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ABSTRACT

SIR is a computer system, programmed in the LISP language, which
accepts information and answers questions expressed in a restricted
form of English. This system demonstrates what can reasonably be called
an ability to "understand" semantic information. SIR's semantic and
deductive ability is based on the construction of an internal model,
which uses word associations and property lists, for the relational
" information normally conveyed in conversational statements.

A format-matching procedure extracts semantic content from English
sentences. If an input sentence is declarative, the system adds
appropriate information to the model. If an input sentence 1is a
question, the system searches the model until it either finds the
answer or determines why it cannot find the answer. In all cases SIR
reports its conclusions. The system has some capacity to recognize
exceptions to general rules, resolve certain semantic ambiguities, and
modify its model structure in order to save computer memory @pace.

- Judging from its conversational ability, SIR is more ''intelligent"
than any other existing question-answering system. The author describes
how this ability was developed and how the basic features of SIR com-
pare with those of other systems.

The working system, SIR, is a first step toward intelligent man-
machine communication. The author proposes a next step by describing
how to construct a more general system which is less complex and yet
more powerful than SIR. This proposed system contains a generalized
version of the SIR model, a formal logical system called SIRl, and a
computer program for testing the truth of SIRl statements with respect
to the generalized model by using partial proof procedures in the
predicate calculus. The thesis also describes the formal properties
of SIR1 and how they relate to the logical structure of SIR.

Thesis Supervisor: Marvin L. Minsky
Title: Professor of Electrical Engineering.
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Chapter I: Intredugtion.

A. The Problem.
This report discusses_ the pppﬁié@iéﬁ!@év@ldéing,awéomputer* which

"understands." The method of study: 1ﬂ$blve&*tﬁé construction of a

computer system having certaln,coggig&va thlixies and exhibiting

some human-lxke conversatloniibﬁeﬁivid?

A A%, IRV

This computer system is called "SIR" ~-- Séméngighinfo}mation

Retriever. The conversatlon presenteﬂ - Figs T betﬁeen a person
SGIE SET- 8 .:fi"’v‘ o
< ARG PRI TERE o

(1dentified by '"k¥k ") and SIR 111ustratés some of the system s

FE L N S s I

capabilities. Although it is capable of '"underst ing" statements

SR T

dealing with set relations, part-whole relatlons. ownership, and

certain spatial relations, SIR has no ‘initial ‘Buiik~fin. associations
for nouns like "John," "Qgggf;éﬁgféﬁg?iéfﬁjf;;;ffw'w' b
"Understanding' is difficult .to:define. precisely.. The present
study makes the following specific a;;;;é;;;;;a;J&ﬂ;£§ervatlons.
i) "Understanding" can be demonstrated by dialegwey which requires
the participants to indicate an awareness of the meaning of their
subject matter. Therefore a compuferM;goqlgug;féigéidered able to
"understand" if it can converse intelligently, d<ess if it can remem-
ber what it is told, answer questiong_and maﬁe regPonses which a

LR B A

human observer considers reasonable.

ST R R B T

* The term "computer" refers to the combination of digital computer
hardware and operating computer program.

-




(ene, EVERY BOY IS A PERSONI

{1 UNDERSTAND)

(eea, A FINGER IS PART OF A HAND)

{1 UNDERSTAND}

(oo, EACH PERSON HAS TWO HANDS)

(THE ABUVE SENTENCE IS AMBIGUUUS ®+ PLEASE RE-PHRASE IT)

(sns, THERE ARE TWO HANDS ON EACH PERSON)

{1 UNDERSTAND)

(eaa, HOW MANY FINGERS DOES JOMN HAYE Q)

{THE ABOVE SENTENCE IS AMBIGUOUS ®e BUT I ASSUME (HAS) MEANS (HAS AS PARTS))
(1 DON#T KNUW WHETHER FINGER IS PART OF JOHN)

{sns, JOHN IS A BOY)

(I UNDERSTAND}

(nen, HOW MANY FINGERS DOES JOHN HAVE Q)
[THE ABOVE SENTENCE 1S AMBIGUOUS s& BUT [ ASSUME (HAS) MEANS (HAS AS PARTS))
{(HUW MANY FINGER PER HAND Q))

[EE L EVERY HAND HAS 5 FINGERS)

