tl, DO,D1 ., The
next stage isto think up some wav. of revlecines the USs of “he
charseter by DO, D1 in such e wrﬁ 8 to give the desired
modification. This will normelly be nossitle with the sugrested

gituetions
numb r of mmxkx (1000) , memory units ete. The finel sterie is
the conversion of the charecter into the chosen one, This mav bhe
done simply by ellowing the machine to wender =t rsndom throuch
e sequence of situestions, snd spnlying pein stimuli when the
wrong choice is nede, plersure stimuli when the right one is ~=de,

It is best slso to ennlv nein stimuli when irrelevent choiees

ere mede. This is to prevent get ing isoleted in e ring of

“irreleve .t gitustions. The mechine is now 'reedy for use',

The form of univ rcel mechine ectuellv nroduced in this
proces=s weg as follows, E~ch insiruetion eonsisted of 123
digits, which we mey regerd es forming fo r sets of 32 erch

of whieh deﬁcribesrone_ﬂlace in the mein memory. Thﬁap

= FRERSe - & e —_—,
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places nev be celled P,Q,R,S-. Thes “eening of the in truetion |
is that if p is the digt st P end q thet et O then 1 - ps is to
be trsnsferred to position R end thet the next instruetion
will be found in the 128 digits beginning st 3. This gives
e ¥xk U.P.C.MM. , though with rether less fecilities then are

evailable sav on the ACE.

I feel thet more should be done on these lines, I would li%e
to investi ste other tynes of unorgenised mpchine, nd =lso to
try out orgainsing methods thet would be mors neerlv snslogous
to our 'methods of eduertion', I mede a start on the letter
but foun.d the- work altogether too lsborious 2% present. When
some electronie mechines ere in setuel oner-tion I hovme that
th ey will meke this more fessible, It slould be easv to
meke & model of sny nerticulsr mechine that one wishes to
work on within such & U.B.C.M. insterd of heving to work with.e
peper mechine es ot nre-ent, If nlso‘one decided on gquite :
definite 'teeching »dlicies’ tpg*e could =1so be nrogremmed into
the mechine, Une would then =llow the whole gvetem to run for
an eppreciesble neriod, #nd then bre-k in ms » %ind of 'insnector
of schools' end see whet progress hed been mede. One might 21s0
be able to meke some nrogress with unorgenised mechine®m more
like the A and B tyvnes. “he work involved with these is altogether
too grert far pure paper-maschine work,

One papticular kxin@ of phenomenon I I & been hoping to
find in eonnection with the P-type mechines. This was the
ineorpor-tion of o0ld routines into new. One might hﬂve;taught'
(i.e. modified or orgrnised) s mechi e to #dd (ssy), Leter one
might teseh it to multiply by smellnumbers by renesrted eddition
and so arresnge mertierc thet the srme set of situnfiona whieh
formed the sddition routine, es orizine1llv teught, w-s =lso

used in th e edditions involved in the mmltinlie~tion. A 1thourh

i e e e e O T L 0, i

TSR Y-
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}3,, Discipline end initietive

If the untrsined infent's mind is to become sn intelligent one,

-

it mist acquire both disecipline end initiative, So far we have
been considering only diseinline. To eonvert e brein or mechine
into & universal machine is the extremest form of diseipline Xk,
Without something of this kin one esnnot set u»n »nroner ’
communicetion. But discinline.is certeinlv not enough in
itgelf to nraﬁuée intelligence. Thpt_ﬂhioh is renuired in edfition
we call initistive, xuit T is s'-~tement will have to‘sere LI )
definition . Our tesk is to discover the neture of this residee
es it occurs im men, end to try end cony it in mechi e-,
Two nossible methal ¢ of setting sbout this present themselves.
On the one hend we have fully diéciplinnd machines immediatelvy
months or

available , or in a metter of year s, in the form of verious
U.P.C.M's, We might try to graft some initistive onto these .
This wo:1d prob- bly take ngi form of xIwmxx »rogramming the ; f
mrehine to do every kind of job thet could ée done, 29 & metter
of nrincinle,.whether it were economic~1l to do it by meehine or not,
Bit by bit one would be sble to.2llow the mechine to meke
more snd more 'choices' or 'decisions'., One wouiﬁe?§§?11¥ nos-ible
to progremme it sk es to meke its Leheviour be the logiecrl result
of 2 comparetively smell number bf generrl nrineinles, When thése
becsme sufficiently genernl,luterferenoe would no longer be
necegsery, =nd the maechine would heve tgrown up'. This may be
called the 'direct method’'.

