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APPROACHES TO ARTIFICIAL -INTELLIGENCE
. Anthony F. Aibright

- ABSTRACT

2Tﬁé iigid of a¥£ifiéi§1niﬁéélligénee attempts'to'Simulaﬁe hﬁman
‘ jintéilig’én’cgé‘ ‘iﬁ’méCha;licai :‘&ex‘fice‘s; It is an infant field ‘fér‘ which much
énfhuéiésm and obﬁimiém‘cufreﬁtiy'exiéts;~ Gréatfamounts of‘méﬁéy, taieﬁt;fﬁ.
”and tlme have bee1 spent in research developments, and trlal and error
(appllcatlonsa Yet, the fleld is often,marked by modest accompllshments,"
varled and lndependent effozts, Iack of coherence, and uncertain dlrectlan
,‘nor tne futuree ; |
7, ReVleW of thls éituétion reveals that two prlmary app:oaches to
-‘artlficial 1nte111gence &ppear to have been adopted The “slmulaxlve
VgApproach" inVestigatibns attempt to gopy'or‘mcdel the-bioiégiéglfproceésesz
',which‘ﬁn&ériie‘the‘inteliéciﬁal>0perations of ménb‘ The ?Syﬁtheﬁi&»Approaeh”-"
innvestlcatlons make no aLLempt to copy the means or meLhods of man, _.but
4‘seek to equél or surpass the 1nte11ectual output or results of man for a
1préscr1bed tasko Representative stuclés under both appfoaches are pre~
>”senLed . | |
The rev1ew brxngs out that the fleld is serlously haﬁdlcapped by
‘the lack of a generally accepted theory of 1ntelllgancea .A‘deflnltlon'and~

'i method of measurement of one aspec; of arLLflclal Lntelllgence is developed ;
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CHAPTER 1
INTRODUCTION

| 1.1. Historical Background

' With #he completion of the‘ﬁirst'large digital éoﬁgﬁters shbrily
 befotev19S0;‘the»subject of'artificial’iﬁtélligence'took.cn'new~méaﬁingm~
The_topic of the mechéniéation of hﬁman'fﬁnctibhs‘is not a new OHEgV Mdst
machineé can ﬁg thought of as Beiﬁg deéigned,to féplaééior extend human
actions, “ | | ) | |

‘One of the first men to stéte clearly that machines could also

carty on'the human functibn of thinking was Jean La MEttrieaL La Mettrlegl” ;

a Frencn phy31Clan by professzon but a phllosopher by Qreferenceﬂ Wrote
in 1746 of the. p0881blllty of matter belng endowed with the facuicy of
1thought and also of a machlne 80 constructed that it could emit. sounds
(not necessarlly a human 1&nguage) by whlch a baSlS cf communlcatlon with
the human bexng mlght be establxshedn | |

“In 1812 Charles Babbage outllned hls plans for the first digltal
qdmputerﬁ Since the British government’;nvested 175000'poundsy(clo$e,tc
2 million dollars in present value) in the project, tﬁe‘ideas apparénﬁiy
ﬁéfe very éﬁticiﬁg.eveﬁ at #hat:timea _The ?%£éiytica1 Engine;" as ?he |
vlcpmplétely mechanicél machine Wéé:to‘bé caliedﬁ‘was‘té havévbeén logically
similar to most of our modern computers, but it was nevex flnlshedb But
even then, it lS lnterestlng to not:e‘G a critic of the gerlod stated that [

on the basis of the "Analytlcal Englne", it may_be possible tg construct



.”i‘é*
electrical équipﬁent ﬁhich ﬁill thinkgz .
Samuel Butler wrote - in 1871 of the fictitious 1and Erewhon; 11"

}which a CLVll war had occurred between the "Machlnlsts" and the fﬂnt1~- ‘
'maehlnlsts over the lssue of Peeplng or destrajlng thelr machlneso' Ther
powers of the machines were so developed that t&ere was eeal of the subn"”
ordination of man,by the machlnes Butler wrote, “There is no securley
_@gainst the ultlmate development of mechanlcal conSCLOusness in. the fact
‘{#of machlnes'posseSSLna little conscmousness nowg,"3 Butler apparently ;
'feared this development for in hls story the"%ntlwmachlnzsts" won and
fthe machlnes were destroyedw

| An early desxgn for a learning machlne 1s that of Jo Mo Stephensle
He consxdered protoplasmlc organxsms as Qery compllcated machlnes end in
1929.descr1bed an electrlc c1rcu1t'which~wou1d exhlblt 31mple condltxonlng;‘
By using a simple sthchlng clrcult, he was able to. select oneeof two out—,e
'puts accordlng to the presence or absence of “relnforcemente" He stated ‘
ithat no new prlnciple would be 1nvolved 1n constructlng a macﬁxne to make
any number of responses to any number of Stlmull, such responses to be
governea by the relnforcement situatlone~ Stephens generally belleved Lhat
‘mechanleal 31mu1atlon of neurologlcal operatlons was pcssxble, and partlc-f
ularly felt that ell concepts of learnlno are capable of belng extended’ to
machlnesa | o
o in lQ&B,\Rennefh Jo:Craiks ﬁrotejOf‘the_sfrikingesimilarity{oﬁ.the
‘ funcﬁioninc of the hﬁmén nefvouétsysfeﬁ and'theeoperation of various
macﬁiﬁes¢ He then attempted to outllne a symbollc thecry of thought, con~5
51st1ng of three essentlal thought processes of the human belng, in order £

that poss;ble mechanlzatxon of these processes mxght”be accompllshedu



““-Bﬁ 1950, wﬁén,fhé digital computer can be said to hévé beenlyer;'u'l
fected as’é ﬁprking iﬁstrﬁmehtﬁ the subjéCt of artificial intelligende,.‘
already ha@‘seme histdrja Even as Lhe popular press and perlodlcals be-
gan to speak of "giant brains” and ”1ngenlous machines”, A¢ Mc Turlngpﬁfs
Claud@'Shannoh;7'and/dthérs wére writing their views on theAquestlon;
"Can machiﬁes think?"” A new science called Cybernetics had been created;
: i;uwag defined asfthé scien#e of céntrol'and communicatioﬁ in‘the animai-
and the ﬁacﬁinee The field of art1f1c1a1 1ntelllgence was beglnnlng tor
‘be developed in. earnesta

| Today, 1962, the fleld has developed eaten31ve1yu The complexity.
} and capablllty of computers have growne Gopcepts have expanded and at .

the same tlme Have become more precise. - There have been numerous-and'

varied lnvestlgatlonsg Some of these appear to hold great promlse, whlle_f-b

:'others have’ been tr1v1ala It seems ﬁlear that mankind cculd reap treu

'f'mendous beneflts 1f some - of the ant1c1pated potentlalltles of machines

»pesse931ng artlflclal lntelllgence were to be realizeda Man is a slow,
often careless, but sometlmes brllllant thlnkero on the other han@leomr.
puters are extremely fast and accurate, At one time computers Wé:g'Cohn"

~ sidered to be vefy»stupidg_but this judgment is beginning to be modified;

1.2. Objectives of Thesis

The thesis advanced in the following pages is that a review of

‘the vork of the pasf;decade‘&emonstrates a powérfuludevelopment of new

concepts and new technlques Wnlch take artlflcial Lntelllgence out of the_‘.[

' realm of fancy and into the borderlands of realization. Furthezmo:e,"an'

§



attempt is made here to extract from the studies of the past a basic
concept which underiies»the emergeﬁce of aé:ti“ficial‘intelligence° The
'cenCept wiil provide a definition of artificial intelligence and'perhaps
arvalid,measure of it¢ |

B in summary, the obgectlves of thls thesis are:

1. To pxesent aqd categorlze many of the prlmary investi=-
. gatlons which have been made during the past decadea
2, To. analyze and evaluaee these studles as bases for a
more precise concept of art1f1c1a1 1nte111gencea

0

1.3, Classification of Approaches

Thevapproaehes which iﬁﬁestigators'heve'edopfed invtheir efferts
’>£owa£d ﬁealization of ‘an artificially ihtelligent machine fall readily
into two general eategoriesg which will be referred,te.as the "Simulative
Aéproech“ and the "Syanthetice Aéproachh; | H

The "Simuletive'Approach" utiiizes the ekisting information of
ﬁumen‘proceseesg. Dupllcat ion of these processes through copylng or mod-~
»#Aellng is then attempted, through the deSLgn end constructlon of some form
of er&;fxcmal meurem,9 other mechanlcel devlces or‘theoretlcal desmgna»
= Erobable hypotheses are 1ntroduced and tested u51ng these medels in order -
to galn better understanding of such abstract entities as “Lntelllgence"
';,and'ﬂnmnd" Hypotheses successfully tested on the models are then tested
‘on humans, whenever possibleg in order that new prebable hypotheses might
be generated -and the cycle may be contlnned

' The advocates ef this approacb are primarily biologists, psychoim

" ogists, neuro-physiologists, psychiatrists,-etce. They often capitalize on
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gbcertain4striking'similafitieS‘betweed the functioning of the humanvnerveus\“

“system . and the dlgital computer, and attempt to extend these simllarLtLeS«*<'

Doesn 't the human employ ‘his braxn to remove desxred ltems of 1nformatlon
c:from his mental storage, use them as de51red and then replace them in
storage for future ut1115at10n9 Isnft thls 1dent1cal to the storage and
‘use of 1nformation in the digital computer9 lén“t the‘basic stéucture of -

'Athe ccmputer that of a relay oxr sthching cerUIt perfectly employxng
| -blnary arltnmetxc in that each element ls capable of only two condztlons,
' ;1fca "on" or 'bff“? Slmllarly, ;sn-t the,bas;c‘clement of the nervous’ |
‘sysﬁém the neuron Whose functien.is to act as‘crfelay ﬁithvessentially
‘two states of act1v1ty, i€, flrlng and repose° |

Occaszonally, thelr studles are marked by research on the braln or .

nervous system of anlmals Wlth the anthlpatlon of applylng this- 1n£crm'

lmatlon toward the. understanding of some aspect of human intelllgence and
the ultlmate mechanlcal modehno of thls aspecte,

o Furtner, this approach is often charactexlzeﬁ by t&e bulldlng of

dlfferent machlnes to slmulate the’ varlous human' processes@

Thls then is ‘the ’Simulaxlve Approach”‘to artiflclal Lntelllgencaagza»l

Its prlmary obstacles to success ‘are the, llmxted Lnowledge of human
thought processes and a freQuent redesmgn cf machlnes, necassztated by
the growth 1n complexity of the processes to be. 31mulatedw

_ ThciﬁSynthct;c'Ap?:cach“~alsc 1S“ccnccrned wlthgduplicatingimeﬁtél
(activitﬁ, buéithe‘dﬁﬁlication cé :esuits is tﬁe'only mattercoffimpcrfance;
‘It.is felt‘ihat thejiniormétion.proccssicggcystems-of theyaumaﬁAand.the :

. computer are dissimilar, and, therefore, attempts at duplication of the
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métﬁodsAor‘meono’of the human thought processes are not even»considéred :
Thls ‘®1aok~box" attltude is ln perfect accordance with the famed ”Turloo
vIestﬂar The late Brltlsh log1c1an, A, Ms Turlngﬁétadvanced the follow1n0
;;est’of artlﬁlclal Lntelllgeocef‘ Iﬁ'a qualified observer is unable to
J distioqoish between machine outputs andorosoltsvproduced by‘humansj with
more tﬁanrooance Socoess; the_maéﬁine,isvconsideie& to have achieved
intelliéenceﬁ‘ Quitefoxpectedly, engiﬁeefs an&‘ﬁathematicianS'have adopted
thio'“SjntheticoApproach“a They‘have sought to‘éssigﬁ spécific_tagks éo
.machlnesg ‘tasks for’ wnlch the. successful completlon had in the past been N
5.strlctly'assoeiatedwWlth'humanvlntelllgences 11 some studles, the
vllimiﬁation‘of.the machine to oneoporticular function;'as cdn;xasted Qithi
human veréatiiityoand fléxibility} is attacked by attemooingfto extend a
'machlne to a varlety of appllcatlonso‘v | ‘ |
The ’%ynthetlc Approach“ 1s characterlzed by the uulllzatlon‘of'

standard computers¢ Very rarely are’ Sp&ClLlC ‘machines de51gned and coa«‘
"structedn; Howaver, Fhls approach is prlmarlly dlstlnqulshed from the
’Slmulatlve Approach” in that the "Synthetlc Approach" makes no attempt

to copy what is known or belleved of human behavior,. but possesses com=
plete freedom of method in 1ts attempts to produce outputs whlch are. com-
parable to human 1nLe11ecLual behav10ra | |

| These then are the general descrlptlons of the two ba51c opproaches
to the study of artlflclal 1nte111gencea Although theseuapproaches are.
’Qu}te”d}St?QQt;,lt will become apparent that spec1f1¢ progects may some=
otimeélooe;iap;i However) these are exceptxonal cases. and the class1f1cat;on,
:'iwhicoféroﬁobiy has,beenimade possible due_to motivation, ‘is most convenientc