(THE ABOVE SENTENCE IS AMBIGUOUS e= BUT | ASSUME (HAS) MEANS (HAS AS PARTS))
{I UNDERSTAND)

{aes, HOW MANY FINGERS DOES JOHN HAVE Q)

{THE ABUVE SENTENCE IS5 AMBIGUDUS #= BUT I ASSUME (HAS) MEANS (HAS AS PARTS))
(THE ANSWER IS 10}

{ass, HOW MANY AUTOMOBILES DOES JOHN HAVE Q)

{THE ABOVE SENTENCE IS AMBIGUQOUS #& PLEASE RE-PHRASE IT)

(vea, WHO IS PRESIDENT OF THE UNITED STATES Q)

(STATEMENT FORM NDT RECUGNIZED)

(ans, THE BOY IS JUST TO THE LEFT OF THE TABLE)
(02840 IS A TABLE)

{1 UNDERSTAND)

(sae, THE LAMP 1S JUST TO THE LEFT OF THE TABLE)
(602841 IS A LAMP)

{THE ABOVE STATEMENT IS IWPOSSIBLE)

{ane, THE TABLE IS TO THE RIGHT UF THE CHAIR)
(G02842 IS A CHAIR)

{1 UNDERSTAND)

[RX T WHAT [S THE RELATIVE POSITIUN OF A PERSON Q)

(THE LEFT-TU~RIGHT ORDER IS AS FOLLOWS)
(CHATR (BQY TABLE))

FIGURE 1: SAMPLE CONVERSATION
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Note: I am concerned here with the computer®s Internél information

representation and retrieval techniques. For this purpose 1 assume
tdt dbatract "words't ‘are the ’onﬁ”’siml it PHere Ls ‘o ‘heuld to
be concerned with speech recognition, sensory receptors, or other
probleme involving the physix T tafrire B T CommitifeMiPon chisimer
and signals.

ii) In addition to echqing, upon requent,E the facts it has been given,

; i

a machine which “understands" mult be sble to recognize the logical

3 RS P RN S

implications of those facts. It slso nust be sble to identify (from

VST

a large data store) facte which are relev&nt to a particular question.

_a_,, R G2 & ol el
iii) The most iqportant prerequisite for the ability to "understand"
[ICSIERE T 53 B S ERRN LI DS S OF SR
is a suitable internal representstion, or nodel for stored information.
A . = TN T80 u,t,z::,\ TR

This model should be structured so thst informstion relevant for_

LT EsL

questionvenswerins is eesily accessible. Direct ntorage of English

NG wilpy Bmedeve [BvoIvivay nol laimt ol
text is not suitehle since the structure of ;n Bnglish statement gener-
R 3r =Fs"' RN 3 ‘)r* Yo P EVOTY e

ally is not a good representstion of the nnaning of the statement. On

[RESHEN ”}1?'3‘ A r&enael o e AT R

the other hsnd models which are direct representetions of certain

CORAGG KR D YRS e ieo g il pea

~kinda of relation&l informntion usu;lly are unsuited for use with other

aean zredoiriesh g it

relations. A zeneral-purpose "understsndinp" machine should utilize a

ER LRV Y N : S [

model which can represent semnntic content for a wide variety of subject

Pin DR bt [ RIS FE VRSN S I Juu
areas.
EIPRES G at i
. . Ctipes R O e L SR U R L
SIR is a prototype of an "understending“ machine. It demonstrates
suok i & nr bauslo oF Maaid o uove iy

how these conversational and deductive ebilities can be obtained

B EREI teo oAy RS B S

throngh ugelgf.a auit;ble model. Leter chaptera will describe the

;i;l‘li o 3- R T pReysd
model snd the SIR progrsm, how they were develqped how they are used,
g T : iy WO 4 visnd temudUE sl

and how they cen:he extended ﬁortfutgre spplicetions, ‘

e
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B. Wherxe thﬁ Iroblem Arlses'.ﬁ:mw w;j ﬁf. FUGE e Dol i n e S

=

BEY ety

of qomputer,research Some examples,ipkgpylx,@

-l) Information retrieval: The hiéh speeds and huge memory

VI Poaidn sd ogmun Tohwislar GO dnien crdnes s

capac1t1es of present computers could be of great aid in scanning
[T Doivyoo ,!<‘ D : B : ‘14
scientific literature. Unfortunately, high speed search is useless‘

I

doudie giost B

unless the searcher is capable of recognizing what is being searched

< I ’ sxrarandta g i (”] L . i
for, and existing computer systems for information retrieval use too

L sy Iy ot PR i M.
DEVe ey e s Doyl Tl s

"crude techniques for spec1fying and‘identifying the objects of the:

search.

