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szxation of & Senmcatic Question-Answering System <
by Bertram Raphael
! |
i, iatodustion |

'. i RIS RPN o Bd - I \]
Ao Prelimipary Renaziks

4 cosputer program has been written in the LISP programming lansucge
waich accepic imformation and answers quastions preseated to it ia a
w2 of natural Englisk lauguage. The program achieves its
£s by automatically creating, adding to, aund searching a relational
factual inforuation. The purpose of this memo is to describe
<ad explain tae behavior of the program.

The remalnder of tihiis section briefly desecribes the structure of
the madel. Séction %X presents sample conversations illustrating vari-
cus features of the program, and descwibes the implementation of those

foatures. Saciion I¥X s a brief survey of conclusions drawn from this

corveh. It 1z assumed throughOut that the reader is at least somewha

&

72y vith the LISP rrogramaing cystem {and its meta-language notation),
e concent of proserty (description) lists, and the usual notatioms of

Moiamaatical Logic.

3. Smoucture of the Model
“:c prograw usuzlly iaterprets a simple declarative seantence 2s

cimvassing the fact that a certain relation holds between certain objects;

7 word kas acsceiated with L& a list of pairs callec its property

Ligt fov ceseripticn list). The firct element of each pair is censicerad

1 —



Lo bl othie mone of an gitribure of the word, ond the sceomd elaaent the

of that attwibula. If a stateweni-assercs that relaticn [ holde

crcween words X and y, then this relatioaship ds represented btw placirg
2wuc paivs vaich expressibis foct on the property=-lists of

msoh g and ¥y, and these links are comsidered to be the wodel for the rela-

Simce in general srelations are not commutative, relatica K nuzi be
factorad into two relatioas R _and 22 so that 4f relatien R holds buotween
sand ¥, » cuR say thal y stends in relation RL %o x, and x stoads in B2

1o y. i ond BZ are uced e3 attributes on the property licts of x sad ¥,

If one znd ouly one object can be im relation Xl to any woxd x, thea
Ge value of attribute Rl can be sinmply the name of that object, y. Iu

t3ic cese I cay that a type=i link exists from x to y followiag the aitri-

‘e Rl. Uf R holds between % aad ¥ aad also between : ané z, tyze-l
links are inadeguate (since there cen only be ome occurreace of a givea
ctzoibute on 4 property list). The wvalue of RL is then a 1ist, e.g., in
tzis cece the value of Rl of x iz the list "({y,z)"®*. <These are called
Coeazionally deceriptive informeticna is desired in additionm to a
izel fike Py stamds in relation Rl to X', say information pertinent to-
Lhat poriicular occurvence of the R1 relation. This can be hazdled by
usivg typu~3 15.;1".(5., wacre the value of en attribute is & list of itewms,
cachi ¢f vwhich 16 izself in préper\;y list format; e.g., if R hollds between

;o znd v and alsy between x and z, ané type=3- linmks are uszed, the following

sitoio szoued $hst variables will always be replaced by the quaatitias

bobes-

they ave beund tc, even in guoted exprescions.
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acdd on the property 1ist of x3

“Uoww RLOQEEPLIST wAIE vy (PLIST MAME 23) ...)
FRLTA Ldentliics an lten as a sub-propexty 1list, and YNAME" is an st::i“
sule those type=1 value ds the principal object ;n the list. '

vz the fatereat of gemewality end waifowalty, type-3 links ave the

wuedeninant mechonism for structuring the model.

ti. Cpemoinion cf the Frofram
A, Relaziecas and Functions
Sach nare of this section will illustrate the use of a Jdiffcrent

-

sroun of relaticm=attributes. With minor exceptions the pazis aré curula~
Live, i-0., Later parts frecly use functions introduced eariier but 2ot
conversely. Dach part consicts ¢f a list of relations involved; a dialogue
“liuvstrating their use; and a gection dascribing'the operation of relevaat

vy
N - A4 alg (24
I8V sunetions.
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dialogue consists of a sentence, prafixed by

1

co B uhick is the statement presented to the program; a LIS? form Lo

te evzluaced, which renregents the results of the natural-language-to-
1oo-funstion trausiation phase of the prograwm®, and which normally does
ssroar ou the ouiput unless specifically vequested; and the wesponses
»rodeced during the evaluaticn of the form.

in tae “eperation of functions" portions of the following, the "mathod"
t o serve ac explana:ions of the priaciples usad It spe-

sifying tae functions. The "procedure' sections may be thought of &s

wsugh Fflowecharts. English and isgical notation ave frequently interxixed

R

*ve operation of this part of tha progran iavolves zather straightforward
Zownt matching axd is beyond the ccope of this memo. .
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order fo explain rethods and p-:occdurcs elearly and conciseciy.

sonfcenss SUBSEY, SUPERSET

\‘.ogz 'GIICI‘—"‘)LI\_( o-.- I; A GT;{L)
Cfl" G*’J 4-&1‘:}.‘00 .C‘.“Rh 3

. FONQT
SRS R} .454---&\‘&))

(V. SEY GIRL 1S AN EXN4PLI OF A PERSON)
Sol -IG!AZ;?EuJOJJ

O N DEISTAN D)

'

gk, $3 4 XEYPWICI-OPERATOR A PERSON Q)
sct:q{RE‘. UNCI -OPJRA"OR""""QoOﬂ]
(YEST

Ceel £9 A PIREOM A PERSCH Q)
e TN s
S I3

saungl ZRE:ON;PIZ’RS 3
(VES) .
(il 38 A PERSCN A GIRL Q)
. id . oo
seivg i PERCON ;GL?L]
1 SOIINTEHES)

(el U8 A f:mzv A KEYPUNCH-CGPERATOR Q)
D ,z’? Y PUNCH~OPERATOR]

KON
CiNBULPLCIERT INFORMATION)

Soeoration of functions

purpose: To specify in the model that set x i; included in set y.
nethod: Create a type-3 link between x and y which indicates set=
inciugion.
procedure: a) Add *(PLIST IAME x)" to the value list of attribute
"SUBSET" of y.
b} Add "(PLIST HAIE y)" to the value list of attribute
WSUPERSET" of x.
¢) Respond "tI UNDERSTAND)".
2. setrqlx;yl
surpoces To replsr as to whether anr arbitrary clement cf cet x

ic an clement of set y.
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meiodr A woember ¢f xois considered to be a wmeaber of y if the
sets x and y are identical; or if there is a chain of

-

explicit set-inciusion links proviag that x is a zubset

3

ef v, 1l.e., if i:-here auists a {possibly apty) sequence
of sets v,w,“...,.':-such that
RCVAVEC WL oee p2C Y.
A mewber of'_)g 1s "sometimes' {n y if there is e chain of
axplicit set-inciusion liaks proving that y is a subset
of .
procecure: a) If x =y, respond M'WESY,

b) If there ic a path Zrem 3 to y through tyze~3 links

following the attri‘bui;e ¥SUDPLRSETY, wespond MYESY.

c) %% there is a path from y to x through type-2
links following the attribute “SUPLRSEL", respond
"SCMETIMES" .

d) Otherwise, respoad "{INSUFFICLEUT ILMFOIHATION)".
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Relatiecns: MEMDER,

-
ninlosue

S— —— .