Specific investigations undertaken under both classifications will now be -



discussed in detail, The discussion Will_includé many representative
“‘studies, and will be sufficiently thorough to permit a critical anélysis L

© of the existing "state of the art'l,



GHAPTER 2 . , ’
SIMULATIVF AP?ROACH INVESTIGATIONS

For ease of understandmng, the ”Szmulatlve Approach" lnvestlgatlons
Will be consldered uader three categorleS° General ?attern Recognltlon

x”and Learnlnga The first category will 1nc1ude stu&ies of - human capacmtles

o which have a deflnite analogy to machlnes) comparlsons between the computer~

- ’and the human nervous system, and the’ cceatlon of artlflclal neurons and

o 'subsequent employment of groups of these ccnstructe& elements to form sys~'

g ;ﬁemsﬁh The sectxon on . ?attern Recognmtxon W111 contaln descriptlons of
.xnvestlgatlons whlch seek to dlscover better perceptual mechanlsms in
__machlnes¢~ Thls is a most dlffmcult problemg\ Computers are cnly just ben
'fglnnlng’t§ be des1gned to understand the sxmplest spoken Lnstructlons or .
"perceive a 1etter of the alphabet} tasks wh;ch a mere chlld performs w1th
‘?no dlfflculty, athough it lS capable of manlpulatlng mmllxans of alpha,«=
numerlc symools per second¢ Flnally, the sectzon on Learnlng w111'1n~

clude models and mechanlcal sxmulatlon studles, usually based on relnforce~~

- ment prlnc1p1es, whlch seek to 1m1tace human learnlng processese

. 2 ek General »

John Von Neumann was scheduled to presenu tﬁe Sllllman Lecturesr'
_at Yale UnlverSLty in 1956° He chose as hls sub;ect to compare the comw
puter and the braln, but unfortunatelyg due to hlS contractlcn ‘of cancer'

\ and subsequent death he never made the presencatlona Hls unflnlshed
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lectures were published and the resulting book is a particularly interest-
ing "Simulative Approach' to the study of artificial intelligence, a sub-
ject which he felt was fascinating and certainly attainable.8 Von Neumann
wrote of the digital character of the acceptance and emittance of pulses
by the neuron and, after extensive study, made several comparisons of the
basic element‘of the human nervous system with the basic element of the
computer. These comparisons are actually the essence of his work and are

tabulated below,

Category Neuron Vacuum Tube or Advantage
Transistor Factor
Speed (Reaction 10-2 10-7 105 (transistor)
time in sec.)
Size (cm.) 10-5 10-2 103 (neuron)
-9 watts -1 watts 8
Energy 10 Teuron 10 transistor 107 (neuron)
Dissipation
20 7 13
Memory Capacity 10 (human) 10° (computer) 10 (human)
(bits)

Based on these quantitative evaluations he concluded that:

1. Natural componentry performs its tasks with more but
slower organs, whereas its artificial counterpart
uses fewer but faster organs.,

2. The human thus tends to simultaneously pick up as many
items as possible (highly parallel), while a machine
is more likely to successively perform actions (highly
serial),

3. The natural componentry has a factor advantage of 104
in the number of actions which can be performed by
active organs occupying the same volume in the same
time interval. (This is computed by dividing the
volume advantage of the neuron by its speed disadvan-
tage.)
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The p1§neer of’neural 51mu1atlon studxes was pvobably R. Se Llllieeg
A He employed an iron w;re 1mmersed 1n nltrlc a01d to demonstrate the prom o
 _pert1es of refragtlpn and all or none responsea The acid causesia~th1n_ﬁi1m

éf O%ide to form_around thé‘wiree' An‘épplied electriC'shock éreates a

‘current which propagates along the wire by destroylng the fllmm A pariod of
3 refractlon then occurs whlle the a01d reforms the ox1de fllmg | |
' élassxc study of art1f101a1 neurans was conducued by Mbsullth
' and Pltts¢10‘,1heseltwo ;nvestigators employed ﬁggdback pxxncxples to ex-
-hiblt'lQng term;meﬁOry in thei; tHeoreticé1 mpdelg jzn_patticular;'#nroﬁtw
'pui was fed back 'as an'input;in‘brdervthat thé.modei' once-e#éited wbdld”

continue to exc1te Ltself or once lnhlblted WOuld ﬁall to exclte 1tselfa

7McCulloch and Pitts belleved that, ln theory; a machlne could be constructed ;‘A

“of a sufflcient number_of these elements to dupllcate'any_behavlor which
" . could be complgtely‘specified;
L, Da,Harmon; of Bell Laboratories has recently constructed an
 artificial neuron. The electronic model is a four transistor device which
is capable of simulating many of the operational functionms of living nerve |
~ cells, In particular, the naturallfunctions which have been inCorporéted
into his artificial neuron are:
1. ‘TInhibition~a ?aftlcular energized input conmection to a
' neuron is capable of preventlng the flrlng of the neuron
by other 1nputs¢
2. Excitatlonﬁcertaln adequately energlzed anut connectlons
to a meuron will always result in the firing of the neu~
ron 1f the followxng condztlons are sat13f1e&~
a. Threshold~f1r1nv of the meuron will not oceur unless

the input pulse exceeds the .threshold value of the
‘neuron within a deanLte perlod of tlmes



i1
- b Refractory perlodaa period of fatlgue whlch,the neuren
éndures 1mmed1ately after flrl1g and an interval in
which no firing can occur since the- tnresholé value. h&s
temporarlly risen to 1nf111ty¢ S ~
Co Summatlonntwo or more pulses may jointly cause flrlng -
’ .despite the fact that.each are 1nd1v1dua71y 1ncapable
of exciting the neuron0 .
" d. Output»flrlng either occurs and produces a standard
pulse of a speclfled durdtion or there is no flrlng
and the state of repose remalns,
The model is SO‘anstrqqtedjthat thresbold;values and refractory time con-
stants may be easily altered by making minor circuit adjustments, The
circuitfy'of‘théwartificial neuron is simple and its‘totéi‘cdst.isbléss'than,{__
-‘Slo OOB 'Experiméﬁts on 1afger:networkuéystems}fwith this model as the basic
element, are now belng conducteda
D@ Ga Wllllslo is of the oplnlon that Lhe uTtlmate solutzon of the
comple problem o£ ”pattern recognltlon“ and - ”learnlng“ 11es in the initial
study of 31mp1lfled neuron modeIS» Smnce the number'of neurcns‘ln the human'
body is approxxmately 10103 and a macﬁlne exempllfylng human behavxnr would o
;requlre that number of ‘the MbCullochmPltts neuron model Wlllls is seeking
to develop a move eff1c1ent modala ‘He con31dered cnly two of the characgernju'
‘istlcs of ‘human memory and attempted to show how these mlgnt be exhlblteé
; fln a plastlc neuron modele The first property'was the ”“andom access" nature
of memory, Whereby VaSL amounts of stored laFormatlon may be Lnstantaveously
.recalled tnrough the proper assoc1atlon, The second characterlstlc was s;zey
-a flgure Whlch varles dependlng upon the lnvcstxaatos, Lhe model ig cer«
talnly not novel 1n that it "flfes" ot ’ﬂoes not flre" as a ce;taln tnres~’ '»"

“,hOTd value is’ exceeded or‘ls not exceeded¢, It 1s unlgue, howaver5 and

T aerives 1ts name- in that the influence of one neuron upon the other Ls noL



constant but ﬁas é varlable’"synaptic” value which is determlﬁed by pre—'
vious e#cxtatlons of the neuron. Hav1no .the fac111ty to assume many
diffeteﬁt sets of "syﬁapticﬁ_values, the neurons can be in any of a 1arge
numbéf of states at é’giﬁeﬁ tiﬁe; Thus . the plastic neuron does not have
‘the earller llmltatlon of storlng at most one bit per neuron,.

Willis-has get up a'system_composed of 288 plastic neurons and .

7 '_has been conductlng s1mu1atlon studies on a Unlvac 1103 AF computer.:.

'>111t1a11y9 it appears‘that the model is adequate to account for human('
memory;and the input—outputrproperties are inwaccord-with the "randbm:;
- accesé" chafécteiiétics of huiman memory. It is hoped, eventually, to;;
,Hiextend the concept to Lhe éolutlon of “pattern recognltlon" énd "1earn1ng"i?”

. problems,

[Za

Somewstudy 15 ﬁow beiﬁg devo»ed by McCullochvand his assoc1ate312
Eo the problem Of vonstructlng networks whlch glve highly rellable output
”ﬂas is: found in the ‘nérvous system, in: splte of the fact that the ba51c
icompaneﬁts themselves‘are,not so.hlghly;rel;ablef The human'nervous system;§ '
itself is not totally rellable. y%or eXémple, eﬁrorélmay be'intrddhce& due '?{f‘
to a. fluctuatlncr 51gnal or a varylnc threshold causing a néuron ‘to flre.

,when it is not supposed to. Simllaf dlfflculties arise in the design’of
art1f1c1al netwcrks due: to the presence of noise or unrellable c1rcu1try°

. Of prlmary 1mportance is thls Problem of rellablllty in computer networks._
 Of cogrse,_tne.broad field of informatlon theory ds attemptmng.to-flnd_
;othiéns té these difficu1tiés° ‘Howgver;‘somé.study éf tﬁe reliabiliﬁ&l
problem in natural networks is being conducted and thé £nformati6p exﬁendea;ﬂ .

“to artificial componentry. The primary mathematical tools which are'ﬁeiﬁg S
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» utlllzed are Venn dlag ams, probablllty theory; and symbollc 10 gic,

2.2, Pattern Recognition

To galn understandlng of the pattern recognltlon faculty of humans;

Lettv1n, Maturana, McCulloch.and ?ltt513

of M.I.T. studled'tne optic‘nerve .,
of the frog, hoplng that they'later might apply any acquire& iﬁformétion
,toward a better understandmng of human optic nerves. By uSLng mmcroelectu
‘”rodes to record 1mpulses in thousands of indlvldual Terves less than 1/25, 000;
Clnch in: dlameter, they dlscovered ‘that Lhere are four types of neurons, with
each type firing upon the oceurrence of a dlfferent pattern of events at
' the ret1na-of the eye.. Thus. there are four dlstlnct kinds of neurons byq
~ which the frog's eye informs its brain of the patternsqxt currently is
watching. vThe fOur patierns are: ,(a) sustéined-contrést; (b) net convexity}
(c) movlng edge, and (d) net dxmmlngo
The'”sustalned conLiast" neurons reséand'to changes in llght dlS“.
-‘trlbutiona' ”Vet convexzty" neurons (or bug detectors) detect pasxtmvely
- curved or convex edges, such as tne front end of an 1nsectg ’NbVLHg edge”‘
neurons respond to any dlstlnguwshable edge movmng through its receptlve
field, “Net dlmmlng” neurons respond to sudden reduction in illumlnationa‘
Further study revealed ‘the 1mportant fact that neurans resPGnding to
‘the ‘same pattern were slmlliarly constructed but were qulte dlfferenﬁ from
neurons responding to other patternsa Thus there exists a'definite‘relatienm
-1_Shlp between the structure of neurons and thelr partlcular functlonsb

Ulric Ne:1,&;3(@':1?1[i has studled the information processes of the human

" being in the hope of utilizing this information in the develcpment of a
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patterg recognition system; His expe:iments-consieted ef'measuring the
time required for subjects to seah a random liéﬁ'of letters and find
i parficﬁlar items; Varying the'reQuirement he demonsifaeed’the<f1exiﬁility
"earller noted by Von Neumann of man s processinv system in- that it readlly
“eladapts to. sequential parallel ot a comblnatlon of both- medes of operatlon. 8
The dlscovery that certaln letters are more dllecult to flnd than others
prompted~the Suggestlon that,d;fferent*ldentlflcations involve different
operatlonal features,> This expiénatioﬁ of possibly differedt "shape fe»
cognizers' was supported by the subgects who Spontaneously reported that
_:the llsts were handled completely dlfferent for certaln requlrementsn
vr“Tnls result, more than any other, empha312es the extraordlnary adaptlveene
'ness of human information processnl_g° Tt's unlikely tnat any artlflclal
device we will know how to make invthe.ﬁear future will 5e'as efficientoqaﬁlé
. In a very recent ariiele,ls Neisser has iﬁtroduced‘theiconcept of
'funceienel—Simultaneity 5 by whlch he hopes that some of the parallel pro-
"icessing capabllltles of man may be lncorporated lnto the computer. . He
-e;feels that man has - the optlon elther of thinking sequentxaliy or thlnklng
" in a multlple Lashlon,‘whereby many proeesses may go on tcgether. The
.co@pﬁter, oﬁvcourse;.may'only operate in‘a seqﬁentiallmanner;\due to the
‘physieel»lihitations of:its.conStructien. eHowever, Nelsgser believeslthat
‘a computer may perform in a ’Tunctlonelly gimultaneous™ maﬁner, in the
. sense that all operatlons are completed before a deCLSlOH lS made;‘ He .
Tsuggests the folloWan advantages of a computer with such a capablllty.
1. There would be a certain degree of nonchalance about in-

ternal errors, whereas one misstep under sequential
operation is often fatgl, :



2. Learning and adaptation WOuld be easy to anorporate,
whereas a sequentlal program is difficult to improve.

3. Minor adjustments of weights te various features may
produce lmprovement and- not upset the entire system.

HoWever he empnasxzes that multiple proceSSLng wxll be 3ust1f1ed
only 1f a correct sequence of operatlons cannot be establlshed 0therw1sé‘_,f
sequentlalﬂoperatlon-W1ll be much‘more ef;lclenta Also, 1n_contrast to

 sequéntial opeiaﬁioh,'ene will not‘be able'tofdetefmine exactlj what”the‘
' machxne is presently doxng and what it w111 do next.

