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SUITIARY

Interesting work is bedng done in prograwring computers to
solve problems whilch require a hich degree of intelligense in

- humans. Houever, certain elementary verbal reaconing proccsces

so gimple that they can be carpied out by any non-fecble-minded

‘human have yet to be simulated by machine programs.

This paper will discuss program3 to manipulate in a suita-
ble fomimal languoge (wost likely a part of the pradlicete cal-
culus) comron instrumzntal statements. The basic program will
¢raw imzediate conciuvsions from 2 list of premizes. %Thesz con-
clucions will be elther declavative or imperative sentences.
Fhen an imperative sentence is deduced the progrem tales a cor-
regponding actbicn. These actions may include prlibing sen-
tences, moving sentences on lists, and reinitiating the basic
Geduetlon process on these lists, ‘

wication with humeans

Facilibies will be providced Lo~ cord
¢ispley devices con-

in the system via manual intcrvention oud
nected to the computer
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The “advice taker” is ¢ propesced proszra
problems by monipulating sentonces in forzal langues o
raln difference betiicen it onld othnr prosrams or P

AT : - . P ey . 17 e
programg for manipulating formal lsnguesss (the "Lonia
Fachine” of Fewell, Siwmon &né Shew anG the Geometry :

"D
of Gelernter) is that in the previcus programs the foezzl sys-

“tem was the subjeet matéter but the hourdstices were all om-

bodied in the program. In this progren the procadures will
be described as much as possible in the language itself and,

in particular, the heuristics are all so described.

: 1 .

r uo8 presentea at z Sgzpoesium on The Mechanization
1t Frogeseges, vwhich was held at the National Fihysiczl
Loboratory, Toddingbon, Middlesex, England from 24th-27th
November i253. The pepers end the discussions were publishod
by H.HM.S.0. in the Proceedings of the Symposium. This porcr
should not be reproduced without the permission of the author
and of the Secretary, National Physical Laboratory.
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The main advantoges we ezpect the "advice tokar" to have
is that its b@h“"lO; hill be i rna vable morely by moking stzte-
ments to G, te 1¢ins it sbout i&s syuwholie envi?onm:at and
what 18 wanted from it. To malie thase statewents will reculre
1ittle 1if any knowledge of the program or the previous knot-
ledge of the "zavice cﬁ%er’. Oae will be ﬁble to acsum2 that
the “quvice taker” will have availoble to it a fairiy wide clses
of immediate logical cons equences of anything it is told end 1ts
pravious kpowlo&g This property is O”BwCh@d to have wueh in
coimon with what uak s us Geseribe certain huoons as having com-
non sense. e shall therefors sav that: A program hos coraron
gense if At @qu‘auicﬂlly deduces for itself a cu;-lc«cauly
wide class of imzccdiabe conseque mces of anything it is told and
what 1t ziready knovs,

The design of this system will b2 a Jjoi
Morvin L¢MU$7 but d&nsky is not to be held
views express *d here

t projJzct with
sp

n
responsible for the

Bafore describin* the "a 1’ice t*”ﬂr” in any detail, I would

1ike to desewribe mor lelJ CL motivetion for procecding in
this direetion. Our ultimnte o~b gtive ie uo malte p;o;rams that

~

learn from theilr experience zs it aGively as o
not be rsalized how for wo ore ol E0CutlY fLOd t objective.
It ic not hard to mole moshines lecrn fron ezperlones Lo make
gimsle ehanges in theoi~ Lol CinG vnich hza been an-
t;c¢patca b" the pirom . : 1 nos inecluded
in his cnaelfer Drosy Coeilisico for 2 :-».oving the ..glts the
machine assigns to v ug footors in @ neing positions, Haz

ng do, It may

has also included a schaer e 1 hinc remgmbers games
it has played praviously 2 Ceviates from its previous pley
when it finds z rosition ieh i%.provicusly loz Suppose,
hotrever, that we wanted ox imzroverw:znt ii Le.b";or corz::nonu-
ing, say, to the discovery by the machine of tha ineinle of
the opposition in cheelers. Ko prescne or pzewﬂnbly rrososed
schemes are copnenle of disco overing rhicnomena as abstraszt 23 this.