G, MAY TS AN YBM~7094)
sesra AN (BM-7094]
¢ USDERSTLND)

& AN TEM-7094 IS A COHPUTER) -
<1 { 1=7 094 ; COMPUTER]

vl
¢% GiTDERSTAND)

Kde

rd

(e, I8 V‘\. 4 COMPUTER Q)
_t._uq[ CO\:PI}" LR]
{vLs)

{riic, TEE BOY IS AN MIT~STUDENT)
[ BCY ;0T ~STUDENT]

cecrcl
{€o2018 1S A BO") -
(L UHLERSRLHD)



SUATY MOT-UN0LLOT X8 A PRTGIY~PERSON
L= SYERENG  LRIGH - IRECH]
- QL NN
QLD D .

£ 30y 4L BRYGEY-PIREON Q)
43 ERUCEG -PERSON ]

SO TS A TOVY
RIS ,EL)"’}
DORSTAND)

=¥, ¥S THE LOY A BRYGIT-PERSON Q)
evrsla {20V IRIGLT -PERSON]
EI0Y . . {G00018 JOIN))

0.1,

Qpgratieon of functions

o

o seircin;yl
surpose; Tc specify in the model ‘.;hat:‘_:‘_c_ is a member of the set y.
relhod: Create a type-3 link between x aad y wnich indicate
set-membership
proceduve: &) Add Y{PLIST NAME y)" to the value ligtof attribute
AORMBERY of x.
b} Add “(PLIST FAMEZ)" to the value' list_of- attribute
VELRMENISY of y.
¢) Respond "{I UNDERSTAND)™.
o satrsqizx;yl]

surpose: To reply as to whether % is a mexber of set y.
methods | Reply "YBS" 1f the following 1s &true:
Eu)llu = x V [y is equivalent® to x]]A
{[{there 1s a linlk indicating that u is a mewber of y] V
[¢3z3{[there is a link indicating that I is a member of z] A

[eny member of sat z is a member of set yillll

“Lez mext gection for an explanation of "equivalent".

-



p:accc’.u.rc: @) ‘iake a list of the items couneccted to X by a type=3

| link following the attridbufc '"ILERY.

b) ¥f y iz on the list, vespond YE3".

c) 1%, fox ..:my membexr Z of ;:he list,

secrqlz;yl = YES,
respond "YES!,

d) Repeat steps (a) through (e) with x replaced by
each‘item cquivalent®™ to x (if any), uatil = "yEsS"
respouse is wade.

e) OCtherwise recpond “((WSUPFICIELWT IWFCIUMATICW)".

3. sotrclx;y] ‘
purpose: To spe;:ify in the model that the unique elewzent (if

any) of the set x is alse an element of the sct y.
mothods Create & type=3 link from the umique element, if amy,
of x to y which imndicates set-membership. If x has more
than one elecment don't set up amy link.
procedure: a3} Compute u = gpecify{]
b) If u = NIL, terminate. /
¢y Execute setusfujyl.

4., specifylix]
purpose: To determine the unique element, if any, of the sel X.
method: IX£ x has one element, £ind its vame. If x has no ele-

ments, creat ome and give it a zame. IXf x hac move than
onc element, ask which one and indicate failu::.c.
procedure: a) Get the value list of the attribute "ELEHENIS"

of x.

=3ce next cection for am explanation of “oquivalent".
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by 1f no list, create a new symbol 1, recnond

»

Hlu IS A =M, execute setrslujx], and return u

a

[ &

the value of specifylx].
¢) If there is just ome clewent aaced onm the list,
or all the clemeats named are equivalcat, return
the name of the firs: element us the volue of
‘specifylx].
d) Otherwisc respond "({WHICH x . . v‘",.whcre v is
a list of names of. the elements, and weiurn “NILY
as the value of speeifylx].
serrelglx;yl
purposes Yo zeply as to whether the unique element, if any, of
the set x, 15 & member of the set y.
method: Deterzine the element referred to and apply setzsq.
procedure: a) Compute u = specify(x].
b) If u = ¥IL, termina;c.

¢) Execute setraqu;yl.

(o] 2481¢]
i, TER MAN IS A PINK)
cotusl [EAN; FINK]
GCCOLY IS 4 MAM)
T UHDIRSTAND)

sctrs[JACK; Cn“‘

aMJ

(I TTDERSTLID)

( e, JOED IS J[S.Ci\)
aquiv] fIoms ,JA&A(]
Gill, ’IAI.TJ)

~3 ()

{
(5% 13 JOHA A DOPE Q)
cerrog [LIOIN;TORY]

~o
C‘fg...: 3
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I3 XLE ¥AW A DOPE Q)
UscliHNAN; DOPE]

A
UACTRNT TNFOIMATION)

Ll

akl-.u .i
hoy

My
£

S THEE NAW)
T RAN]
D)

P KRN

Gatav, 18 THE MAW A DOPE Q)

sotrs ql[“.ﬁ;D ’E]

CYES)
(;‘;:‘»‘.'Ji‘, JuM IS A HAN)

setvs [JUMAN]
(1 UTDIRSTAND)

S TUE AN A TOPE Q)
l

sraticon of funetions

equivix;yl

purpose: To specify iu the model that x and y are equivaleant,

wethod: Create a type~2 limk between x and y whick indicates

‘equivalence.

procedure: a) &dd x o the valﬁc lisé of attribute "EQUIV of y.
by Add y to the value list of attribute "HQUIV" of x.
c) Respond "(I UNBERS”AND)"

equivlix;y]

purpose: To‘specify in the model that X is equivalent to the

unique element of the set y.

ncthod: Determine the element rveferrcd to and apply 2quiv.

procedure: a) Compute u = specifylyl
b) If u = XIL, terminate.