Information retr1eva1 systems generally provrde either document :

iE pie o midprios

retrieval or fact retrieval. Document retrieval programs usually

’ ' i Isdoan ey o I
depend upon ‘a human pre 3831gnment of "descriptors" to the documents.

! iatigh, . onsn el o
A user of the system may know the 1ist of descriptors but cannot know

lpreC1se1y what the descriptors meant to the cataloguer.’ It is difficult

Lk a N r

3 b & et St
for the user to determine what the semantic interactions between the

v
$ et

“ descriptors are and how these interactions help determine the content

R 3

of the documents obtained.

Fact retrieval systems usually require that the information to be

RO IR cinboa 2

retrieved ‘first be placed in'a rigid form des1gned for a particular

pe g & . 4y
b en

subJect area. This rigid representation for theydata: and the ‘Corre-

3 I : R
sponding rigid formulation of the retrieval requests, could be pro-

FRCI R

duced automatically by a computer which "understands" statements

S PN

HM 51

expressed in a form more natural to the human user.‘ Further, if “the

computer could "understand" information expressed in some general

manner, specialized formal representations would be unnecessary.
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" In order to mdke a'computer serve &s & référerice Tfbririan, 1t fs
not sufficient simply to store a large volume of fnfgrﬂfé“fdi‘iif’""‘fhé““""‘

codputer must ‘also have e Abi‘fﬁ:y to f:tnd “énd Tetrieveé 1nfSrndtion

in responsé €5 lexible descriptfve ‘comidida " Fatener, - l‘f}‘ ompiter -
should bé able ‘to ‘mod{Ey” “Both “the | fnférmtion”in 1g¢srage “and ‘the relt
quests iékisrréée}{\iin]g,and 1€"snbuld be dvie Fs ddsctivé ft's actionsd

and 't r‘equest CfariEyfng fhformatich. ’ The most Wsefil infornation

:i\fl

) [Ny i) . @i
‘ retrieval system ‘will “pé ome " ﬁ'fc‘rf can&‘coﬂvers Sefentes” useré; to

doithg 270

parrol L adaelgnes | 3Jo% : 5 |y SLET LS e
maké ‘sire that Bach FEqa esst' 11§ e 1T 2déefhed ‘ahd ‘(¥rfedety HiddetdEssd.n

"~ 2§ Mechanfesl ttéﬁffation- ‘ ‘Re5ddtihers "In thé dréd ‘of ‘Hechdns éal

translation of natural language have been disdppotnted o dfscover How

difffculé theirijislé {ﬂ“ ?frsf’ wotd “fo-word T‘t‘:"r&xi’fiﬁ’fous, énffﬁéﬁien

D LEBLp e IV i3 o DG, b3
word-to-word transiations coupled wfﬁ% atnaffcaT &5 analysis) re‘arrange-
safguesl ox uids sya o slgoog g Lls g 1 PR 11113 R g SR Ja g P
ment, and context-dependent Fesdrtéé1oks, K jve prover fnadequate for

T30 il )

acﬁ’{:é’\riég ‘{35323‘ ‘transtations. “ Fhe vitel “feature & ssitg “Fom pfesen
computer transfutfng systems fs ke ‘aﬁﬁ‘ity o Shumdr ‘eransiatsts - o
nuiderstand" what they rH&d % 6ad 'Td ingiage, and tjﬁebj"é’g}% ¢hie ‘gameé -
thing® 15 andthet” “Hhe 1R Cmpitér "s5seén ‘¢8R ‘Siore "Paces, ndke '~
10g1cal deductions, ‘andwer questions, and exKibit 'céher jféat’ﬁ?’e‘s""f’o‘“{“
humdn conversat{ohal Pehdvior, ‘and therefofe ‘s appears tS Have soae Such
badi Goailg

"understanding” ibilfty. ‘ThHe mechdnismé which Kelp Tt ‘fo "inderstan

are Iikely to "ﬁ’efp aiso in so“fv:lnés e “ﬁ‘aﬁfcai transfiti‘nn pro‘frIem.