If one wonts 2 machine to bs able o discover an atstraction,
1t seens roct 1ihﬁly that the mochine must be able to represent
this abstrastion in some relatively sirple way.

Thers is cuv Enoun waw c- ralsing e machine cenwble of
learning on TaTy buhavic thus to awvaciyau every kind of
bzhavlor, LdLu is to make it poeaible for the wmachine to stimu-
late crblirary behaviora and try th2 out. These behaviors way
bo rﬂpvcseﬁ»c& either by nervo nets (ref. 2), by Turing mo-
chircs (ref. 3), or by calculazor Drogroms (ref. 4). The Giffi-
culty is iro~fold. First, in any of these reprezentations the
ae ~“t” of 1pterestin~ bﬁhbviors is inecredibly low. CSocond,
ard even ore imhoraqnt emall interccting chaJ~°s in be aavior
expresscd at a hi¢n 1evcl of abstreation do not havb sicnle
representatlona. It is as though the human genetic etructure
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were represonted by a sat of blue-prints. © Then a mwbaticon would
ustally resull in a wort or g foilure of purts to woebh, o ever
an UQ?T&&?DviC&l Pive-print vhich covid not be trauglatad inbo
aa auimal at cll. It i3 vory Qifficuit to sce how the o anevac
representation schene monazes o be goneral enovzh to represcent
the great vardety of animnls observed and yeot be such thot so
moeny interestlng chanses in the orgonionm are reprecsented by
srwll genatis chﬁnﬂ"s. The problonm of how sucn a roprescunvetion

ontrols the ucvclorr:n“ of a fertilized egs into a wature end-
mal 18 even moro diffiscult.

In our opinion, a system which is to evolve inte
humen crder should hd¢ at lcast the follovwing featur

1. 231 behoviors must be rmenrosceniable in the © tom.
Therefors, the system should either be able to conss ﬁuct
"“Q‘tf31g automata or to program in souz gencral purpos
prourﬁmn¢n3 lonzuage.

2. Interesting changes in behavier must be exny eszible in
a2 siwple way.

3. ALl aspeets of behavior execnt the most routine must

e improv_ble. In papticular, tho improving mechanism
should te improvable.

L, The mochine must hav
Bueeess Leeavs2 on Giffi
oy follures com2 too inf:
5 The system must be oblo to cronits svrhrsusines vhich

- @
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1lipgence of
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subrontines 4s commliicobed Ly tha fret thot 40 effeet of
a subroutine is rot usUnlly good o bod In Itioll There-
fore, the mochaniom wﬁuv ccloecs cvinroubines 1d have
conceots of an :pscr“ Cing 0P poiriul subrow “hoese

N L

application way be chg undcy suitoble oon;;vion:,
Of the 5 points montioned ctove, our uorlt concont:: B3s

Eain 1y on the sccond. b ase cugclved on the idea ¢hnt: In
ordcr for a pProgTen to be ,wrle ofi lecarning 5»L:ﬁLlﬁ3 it nust
fivct be copoble of L“iua i¢ it. In fheb, in che early ver-
gions e shall concent rete cn“ir iy on this pol ond at*empt
to achieve a systcem whieh con bz told to make o srzeific 1m-
provement in its behaovior with no more Pncwzeoga of 1%3 internal
structure or pravious knowledse thean is reguirad in ordar to ine-
surLct e human. Once this is achicved, w2 may be able o tell

the "azaviec tolor® how to learn from expcrience.

p’.

The malin ¢lotinetion betreosn the way onc prosrams a cc:mutbr
and mccifico the progrem and the woy one instructs & huran op
will instrust the “advice cahcm" is this: A moehlne is inotructed
mglnlJ in the form of a segucnce of imnerative sentences; vhile a
hukan is instructed mainly in declarctive sentences uoscrlbing
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the sitvatéon in vhich sction is required jogmether with a f'w
irperatives that say what i wvanted. e shall list Cthe ad-

vantagos of the two matheds of instiruction.

Advqataqes é; Imozrative Sentences

" positions already Geduced.

i. A prccedure deseribed in imperatives is already laid out and
is cerried out faster.