¢) Execute equiv(x;ul.
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4) Relations: OWNED-BY-BACH, POSSES3-LX~RACH
Dialoguc

(3%, DVERY PIREMAN OWNS A PATR-0#-RED-SUSPEHDIRS)
ownr [PAIR~CR-RED-SUSPENDERS ; PIREMAL]
{ T UiDESRSTAND)

{454, DOES A PATR-OF~RED- SUSPENDERS OWdl A PATR-0¥-RED-SYSPENDERS Q)
ownrq{PA(R-07-RES~SUSFiNDERS ; PAIR-0F-RED-SUSPENDIES )
(NO *% THEY ARE Ted SAME)

¢asd. 085 A DOCTOR OWN A PAIR-OF~RED-SUSPENDRRS Q)
owrrq [ PAIR-CF-RED-SUSPENDERS ; DOCTOR]
CINSURZLCLENT \MFORMATIONW,

{RFE A FLICHTER XS A PILRDMAN)
setr {¥TRECSIBY ; FARIMAN]
{1 UNDERSTARD)

(F%%, DOZS A FIRECHIEN Jul A PAIR-0?-RED-SUSPENDZRS Q)
ownr({ PAIR~OV=REV~SUSPENDERS ; FIRECHIEF]
{¥5S)

Coeration_gi tunciions
1. ownrlz;yl
purpose. To specify in the model that avery member of set y owas
R soue wember of s.et: = -
mathod; Crecate a type=3 Iink botweem x and y which indicates
the cwnership-relation batwaen their wmembe 5.
p:scedﬁre; a) Add "{PLIST NAME )" to the ;raluc list of attribute
"OWNED-SY-ZACH" of y.
’b) Add " CPLISY NAMZ y)" to the value list of attribute
TOWNED-BY-EACH" of x. |
¢} Respond "1 UNDURSTAND}"
2. owargl¥;yl ’
purposc: To raply as to whether an arbitrary membe: of set y owns
some member of cet x. o .

methed. The answer ig "WES" if x ¢ y, and



3z2[y=z V' [y is a subtet of 2]] A [thers exists the
&ppropriate ownership-relaicicn link belwoen z.aud 2]

% PEIV ARE THE SLuzy.

aa

B Y

L

proecoedura; &) if usy, rvespon
by . Crente the list L eentaining y and &l setes u Zor
which therce is g path feom X o n throurh type~3

links follewing the attribute WSUPKREITH

e

o

1
K

¢} if any elemeat of L coatains a type-3 link

i

following the attribuze "205SD: 3S-LY¥-2ACH", zegpond

"¥ES".

d} Otherwi{se respoad *CMSUFRICIED LFOILIATICH Y,

TS T A
BAROY Nolred Lol
—etdovs

(e, A ;.'T’llb GHNS A 1LOG- u‘:”l’EC?.TRlG)
owmzgu [Le S~ LOG-DECITRIG; AIIRED)

X LUIERSTARD)
Qe and F . A &G .LS va SIJJDd-i‘RﬂIu)‘
ootz {100-L0G-DECIIRIG ; SLIVE=RULE ]

E'RED O A SLITE-RUIE Q)
ovnzgugl Z.E.:.?.-Z‘JL?'A.,F'{ED}
HES)
(k. ZVERY ENCHTSTRING-STUDSHT OxNS A SLIOR-RULE)Y
cuaT SLYSE-EULE - ;EEGINZERT "'.‘J~"'£”JDE?".I‘]
U DWTIBRSTAEDY
7. VERRCH 48 A LECH-MAN)
scuwe -m::z O S TECH1AN]
C!. \;f.[uf» YD,"

(<. L CECH-¥AN IS AN ENGYSEERYNG-STUDENT) -
scty [ TECHSATENG] z.a.mw*-swm.::“}
$1 ULDZRSTAND)

¢, TOZS VERNCH oM & SJ‘ID:.-RUT.E Q)
cvoguq [ SLIDE-RULE ; VERNCH ]

N0
(VES}



RO ALW2ED 15 A TUCH-T1AK)
HECE T Sy N, ey 5

S2UTSIALINER JTECH-2AN]
(L UNDIRSTLND)

CTREL BOUS AN ENGINEZRMNG-STUDINT OUN THE 10G-L0G-DECLTRIG Q)

W e .U\vl;.u}
01 e gL LCE~LOG-DECIURTG 3ILIGTNEIRG~STUDELE ]
(GICI25 IS A LOG-LOS-DLCIIRIG) - '

WA

Gedsd )

Oneration of functions \

[Pt

L. owargulx;y]
purpose: To speeify in the model that X ownc a meuber of the
set X.

¢ Creale a type=3 link between X and y which indicetes the

B
]
€
<
1o}
[ER

intended owaership relation.
;rocedure: a) Add "(FLIST NAME x)" to the value lig: of attribute
“POSSESS" of y.
by Add ¥(PLIST HAE y}¥ to the value list qf attribute

PCVNED” of x.

¢) Respond “(% UNDZRSTALD)",

1N

. omrguqlx;yl
purpoge: %o reply ac to whether Y, owne 2 sewmder of set X.
method: The reply is "WES" if there is a link indicating that
Y owns a member of x .or of some subset of x; or if
(3z)[[y iz a wember of z]A
Gwllu=z VzCula.
[l‘chere ig' a link indicating that every member of set u
c;wna a member of the set x]1} |
procedure: a) Consider-cach set z such that thazlc is a link
indicating y is an element of Z.
b) For each z, coastruct a list 1 containing every

-~

sct u for which setrqlz;u] = YES.



wlge

c¢) Cempute p = the list of all scts y cuch that thexe
is a tyse=~3 liax frou x to y following (ht atlritute
SCATSD-EY~BACKH" .

d) T£, for some z, the intexncciion of

Jr—
5
13
L‘a

B
©

acn-emply, respoad "Yﬁs".

e) Othervice, wrespond "{IHSUWRICILIT INICRUTICH)™.
ownrsgqln;yl |
pu":po::c:A To xeply as to whether the unigue element, if any, of

the ser x, is owaed by scue element of the set y.
wethod:  Deternine that a unique element of x exists. Then, the

reply da VYESY 1f

Ez){ithere 1s a link indicating that a wmembex oI gei x

is mm;cd‘ by 2l A

{gvdilv=z ¥ [v is equivalent to z}} A

Ew)[[there is a link fadicating, that ¥ is an clewent of wia

[thera ave lirnks indicating that 'y is a sudbcet of yill]
procadure: a) Cowpute u = gpecifylx]

b} If u=NJi, terminate

¢} Generate the imdividuals y which ave liaked to x >

ag type=3 values of the ataribuﬁe RO

d) Por each w, geuerate the sets z which w, sad any

1adividual equivaleat to W, 1s @ memder of,
e} {Lf, for some z, setrqlz;y]=¥23, respond"iZsh.