[ETORS 5:0J< BI5 seu J08 w67 DOB (31 0d DRIn3esnuo o
3) Gene ral com;_er agglicatiogg During the past :fecade there
cvaggmses Vagagliifesnl” na o fwl i

has been tremendous growth in the amount of computer utilizatfon and

in the variety of computer applications. However, before each new

problem can be tackled by a computer someone must perform the arduous
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task of "programming" a solution, i.e., encoding the problem into a

form acceptable to a computer. . ,

. [T T
) YRS U# 4 ,l,

_Various "problem-oriented' compute ;,f nguages have been developed

to ease this encoding problem, Unfor% ve%y, such langua%es are

ail

useful only when programs‘(Vcoggrlere?“ory"éptergrﬁters?}'4re”pygll—

‘z}

able to translate automatically from the problem-ariented language to

the basic "order-code" of the computer. At present all such problem-

oriented languages are very r;g;d,sxggegptt,Tg%sgneans that the problem

W i

clearly understood to be expressed in dn of ]the cqnventional coms

E IO I K S 2uA

puter programming languages. Still, people are able to describe

a;‘}*:.ﬂ ¥ GTIOTE DarR TR

these problems to each other and to asgist eacn‘otngr‘in,gakingithe
SR o B P S L R AR LELEY AR LERDGGIIBLAORT S BOOGH iUV

>4

problems more precise and in qolv1ng them L An order ta utilize the .

high speed and large memory capacities of %%Puters while working on .,

such 111 deflned problems, people need som&,upeful way Fo communicate

1ncomp1ete informatlon ko the computer, Some way which will make the

computer '"aware' of facts and enable it to,"unde;qtan " the nature of
R U T U T v i, TR WG LROITNE VG g

“')L‘ Xy, [R5 IS N ]

‘the problems which are described .to it. SJIR lijgggrgtotygebgﬁ a . -
computer system which captures some meaqure qf the "meeplng??of”thehl

1nformation presented to it, and can act upon its stored body of
s N r “'“ ) Eq«‘rg ,XQ Jhgen ey ; 2 r URSRANS

knowledge in an "1nte111gent" manner .

i Pa TR G STD NAWoIs Bu 37 i
. eyt "
igns S RE I S ool i
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51 Chapter 1L:: Semasntic Information Retrieeal Systems - ' .. ..
N aBlie e 0 o swolio s Lo

The word "gemantic'" is used in the title of this paper for two

¥aasong: 'Pirst, the actual taformsbtion: extrectédsfrzom text and .

stored by ‘the program ts  intended 't approximave ‘the kinguistic .o«
“"gsemantic¢ .content™ orotmesning' of ithé miteniel. - Seeond, the .compu~
ter representatien of information usdduin 'SIR (Cheptér ITFL.P) is:o::
déeived fromntilie ' gemant £c" model: struédtusres-of Sormal -mathematical :
- logte. - Mlnformation retrieval® refers to the.fset that the gystems:
digcupaed operateé an collactions of statements; -rétrieving facts dim}
response to questions. Question-answering was chosen Because it is-

a sepaﬁght-ﬁorward con:cxt tn whﬁch 0! exporim.acamwah nhe under-

Sl i 4 ‘5" \‘,":}z.\i

fﬂstnﬁdiﬁg*&nd conhuaﬁcaeive abilicy ofca’ conpuhen~r> sd} o
i ST oW rgmie o o VB avetdoab o TR

nhd snn uystanbuetltzes sesukbc fron tiof-ngon”veaaarchdarean:
R A : Sk ien deniua V& T0 sais (s it ‘\“pws.ig“

the aﬁuéy ot ehﬂ lamdnﬁ&es of nhﬁuvalﬂtaﬁgutgasfand chevﬂtbdyboﬁ

PRGNS ¢ iy ] s ovep Dlbw v d ia oo

prevﬁouuly dcv«&@pcd compueor progtamning ucdhntqgan son dolving

IS st (SRS I B NGB O

various specific questidnnanswertng>prcb1ensg 2l

mE D g L e b T Lo il n s L el A Wi

A. Semantics. CoCEet G e WEESenDE L 0. xR g

1. Semsritics is-generally gstudied:from ondiof two viewpoimts: . -

© pupeand -deseriptive.« Pare semantics; ds:studtedcby-Carnap. (5),-
-déaly with the properties of artificially genstructed formal::z.- -
systemsg (which may or may:not-have analogues in the real:world), .. -
~.with/irespectto rules £46r -dentence formdtionvand:designation:of .