2. One starts with a muc:ine ina basic state and dszs not agsume
previous knowledge on the pare of tho machines,.

Advantases of Declerative Sentences

1. Advantage can be taken of previous knowledge.

2. Dzelaratlve sentences have lozical conasguences axd it can
be arranged that the machinme will have availeble suificlently
simple loglcal consceguences of what it is told and what it pre-
viously knerr.

3. The mpeaning of Geelaratives is vuch lessc dCB“ﬂﬂOnu on thei
order than is thv case with imperatives. This makes it eaaier
to have afteor-thouszhts. ‘

L, The effecct of a declavative 1a lens dopendent on the pre-
vious state of the system co that lass motledge of this state
is reguired on the part of the instructor.

Lotraetions (such as
m2r3) is in languoge.
yatem which ;easons

The only way uwe know of exprecsing &
the previous ex**nle of opposivion in che
That is vhy we have decided to program a
vervally. ‘

THE CONSTRUCTION OF THE ADVICE TARER

The “advice talex” systsn las the follow ring waln features:

i. There is a m2thod of P“it(ﬁCﬁuin” expressions in the compu-

-

ter. nese copressions are dofined reﬁLrsivelv as ?0410"3- &

elacs of entities called terms 1s cefinad and a torm 1o on ex-
prossion. 24 cequence of expressfons is an expressilon. These

expressions are reprcsentcd §n ¢he machine by 1list struetwres {ref.l).

2. Certain of these exprsssions may be regordsd as declarcbive.
sentences in a coraain logicel gystom which will be anziozous to
'8 universal Post canconicel system. The perticular systen “chosen
will dopend on prograwmalng considepations but will probevly bhave
e 81n~1e rule of inference which will combinz substitution for
var;anles with modus ponens. The purpose of the combination 1s.
‘to avoid choking the m=chine with special cases of general - pro-

e e i e+ e s e
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shall oiscLss tb° heurlis tics which cauvse the advlce

toker” to assesble these premines from the totallty of facks it
hes gvaileble., The premisea com2 in groups3, gnd we sahll ex-
plain LLG interpretacion of each group. ; s

1.
2.
3.
h,
5.

‘1. Pi'*st, ve have o2 predicate "at?, Yat(x,y)" i3 a formaliza-
- tlon of

3t is at y". Under this heading we have the premises

at (I, desk)

at (desl, hore)

at {car, homos)

av (hOu'g > county)
at {a2izport, county)

Vo shall nced the fact that the relation "at" is transitive

vhich wight be written direetly as

6.

at (x,y), et(y,z) = at(x,z)

or aclternatively we might instead uvuse the rore abatract premises

6.

and
T

transitive (at)

transitive (u) — {uix,7), ulyz,z) = u(x,3) )

from vhich 6. can toc deduced. .

2. There ere two ules concerning the Yeaslibility of wallkl nv
and driving.

8.
2.

wallkable(x), at{s ,z.}, at{z,x), g'c(I,y) = eanigo{y.=, t,mJ.!'..nrr) )
drivable(x), astly,x), at{car,y) at(I,car) =* can(gol{y,z, @riving) )

There ase aloce 6770 speecific facts

12,

L £

. T2

13.

uellnble (homs) .

drivoble (county)

cxt ve have & rule concerned with the properties of going,
a1a{go(x,7,2) ) = at(1,y)

problen 1tself is posed by the premise:

want {2t (I,2irport) )
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First of all, ue asserb that eﬁcnnt for the i3th pr~mlse
2uant{ut(1 asrport) ) vhich sets the ”Oal) and the lat premise
at(I,qQesk} which ve shall get from; a routine wnieh answers the
question “where am I"), all the prcuwises can reasonably be ex-
pected to be snociflcally presenu in the wmenory of a machine
vhich has compebence of huiran oxder in finding its way around.
That is, none of them ar° 80 specific to the problem at hand
that assuwming their presence in Lenory constitutes an anticipa-
tion of this paruicular pﬂoolem or of a ¢lass of problems napr-
rover than those which any humen can expecet to have pravions;y
golved., I mus t iupose chis requirarent if we are to be ablie %o

say that the advice takepr® exazo;ts COMIZON 88nse.