£) Otherwise respoad “([USUFFLCLENT IMPIRMATION)".
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Relgticns: SODPART-OP-EACH, SUPKRPART-CA-EACH

;O

o o
—.——-‘L

fwei, & TIOSE U8 PALT OF A PIE SO )
pazts[NOSE;PERSON]
s ~Craa <

(A i CHBIRSTAD J

IRTL IS PART OF A ©“OSE)
A1L;F0SE]

¥

{wtdh o A DPROWT 380‘1 IS A TRACIEZR)
et [PRUTESSOR; TRACHER
{¥ UNDIRSTAND)

ges, A TEASIER IS A PEZRSON) '
- - -

corz[RELCHIR;PLRS \1.;

£ ‘Z.‘BZD;RST“‘D)

e

sk, IS A CNOSTIRIL 2ART OF A TROFES3IOR Q)
povivg! );0“"‘15!.'“&; f2ss0Rl -
(WEE)
{&iw, ¥8 A NOCE PART 02.‘ NOST Q)
partro{¥OSE;NOSE])
(25, PART MENIS TROPER SUBRIIT)

;
¢Y UNDIRSTAND
@%.B”HUmLPL”WnlﬂmwdAWMQ)
r2vqHO0SIRIL; LIVIIG-CREATURE]

(SCLETIHES)

(. Y8 A LTVIRS~CREATURE PART OF A NOSE Q)

N .
Dax :1”_{"1\.’&"3 -CREATURE ;NCSE]
(R0, HOSE I3 SCMETIVES PART (F LIVING-""{L.ATOR‘)

purpose: To specify ia the model that every elcment of set Xx is
part of some clement of set y.

mathod:. Crcate a type-2 link betwcea x aand y which indicates the
part-whole relction between their members.

procedure: a) Add "(PLIST NAMZ x)" to the value list of atliribute

"SUE.?A.R’E-O"’-L!.C"" of y.-



~15-

b) Add "{PLYST VAL y)" to tiie value list of attrilute

WSULERPART-0F-ZACH" of X.

c) Raegpond " {( UNDL’RSTM!D)". -

2. nartrqlx;yl

1~
(%]
]

susposes To weply 23 to waethor an arbitrary weaber of szt

'\i

part of some mexnew of sel ¥.
mechod: To element may be paxt of itself. Beply WYBSY if
{ w)[[there ic & chain of iiﬁks indicating that an crbitrary vow-
ber of set x is part of some member of wi [[y=w! [[there is a
chaia of links indleating that y ic & cubset of wili.
Reply “é"’;&'fﬂﬁiS" 1£
{ wi{{there is a chain of lirka i{ndicating that am crbitraxy mewm-
ber of set x ic part of come member of wl  [there i3 o chaim of
1icks indicating that w is a subset of yll
Reply ™ii0" if arbi:zary_mcmbcx of set y is clways or soxe-
tiwes & part of scme member ¢f sot X.
procedures 2} 2f x=y, respond “QC, THEY ARE TEFR SAR)".
b) Gezerate those sets w which can be veached £rom x
throughk & chain of type=2 links following the aztri-‘
bute “'SUPERPART-OF-IACH". .
c) If, for smie W, setrqly;wl=¥ES oxr SCMETIMES, raspond
YRS ox MGOMETIMES", respectively.
d) If the xesponsc for paztrgly;x] would be YES or
SOMETIMES, respond "(NO, y IS PART OF x)" or
(N0, y IS SCMETIMES PART OF x)", respectively.
* e) Otherwise respond "(INSUFFICIENT INFORMA YCN)Y'.

7) D-laticns: SUBPART, SUPERPARY

(s, L VAN-DYXT IC DARY CF PRIRAL;

o e At e e v = e ol
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(el s 'J.'i.\*.? 2 T3 A DLAS :')
ool BAAD

sresmra TNy
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i, IS 47 D PART OF FEIRRAN Q)
- ,

ORI - -1
I 2 D) ne ATTROD
ToueTIw Lo & .'\.u.A }
AT

LR Ope]

RS RARY OF THE POP-l)
N3eDR-1]

A pErel)

seves e
\.n.a». O b ’-‘.‘:'J)

v, A C"" ': L DUS? hu\}‘»»ﬂfn(,ﬁ)
AR § : ’\ -]4 }

Fre wmEN D

AR PIPN TR
bL wadiRoddd \.‘.a')

., L SORERE IS PART OF EVEIY D{SPLAY-TEVICZ; -
::.:"_rl SCRYTH ;3 DESPLAY-D1 LVICE]

T bt
¢ CODZRBTA ‘D)

Cuaat, IS A SCIREZY TART oF SAM Q)
Lauubﬁu“qisc?‘? "'SJI':]

OO
":“rb/

Chimt, A BRARD IS PART OF A BEATHII.
arey  BEMNS ~‘4».u';'£;§l"(}

7 UEDIRGTANDY.

(e, EWERY CCLTED- -TDUSE-CYSTCHMER IS A BEAINIK)
et T LOPFEE~II0USE~CUSTOMER s LEATINX]

(i, BUZZ IS A COITIE-ROUS 3E~CUSTORNERY
o2l 'G_B'JZIZ;"OxTL -H”USE-C SCTOMER]

{3 LUDIRSTIAID)

G, (S A BRARD PART OF BULZ Q)
SoriTguq [EEARD; 3V22]

C‘..'.i“,;

Ceir, THE BAND ES PART OF THE ARM)

z.‘:jl.;‘:D” gy S]

B et ~
CL...L-J.SJ

(200041 18 A HAID) R
{GGLCAL IS A ARM)
€1 LLDERSTAND)

(.\-r S A%

R, .u A% \:‘
pareT AR PER
{1 L”ACDZmTi- )

. PALT OF A Prmsou)
oza]

fnm
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5 TIJI EAND DART C2 A BOY Q)

N
A2
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purpose: To spcecify in the model that some clement of set i 15

a part of the individual y.

cethod: Create a type-3 link between x and y waich indicates the

appropriate part~whole relatioa.

srocodure: @) AdG “(PLIST NAME xy" to the value list of attribute

"SUBRART" of y.
by Add "{PLIST HAME y)" to the vane list of sttribute
"GIPERPART"Y of xX.

¢) Respond "(I UNMDERSTAND)" .

purpose: To specify in the model that some element of set x is &

" part of the unique element, Lf any, of tae get Y.

zothod: ay Determime 2, the upique element of Y.

by Specify that some clement of x is part of z.
procedure: a) Compute Z = specifylyl.

by 1If 2=NIL, terminate.