formal models gad trdth values.- I shall-rasthér be conderned with: .-
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descriptive ‘semantics, an empirical .sedrch for fules gaverming truth
and meaningfulness of sentences in natural language.

L3

R oadkrut i ER CE

1) Semantics ‘and meaning: .  When digcussing meaning, .one guickly

encounters difficulties in having to uae words with -which to.disecuwss
the: meaning .of words,,eépecialbyzthat”gfithnswbnd “meaning.' . oo
Therefore ¢ne finds. it difficult.to diskinguish between object-- .
language and meta~-language.. A:common-device Ls:-te define '"meaning'l
in & very specialized sense, or to-dery-that it can be defined at.all.
Quine, tongue in cheek, recogniges this:diffieculty in.the follewing:
paragraph:. (33) - I ST S

"One must remember  that -an-expresaion's meaning (if we .are;ta:
admit such things as meanings) is not to be confused with the object,
if any, that the expression designates.. :Sentemcesudecnot degignate.at
all..., though words in them may; sentences are simply not singular
terms.  -Butsentences atill have mednings-(if iwe admit suqli things as
meanings); and the meaning of an eternal sentence is the object
designated by:the aingular term found by braciseting the sentence. ..
That singular term will have a meaning in turn (if we are prodigal

enough ‘with meanings), but it 'will presusabiwcbe: semething fusther..
Under this approach the meanin; (if such there be) of the non-eternal

sentence 'The door is open' is not-a pwepasitiomswe"oil: e suoiie.
Quine continues that the elusive meaning of "The door is open" is some
complete intuitive set of circumstances surrounding a particuiar
occasion :on which the statement "The.door i$ apen" was uttered. Clearly
this kind ef concept does not lend itself to‘icomputer usage.:.. lnsapder
to construct a computer system which behaves:as:$f it understends:the
meaning of . a statement, one mist find. specific words-and.relationsg. -
which can be represented. within .the .computer/s memory.:yet:which some-

how capture the.significance of: the statement :they cepresents: :n ...
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52 6f (gFEEe move sprocigata makingvohe fobligwing dtseinctidn: !

‘wotde [may “hdvaomgming, -but sot ‘eigatficarnidef ulteticds (pNrasesy
sentences) may have gigatflcanqey bit net mesding. >-Réweved, he - states
tiatoan ‘dnalysis 'of the oigniftcancdief @ Woldnittorance icannot be
comiyl etad -without an anslpoisof thé medninds of (thd wordd fa the. -

uttepance. ‘1 £ind ZHff e Uoiotbne tiion Shetwon Ao rd ruie dnlng -and utter-

ance sigmificance a usefulidigtinctigny altiroagh the ‘veriindlogy 19

. - spgar - #imide 'both ‘Eonédpts ‘coRtvilnité [{F iwhdr 18 iédmtionly’ cdlléd~

weantnig .t - SincéBLEE doas nét Prédent “any futther ‘eiplandtion or -
représentatios df "meariing'' sad M significaioe " Sl6Uul (proceed tHa
simllar but mote eompletd discussion: By UXIdews (4400 .72