On the other hand, vhile uwe may reasonably assume that the
premlses are ia memory, we still have to decceribe how they are
gssombled into a 1ist by themselves ¢o which the veauctao
_rOLtlnc may be cpplied. Tentatively, we expect the “zdviece
tolexr” to proceed as follows: initially, the se =ntence “want\at(l,
airnort) is on a certain list L, called the main list, all
by itself. The program begins wzth an observaticn routine which
looks at the main list and puts ccrtaﬁn statements about the con-
 tents of this list ocan a list called "obeervations of the mein
1ist™, Ve sholl not speeify at present what all the poscible
cutputs of this cbscrvation routﬁnb gre bub merely say that in
this case it wllil observe thut “the only tcﬁiﬁlﬁu on L has
the form “z-'a”xi.(u(x Yoo® (s upite Hais oud
we have not yeb ce tleq on, 8 Loaﬂaazuﬁ fo
menbs of this kind.) Tue deduse and ohey® o
plied to the cowb3 vaxiow of t”‘ "ohservations
list, end a list ealicd the "standine orders
is rotncv swall and is never ch&ﬁgcﬁ. or at lecao
in maJjor charﬁﬁs of Ghe advice teksz. The COﬁu’QCS oF be "st*“d-
ing orderz® 1i:st hos not been workcd ous, but whab ruct he de- .
du ed is the C?G.awb Lon of cartain statﬁrents from proncrty lists.
gram firat locxs at ”'éut(l airporz) ¥ and at-

Nam »....'y » the % 1Y
temnts to cc"“ the stabemants on its oro &v list. Let uvs as- "
suse want (at (X, zirport) }

sume that 1% £a2ils in this attempt tec
does not huVC Lh status of an obJect and henece has no nroncrty
list. {One wmight expzet thot if the problem of going to the
-airport hzd arisen kefore, V“P‘(“'(T airport) )}V would be an
objeet, but this might de pend on whether there wers routines

for gene"aliaxnﬂ previct exporience that would aliow somethirg
of general use to be filed under that heading.) Next in order
of incr easin§ nerality the machine would see Af argthing were
filed under Ywan t(at(1,x) )}* viieh would deal with the general
problem of getting sors vhere. One would expect that premises 6, .
{or 6% and 7") 8, 9, 12, would be so filed, There would also ~

be the formula
want (2t {I,x) ) = do(observe (vhere am I) )

*9“1ish becauvse

s~3 (} !,rz

AV
b

©




thich would sive us rran Jso 1. Thore would 2130 be a reforcnee
to the next hig %s# level of 3bs;rﬂ,uioa in the goal sintcuzng

wh

rcmarh thﬂt

with the premise v

a seaveh JTor the pro
2,

ich would ca a1l
This tould give us 1%, 45, and

ook at the rroperty list of “want(x)Y.

[.3

Q ne solubtion further except to
' there vould Be a rule that staris
rant{T,x)" and has @5 conelusion
lizt of "ﬂa(v,k,u . This would pre-
STtk

-
&
-avmawly £all, and the e sisties
wovla 1a3u$auc o search for a y sueh ahﬂc 25 (T,7v)" eng Yot
eirpowt,yi¥. This would be done by looliing on the property
1lists of the origin and the deotination @nd vorlkiing up. The
pircmise vould be found uhich bas as one of i%5 preniges
at{I,c&r A repctition of the chove would find preiise R
vhioh tould compleve tie set of promises sinece the other "at
premices would have been found as by-zroducts of pravicus s2arches.
Ve hops that The presenca of the heuristie ruvles nantionsd

on tie n*sﬂﬂer 1ists wvhere we have pub them will sem’ plavzible
to the reazdsr. It should b2 roticed ifiak on tha bi evel of
abvssraction ﬂany of the sicbononts 2 Snonge
fora. One nizht conjocivie Ghns con-
szciousd and vneonsciocud ’“ C svreen
stimulus-reaponse heounis! ol asoned
about but only obeyﬁ&, o wiiieh h;vc to zerve as
premises in Gaductions.

“hope to forzalize thic hauristics in anobher pencr bafors

2.

4.

tort progromming the system.
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