2]
—

¢y Otherwise, compute partzgulx;2
vur-rzuq[x;yl
purpose: To reply as to wvhether éome elemeat of set X is patt of
the i'adividual -
=ethod: A member of x i6 ‘part of y if
Fu) ({us=y V [u is equivalent to yll A

-

[(3*,:’)t[t:hara 15 a link indicating that en element of ¥



is a subpart of ul A
. [{w=x V [there are links indicating that w iz a subsct of x}v

zjt{there ave links indicating that every clement of z

‘_’-

a5 some elenment of x as a part] A [w=z V [there arz
iinks fadicating that w is a subset of z]]1]] \%4
[{zz)[lu i5 an element of set z)] o
{Ivyithere are links indicating that cvery clemeat oi v
hac some element of x as a part] A [z=v V [theze are
.1inlc indicating that 2 is a subsez of ¥]111i1]13 ]
srocedure: a) Generate those nodes » which can be recached frow y,
or from cay node équ:'.va.‘«.ent to y, by a chain of type-3
llinlcs following the attribure “SUDPLRT'
by £, for eay w, setrqlw;x]=YES, xespond 'YES".
¢y Otherwise, generste those nodec z which can be
1'eacund from xz by a chaxn of type~3 links following
the attribute “SUPERPART-OF-ZACH".
d) 1£, for auy z and any W, setrq{w;z]=EES reggond “YLSY.
e2) Othezw n.se, compute the list 1 of sets fcr which theze
is a type~3 link from y, or any node equivaleat to y,
follow-i.xig the aittribute "MEHMIER".
£) CGenevate thie nodes y which can b2 reacked by a chain
of type~3 lirks from x following the attribute
- C MSUREIPARI-OF-BACH". |

Xz, fei: sny ¥ aund any u ia 1, setrqlujv]=/Es, respond

«
.

II’YESII.
h). Otherwiee, respoad “(INSUFFICYENT IHFCE¥ATION}".

w
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pavpese: To sgecify im the model that the uaicue clement, 1f auy,
of set x is vart of the unique elemeat, if any, of cet y.

ify the unigue elements u and ¥ of ceis x azd y,

o

mathod: 6

o)

respactively. Specify that some elemeat of set x is part
of the iudividual v. Then create a type~2 link froa thac

-
(S

ppropriate {ype-3 link from z.to u, specifying wiich

"3

element of x is iavolved.’
procedure: a) Compate v - tpecify[b], and u = specifyfal.
by If uory =MJL, texminate.
¢) Exccute partrgul{x;v]
d) Add u to the value list of attributc “ILEXIKTS" on
that member of the "SUPERPART" wvalue list of x
which wefers to y. _
2) Resgpond "(I UNDERSTAND)".
5. partrsgqlx;yl
vuxpose: To reply as to whether the unique element of set x is ‘
part of scuie element of set y.
method: Tkhe answer ie “YES" if there exists a unique elemeat z of
set x and if

@w)[[there iz & limk indicating that some x is pazt of wlA

Qu){lu=w V u is equivalent to w] A

@v)[{there is a link indicating that u is an elemcnt of VA

[{y=v] V [therc ave linkc indicating that y is a subsct of ¥iV
{5q)[{there axe links indicating that every y 1s part of some

: gl A llv=q] v [there are links indicating that y is & subset
of glllllll] : ”

procedures ajloapute = = specify[x]
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b3y I{ =z=1TiL, terminate.

c) Gonerate fhose nodes w which ean be reached frow z
by a type~3 link following the attributc "SUPZRDARTY

d) TFor ecach w, comf)ut:e the lis: 1 of.':hosc sets which

w, or amy cet cquivalent to uw, 1s 2 cember of.

e} If y is im 1, respond "YESY.

£) £, for any ve€l, setrqly;v]={ES, wccpoad "WEI".

'0) Otharwise, generate those nodes g which can be
reached from y by a type~3 link following Che attri-
bute “'SUPERPART-OF-EACH".

n) 1If, for any g, setwq{v;qi=YES, respoud "YES".

i) Otherwise, respond "{IKSUTFICIENT IIFORMATION)Y.

Tolazions NUMDER
Diclogue

(#¥%. A DOY IS A PERSON)
setr{20Y ;PERSON]
{1 UNDZRSTAND)

ik, JOEN IS A DOY)
seiTs[JOHN;BOY]
L TNDIRSTAND)

Goxk, A TUGER E85 PART OF A HAND)
sarce i FIRIGER ;BAND]
(i UZHSRSTAND) ,

(R, RGN 1NV TRIGERS DOBS JOHN DAVE Q)
pevtrauq [PINCER ;IO ]
¢1 DO KNOW WRINTHER PLHCER IS PAXT CF JOUN )

i, TEERE 1S OFE RAND ON EACH ARM)
sorsrn[TAKD ;AR ;1]
(I UVALERSTAND)



e
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(‘_".""2‘-':. TITTE ARE TWO ARS OX A PERSOH)
::mr ARG EERSON; 2] :

(n \J u\‘v.. \Cf,}
it L TOR MAIY PINGERS TOES JOIN EAVE Q) | .

partrmug ¥ 11‘1‘.:22;.1(‘:.}1]
(W LMY PONGER PER BAND Q)

¢t A BAND TIAS FLVE FINGERS)

par :::n{l_.\‘o FINGER;5]

£ VDRDERSTAND)

CReTo HOW MATY FINCERS DOES JOEN HAVE Q)
‘4;\ Tumt .\ L."‘ 3 R,JOYE\)

(LIS ANSWER XS 10)

Chior, THERE ARE l’. “OES ON JIi)
poreynu[TORS sJ 243 11]

(i ULERSTAND)

Coeration of functions

1. perawmixgy;al
purnose: To specify in the model that there are n cleuents of
set X which are parte of every element of set y.
zethod: Create a type-3 lirk betweea X and y specifying that an
element of set x is part of some element of set y. Create
type~1 links associating the number n with that type-3 lizk.
proccdures a) Execute partr[x;yl.
b) Add Y(HUMBER u)" to both the list which was added to
tha valve list of attribute "SUB 2ART-CF=-RACE" of y,
and the list which was added to the value list of
attribute "SUPERPART-OP-EACH" of x.
2. pavtmmu{x;y;al
puspogse: To specify im the medel that therxe are n clemznts of set =
waich ave parts of individusl y. '
method: Create & type=3 link between x and y which.indicatcs taat
soma. clement of set x is parct of y. Creatc type-l links

asgociating the numbor n with that type=-3 link.



b) Add "(NUMDER z)¥ to both the lict which wac added
to the vailue list of attwibute “SUB2ARTY of 3, znd
the 1list which waes added to the value list of

attribute “SUPERPART" of x.