Ihe pattern recognltlon prooram} "?andemonlum",.xs an application
;of ﬁelsser s theory and it is hoped that 1t is a beglnnlng to the 1ncor~"
pozatlon 1nto machlnes of the powerful parallel processing capab;lxtles_
of man. | -

A widely knowﬁ early study was»conducted by Clark and Farléyqlé
They construated a neural network, Whose operatlon was patterned after the -
neural lnteractlon of}thg Human being, The net was arbltrarlly dzvided |
int§ an input and‘outﬁut>group, The>output was subdivided in two and an
output fox‘gny given time “tﬁ was defined*;e be the diﬁiereﬁce:in the
nuﬁber’of'”fiﬁiné"]eieﬁéntéfiﬁ”theﬁsﬁbéfoups,at that timeo The input waé
sudeVLded lnto two subﬁroups and tWO Exxed anut patterns “ﬁi”’énd.” 2?;

‘were prbv;de@. Input ”pl” éreatly exc1ted all the elements of one input
Subgroup éndfdid ndthing to %hevbtherg‘EInp&tvf?Z" operated reversely.
Output characteristic.of iﬁput wéé 6btaiﬁed by"ha§ino ”plﬁ cause more
’”flrlng" to take place lﬂ one output subgroup and b 2“;§aﬁse more firing -

’1n tha other@ Inputs "pl ' and "pz" Were then made to drxve the output

: ;n,a specmfled dlrectlon by gdding tovor’reduclng the value of a property
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of each.élement kﬁoﬁn as its "weiohﬁ", which determiné&;wﬁether it fired -
“ﬂ:gértﬁbt; At a glven tlme, some of the welohts may be altered 1ncorrect1ygy

'but in the long run a favorable result always occurreda Slnce a system.

' Whlch always demanded an identical 1nput‘pattern would be completelyvimr 
préctieal and unreéiistié, they éllowed‘the iﬁput‘to.vary féﬁdbﬁly,but
stili experienced Ecﬁsiderable succesé»; | | |

. Thelr sy Lemﬁ wnlch was 51mu1ated on the Memory Test Computer of\“
Llncoln Laboratory, had consxsted of. only sixteen elements. Although it .
is possmble that reWer fal lures would occur in 1arger networks, such net-
works are st111 to be constructed;;

L, A kamentskyl7 of Bell Labs is engaged in the s;ud; of spatial
“j”pattern recognltlon or,. that is to say;. the translatlon to machmne 1anguage‘-
‘- 0£ spatlal symbols,, He has bullt neuron-ll%e elemenus, whlch he terms
- ”speurons",_which'exhibit'the neuxal p:?pgrties of "all or nothing” output}
éxcitatioﬁ andliﬁhibition; _An éétﬁai’ﬁbdel, consisfing of thirty of thésé
elementsy was able to correctly ldeqtlfy Slmpllfled 1nputs of angles, end-
. points, and closed 1oops¢l The model has been extended by»the~1ntroduction‘
'fjof a scanning dev1ce,vcapable of produclng varylng 1nput patuernsy and |
51mu1at10n studles on the IEM 704 are belng conductedo |
| Jo R, Singerl8 of the Unlver31ty of Califoxrnia has dev1sed a sysrem_
which can presently recognxze letters and which will be extended to the
v;recognltlon of words} people, etc¢ usxng 1dent10al operatlcnal proceduresw
’fl"When humans learn to read they axe grven a s1multaneous set of anuus, 
“ige,, they are shown letters and asked for a‘SpelelC response to those

‘letters¢ After,a tlme, the human 1earns‘to~lnternally program his learningg
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-,4That ié, by -trying out various responsés té‘stimuli the désired re3§6nae
‘is reached\uéing ainebulous error-correcting signal;‘fia The'system was
bagédion an electronic analogy 6f this hypothgsis Qf human pattern recog;

'_ nitioﬁ énd consists ofvboth a'iearﬁingkéqd a feading modgp During ﬁhe-
:iearnihg phase,‘imagQS‘éppeér andza;é‘éeﬁtered;on a phdtoteCéptorfmairixy‘”
Which Eaé”been désignedlﬁc:fﬁnctioﬁ‘as thé-ﬁumaﬁ retina dbe;e The rédial
segments‘in which the image falls}iheq_determine a describing‘matrix wﬁichv
‘in.turn is ﬁrénéfofmed into alword,réprésentation aﬁd sto:éd'in'the compuﬁér_

. memory._ In the reading phase incoming images are tested for a specified

L degree of matching with stored'patterns} Leftihand.rotatiéé is investi~

gated by remov1ng matrlx rows from the Lop and plac1ng ‘them on the" bottom¢ ‘2
 The reverse hclds fox rlght hand rotatlon, if an 1mage is not . ldentlfied
within the prescrlbed 11m1ts, the machlne automatlcally goes 11?0 ﬁhe
learnzng mode and stores the word representlng the new: lmage.' Thls naturally-
leads to redundanc1es, but SLnger belmeves that as addltlonal informatlon -
‘1s processed, thls w111 not ‘be too relévanta,;Fér examplqﬁﬁgt is mich easiér;
‘to d;stlngulsh bgtween VU””andsﬂV”iWhenlthey:aré_cbhtéine§ in Wérds:thah*
'whéﬂ tﬁey ére,alénéo - |

| Frank Rosenblatt19 20 21 of Gorﬁell Aeron#uticél Lébbratoty is
actlvely employlng the 1nformatlon galned from art1f1c1al neuron stud:.esu
He is attemptlng to develop and perfect his "perceptron", a 31mp11f1ed
.model of the blologlcal braln, con51sting of neurons, simlllar ‘to those of
MCCulloch and Pitts, ;éﬁdomly connected and - subject to certaln laws of o

'growth and‘organizational cpnstraints° The primary obgect ive of the study

'is to begin to determine how the brain performs its functhns in terms of
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its struétural components. However, a‘priﬁe appligétiﬁﬁ Of‘the syétem
'appgarérto be theksbiutipﬁyof ;he pfbbiemﬁqf,”perceptgé;;géneiélizétion“a} 
$ ma¢hiné7ﬁith‘this fa;ility would be ablébto recégniZQ:any ﬁembér of a
“éiven class.(eogq,‘a triangle-in>any‘pbsition, a maﬁ in anylposturé, ete,)
after beingvfirst-exposed to a limifed‘number.of membé:s of the class in.
question° In contrast fo}the neuron versus traﬁsistor apprbach which
‘,employs the 1anguage of symoellc 1og1c and Boolean algebra, Rosenblatt has. 

‘adopted an entlrely dlfferent attack° Slnce no perfect wxrlng dlagram

”q,eXLSts for the brain and only 1ts general organizatlon can be characterlzed

‘:he has based hlS "perceptron” on probablllty theoryn
| The organlzatlon of the “peréeptrpn" dupllcates'the otganization of ;‘l

.a biologiéal braiﬁlas’far as phyéiolbgicai énd anétcmical faéts have been

‘eStablishada The "perceptron"»basi;ally coﬁsiéts bf tﬁreeymajor parts:

: éeﬁsory:systemy aé;ociatioﬁ s&stem,.and-reéponse‘units; :Enitially, when

the sensoxy system is exposed to. st:l,muln.(7 the respanses ére 1andom and

have nq megnlngy, In time, however, the assoclat101 cells cf whlch Lheru

association system is composed, cause responses to‘bu;ld up well defined»

ciasses 6rAcategorigg és pedpie, individual geometfieal figures; trees, etcs

The response units cause'feééyback signalélwhich reinforce'thé classes in

the association system, thefeby incréasinc the probability,of.co?rect

Lvldentlflcatlon the next time that the stlmulation Ls percelved

: Simulatlon studxes cf the model on the IBM 704 computer have been

encouraging. Problems such as economlcal deSLgn, 1nﬁroduct10n of a decay

rate to "forget" previous relnforcements and ‘yet malntaln a stable learnlng
system, and development of suitable sensing devices,,are but a few of many

txoﬁble areas which remain to be solved.
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2.3. Learning

Bush and Mostellerzz’23

have presented mathematical models of
learning behavior. A simple system which they simulate mathematically
consists of an environment, trainer, and reinforcement machine., The
environment presents a stimulus to the reinforcement element, which then
must make one of several responses. However the reinforcement machine
does possess the ability to remember what decisions were made in arriving
at a response. After each response, the trainer, which selectively knows
how to determine success or failure of the decisions, sends a positive

or negative reinforcement signal to the reinforcement machine. This re-
sults in an increase or decrease of the probability that those decisions
will be made in the future.

In this simple model of reinforcement system, a reinforcement
operator 'Z'" is expressed in terms of a parameter "' so that positive
and negative reinforcement are given by:

l. P, =2, (P)
Z_ (Pn)

GPn + (1-8)
0<e<1

)3
n

2. P

o+l

Thus each desired response is reinforced causing the probability
of its future selection to approach unity. Similarly, negative reinforce-
ment of each undesired response continually lowers its future selection
probability. The choice of '@" is then varied according to the desired
speed of learning. A near unity value of @ gives slow learning which a
small value will cause learning to be quite rapid.

Although this mathematical model was developed only as a model for

learning in human organisms, it could readily be extended to machines.
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‘ Specxflcallyj Lhe parameter "Q" could be uSed av a welohtlng factor w1th1n .

a program whlch would alter the. deClSlonS Whlch the computer Would make, :

4 25

We Grey Walter has deszgned and bullt machlnes whlch exhlblt

' similarities to-thefcondltloned'learnlng»behaVLOr-of anlmals.‘ The ”ﬁurtles”‘

as the machlnes are cal1ed con31st of two motors, a pnotoelectrlc cell 2

i

“touch conLact and an. electrlc circult of a few vacuum Luoes, ampllflers,
‘tuned 01rcu1ts, capaCLtorsy’lnductors, and resxstors, all contaxned in a

» tortomse-shaped shell Through 1ts three simple characterlsﬁlcs of atcractf 7

1., o

ion to’ moderate 11ght, releslon by brlght llght and repulslon by materlal o

obgects, Lhe "turtles" were demonstrated to. slmulate anlmal learnlng charac«;
terlstlcs,‘ For exampley a whlstle is b10w1 and then a moderate llght is .

Llashed, After about twenty repetltlons, the "turtle" has "iearned" that

the sound means 11ght and is attracted»to the whistle ag if 1t«were a llght;"

",When the 110ht is withheld and consequenuly no relnforcement occurs, the

jresponse is soon extlngulshed and the Whlstle is dlsregarded En another ;

example, tne‘dev;ce was cond;tlpnéd tova wnlstlejso that lt.underwénf a
withdrawal and avoidance reaction, even though no obstacle was present. As’

in an animal, this avoidance response is harder to extinguish and is retained

much Ionderq, A form of experimentél neurosiS‘Was inducéd.and'readiiyfcomparedf

to the neurotlc behavxor in humans caused by conxllcts or 1ncon51stent ed-"

o ucatlon, The cure for ﬁhe_"turtle"——switchlno off or dlsconneCLlng one cf

- the c1rcuits=-was humoulously compared to the. sleep and shock ramedles of the =

psychlatllsts

I, Ko Hawkin526 has inveéfigated the poséibilities of'devi*lng a

ylearnlng machine whlch would: be modeled after tne knowa characteflstlcs of

.-anlmal behav1ot, Slnce Lhe mechanlcal dupllcatlon of learnlng processes
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'is in such a rudxmentary stateg he does 1ot descrlbevaﬁ actual system,
4 but conflnes hlmself to the concepts upon whmch such a sywtem should be J
"baseda Hls learnlag machine would 1mprove its recognltlon capabxllules
solely as the result of a repeated JOlnt occurrence of an- anut and the
des1red responseo It would be based on the creation of a network composed
of elements exhlbltlng proPertLes of synchronous operatlenﬁ binary operatlon,.-
and 11near weighted summatlon of anutsw The first property creates dis-
‘crete time:interyals whichbmay‘ba.handled mathematically; ﬁﬁe second'iﬁsﬁfeéf.
,thét eé@h éiéméntvﬁs.eitgeﬁ‘emiftihg a puiée or ﬁot;-thé:ﬁ%i?dlpetﬁiﬁs,vf ‘ g
tﬁteéhoid and Synaptié Valués o Be méthematically_éreétéd, Thesge eleﬁént$
‘comprising the neiworRFWillifﬁnctiqn gs‘eithai input or cg;pﬁt e}emehts'
and in such a manﬁer as to e#hibitlbgth‘arithmetic:ébility and stbrage
éapacity¢ Wheﬁ an input appears; the network.will COntinue trying vafious
outputs until»the desi%éd ané occurs. The network then’ remains in thls deelred
.-fesponse posmtion 1ong enough fer the recoonltlon parameters to anrease» f: 
TFox example, the system.m;ght be compare@ to a language teacher instxuqt;nézf
a pﬁpii tevsay.a‘partiéuiar word. - He prbn@unéeé the‘wétd‘and the pupil |
attémpts.to repeat it'until ﬁé:is’;orredta Then he fépeats it over againé
thereby sﬁtengthening his reécgnition probability iﬁ_;hévfuturegv'Tﬁe system,
';it-mﬁSt:be‘recalledv-is onl& an idea and has yet;tq'reach the mathematica1 
“model or computer 31mu1atlon staoe¢ | | | | |