The oth er method is to stsrt with en unorgenised mschine
end to try to bring both diseipline snd initiative into it '
rt once, i.e. in-teed of tryin to orgenise ek the e chine
to become e universel mechine, to srienis~ it for initiestive =s

well, Both methodsé should I think be sttemnted,
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Inbellectusl, Geneticrl snd Culturel s erches

A very tvniderl sort of »nroblem reruirine some sort of
initietive consists of those of the form " Find » nunber n
such thet ", This form covers r verygre-t velety of
problems. For instence nroblems ofthe form " See if you e-n
find a way of eslculeting the funetion #hich will enable us
t0 ebtain th e ¥walues for arguments ... to accursey ... within
a time ... using the U.P.C.M, ... " sre reducible to this
form, for the problem is cxlerrly equivelent to thet of
finding # progremme to put on the mechine in owestion, s#nd it is J
easy to put the nrogremie- into eorresnondence ‘with the nositive
integers in sueh e way thrt given either the number or the !
ufeogramme the other cen es=sily be found. Ve sho 14 hét go fer -

for the time being

wrong if we sssumed - -thrt 2ll pnroblems were reducible to this form,

It will be time to think egein when something turns un which

is obviously not of this form.

The crudest way of deesling with such = problenis to take the |
integers in order and to test esch one to see whether it has th e i
required property, end to €0 on untul one is found which has it, |
Sueh 2 method will only be successful in the simplest ceses.

For instence in the osse of problems of the kind mentioned sbove,
where one is renllv-senrching for s orogrsmme, the number

required 000
imyxkwwd willnorme ' ' lv be somewhere between 21' snd 210ﬂ0000

Fofrpracticﬂl work therfore $ome more exneditious methad is
necessery. In m g2=ad number of ceses the followinr method would
be fxxxt¥x suecessful, Sterting with e U.D.C.T. we first nut =
progrem e into it ¥x which corresmondsto building in o logie-l
system (like Ruscell's Princinie lathemetice) . Sk This woula
not det-rmine.the beheviour of the meehine complete;y : et verious

; pu-“w»ihh
steges Mt xmukdxxki choice ss to the nex' step would be nossible.

b e Sl e
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We might however arrence to teke all possible Prrnngement% of cHoices

in order, end go on wntil the mechine proved = thecrem, whieh , by
its form, could be vérified to give & solution of the problem,
This mev be seen to be =a conversioq of the originsl Broblem into
enother of the g8~me form. Insteed of serrching through velues of
the origien 1 veriesble n one serrches through velues-of something
else, Thaxwx In prectice when solving »nroblems of the =bove kind om
will probebly epnly some very comnlex ® 'trensformetion' of tlre
originel problem, involving se-rehine throush vrrious mximexw
variebles, some more snslogous to the originesl one, some more lilke
a 'searéh throu h =11 proofis'. Further resesrch into intelligence
of machinery will probsbly be very grertly concerned with 'searehes'
of this kind. We mey perheps ca2ll such sesrches tintellectual
searches' . They might very briefly be defined =s 'searches
carried out by broins for combinetions with vnertieruler
properties’',

It may be of interest to mention two other kinds of seerch
in this connection. There is the genetie-1 or evolutionsrv sesrch
by which e combinstion of zenes is looked for, the eriterion
being survivel velue, The remerkeble success of this serrch
sugxextx confirms to some extent the ides thet intellectuel
activitv consists ?:i;igi of verious kinds of search.

reme ining

The mkker form of seerch is whet I should like to ¢~11 the
teulturel sesrch', AZs I have mentioned meny=times, the isol=ted
man does not develop sny intellectuel power, ft is necessery for
him to be immerded in en environment of other men, whose
techniques he imxmx ebsorbs during the first 20 yesrs of his
life, He mey then perhens 4o » little im reserrch of his own

a verig few

and meke discoveries whiech sre prssed on xi- to other men. From this

point of view the sesrch for new technigues must be regerded ss

cerried out by the humen ecommunity e= o whole, pether then b
individuels, ;
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,3lhte111gem¢e ps en emotionel concent .

The extent to whieh we reg~rd somthins s beh-vinz in

an intelligent menner ¢ determined as much dy Shexnintewiootn
gllltinlxtx our own stete of mind end treining es by the
properties of the.object under considerstion., If we are

sble to explain snd predict its behsviour or if there seems

t0 be FUXIRXIRIE 1little underlying plen, we heve little
temptetion to imagiﬁe intelligence. With the seme obieect
therefore it is pos-ible thet one men would consider it es
intelligent and snother would not: the second men would heve
found out the rules of its beheviour.

It ie pos=~ible to do = lit‘le exneriment on these lines, even

at the nresent stege of knowledge. It is not dif<icult to

devise ::!'a péner mechine whieh will nle~ = not very bed ~eme : i
of chess. llow get three men as subjects for the exnerimeﬁt A,B,C ,
fxiExkaxheerorntierxammx A end C ere to be r-ther noor chess
pleyers, B ix is the operntor who works the paper mechine.(In
order thet he should be.nble to work it feirly fest it is advisaﬁka
thet he be both methemsticien snd ohess pleyer), Two fooms are
used with some srrengement for communiceting moves, end r egeme 1s z
played between C and either A or the pener mechine, C mev find it
guite dif icult to tell whieh he is nleving .

( ¥xirx This is # rether iderlised form of s=n exneriment T heve

ectuelly done) : : : i