[P%)
”
jv
y
e
(&3
3]
4]
.oe
]
-
v
LA
<
«
——

(Su){[there is a link indicating that aa elecent of u is
part of ¥yl A
[iu=x] vV &v)[{chere is a chain of links indicatiag
that a ¥ is part of every ul A
[[x=v] V [therc is a chain of links indicating that x is
a subses of ¥1}111 V |
(gu)ilthere is a liuk indicating that y is an element of
set u] A
@v)[[there is 2 chain of links indicsting that a v is a
‘part of every ul A .
{{x=v] V [there is a chain of links indicating that x

is a subset of v}lll,
then the amswer is the product of the values of the type-1
lin":c following the attribute "N@IBER"; associated with each
: type=-3 link used in pro§ing the required past relations.
f any such “KUMBER" attribute is uissing, the weply
explicitly requests it. If the parte-wiolc rclation canaot

-

be establisghed, Ithe reply indicates '::hat fact.
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procedure: &) Fél].oz-: the procedure. of parerguqlx;y] until links

are fovnd which warrzat a 'ywEgv respouse. Save g
ligt 1 of all zequired links which foliow & "3UBPARI"
or a “SUPERPART-OF-RAGE! attribute.

b) If no such list can be fouad, respond (I ONNT
INOW WEETHER x XS PART OF v)¥.

¢) For cach element ol of L, waere o x.pcc....le 2
NSUPERPART-COF~ELCHY lick from u to v, g,e‘“ the value
of the attzibule "IRDIR" of g, If, for some g,
no sﬁc’n value exists, rvespond "(HOW MANY u PER v Q)V.

d) Compute z = the product of tiie -nu.mbers obtained above.
Respoxd “{Tmn I&ISWER I8 z)".

Relstions: LEFT, RIGHT, JLEFT; SRIGET

NI T
idilogue
EOah e tihett

(. TEE TELEPHONE IS JUST-TO TR RIGST OF THE BOUX)
§right [TELEPHONE ;200K

(G33096 IS A TTLEPHONE)

{G23097 IS A BOOR)

Q.L‘. UTUERST: ']D)

(e, TEE TELEIPHONE IS JUST TO THE LEFZ OF THE PAD)
JTizht[PAD;TELEPHONE]

QCO.«OO3 IS 4 PAD)

(L USLZRSTANDY

{ IS THZ PAD JUST TO THE RIGHT GF THE 300K Q)
irizhtssq{PAD;BOCK]

(=¥, I8 D3R BGOX 70 THE LEFT OF THE PAD Q)
AN sq{-to,..u <3
¥ES

(=@, TEE PAD XS TO THE RIGHY OF IIE TELEPHONE)
;...c,x...PAD""V“‘n.O’ i)
(TES AZOVE STATEMENT IS ALRZALY KNOWN)



- 2{", .

ey

THE PAT ES TO THE LEYFY CF TR TELLPHGHE)

i [TRLIPICNE;;PAD]

('-‘1.3 LDOVE STARTHELT IS IMPOSSIBLE) N .

THZ ASU-TRAV IS €0 “HY LEFY CF THE BOOK) |
« [ 230K ;ASH-TRAY . :
(305099 IS A ASE-TRAY)

IO

(L UHDIRSTAND)

-b

("-'-"-’-‘-'-‘ 'l""’ DPONCYL IS TO TEE LLPT OF THE PAD)
PAD; BEZT(‘LL]

i
re MTTYVNII D NI
L.,D_,.m.'..'!».'.‘y } . .

TEID PAPER TS TO YOE KLIGET OF THE TI:LEPIzOJ )
ichi i PASER; WELEPLONE]

\g.L.-c,.D.L T3 A PAPERY

{1 LEDIRSTAFDY

ik, WIIRE 3S TEE PAD Q)

wheres i PAD]

NN 0 '-".' RIGHT OF THE TEIEPLONE)

{STrIWEERE ;‘0 TFEE LIGHT OF TLE FOLLOWING . . {PENCIL))

wwne, WHAT IS THE POSLITYION OF THEE PAD Q)

C;C’JL?J,A:}]

(‘f"f;‘;."a IERT-T0-RYIGHT CRUER I8 AS FOLLOWS)

ERCYZ (BOOXK TTLEPRONZ PAD) PAPER}

o FUXTHEIR SPECIFY TEL POSITIONS wou MOST TNDYCATE WHERE THE ASP-~TRAY
§ VITHE RESPECT TC TER PENCIL)

&%, THE SCOR Y8 JUST T0 THE RIGET OF THE ASH-T RAY)

Jziehi L.,cu.-;,.ﬁzi-'r%z]
{1 USDIRSTAND)

{Fes. WEAT 3 TRE POSITION OF THE PAD Q)
ionat: s["’"D]

IR LRFT-T0-RICHT ORDER IS AS FOLLOWS)
{PLNCYL (ASH-TRAY DOOK TELUEPIONE PAD) PA.?ER)

(i, A TRIEPHCHNE IS AD AUZ)TO-TR!:&ISDUCER)
sotrl zEL.,Dz.om,wz‘Io-imu DUCER]
{1 UKDIRSTAYD)

(=, A DISPITEGM 38 PART OF AN AUDIO-TRANSDUCER)

partTiDIAP i \CX ; AUDIO-TRANSDUCER]
{1 TSDIRSILED) .

*. WAELZ IS A DIAPERAGN Q)
vhores [ DIAPHRAGK]
{JU3T TO THE RIGHT OF THE BOOK)
{SUST TO TLE LEFT OF THE PAD)
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jrisatlx;yl
purpose: To specify ia the model that the uvnique eleciccat of get
is lecated just.to the vight of the unique elexment of zet y.
mothiod: Check whether tho.statcment ig corngisteat wifch existing
knowledge; i.e., that notking isc kzzmm.to be bLetveen x
aad y and that y 3¢ not known to be to the wight of x.
If it is b.ot coucistent, complain. Otherwisa, crecate a
type-1 lipk indicating the pocitio'nal selazion.
precedurc: a) X£ epecify [x] ox specify[y] = WIL, termimate.
by. If theve alrcady is a type-l link from y to x
fcllowing the attxibute "JRIGHD, respond "(THZ
ADOVE STASEMERT IS ALREATY XNOWK)".
¢y If it can be pwoven that y'is to the right 'of 5
i.;z., if vightply;x]=T; or if thcre is any type-l
link from y following the attribute "JRIGHIY; or
if there is aay tyée-l link from x following the
attribute "JLIFLY; thc;n respend, "(THE ADOVE STATE-
MERT IS I{POSSIBLE)".
dy 1If zightpix;y]=T, and thewe does not exist a divect
type-2 link £rom y to x following the atiwzibute
BRYGET!, ccopond “(TUE ABOVE STATEMENT IS IMPO3SIBLE)".
“e) Otherwise, create a type-l link from y to x followlng
the attribute “JRIGHT”; create & type-i link from x
to y following the attribute “JLEFI"; fcapond
% (X UNDERSTAKD)". |
richtpix;yl

purpose: 7To test whethér it is knowa that the x is located tp the
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ST . RIS S e =33 Y
PEPRICRMIGISCOM SRS o L oou ‘.)&CJ X L_ﬂ (IL, ccoarnolco.
% £ ead ia ey v v ey ] ML
L'; Y =4, Telpond EANTROILN
~ oo K3 o~ .- . G I3 5Te
¢y 1Ef wight T, recnond “RHOM.
- S mrera A o cmn R NN vy T AT R
a) Chewwisz, wespend W{MOUrFYCLIELT i LTI Y
BRI S
Wl eSS il