E¢ M. Mllner27 of the- Bep&rtment of Psychology at McGlll Unlversity
'[in Montreal has studled learnlng in neural systemsa His belief ls‘that
ythe Iearnlng process of the human belng may be divided lnto three phases:

exploratlon, problemeSOIVLngy and rote learnlng (that which has become
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foutiﬁe and may be performed without understaneing)o In the exploratory
‘phase the organlsm has had no previous eyperience Wlth its current situ~
etlon -and consequently hasg no spec1f1c goala In the problemesolv1ng pha,se“9
the orgenism has been in 31m111ar smtuatxens and» therefore, does have &
'goala In the flnal phase, the oroenlsm has s0 often repeated the behav1or
requi;ed~by the present s;tuatlon that it has the correct moves by rote.
' Feeling that the.exploreEioﬁ and'rote~1eerniné>pheses can easiiy ﬁe dup=
' 11cated by machlnes, he developed a model of the problemwsolv1ng phase whlch
employs; as far as possxble, the same general pr1nc1p1es of the nervous syetem« 
o Mllner s model has been deSLgned on a functlonal rather then anaw>
"vtomical basis. Spec1f1cally, the mode1 is composed of two primary sections.,
The flrst sectlon is responsmble for the 1nformat10n proces51ng eﬂd etorage |
capebllltles, whereas the second contains the goal—seeklng drlves o£ the model;e
In the - first sectlon are the cells whlch respond to stlmull 1n various
:«patterns and also the baSlc units: which are lntended to furnlsh the addln »
t;onel storage sPace‘required for condltzons of relnforcement' reward or |
peniehmenta. The second sectlon contains the rewerd or p031t1ve drive sysi:en:g9
the punishment or negatlve drlve systemj an& a complex motor system, which
:5tls connected to these prev1ous drmve systems, thae possesses the cepablllty
to generate the ba31ﬂ acts of the model.. o
Mllner hcpes that his model employs the same operailng p*zncxples
"as tne humen? but even 1f it does not, he feels it should Stlll worka He
@‘hepes to eventuelly conduct computer smmuletion studles of hls medel Whlch B

'~'Wou1d requlre 8 storage capacity of approx1mate1y 1012 blts, lf end when ‘@

macﬁlne of such capac;ty is evallable»



: ‘ CHAPTER 3 L
SYNTHETIC APPROACH INVESTEGATIONS

Studles Whlch folioo tne "Sydthetlc Approach" are those %hech
spec1Ly that only the lﬂput and tne output of a proposed dev1ce need
to resemble the lnputs and outputs found in human 1ntellect1ve sehaVLOr,
 The: processes that are to medlate between lnput and output of the dev1ce5_  s
'vcan be’ put together in aoy‘manner and’, oot of any meterialsq ‘Tnls“is thé{*“'V"
"Black Box™ approach.k These processes are _thus. "synthe51zed" and need
“not be 51m11ar to human‘processes 1n any way other than that there shall‘
“be a successful translatlon of spec1f1ed~1nput to speolrled oueput. fhe
varlous studies to be reported fall rather well into the fo1low1ng four_
"classes~ 1, Came ?laylng, %3 Pattern Recognxtlon} 3. Leaxnlng, andf<‘

&, Problem Solv1ng,

3.1. Game Playing

When the study of artlflclal lntelllgence was- belng 1ntroduced to
the computer fleld proSpectlve lnvestxgators were confronted wzth the:

vproblem of how to begln to work on the development of a machlne whlch

possessed such 111l- def;ned abllltles as tnlﬁklng, reasonlng, end perce1v1ng@5-"

How ls one going to mechanlze abstract thought processes whlch one does
not begin to understand? A starting p01nt that was proposed was that of
'”“developlng proorams to play games whlch are known to requlxe con31derab1e

1nte111gence of humen pleyersQ 1t was’ also con31dered necessacy thaL the

23
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: gaﬁe‘have séQCLLlcally dexlned ruleg’andbooals thét could be put lnto a
1computer program. The most approprlate game meeflng these condltlons 151
chess; the 1ntellectual game nar excelleﬁce.” he worklng hypothe51s |
-fwas that is~a,su0cessfu1 chess planng machine‘couid‘be devisad"then'ﬁ5
’considérable progress would have been made toward the understandlﬂg and
J'constructlon of art1f1c1ally 1nte1110ent machztesg,
Tne study of chess playlng'machlnes acxual ly* began somewhat eérlier
lfthad mlght be eypected In 1769, g Hungarlan lnventor, WQlfcang von- -
Kempeler, wasyastoundlng large European audledces w1th ‘his devmce called
"_the Maelzel'Chess Au‘i:cn‘nai:on.° However, Lts fame was short-llved0 A numbeff
‘of experts qulckly and correctly concluded that thé automaton was opnrated
' ~by a dwarf chess ‘master concealed msxdeo o
;In;1914"a Spanlsh inventor; Torres,y:Qﬁevédc,léonétfuctédian‘endw
"game devmce., The machlne would employ a rook and klng agalnst Lts oppoﬂent sj‘
;klngland forée a checkmate ln a few moves, regardless of how lts human |
7}opponent played Slnce a deflnmte set.of ru]es can be set up er maklng
v;.moves 1n such an end game,.the proﬁlem waé falrly 51mp1e; )
Relevant applzcatlons to ﬁhe study of approaches Lo arL1L1c1al
~1ntelligence began wmth tl“*work of Glaude Shannon Ln 1950 7, Ha dld not
write a spec1f1c nrogram, but hls thorougn a1a1y31s of the problem has beeﬁ  ;
w1dely used by subseqLent 1nvest1gators°7 The éﬁoblem was na31cally lelded
| into. three parts: | o R |
| xa, Cnoose a code to rep eséht p091tlons and pleces aé ﬁuﬁbers; )
b,f Flnd a strategy for CnOOSng the moves to be made.

Translate thls strategy lnto a programa



The flrst part lS arblerary.ln nature end any‘saE1sfactoxy code
bisnould be acceptablec Snannon suggested posxtlve and negatlve values for
”3°op9051ng pleces and a ﬁumerlcal grld system fov p031t10n 1dent1f1catlon, ;;-:
| The second partg calculat101 of a reasonably good move. forvany |
gleee posltlon, naturally presents tne most dlfflculty, Slnce there are
120

1077 possxble varlatlons Jin an average game, it is 1mpessible to play

‘f_w*perfect chess and consxder evexy varlatlcn te the end oﬁ the. game». Ehusﬁ‘“

,‘.

tehese is always played by maklng partlally eomplete szudxes of alternatzves}jw7i
' The problem arises as to what depth to go ln studylng aiternetlve53 and S
,.depth of exploratlon must be in accozdance Wlth the speed and operatlng‘
,tlme of ‘the computex or the playerq' Seleetlon of mﬂves shculd be based not

‘ jonly on evaluatlon of pieces, but also moblllty, plece posltlons, defense

; Lof klng) and the strucLure of pawn fcrmatlonaﬁ . -

Shannon suggested e pxccedure for translatzng the strategy Lnto

,inOéram in whlch a"hmﬁter" paogram.weuld eontrol nlne subroutlne59 Slxrits'f*r
-of the nlne subroutlnes would deal Wlth movement of 1nd1v1dua1 p:z.eces° Tﬂé%”
*“,flnal three are concerned Wltn llstlng p0391ble moves for a g ven p031t10n,
l»j'maklng of moves in memory, and evaluatlon of proposed mpveso |
Shannon belleved thet a machlne programmed ln thlS mender ceuld pla& S
:a brelllant game0 It would not be prone to obvxous blunders, la21ness, and
fnerves Wthh humens suffer, but on the other hand 1t would not possess the gi?J
.gfﬁlex1bi11ty; iﬁaginatlen, and 1earn1ng capacmty of the humen mlnd”,”“:i.:€ ;:'{”:
A M» Turing28 was the fLrsL to Wrxte an actual programc Hxs prow‘:‘f“

‘igram consxdered all alternaﬁives and explored to whatever depth was necessary"”

'to reach a "dead pos;txon", that 1s, one 1n whxch no’ capture, recapture; of
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‘ ;»checkmate could be made in tﬁe eeat moveq.:Value of ﬁateriai ﬁas doﬁinant
15e:1n the evaluatlon of a board posxtlaﬂ,”‘The program was only hand 31mu1ated '
and- Qas beaﬁen by a very Weak player in its only game . £
In 1956, the Los Alamos GrOupuprogrammEd the Maniaelllaimest exacelyJ
| after the:pattern'Oﬁtiieee,by'Shannoﬁ; To galn speed however, they made

‘certain conce331ons in the oameo The board was reduced to a 6 6 number

- of pawns were reduced £rom eig htuto'six; and‘bishops Were remoVed from the -

‘gameé, Gastllng, two’square paWn moves, a1d Yen passant“ captures were
also-el:r.mmated° By naklng these s1mp11f1catlons, Lhe programewas wvltten
in only six hundred steps.: All alternatlves were lnvestlgated to a
"depth of four moves and the average playlng time was twelve minutes per
v amovea_ The pro gram . was; sald Lo be the equlvalent of ‘a player of twenty .
'fgames experlence aﬂd was eaSLIJ defeated by a good blayer,-ﬁ
In 1957 BernSLe1n29 wrote the first complete chess program to be
run on alepm?uter (IBM - 704). 1t remeine-the,only program of‘complete chess),
‘ which»reqeires eoméfhing mofe than a nbﬁice to defeat it. ihe programj‘
determlnes its. best.move by flrst eoa51der1ng every possxble square and
f,e,esklng suCh‘qeesthns as: Is it ogcupled2 .Byfwhose men? Is it belng
if:attaeked?v Cad it»be'oeeupied? Thisg information is tﬁeﬁ compiled in |
tebles for later’ utilization. Tﬁe.seveﬁ.best pogsible moﬁee‘are then
B seiecied on‘the baeis of such Questions'asi Am'I’in check?.Jif eo, can I
‘capture checkingvpiece, block, er must“i'moﬁe? Can I*gain materialvin an
excheﬁge? Can I eeéile? :Can-L'develepze.miner piece or cceepy an open.
'}fiie?. Cen~1vcreate efpeﬁn chein? Haviﬁg{then selectedxits eeven‘best

~moves, each is evaluated to a depth of four moves. The score of a move
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is measured by successive consmderatlons of galn of materlal defensn of
klng, mcblllty} and control of lmgortant squarese In thlS manner, the
machine evaluates the 74ﬁ or 2401, variations and uses a minimax procedﬁre ;
to @elect 1ts best 90331ble move. The_program decldes.on_a mgve in only ;.
:;eight minuteso T0~consider only one ﬁore move»aﬁd explore it to the same

- depth Would nearly double this time. Bernstein“é’program“often playé ’
like a master, maklng moves which an expert weuld consxder the only satisgw
-faqtoryvonesa However, for a complete gameﬁ it is not' a. mastera Newell,
Shaw; énd‘Simonz$ have worked periadically on their programfsince'1955 'but-
; itihasAyetytb betcompleéeda‘ Theix program is’ the most ambltlous ‘attack
on machlne chess in that it involves greater complexxty through more
-‘selectlve heurxstlcsa"It'also-utlli;eSfthe study of»human'thought‘pro-
‘cesseé;in Ehéésbto“gaiﬁ-ihsighf 6# théydesigh'bf thei: progrém» .Theupro;
- gram 6:géniiaﬁi6n:is based éﬁ‘a'set of gdals, wﬁose;q£derlof‘imédrtance_

s king safety, géin in'maﬁé:iél,'cehfer-control}‘dgveld?ﬁeﬁt,:kingasﬂdgv
atﬁack and promotion, Their‘stﬁdy is uﬁiqﬁe in tha£ no'nﬁmericallevaif‘