Nt ee s “ Crm, 1A% o canss ae mta sy T - . o2 « e AT T .
PRt l o desermine the locations of those objesis waica adit

Leen sositiocned with wegpect o the uliqen eleuenl of

motacd:  Reply with the information pwovided by ecch positienst

sroceduTe:  2) L¥ sne cifyln]l=IL, terwinate.

5y Compute u =

.|
Z
.

¢

"

-

by
)

)

3
A

v
rh

ink from x follewing the attridbute

c
p
.
[
(%}
-
=t
(v
o
.
fav
’_l

SIRICHEM; 1 = the velue of the Gype-2 link Zrem

x followimg the attribete "LIEFYM; m = the velue

of the type~-2 link frow x following the attribute
WRICHET.

¢y If v, v, i, and m all do not exigt, respead

BONO POSTRION IS IHOWI".

o ] 2 K . yo P £
d¢y 1f u does not exist, go to £tep (<.

(£]
N/
=)
©
©
<
(e}
]
[
~
Cs

UST 90 TIE RIGET OF Tk uj, and

£y If y does mot exist, go to step (h).

[
~r

Respoad, "(JUST TO TEE LEFT OF TLZ v)", sad go

the acxt step.

[
(o]

o
~
=

i 1 does not exist, go to step(j).

h:

T? WOYTATITIN T\
s & RESeIC) . -) '3

i) Respond, “(SGIUEWIERE 20 THE RIGHT O
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]

(0]

J) Lf 3 decs mot exist, tewrinate.
k) Respond, M(SCHEWDERE 20 THEZ LE¥T OF TIZ TOLLLVLIS .
. Locatesix]
surpoce: Do determinme the lccation of the unique elanent of cet
with reecpoct €o ac nany other objecic a3 pozsible.
wng through all chaiﬁs of pooiticnal lin

ing fuom x and procceding recursively., The Zoxm cf tie

.
0.
| =0
2]

(6]
8]
[3)
9
} ol
[4]
H
bl
(G}
ce

-
-t
5.
o
[
[¢)

bjects knowa to be adjacent

appeaving in sublists. If no positional limlis frem x

exist ox if & well-oxdering caunot be defcrmiacd, make

5
O
[§)
n
€
[+
Dr]
o
.
(% 1
~r
H
H
©
(o]
)
(2]
'._
r
<
r™
")
.
14
.—.
t
v
'
0
ri
]

(¢]
e ~

Set the imitial diaguem =" (k).
Compuze u = [the value of the type-1 link Zrom x

folioving the attribute "JRIGUIV]. If no

i
[p]
>
P‘
¢
(%3
[ ]

cr if u is slwready in g, go to step (.

é3 ncert u just to the wight of = in 2, L.e.; ioscot
+icht afeer x in o sublist of
U Tigat Qiler X An & sublisc o g.

stacting £roa step {c), with the currcnt valuc of

replaciag the argument x aud the cuvrenz valuz of g

2.% 2 -~y
as e dnaiTan.

0"

£) Repeat step {¢) for the attuvibute "JLEFI". Ia case

of failure, go to atep (i).

{3

N
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oo
N

[ N
s

b))

'

Insert u just to the left of z in

Compute 1 = ithe value of ¢

g0 ¢o step (L.

Tor cach m€1i: If m ic already im the current 2,

[A]

bjeet {or £iwmst object com a sublist) fellowing X

[a¥]
134
NS

. . le -
¢ COLCaLTLT

in g, aud zwepeat step (o), with the curreal value

as

.

of m replacing z. When all mE1l have tecea treated

go to step (1).

If rightplvim]=T, insert m cfter x and coatinue

with the mext m in step (f). If wigaipim;vi=l,

thea just for this value of m replace X by ¥ and
concinue as in ctep (j). Othexrwise, respend

¥(TIE LEYT-T0-RLCLT ORDIR IS)

WWICATS
WHZRE TIE w IS5 WITE RESPECT TO TEE v)".
Perfoxm operations analogous to (i), (§), and (k)
for ¢he attribute "LEF:" of =.
£ the curvent g="{x)", respond
" E;EIJLTIVE POSITION IS KCWN)".
Othexwise respead,

"(THE LETL-TO-RIGHT GRDER IS) gu, -



rv.j
-1).-

R, o = SO oy .3y P R . PN RACES
Jursccat Yo gelteummizne thie leeatiocune of tihweoe ovjectsc walceh L

o

o
(&

boun posicionced with zespect to coae elewcni of coi .

maihod: TFind aa object u of wikich en x Lo an ewemple or & poTh,
aud uhich kag sositicnal iluks., Then [Find th2 locatleas
oL those edjcets which have been peositicnza with wacoest

to u.

T s 1N [ KRR | 20 2 R I
£ 2 has any positicaal links, i.e., i e a

'
'(.;
(]
(4]
O
[«
[
[¢3
LX)
(€]
r
4

Teyen te s RS lAfeln 1] L1 Brg AvEe LrirT] b R PNy
Luccs Judlbadl, JLURT s 8 .nld.d

X aze aot all wissing, execute wheres(xi.
oy it
zu) [{there ds o sequeace of links Zolliwing
atiridbute "SUPERPART-0F-EACHY frem x to ur A
{1 has at least ome positional Iliakl), ¢

[« ek H - cala m -
bute “SUBSETY, execute wheresiul.

¢} i the hypotheces of step (L) hold for the atir

oy A le

e ld.

-

cx

.