: uatlon functmon for comparlng alternatlves is used but a 1ead11g goal

‘merely‘takes precedence over one that follows its It is not novel because

‘lt employs Turlng s ‘ﬂead posxtlon" concept and Snann01 s‘mlnlmax procedure«_
:f The prooram 1s belng Wcltten Ln lPL-IV a 1a1auage the authors deveioped |
duzlng thELI work on theorem prov1ng programsw As or 1958, it contalned 6 000
'steps and. it Was estlmated that it W1ll 1ncrease to 16 000 by completlon
Wlth_an-expected_txme,pe:_mgve Qf up to ‘ten hours. Many problegs rgmaxn_
| but Neweli,anﬁﬁéimoq grgdiét £hat a'éapbine Wi;i be epess‘chgmpiohiof~the

.. world by 1965. This ppeQidﬁﬁon,-it hight be;no:ed, was termed cqnservatiye:
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by L L Guteﬂmacher; director: of - tne Russian laboratory for the modellng' '
'of human mental processesgSO,‘ | o

Chess has not been the only gama Wthh has been aneétlgated iAn
]IBM scientlst, Arthur Lm Samuel 31 3 has a checkev playlno program Wthh
v;frefutes the argumenL that "a machlné éan never outplay- 1ts desxgnerax The
”program learns from past experlence‘and has reached a state of profmczency
v,ln whlch it does defeat Samuel The prcgram operates on an initial exﬁ
_ploration to_a depth of three,and a mlnlmax,procedure for makxno tne de~ o
.ClSlon whlch wxll gain the maxzmuﬁ advantace,' The efflclency oF the prograﬁf‘
"grOWs in that it remembers old 9031t10ns and thelr valt.es° When-it‘ié'
-.confronted. w1th a famlllar positlon, it meedlately accepts 1ts s;oxed value -
vﬁof the'board posmtlon and analyzes three addltional moves in depth, and
';storesCthls_new.evaluat;on 1n.@emory for the board_pOSLtlon., After a_few
“hundred gémes, iﬁé'progfam éctually is'éxbloring some pésitions to a dépth :‘
- of twenty one moves and has remembered bllllons of POSlthRS¢ Fu#thermore;
it requlres apprQXImately thmrty seconds for a move, a, faster speed than
the average human playero,' » : | v
.Bridge‘blddinggl has been pf§giammed on thé iBﬁ §50¢‘ $hevprbgraml"
mékes aniopeniﬁg‘Bid or a respﬁnsé~in'less than fifteen secondsvand will"
respoﬁd té_one cluby sﬁo?t.élub ppéﬁ, Staymaﬁ; and-Blaekwoed'cqnyenﬁions»
;Aé;thé‘;ritefiﬁﬁlof good éartﬁegs-is,a>cqmmgn undérstéﬁdingvbf the’éYstems.‘
an&lCanentionQ; it'appéa?s tﬁat twp‘?régramé Qpératiﬁgcés7paftnété couid'
’ 5é Quite cdmpatibles. | | |
Other games have been progz:amm.ed° One 1s the ragular 3fx 3 Tic

Tac Toea- Anotner is: a 4 X 4 version of Tlc Tac Toe anch is suffvcxently
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compleit to'require‘axheu%isﬁic program, 'A third is the ancient Chinese

"game of Nim.

3.2, Pattern Recognition

"Bérﬁard Goldssvdf Linéoin Laboféﬁoﬁiééiét‘ﬁIT‘diteéted th; de&elopé
ment of Maude, a program for machine translaalon sf Morse code senL by human
‘0perators° Thexe would be no problem if telegrapners sent ldyal codee Marks
andvspaces would be ransmitted in perfect intervals and a machine could
process thehsignalsﬁ :Humaﬁ vafiability; §f‘¢burs¢é«9reveﬁts ;his fr5m‘being'the
vlééée aﬁd‘Gcld\Was,C6n£rdnted'ﬁith ?he problem df.producing a ﬁacﬁiﬁe;‘capab1e>'
of dupiicaiing man's abilit&»ﬁﬁ detect patterns of letters in ﬁholeég Maude
is heuristic invthatzit does not memorize wcrd;,‘but'kﬁows only sténdard

Morse characters, Actually; the machine receives-the marks and spaces in the

- form of electrlcal pulses and measuxres thelr éuration, Qince-hc‘mbrse‘

‘character is more than six marks long, the machlne records the 1ongest and
"shortest duration in every possible groupvof s;x,\applies plaus1%1e‘d1v1d1ng
criteria;‘and identifies the cha%a@ters@ Errox.- rate has Been'fcund}tO’be
'only slightly higher thanﬂthatyéf a highly prafician; operator and the,p;oe
giam;ié aﬁ éxample of'maﬁhine récogniﬁion of va:iabie input pétferns; of |
éourse;,ihevdiVision rulé of Morse Gode'makés~£he pattexﬁ recggnition capa- -
bilitfes vefy spécializedg :* | | |
'Williaﬁ‘C,'Derschsq of ‘the IBM Advanced Syétems DeVelopﬁent Divisibn_

is 1nvest1gat1ng the mechanlcal %ecognltion of speech pattecnse After ine
:vestlgatlng various apploaches, he feels ‘that hlS system has better chance

of success if its logic'ls not required to dupllcate human funct;ons and use
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. the.same lnforﬁatlon thaf humans do. The problems w1th Whlcn he is cﬁﬁp.t
f_fronted are best descrlbed by statlng some human CapabllltlES° Man readlly'
‘Tadapts to the fact that speech varxes wmth the speakeral Wlthln 11m1us, thef
rate at Wthh words are Spoken do not affect his comprehens;on and he can -
.idmstlngulsh one volce when several people are sxmultaneously speaklnga The';'
_Lask is 1ndeed great and Dersch has 1n1t1ally s1mp11f1ed hls problem(by
 '1mpos1ng certaln llml atlons, |

3a; Words are art1f1c1a11y separated 1n trme,i

‘ﬁ; :Words are natural and- not shouted Whlspered“ etca

"‘_¢;  Machine is adgusted to the v01ce characterlstlcs of the '
v speakera : .

é;l The speaker is. brléfly tralned‘to accomﬁodate the,ﬁacﬁlueat'
e Vocabulary is lxmlted¢‘ e ‘
" on tﬁensiae Qf:reallsm, the‘machlne.would'fécoﬁnizevany éeéuégéé of the
r‘words in lts vocabulary, recognlze Words as they were. spoken ratner than
‘an hour" 1ater, and would not be dlsturbed by room 101sesw A computer called
";“Shoebox"> because of lts mlnute 31ze3 recently was demonstrated¢‘ Having
'an approxzmate vocabulary of twenty Words, numbers zero *hrough nine and
: computatlonal words such as’ Madd", ’hnmus”;“etce, 1t recelved verbal in~
'.structlons dnd successfully performed the commands to operate'arlthmetlcally
On.gﬁoups,of n.umbersD Current emphas1s lS belng placed on extendlng lts
'vocabulary and 1ncreaslng lfs ablllty to respond to varlatxons of v01cese
i‘Qé Eq Dlneen35 has. lnveSngaued the recognlu on'oL131mple v1sual
lfpéﬁterﬁs, He has con51dered only tne block capltals;'QA“ and "0" and tﬁéi
ilrceometrlcvflgures; squares and eraﬁoles, and sought to dlscover hcw these

Amzaht be correctly identlfled desplte variatmons ‘in orlentatlon) thlckness)
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and_#iza.. His theory ﬁas that any givenigbnfiguration from a‘définiﬁe::
class (A‘ 0, etco),.subjected to a sequence of‘operationé;'wouid reduce
LO the same -set of numbersﬁ The first problem of having the computer
"see” the image was solved by maklag each of 8100 cells of a 9G’x 90 array
elther whxte or blacka he VLSual image descrlbed was then read 1nto the
machine and stored. ?he unknown image is then operated upon vntil it is
.identifiéd by matching it to one of the Stofeé set of numbersa lhe flrst
koperatlon is an averaglng operation whmch smooths lrregularltles ln the o
Lmaoe&j A Lesulting mnre homogeneous rmage 1s produced by con31der1ng eachw
element of the matrlx as the- center of the 5 x 5 square whlch surrounds it..
If the number of black elements in ‘the 5 % 5 square exceeds a certaln thres-
hold then the element under~consideration is black in the new image;f If
the threshold is not exceeded the element is Wﬁlte in ﬁhe neW'zmage,“ An
edgzng operatlon plcks out edges, corners; Junctlons, and end pOLnts, and
reduces the 1nput image to a new 1mage where only the outllne remains,
Some 1n1t1a1 success has been achieved, but it remains to extend the 11m1ted-
input'and to introduce‘additional operatiqns;,especiallyvone,qagable of
'measurlng curvatureo' | | |

| A machine, Whlch they hope wxll eventu311y read handwrlclng; s
belng 1nvest1gated by Grlmsdale, Sumner, Tunls, and Kllburng5 The latest
Lnown progreSS of the machlne was successful recognltlon of capital and
small 1etters of the Enullsh alphabet, the Greek alphabet, and numerals,'
buﬁ an lnablllty to recoonzze scrlpt or other symbols possessmno a 1aroe
amcunt of detailﬁ, The system is based on obtamnmng a descrlptlon of the".

'sbapg Qf~the'fxgure and does’not_mgrely involVe a geometrical gomparison of
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‘the uﬁknowa 1mage wzth a stored set of- standardsg Fﬁrtheﬁmcre; the'éyétem o
freadlly processes dlstotted patterns W1th breaks or ragged eéges, and cemy f'”
: pensates for - dxrt smudges on the papera 3331ca11y, the operatlon bewlns
:thh a build up in &he computer memory of a llbrary of standard patterns, -
E variatlons of which the computer Wlll have to recognlzeg Recognltlon 13.  v,va
7;Lthen accompllshed Ain three phases' scan. assembly, and comparlsona 'Buriﬁg; 
tthe scannlng process, lelSionS of the flgure into segments (e*ga vertlcal
:and hoglzontal 11nes‘compp151ng_an "Ly and "clegning"_gf flgurg-zmperfegtloﬁs> ,f
._isﬂaééo@piishedc:,Infﬁbeﬂaésembly pﬂaée,'déﬁéiled gnaiysis oﬁfleﬁg#h,’sﬁageg_ :A
zﬁd-curvaﬁﬁfg_of tﬁé‘segments,laﬁd reductioﬁ of'the original two‘éiéen$igﬁ§1‘ii
,‘imagéﬂtb_a,qné dimensioﬁél_paﬁteini‘is under;agen; From.this’anélySis a
.gsimpiifiéd coded representation oﬁithe‘pattern;‘ihdgbendent'6f'orientgti0ﬁ’f
énd,siééé‘ié‘formedo ‘Recognitipn‘theﬁ d¢¢uré bygséarching.the sﬁéll_pbrtioﬂ 
”:of’the 1iﬁréry,.which @és béeﬁ'subdivide& intq §1é$ses according to cqﬁgoﬁ ,:'
featﬁreés forifhé,favoréble comparing;standard; If tﬁé'machiﬁe is'unéb1e‘
;to recognlza a pattern, it w111 Lndlcate thls, and if glven the name of the
_pattern}'lt Wlll store lt as a standaxd zox subsequent recognltxon” The' |
program is apprOXLmately 4 OOO lnstructians and recognluxon tlme is about
,60 Seconds, an Lnterval of tlme which could be reduced by at 1east 103 on.
‘ spac1a1 purpose equlpment, Extension to recogn;ze handwrltlng‘remalnsvthe  '
1pr1m§ry gqale ‘ | | | | |
"Selfridge an& Neisserss are studylng the developmenb‘oﬁ the "?anéew:f}
‘monlum" system of recogn121ng hand prlnted letters of the alphabetg lnput to the
_system is accompllshed by flashlng an 1mage of the 1etuer onto a baqa o? -
:é:photeeells, the . Output of each cell cont10111ng a b&nary dev1ce 1n the ;cmé

l'puter¢, Identmflcation by the machlne is then accompllshed through analysxs

Lo
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‘rathernthsn-matehing'breviouSiy stoied‘digital‘formso JTwo different_'

-possibilities, seqﬁeﬁtial,and parallelAprscessing, heve‘been‘considered-

‘es methods foreconducting this enaiysiso, Iin the seéuentialsmode brenchino‘_

is used to ellmlnate all p0331b111tles except one, thch then is a 1etter

Vildentlflcatlono For‘example, to 1dentify a leLter, such questlons as- H

’ "Is there a vertlcal llne’" "Is there a crossbar?", etc,, mlght DE asked -

w1th ”Yes " or “No " branches contlnulng sntll the 1dent1ty of the 1etter

is assured,s In the parallel mode all questxons are asked in a manﬂer thaL :

is celled ”functlonally slmultaneous", Whlch was descrlbed ln Chapter 26_

flt is felt that ”functlonal 31mu1tane1ty" mey be the beglnnlng to the in-

‘corporatlon Wlthln computers of the powerful parallel process1n0 of man.