Far 1 .s 2 oy q & < al T AP e .
uly{{theve 10 o seguence of links following the

.

attribute PIUPEIRART-OF-BACH" from x to ul A

-

{Zwylithere Ls a sequence of links following
attribuie Y3USSEY" frem u to wl A
(v hos at lecst one positional 1linki]l,

thea enecute wheres{w].

ey Otherwise zespond (X0 LELATIVE POSITICI IS ITCWN
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. o ~ 7 - ) v 3 - -y v
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= o v S Kad 1] 4~ — Y
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aond, since the functions involved will be "aware" of thcse thecrems, than

wered {s Iadependeit of the preseuce
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N e e et N ea . Seoi b B 2 Ga Seny e -7 -
argumant, and considexs all objecte limked to x, dixectiy or jnaciTectly,
e PR 0% Soleren P ALL exwlicit Teedre mrameney PR,
< LTCU e el QL GCu~ll CSN0D . &L ceX Lo Links QLGS tiasse
coiceis uwnich cam also be dedeced by use of the above theoncms are deleted

2 emn v e T sy, o wa W2 ”" MmO Lok petad . - .
Louelnonsd of tae xewm DORCIT  9ns SEZ-TRCLULTON RELLAVIKYH BYNEIN y &
R e T A R ) Seveenrr Lo w .- . - e, o 3 7 e
indlieater that whatever ilinks were created Dy scme sentenee OX & Zoum
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CLULLRY Sd o Verivi & 4o & Y
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Sirilaw Y W are being deleted, and the spoct they clcupic

- - L o s a, e .
...C.‘..Z‘.*' maal &vainiadie LZoT oliier usc.

Tmotho above exeoanle, the SIRES opevation deleted alnost hell

<o oeniscting 1inks, ab no-reducticn in the question~answering power of

e S e

s cystom.  IZowewven, the fime requized to obtain gnsweirs te certain

siiocns woy have been cignificantly inczeaced,
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13 %he svctem described above iilustuates approximately he largest

in cermo of number aad complexity of relations and language

Fomemoto, with Che prosont LISP programaing Gysteém onm an IRi-7090 3240 com-

2% “me procesuing time per statement was about 1 secend.  The maxi-

Tun nunosy of statemenis D ocosccd in any onc experiment was about 3C.

TUDL GUTLoLT OX

whe system achicved.its goal, whwcn was to investigate the fecas-

<1<tv, woscible advantages, and particular problems of the medel struce

zther than to obtain a practical question~answering sysicx

sure uczed, zTather
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L sfec doen grovida o fersivle busiz for & lurger systen,
53 Dowover, the develupimeat of such a system would be perticularly
difiicuir becaune ol tho inieractiions batveea differeat relatious.
O} A quostion-orgwacing systom caproct give negative raplies without
val faforrstion shour tha cowdleteunss or congisteney of its data.
23 A ingovtasr Saatuye of the swode) w3s thai infomation could be

~

adaad to le, as well ag estsracted frow iv, astomsticully (uailike, sey, the

€} The Iirput phase of the program illuutrates_how Lfex vna way go
rowsrd Mmdorstandiug? natural language with litcle, if any, roeferaence
To graaamakical structure-

10 The system'y ceeponser demomalrate that a2 few fixed formats for

Tieteou wo give the dwpresslon of coharent digcourse,

1p ALl the relations in the presaent systen axve dinarxy relations.
The mocdel could be extandad in cbvious ways to handle unary operatocs

o g.,8ujcctivas), tyinery relacions {e.g<, those Involving transitive

o

2y Orictesiz should be developed fox choosing “priaciprl objects”
in the modely 1.e., thoge objects which should exist as indcpendent des-
eribed entitics, rather than just fa the cageriptious oi other objects.

3% the uie of ¢ dicrionary and parsing progran would greatly increase
the powes ol the inmput scheme and also the number end kinds of relations

egeated in the model.

ft
C
o
0
"
Q
3
L



\ - R P S e P -~ PO S T oy LA
-, [EEDSO RN SN AROL S v S ol €30 ‘)..3 SLL00 ox ceriain clace ICICL&O»-Q) Calos
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T o
saculd be iaterprated.
53 A mowe clooorata paveing schexe wight .include provision for

cam= T e A —~- 1 o vy ta < ’~ - . > e - te d
veniocing prencuns Dy thelr aatecadents, and saving ceortain infornution

froin nuevicus coutences o aid in deceding future sculences.

o Teeremtige T ] e LMD RGPS 5 7 -~ - Lt . ~le 2

&y Zvealtualliy programs uust ve developed wihilch will gutemntically
-~ evn -~ - e Sy T - -~ o T ol Y~
sooliuce tha pregwems for handiing new relations, so that the capabilily

Zor heondliing mew relations can be introduced fo the cystem werely by des-

criting, in o suitadle IEngligh-like language, the zelations and thelr effects
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1) Tals entize pwoiect weuld have been tremendously more Gifficult

if =ot foro the availabil ity of list~-processing computer langulges cush as

oIIZ2.
2% In order ¢d hanile the interacticns between relaticns, I had €o
Coszlon come fainly gemeral twee=tracing functions, which proved to be of
cealualble usce. 4 progromming system dased on an eladorate set of such
Zumenions would e a valuable afd ia develoring a nmew, larger version of
3y 4 uaiform trce linkage and search proctedure, flexible ernough o
houndle the most complicated casys,.would simplify coding and facilitate

tmo deveicomeas of the tree-tracing functions described above.



« a0~

%3 Conglont feed-dash from the progyaw. describing ite actions and
veasaoas fov faliure, im v2adable form, wai an escential progreammiag aid.
2. Supjects for Futuse Exveriments
1} Ihe relative merins of differcene tree-seavching procedurcs should

avastigeted  fo secking a vath betweens two modes one aight, for exarmle,

(o2
r

>

=Ove oue stop citernciely (row cach wede, rather then moving steadily frem

L4

¢z woac looking for the other. This former procedure would cut the depth
ol a successful gearch in balf, &t the axpense of an elaborate marking ov
o tehiing proceduie.

2} The cptimum uumber of explicit licks nceded should be {nvesti-
gited~-f.c., the relative merits of vewoving links by "etreanlining" pro-
cedures yeysus, say, addiag ag explicit links all question-amswers walch
eve succagsfiully obtained.

3) Metheds should be lavestigated for using the prescut ideas in
& corpuler system involving larpe amounis of high-apead auxiliiary storage~--
e.z3., by grodually trnnafarisg dats structures to “"read=only" photo storags.

43 2sychelogical experiments might de develcped to test this model
8s a wodel Ffor Lumsn represoncsiions of "aeening" in language. Ideas
might thus be obiained for both lmproving the model and undarstanding
Buman cognitive processaes.

5) A syscem similax to the onme deseribed here could be used as a
basis for a study of ambizuity in larguage. One could investigate

algorithas for resolviag those kinds of awbiguities which don't seem to

give peonle much trouble,
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