3.Spe31f1cally, Selfrldge and Nelssef have favored parallel process1n0 in

" their ”Pandemonlum system ior the followxng reasons“

a, To COmpensate for. commbn distortiéns df lettess in slant,
shape, and size, and resulting ease of error, elaborate
sequential mode back tracking procedures are necessary to
correct erroneous dec;sxonse

ibss Some fedtures (e»gm.DoeS'“B“jheve e‘srossbar?)‘cannotlbe'* 
answered by only two alternatives but require some type
of relative value system, which is e331ly incorporated lnto

the parallsl modea

c. Small changes in a parallel processmng system foxr experL«:
mental purposes are-easily accompllshede >

'd, Humans. seem to use a parallel system for handllng pattern
' ‘ recognltlona

gSuch a'system:Which employs -28 tests of features and a 32 by 32
matrix for a simulated input'has‘beeﬂ investivated for distinguishinc between’
,ten handﬂprinted letterss A learnlng phsse, durlng which a few samples of .

each of the letters are presented and 1dent1f1ed naturally precedes the test"
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for,recoénitioné_ The letter &ith'the highestutqtal probability aftof undef—l
oooino all tests is séiécted as the correct,i&eﬁtificatioh.j The program
“currently makes only 10% fewer correct 1dent1£1catlons than humans; and

o changes are . belng made to 1mprove lts performancem

3.3, Learning

'Ciaude Shanhon37 has constructed a 51mo1e electrlcal oachlne Whlfﬁ-‘
exhlblts a modest degree of 1earn1ng abxlltya‘ Ine,senslng devlce)gwhlch.ls L
fcalled the ’ﬁmuse” learns and remembers the correct route-through avﬁaZee
The maze ConSlStS of a large square whlch has been partltloned 1nto several .
small squaresc A number ‘of sxdes are opened so that nUmMerous - paths through -
“;he maze are formed but there ealsts only one route to a partlcular goal
équare,i Powered by‘two motors for‘horizontal and?vertical movement, the
‘&wusé" ﬁoves throogh the maze witﬁ*tWO relays for each sqﬁare stoiing,the-
‘dlrectlon whlch the mouse depaﬁted its squaree If the mouse returns to a
.fsquare before reachlng 1ts goal thls informatlon is’ cancelled and che new -

\ 'departure dlrectlon 1s storeda By a trlal and erroy procedure} the goal 1is
>eventually reached and all relays haVe been flxeda On hig next attempt
the ’bwuse” then moves w1thout error tnrough the maze to ltS goalﬁ

1t should be noted that Shaqnon 5. ‘hwuse" appears to be an ehtonSLOn .
oﬁ‘Stephens electrlc 1oarn1ng machxne whlch was.described earlier, Each
of'the smailisquares closely’coirespoods ﬁo~Stepﬁens‘ basicicircdit concept
»and Lhe maze is a set of several of these 1nd1v1dua1 c1rcu1ts°v -

8,8 9

Frledberg, assmsued by Dunham and Noth has attempted to devise

a machlne which would learn to accomplmsh tasks for which it is ‘given mno
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'specific inst:uctions¢ This learning procedure ﬁés fested for pfoéraﬁ
writing tasks by simﬁlation'studies §n the IBM 704. The hypothetidél
computer ié giveﬁ an éxttemely simple task (e,g;gbinsure.thai the.séme
bit is in two spegific storage 1oéations or compuﬁe thg sum of'twq~ﬁits
: an&iétéyé it in a P#rtiéuia? lécétipn); 'Havigg'affewisimpie iﬁstructiOné
- at ité]disposgi} it then'randdmiy generéteswa prograﬁ, Cohsistingiéf'éé
commandso' The sﬁccess or failure 6f each‘prograﬁ is notéd.in order“that
vvinstrucéioﬁé'appearing‘in‘éuccessfﬁl programs will Bé most 1i§e1y ﬁg-be
used in later trials9 ’This~is accoﬁplished by~having a Sﬁccess aumber
associatedzwiﬁhveach-inétrﬁcfiéna Operatlng on these prlnc1ples the | 1“
2mach1ne did. generaté many successful programs but it never even attalned
the success that pure chance would expect it to have, desplte many mod1~ -
~ fications of the genefatlon and relnforcement pr1nc1p1esa in some casas)
success numbers»vou;dVbe :etained;from'agmo1d task for the Eéginning_of a
new one; in éghers random‘succesé numﬁérg were generatéd and'utilizéd; An
‘insffucgiog froﬁ-a'program which fa;led»was>dropped on a'ﬁéndém ﬁaﬁﬁér
baéié or on thexsﬁétess‘numbef priﬂciple; Dropplng of many 1nstructlons
after fallure was: compared to a dr09p1nc of one. The program was given the
- abllity to partltvon a problem lnto parts and then deal Wlth the parts in -
order of dlfflculty¢ Despite these and other tests, the success of the
program remained 11m1ted in a finai effort‘té'improve the prégraﬁ“s
",performance, a- "prlmzng and reset" operatlon gave ‘the machlne useful startlng.
“vlnstructlons to accompllsh its prescrxbed taskb Still Lhe results remalned
' dlsapp01nt1ng and caused ‘the lnvestlgatlon to be at least temporarlly dls=

contlnueda
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Marf . Stevens40 OL the Natlonal Bureau of Standards has dev1sed‘;
”a model of a machlne Whlch 1s caéable of both 1earn1ng and fcrgeitlng
materlal; e"IQ“ as the computer'program is called, is basically a modest
lnformatlon retrmeval programg whlch 1n response to commands such as

MATCH, REJECT, DEFINE etca, searches 1ts 768 word vocabulary of proper

nouns’ and adgectlves for answers to. querles° The 1earn1ng of new lnformatlon3 

s accompllshed throuch a LEARN command This causes-an’ unknow1 term, whlch
has been preSented with known-terms, to be sﬁored.and‘assigned descriptive'
Lreferences common to. the known terms° However it is 1nxc1ally Tabeled
L"provmslonal and lf glven es eﬁ answer durlng this provmszonal perlod, it is
preceded by Lhe wnrd.'hmybe"a It remalns 1n thls 1nter1m stetus untll a |
. REWARD operatlon follcwing a response 1ndlcates to the machine ‘that. it hasf
‘been cer:ectly used and the term then becomes a peﬁmanent part ef storage°‘
lrorgettlng must o¢cur when the addltion of ‘a new tern would cause. overflow.
;;eia the vocabulary storagec Internal prov1slon Wlthln the promram causes
‘1-h1ghly speclflc words to be dropped 1n order thae a general vocabulary is :
‘retalned “
Kiiburn;‘crimsdale;:ené Sumner41 have devisea a program.geeeﬁaiéng
Aemachlne whlch dlsplays two ﬁypes of 1earn1ng, 1earning by experlence and
111earn1ng by teachmngQ The xormer is exhlblted in that the machlne uses prOnf

grams 1t has developed in the past Lo generate new proaramso Learnlno,by'

teachlng occurs when the machlne 1s lnltlally glvnn 31mple problems to assmst"‘

it in solv1ng ‘more - dlfftcult problems 1atera In general theemachlne is ..T«"
Rdescrlbed as. operaLlng 31m11ar to the manner of a human inventora Confrontedf 

' thh a problem, it 1ooks to 1ts memory for ldeas, whlch ale then tested to
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determine if any of them are a solution. Specifically, the system is com-
posed of a master computer, which can generate programs attempting to satisfy
certain criteria, and a sub-computer which is capable of testing the programs.
The sub-computer is composed of an accumulator, several storage registers,
and an arithmetic performing device. There are six basic instructions from

which the programs are produced:

A' = A+ Sr
A' = A - Sr
A' = A x St
A' = A - Sr
Sr' = A
A' = Sr

in which:

A is current number in accumulator.

Sr is current number in the rth storage register.

A' is new number being stored in the accumulator.

Sr' is new number being stored in the rth storage register.
The manner in which the programs are constructed depends upon the criterion
involved. Since simple convergence is satisfied by a variety of different
programs, convergence was selected as their initial test criterion in the
form:

|A4 - A3| < ]A2 - A1|
The system was not random in that instructions were chosen dependent upon
previous successful choices and the program was tested against the criterion
after each additional instruction. Several successful programs were gener-

ated and presented some new ideas concerning convergence. As the machine
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*iearneéféndwfemembeted‘ail succeésful‘prdgraﬁs,_ﬁhe,rate’&f pioduction
;ﬁd cémﬁléxity»bf né@lﬁrbgramS‘increasedg‘ The system was improved"in
that lrrelevant lnstructlons were eliminated from a compieted program,
and .a loop 1nstructlon was added for repeatlng sets of 1nstruct10ns any
jnumber_oflt‘:lmesq The crlterion was . changed to sequences and agazn conw
siderable,succeSS was.exper-lenced° - The authors feel‘that appllcatlons to'ﬁ
'partlculaf flelds such as electronlcs and nuclear en01neer1ng are very
 11ke1yv Thelr work continues with the current emphasms belng placed on a 2 

!system which Would produce its own crlterla and then invent a plogram to

 satisfy it.

' 3.4, Problem 501§ing

' Ag ﬁe‘Tﬁriﬁg42¢Q3Jdescribed a machine (basically similaﬁ‘tovreéehﬁ‘
 compute1s) Wthh he clalmed could complece any problem~solv1ng Lask that |
man hlmself could carry om‘:c The Turlng machine was extremely slow but}l
it demonstratedAan_ablllty to Solve verin6mpiég~prleemso'ABaéicaliy;Lthé? 
ma;hine‘ﬁas‘composéd‘of a,writing'ér erasing &évice;wscannér,‘a métor‘to"
.  m§ve a'tape;*diél wiﬁh pointer, énd a'iogicéi coﬁtfol, ‘Ccmplgiing ﬁhé'
Afsystém was a tape of presﬁmablﬁ'infiﬁité-lenoéh Whiéh had‘been divided into
,suécéssiversquafes@ The machlne operated on each of these squares in turn
by performlng one of Lhe Followxng 1tem5°._

| | fae -erte an "KM 7
Ac;f‘Erasuré 6ffeithef ¢f thesé ﬁarks

~d,  Move the"tape one\square,to.ﬁhe 1éfji;o
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"5é;~‘35v¢l£ﬁé tepe”pne<séﬁ€ree£0‘the righeg
”."f, Stop,-' | |
Whlcn of the. 51x\commands to ge perFormed was determlned by the
po1nter settlno on tne dlal and the present square before ‘the sce1neroi
;iﬂrom tnese twe condltlons, the loglcal control. would glve the maeﬁlne 1ts
‘ 1nst£uc£1on.rrom a prepared table of commands,l In this manter,”enls
,nérogrammed” macnine ‘was able to complete complex.computatlonal problems,;lf
. deSplte the extreme Sme11c1ty of eech operac10na1 step.: Turlng also |

demonstrated hls‘concept of a universal machlne.whlch'would be versatile

v

- ,Nenough te'accomplish ény‘giveﬁﬂtask, vBy enumerating the speciai:purpdse

Turlng machlnes, the unlversal macnlne would read a speclflc number and

then solve the problem that that Turlng ﬁachlne would ‘have solvea 1f 1t
onerated on a blank tape, f | | |

| In seeking to desige a. machine.whose behavior exhlblts meee of the |
'chefacterlstlcs of humanflntelllgence, H. L. Gelernterﬁé of IBM has wrltten =
a. program whmch dxscovers proofs in elementary Euclldean plane geometryc

'The method is mnot algorlthmla but proves the . theorems heurlstlcally 1n the
maﬁner of a clever hlgh sch001 scudent° The functlons of'the program fall;
into one‘of three'division8° heurlstlc, dlagram; and syntaxc Tﬁe‘heuriefic‘:
ccmputer controls the operatlon,k It‘contalns the lntelllgent cfiteiiaiﬁy”k.‘“"
; whlch the most approprlate 01 most - 11ke1y possxbllltles are selected The
.eremalnxng twa computers merely follow 1ts 1nstruct10ns-and answer lte
'_ques'twns° The syntax computer conteins Lhe formal System (symbolss theoxems,l'

ax10ms, rules of formatlon, EECe) and its ob3ect1ves are to establlsh tne

>proof. It ver es the correctness of sequences of lines of proof whzch heve:‘
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:ebeen Smextted to it. The diegfaﬁ computer makes construotioes.end measure—eo
faments by means of cee:dlnate geometry ead floatlng point C&lCﬂl&ﬁlOnS»_ The o
‘5geometer, as the machxne 1s called ‘readlly proves theorems anWQll under flve
mlnutes, but ba51ca11y its. operatlon lS statlco‘ Its only 1earn1ng ablllty}
and this ks modest, is the addltlon of neﬁly proved theorems LO its formal

‘ systemvfoe future’ utlllaetlon.

by

.Two other studles have developed theorem provind progrems° 4Wang ‘

'tthas wrltten en alﬁorlthmlc procram Whlch is capable of prov:.nG all the

‘"e‘symbollc loglc tneorems in the Erlnclpla Mathematha of Russell end Wnltehead

lNewell Shaw, and Slmon32 developed thelr Loglc Theorlst Wthh successfully
'_p&oved 38 of 52 theorems in the Prln01213 through heurlstlc metnods° One;of
{thelr proofs, it mlght be’ noned was completely orlglnal and was conszdered
'“fto be more elegant then the ex1st1ng proof for that theorem¢‘“"
| Newell Shaw, end Slmon,45 went on to develop a progfam‘to flnd

: éoiutions,to.problems 1n general.' Tne 10, 000 step program, General Problem
ASolver, was written in IPL (Informatlon Eroce331ng Lanouege) and was de51oned'
"to slmulate human problem solvxng ablllty 1n detazl. Date was collected by
'lhav1ng collepe students thlnk aloud Whmle solv1ng problems 1n symbollc 1og1c;
‘fGES was’ wrxtten and reVlSEd until lts treee favorably compared thn the
-protocol‘recordlng of the students. Ba91ca11y, the program operates on

‘ problems Wthh can be readlly expressed in terms of objects and operatorsah
‘iiThe eaecutlve program COHSlStS of Lhree spec1flc lnstructlon5° | |
: ‘?a,‘ Flnd a way to transform ngect "a" into oo;ect “b”»-

B.‘ Apply some operator ’@"to obgect Y,

c. Reduce the dlfference between obJect "a“ and object b by
. modifying "a" : ,
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| GES aLtempts smmpllflcatlon by reducmno the problem to several
iﬁtermedlete'obgectmvesu When these are achleved by repeated use of the
: above{ruiée, they are then utilized to solve the origigal preblem,'fThe o
prggram has aiready solved a substantial range of probleﬁe whicb inciudes'
' proving ﬁrlgonometrlc‘and algebraxc 1dentltles§ dlscoverlng proofs for
logic. theerems, and Performlng inLegratlon and dlfferentlatlono‘erhe o
~poe81b;l;ty Qf developlng_lntelllgent'learnlng in the GPS is curfently:beieg
investieeﬁed,; ﬁowever; only reugh hand‘simuletien studies havefbeen con~
dueted and nothxng more than initial observatlons neve been publlshed 46
Green, Wolf Chomsky, and Ldughery47 have attacked the tx emendous’
lproblem of devising a computer-centered system 1evwh1ch man. communlcatee
: With‘computerS'in,natural 1enguage. As anzinitial steﬁ'toward this geal;
they have reCeetly written a program’Whichﬁansﬁers questions preéented in
ordlnary lenrruacre° ”Baseoall" as the program is cailed was wrltte1 in the(
'él?L—V 1anguaoe and ba31ca11y consmsts of two part5° 1in i“ ic aad processor
The 1lngulst1c part reads tae questlon from the punched card aaelyzes it
to.ascertain its meanlng,.ane classifi es Lhe information as known oxr ue-
known s The_??oeessor searches'throegh the date for the appropriete answer.
 ‘and printe»itn4 The stbfedldaie COﬁeists of-thefday, menth;5Cit§gfteams,
:, aad scores for every game played in the Amerlcan League durlng one seasoe;

For 81mp11c1ty, the 1nput questlons are restrlcted to a 31n01e cleuse, and

do not -possess such'connectives as and, or, and not, comparative edjectives

- as least or most, and‘sequential statements as iﬂ‘a'row, If a éubmitted
questlon contalns an’ undeflned word the unknown word is prlnted out ln

order that the questloner may revise, hls questxone Barrlng vxelathn‘of
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‘uhese 11m1catlons; the prograﬁ successfully answers all quesLloné which
might vary in dlfflculty from ”Who dld the WhlLe Sox lose to on: July 16?"
. to “Where dld each team play in June’" ‘Ambltlous plans 11e ahead for the'
'.Lprograma Attempts wzll be made for re9ponse Ln‘sentence rather than out-*"
linéffAfﬁo The program'w1ll be augmented to’ lnclude multlple»clause
questlons, and comparatlve Wordso A dlrectmentry keyboard Wlll be utlllzed for
'solv1ng amblgultles and 1ncrea31ng vocabulary by permittlng the computer to |
'query the questlonerc’ Flnally, the 0enerallty of the program Wlll be tested

by uhanglng Lhe oontext from baseball to pos31b1y votlng records and measurlng

1ts effectivenessa'




o  CHAPTER 4 e
A PROPOSED DEFINITION AND SYSTEM OF MEASUREMLW .
. FOR ARTJ:rchAL INTELLIGENCE: .

A b351c problem in the study of axtfoCLal 11telllgenve 15 ts ;

'?‘determlne than whxch ls the ob;ect of studyél What lv artlflclai lnﬁ':
telllgence9 The problem ls‘solved An a practlcal way,'as>we aave seén 7, o
in the prevlous chapters, by pelntan'Lo a spec1f1c haman actlv1ty, L
declarxng 1t to be 1nte111gent behav:.ory and then concludlng fhat art1;;7

 1£1c1a1 lntelllgence had been pro&uced when a nonublologlcal devxce s

L repreduces to a reasonable degree that behav1or. But- thls kind. of ana 
sw@r does.not prov1de a basxc and deflnable concepu of Wnat artlflclai

'1nte111gence is.

4,1, Need for a Definition

A great déal of tlme and effort has been spent by psycholééxsts_,"n
and others in searchlng for a deflnltlon of lntelllgencee Some have-j :
‘ ;vdeflned it as’ the ablllty to learn by e%pexiencei, OLhers have deflnedv
\lntelllgence as a 0lobal characterlstlc of persons who exnlblt skllls i’f
bin §ar10us measurable waye : Stlll othexs have sald that the measuxe

i, of lntelllgence is dlrectly assoclated w1th tne amount of e&nlblted ‘fﬂf

a 13rge quantlty Of lnformatlon through approprlate selectloqi AHOLhEE’
.concept of 1ntelllgence 1s foun& in Turlng s test of lntelllgence# the  ‘,‘__

*y‘lmltatlve game menLloned earller.= None of tne existmng deflnltlons of

3

-‘Select1v1ty, Lhat 13, a system exhlbits lntelllgence when lt processes e



‘:Lthat what follows 1s a tenuatxve definlulon&

7”ihﬁélligenié’ﬁhiah~ﬁé havéiseen are'sﬁésifiéall§‘applicable ﬁc;computérﬂiii-:]';
 _programm1ng, although Thorndlke 5 concept af the altltude of ntélligéﬁ#é‘k§; ir
5ijnas some 31mxlar1ty to the cencepts proposed herelne -

ReCent lnvestlgatlons of arcmeCLal 1ntellloence have ralsed notﬂl;fj%ga
‘;oﬁly new pOSSlblllﬁles for research but‘also new demands zor SpelelC 1

f.deflnltlons of cencep;s and goals, In general it seems that a number of '

'. 'def1n1t1ons of 1nte111gence can be used ‘each flLtlng 1nto 1ts proper sphere ‘;f

- of. research and appllcatlong It -seems, proper to develop a concepc, and

a deflnmtlon of that concepL} that w111 be of serv1ce in the flel& ef
j“proglammlng for the automaLlc dlgltal computera, Because*therefls soma

“dlfference of- oyznmon 1n thls llmlted fleld Lt ls necessaty to, rccegnlze

 As was' made apparent in Chapners 2 and 3 thevmagorlty G6f aptic o o
i{flClal 1nte1110ence lnvestlgatlons have employed the dlgltal computergl

:‘{?Qne 1mportant reason for the use cf the dlgltal computer ls tnat it is |
M‘mnch easier to construCL new. and complex Pragrame than 1t 15 te constrﬁéﬁ.i_f:

',new and complex machlnesq. Iﬁ 1s entlrely p0331b1e that even tnose i

3?;"Slmulatlve Approach” studles; 1n Wthh specmfled haraware Was deslgned

' 1and co1structed could have been s;mulated thh 8 computer program,a The”- :

_'deflnltlon, Whlch lel be developed in the succeed ng paragraphs} w111
. not daf&ne lntellxgence in an absolute sensa&] Ratherﬁ the deflnlulon w;ll;j SR
irgenerate a measure ‘of art1f1c1al 1ntelllgence whlch seems to be 1mpllclt

in- the attempts to sxmulate 1nLelllgence on d1gi£al computersa




42, Implicarions for a Definition

There ‘seems to be a prcml 1ng approacﬁ to a useful &efi11tl0n af' .

 art1fic1a1 1nte111gence whlch lS 1mp11c1t speclflcally Ln the concept of

computer subroutlnesw Numerous standard subroutxnes have been programmedf?@;‘ﬁﬂ

‘and these are treated as unlts in developxng more complex foutlnes and

'jproorams, Although a subroutlne is composed of many m&chlne aperations ji;:ja,,

1t can be put 1nto another routlna oxr program as a unlta Jy the use oF

o such unltsﬁ 1arger and mmre somplex programs can be made with" relatlve.-

‘feasea

1n a sense thesa camputer subroutlnes and routmnes wzthln pro~

'7:jgrams aLe qulte sxmllar to the hleravchy of composmtlon that is found

‘“Lnknaturea thh of the GOmplBXlty of matter may be dlscussed throuoh

o

,the establlshment of some ferm of hleralchlcal order¢ For»axample,.

-

Yvelementary partlcles form atoms, Wthh 1n turn form molecules, and- Wthh

in turn form llVlno cells¢ In othexr wvrds, there seems to exxst an ;"

. hierarchxcal explanatlon of levels thﬁln levelso. it seams approprl&te

“to apply this general concept to the development of a scale of hlerarw '
lfchlcal orders éf artlflclal 1nte111genceevuy' . | |
Hlerarchlcal orders are fouud not only in, mére ccmplex proerams, ‘,3"
’ ,but also in the automatmc dlgltal cemputer 1tse1f¢ : computer is a |
~wh1gh1y complex machlne,.made of metals, these beLng formed lpto W1res,

jdlalectrics, frames, etcs.; these 1n turn belng fcrmed lnto components

'and circults and these flnally belng developed 1nto a machlne that can

parform a small number of b351c Operatlans upon sultable command», The




"v;fof whlch ls pelformed only oncee‘ On the other hané the program may be

| fﬁéf
‘:besic operatxons are performed very rapxdly; a1Ways in seriessxln eny o
order speclfled by the p»::ogicamt‘9 and for an 1ndef1nlte time- 11mLted only‘
by the patlence, Lngenulty and resources of the programmero. Altnough
‘.these operatlons may vary from one computer to enother, most: machlnes g
have the bullt in capabllity to add subtrect3 multlply, divzde, shlft
.dzglts a spe01f1ed number- of 1ocat10ns, store and retrieve 1nformatlon,__

' end b;anch upon the occurrence ef a speclfled event, such as . Lhe appearu'

enee»of zero‘in‘the accumulatora. These ogeratlons of the machlne are Lo e

:controlled by humans through the medlum Qf a program which Lnforms the fiﬁ

. vmachlne of Lhe sequence in whlch the cperatlons are to be performedo_afiﬁ“
| ﬂierarchlcal orders ave’ also faund in the progrem, and it is -
;vamong these programmed hlerarchlcal orders that artlflclal 1ntellloe1ce
beglns to appear in a form ‘that - can be recognlzed as "lntellmgence“ WLﬁh« ;*F:fi
eut'top much imagination. ' A prqgram can,be thought of es a ser;es of
‘.ecommands which.the prpgrammer gives ﬁo‘the computerxihrough aﬁ‘ineufl

';medla of" either pu1ched cards, paper tapes, magnetlc tapes, or typewrlﬁer&e

The program may be very elementary, conszsfing of a few Lnstructlons; each»;.

»qulte complexaz It may contaln many elements whlch form a unlt thau wxll-ﬁ

“be called a recursmve rout1new The reeurslve routlne 13 of partlcular

i 1mportance 1n the concept of artlflclal 1nte111gence and w1ll be deaned.
in the next paragraph, A subroutine mey or- mey not be a recur31ve routlne;:'::e
‘A generlc term is needed to’ expllcate Lhe concept of artlflciel lntelllutviilf}:
‘4ge1ce, the term ”recur51ve routlne” nes been selected for thls purpose,?:

The pfesence of . these recursxve routlnes w111 detexmlne the order, or ‘::,



“altitude, of artificial inﬁelligéﬁce‘in‘the‘prcpqsed;concéth ‘

o
v

4.3, Progoseélbefinitions'and Rules

The folloWLng two deflnltlons and four ruies are glven to deflne f';

;and quantlfy the altltude aspect of art1f1c1a1 Lntell encea_ it 1s rem’_f~5ﬁf~“

cognzzed that other dlmen51ons of artlflClal 1ntelllgence may be quantlm;;”itiﬁe

¢f1ed in other wayge | | ' : - o Sl
‘DEEinition 1§‘ A'fecufsivé‘rou%iﬁe ié défiﬁe&‘as1a Eréup of{at

least two computer operatlons bealnnlnv Wlth some oyeraglon a and endlng

with a branch 0?eratlon b, one side of whlch branch returns the computer o

‘ 1:0 Operatlon'“a;,_ : ,

~Hote: A reé#r‘éive routine may contain one m«: mote ‘ﬁ?éursi{zei;fg, u?i;@és

Definition 2, A recursive routine properly contains anothér

"7£ec;£§ive:routinebw5éﬁ the éontaiﬁéd'récér%%vé_EOutiﬁéiéhd.ét iéast ohe;, ff57v
otﬁer ﬁoﬁFtrivial operatién or rbutine'lié'between a’aﬁ&.b§  - |

| Rule 1. A flrst order reéur51ve routlne is one whlch does not
pfoéerly contaln any OLher recur31ve routxnea.' o

Rule,Z An N order recurs1ve routlne is one whlch properly cowagll'

'talns‘one or more N 1 order recurSLVe routlnes, N belng a p031L1ve 1ntegere{s”
S 7 Rule 35' A program,ls of G order artlflclal 1nta111gence if it o |
‘does not properly contamn any recursive routlne.': |
’Rule-’l.»° Ihéiorder of artifidial'intelligence of a pxograﬁ ig

that of the highest order recursive routine found within it.



48

4.4, Illustrative Flow Diagrams

Thé above definitions and rulés_comprise the basic structure of
the proposed measure of artificial inﬁélligencé@ Several example pro-
grams are shown in Figure 2 through Flgure 10 to 111uerate the appli=- .
catlon of the deflnlclonS and rules. For clarxty the,programs are
shown in the form of flow diagramsa Figure 1 gives the meanings of the
symbols used in the flow diagrams,

Figure 2 illustrates a program of zero order artificial intelli~
gence, The‘floW'diagram shows'that there are no'récuxsivé routines in
thé program. RuléVS therefore applies, and the order of artificial in-
telligence is Zero. Sevéral opération boxes are shown in the flow
diagram to emph351ze that accordxng to the rules glven, the addltlon of
:vany number of maahlne operatlons does not 1n¢reese the resultlng order
‘of art1f1c1a1 1nLe111gencec

Figﬁre 3 iilustfatés another program of zerb order artificial
intelligence. In this £low diagram there are no recursive routines an&
Rule 3 is applicabieo " The point emphasized in tﬁis example ig that a
.,brgnch operaticn alone doeg not increése the ovder of artificial intelli~
gence. | |

Figuxe & illustrates a progrém of the first order of waﬁﬁificial--
intelligénce; Because the flbw:diagram shcws_that"ﬁhé program properly
contains one first or&er“recursive‘routiﬁe}>Rg1e‘1 and Rule 4 are to be
used. The program is thus of the first ordefrgf artificial infeiligenceﬁ

| Figﬁre 5 also illustrates a program of the first order of arti~

ficial intelligence. The flow diagram shows a program in which there is



Beginning of a Program

End of a Program

Branching Operation

Arbitrary Number of Basic Machine
Operations Excluding Branching

Figure 1
Symbol Notation
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Figure 2
Program of 0 Order Artificial Intelligence
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Figure 3
Program of 0 Order Artificial Intelligence
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Figure &
Program of lst Order Artificial Intelligence
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Figure S5
Program of lat Order Artificial Intelligence
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a sﬁécessioﬁ of first or der recursive routlneso Applylng Rule 1 and Rul
4, 1t is determlned Lhat thé prooram 1s of LlrSt order art1f131a1 1ntelli~" S
| geﬁceq , v ‘ S A

| Flgure 6 lllustrates st111 anothér.program thét has flrst order
art1f1c1a1 lﬁtelllgencea The flow dlagram shows an 1n1tlal branch Wltn.
two alternative paths‘in.the programa The left path at A ﬁas a recurslve-fa
ﬁcu¥1ne° the rlght patn has nio recursive rout:.nea Accordzng to Rule 4
.the hlghest order recur31ve routlne Ln the praoram determlﬁes the order o
_of artifxcxal lntelllgence, and thls is ﬁound 1n the left path afLer Lhe .
llnltlal branch@ Thus the prooram is. at the flrst order of artlflc1al |
intelllgence° The i11u§tration_sppws Ehat neitherAthe ?hitial brgnch no:“
thé simp1icity of.the éiferné%ivéfbéthfoh the”fightﬁafféctlthe'orde; of .
art1f1clal 1nte111gence@ - | 4 |

Figure 7 111ustr3tes a program of second erder artlflclal in~

telllgence@, The flow diagram shows a sxmple flrst oréer recursmve rou-

L tlneg A nGSLed thhln a second order recursive routlne, Bw ﬁlnce there o

is 10th1ng else in the preoram, lt is obvmously of second arder artlzlelal
llntelllcenceof | |

Figure 8 mllustrates another program of second ecder art1f1c1a1
iﬁteiilgencem‘ The flow dlagram,shcws that the program 1s the same asg
Lhat given in Flgure 7y except that a ilrst order recurslvé routlne, C,
ig. added after the second order recur51ve routine, B, xs completeds-'ThiQth
vlllustrates the pomnt that the addltlon of recursive routlnes does not l
affect the order of art1£1c131 1nte111gence unless sﬁch success;ve re~

cursxve routlnes are of hxgher order ‘than those that have preceded




Figure 6

Program of lst Order Artificial Intelligence
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Program of 2nd Order Artificial Intelligence
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Program of 2ud Order Artificial Intelligence
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-Figure~9 i11ustrates1a‘programjcﬁ-ﬁhi?d qxdetYartificial‘intelliei:v,? B

.geii;:e@ It is the simp-iéé,"t' é’éssible péégfaﬁ; 6::‘.-- thi‘s‘ order. 4 first o‘r,czéx-' "
' recursive roﬁtine}wA, is ?ropérlyjqqntaiﬁegfig é,séébﬁd:qrdet rééursiﬁéf

’:outine, B, and it in turn is prOpeflyiééniaiﬁed iﬁ a third order're;
cursiVe.réutihe,‘Go‘ ' R - } N

Figure iO:illustrates a slighiiy.ﬁoré ¢bﬁp1ex pfogﬁam'Which’

- nevertheless by, the rules glven above and 111ustrated in the precedlng :
flnures ;s of thlrd order artlflclal 1nLe111gencea The oxder of Lhe

,'largest recurslve rouLLne in the program 1s Lhree, althongh it contalnsi
‘1x more operatmons and mcre smaller recurszve routxnes than the pragramyin

- Flgure'9s

4.5. Examples of Actual Programs

Figure 2 through Flgure 10 have 111ustrated in detall the appllmi 
~cation of . the rules proposed to quantlfy artlflclal intelligence with

respect to- the dlmenSLOn of altltudes» These are formalized programs that

'-brlng out the manner of appllaatton of the rules,' The next procrams shawn _f_;f

1n Fxgure 11 and Flgure 12 are actual programs used on computers¢' ihe» 
‘f0119w1ng paragraphs analyze these programs accordlng to the proposed
‘rules in order to determlwe the order of art1f1c1a1 1nte111gence found in -
tnem@ | . |

Flgure 11 is the f1ow dlagﬁam of’a programiln RunCLble language"
',t° flnd the square root of any non«negaCLVQ numbers‘ The method is based
upon‘the Newton~Rhapson formula. The‘prqg?am’mnves down to the first

‘branch where a test is made for a non-negative number. I1f the number is




Figure 9

Program of 3rd Order Artificial Iatelligence
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Figure 10 .
Program of 3rd Order Artificial Intelligence
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READ IN Y
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Y,«C

Figure 11

Actual Program of lst Order Artificial Intelli; ence
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';zéro or negatlve, the program branches to the yes side and avcar& 1s |
"puncbed glvmng the value of Ylﬁ' £ the number lS POSltlve che maif 11ne
Ll of the program ls followad branchlng to the no 51de at the second braneh
:and returnlng along route A recursxvely, untll Lhe square root lS obtalnéd‘)
as accuragely as the machlne can obtaln it. Thus there is one recﬁr51ve"
. Lautlne and the order of artlflclal lntalilgence of the‘program is oné¢ f t
Flgure 12 111ustrates a FortranSLt program fcr performlng a,
ﬁulﬁlpllcatlon of tWO conformable matrlcesa To 1nvestlgate the order ofv
‘art1f1c1a1 xntelllgence of the program one’ oﬁsarves that- there is a. rew i
‘ curs1ve route at‘A,l It ls a flrst ordec recurs;ve roﬁtxne begausevlt‘
- doeg not contaln another recur31ve routlnen’uSince B is'alsova reeutsfveg,.'
ioutlne and propér]y contalns A it is a second order recursive routlne;:"
‘Then it can be seen Lhat [ is a thlld order 1ecurs1ve‘rout1ne because‘
1t propefly contalns B, Thls 15 the hlghest order in the program and
therefore the program Ls of thlrd order aftlflcx&l lntellxgencex,."

it should be emphasized that the proposed rules for measurlno o
artifLCLal intelllgence are . tentatlvee In a sense they are arbltrary QS”‘M“
: are most rules of measuremenL¢ Neverthe1ess they are lntended to be a B
“.means to deterﬁlne unamblguous and con91stent measures cf axtlflclal lnm>‘;‘
.tell;gence for any program. Althpughf§<number qf lllustratiVe and |
actual programs ha§§ been anaiyzé&5.it{wi1i bé.néée5§aryVto;éﬁu&Y'ményi:
morévbefore'the adé@uacy of thé préposédprules éan Eé tesiéd with soﬁe
approach to flnalltyg” A serLOus dlfflculty in d01ng thls is that few
complex programs dre publlshed Ln detall and the proyosed rules demand

a detailed analy31s of a programq
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Actual Program of 3rd Order Artificial Intelligence
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A complex program was publlshed ln Gommuﬁlcatlons of the A C M,

>November, 1959¢ It 1s ayprocram om‘the~Runc1ble algebramc compllers
-Although it is shown in cons 1derable detaxl the.detall is not sufrvciently
‘v.complete to make an unamblguous determlnatlonlof the order of altlflClal
‘intelllgence‘of the prqgram, For egample, a‘set‘of four b:gnch operatiqné
are'sgown‘onlf as 6he syﬁbol é'fivé way switéh¢  Td‘&Séértain‘the arﬁia'_:‘
flClal 1ntelligence this swach should be decomposed Lnto ltS éeveral V
'branch ‘operations, A general problem ar151ng out of thls and other )
sltuatlons 1n the program is whether rever51ng tne sequen&e of recur31ve(
. routines 1n'a,program'W111 change the determlned‘order of artlf;clal 
Ilntelllgence of the programev Fbr exampié; if»thereJaieftﬁo reéursive
rouLlnes, A and B, it is somelees posszble that A Wlll ‘oceur fxrst and
‘thus be included in B, or on the other hand that B w1ll occur £1rst and
Lhus Wlll be 1ncluded in Aa ‘So far'as.the present study haSVgone‘such a
‘reversal of sequence of routlneé w111 not: produce dlfferent orders of
.art1f1c131 m'teli!.lgenc:ez‘9 ouL the questlcn has not - been complecely answereéa _
A detelenatlon was made of the order of art1f1c1a1 1nie111gence

‘of the above mentloned Runc;ole compller, altheugh it could not be done
‘rlgorouslyo 'By maklng;some arbltrary éec151ons at poxntsrwhete ambiguity .
"aroseg it is estlmated that it has an elghtn order of art1f1e1al 1nte111~:-:
 genceo However,,the recur31ve fOLtlues found in the program are not |
lteratlve routines. 11ke those found Ln computatlonal programs, and thls
"also ralses a problem which must be left open¢ The problem lsu9 whethar :
:‘computatlonal and non«computatlonal recursxve routines can be g;ven equal

value in éeterminlng Lhe oxder of artlflclal lntelllgencea
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*‘égﬁfr'Summary andeonelueions‘i

_Tﬁe aim efethis?cﬁeééefxﬁeslbeeﬁ'ieﬁingreéﬁce'e set efvrules'eeéﬁ
Acan be aﬁplied'te a digitai eeﬁpﬁter‘ﬁrogreﬁsef eﬁj céﬁéiegitv and-thereﬁyv 3
determlne an unamblguous order of art;fxcxal 1nte111gence for ‘the prowramg -
It is essentxally a set of 51mplifylng ruleso Operatmons whlch de not
add to the number of recur51ve routines are 1gnored or felescopeﬁ togeenefg
so that the program can be $lmpllfled to only the 1mpe:tant eesentlals?' N
These eesentials cen'then.bevreadily coented to &etermine'ihe“erder of a
artificial ihtelligencee | | | | |

In conclusion, it is interesting to speculaée as to‘the.highest
v meeningfﬁl order of artificial intelligence tﬁat e prbgram‘ﬁégﬁt aﬁteiﬁ;.f
There‘appeerS‘to be no.logical uppeibbound tc thiS<order? Zt‘ﬁay.be thet j"
the limits of man s 1ngenu1ty will establlsh the upper llmlt of art1f1c1al
intelligence. Or, it may be that computee characterlstics and size w111
impose an}upper llmlte It may be that the upper limit of art1f1c1al
intelligeece, unrestricted byﬁthe llmlts of blolog;eal lnherltanee, Wiil"i‘
_iﬁ some iespeeﬁs far outfeach thaﬁ ofAﬁatﬁrel inﬁeliigenqeg Speeelafioﬁe:
of this kind will noﬁ be”completely faneifui if ﬁteciee meaSurements’ef -
intelligence can be madeo It seems qulte posszble that art1f1c1a1 lntelllm
gence, whether lt be closely analogous to natural 1nte111ge1ce or not w111‘

be the flrst to be measured wzth precmsleno,
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