Ullmann considebs:d wérd ds tkeopmsllest sigdaificant wnit witho

isokdted ‘Medntemt,* mmrﬁw«u and Jgdwtdneds “iprese el

T

Lok oaldedeen asigmen & vl variisunt bisd suniguotn o shnix [7s i

ewtmm zgiviidige gutch are: tmbfm isy e@bold el wetds ﬁdﬁs

GiEeE Yo Y1LuKIlg fo bessd spoiistooRes (Bogasz iy bos oem

: !mmmg‘ iw\ddﬁnu‘ecs He mmpwnamw betvden tmw

ERTE AT it seo wesdd bo Isvol moz s . 3581 zoaviesmais sis

and the sense, which enables the one to call’ ﬁp'éh«_,m Fy&?'ﬁnse"
is meant the thisoght or 'refererde €& dn ob fect 6x AdsbridEiow whidk is
represented by the word. Note that meaning here relates <word awithil
-thought wboiit :ob JEpt ot ‘riece S¥art by okl th  ob Feoe L Ced Bf > L ‘Now
Mthought ‘abouln iobfect' is too vegue ad ides for comlputer formalkigation.
Howaver ;'we gun work with & werbwliwetion of ‘ Shought); tsmely; the
words: wiich naie Jobject ¢ and festurds Wesoel abed with e thought. '

© W may consider the meaning of @ word whicl damée wn objedt: v

7. igldew of ubjdcts e be ither the Ehring nawed or ; Witk YLy, ite
L mogt Commbyy thicughte pecplé have Iw coniedt LA sl e thing wablad.

oo N L L desien G0 CNGLIBIBE Iy T U9 lupay
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In either case, in the SIR systems& We;thﬁ meaning :0f <the
word by-building up, in the .computer;.a desgcrintign-of the ebjeet or

~class., This description, itself.cowpased af werde,.presents proper-

ties of:the Weascribed entity and names other.objects and claases to

which that entity .is related... The neaningiaf.an ugieorance ©as then

- be Tepresented.in & vatural way by patticular .entsied in the:descrip-

tions of the objects -named in. the utberange:-:: & .55
Walpole (45) paints out similanly:that -a.word may be. defined (i«e.,

the meaning of a word may be explained) by any kind of assogiationy

connectiomn, ok.characteristic, and these festuves of a word. axe- . .

usually described verbally. Thus. such featuves.can he part of the.

computer !y description of the.word being definede: .

"Words do not-.live.in ieclatien in-a lengwige aystem.: They entar.

into all kinds of groupings held together by a complex, unstable and

highly subjectivenetwonk of assqeintiona; mesincigtions betveen the
names and the senses, associations based on similarity or some other

elation. .1t -ie by their Affeate that sthese assaciative conngokions
make themselves felt,.... The sum total of these associative networks

1% 'the vocabulerv.' (45) .- sey endd esidens dobow cessn sa7 Lng

* SIR uses an approximation to these agsoclative networks 33 its hasic

~ data . store. B . T8 Lo

Walpole "algo notes.that some woxd xelationshipsg such.As part to

- whole, ox class: te subclass, dﬁtémine .partial oxdexinga of large classes

of nouns: and ‘thus can be represanted by tree structures. »d‘hiﬁ fact:
leads toi certain mearch procedures: which are useful sin-our computer

system. - -‘Howeveks: khe: class. of abstract nomns ({'fictions!'),.which do

.not name. any ebject in .apy specific pense-expexience.: dq not lend. them-

selves to such oxdering, and hence axe Omitied, from early wewsions.of

computer representations for semantic information.
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2). Guammar.and medbing: ‘Phus fer I have dfenissed meaviing (ddman-
ties) while shgnaving e grammsr {syntax) of Lewguwder Howaver ;i oo i
grammar ds ‘{mportant since -1 woubld -bike the cempyter program b ctiales U
advantage 'of whatever useful informarias-te aveibable in tho grammat)i»n!
cal struckuneuof dts input. 3"1”‘{@ beast onedschool pf thoughtoo vty

(discussed 42 (3) ‘below): bolds tligt dyntact fo aunlysis Is an adequate =

'

sider the natunre of igfammgr.: s ¢9; 15300 one ipde 9w 46 O Tatie SE0m HBYS
A "grammanth is ususlly defined &s w et .of rulws defiwing which [ v
strings of pdphabatic) characters. sve genterwes't ©f the Tanguage: and>si 4o
which: are nat. [ Deriving & Rraviidr for @ naturwl! tmguege Lo an ol od ol
empirical precesis,: sinece: the ultimete tast of whdther @ sratement: iy son’”
grammatical orimet issto askin yCise ppesker Detaidertsl only theiv od
functions of words in sentences (their "parts of speech®). butraet 2 552!
their meanings in any sense, Chomsky (9) develops various kinds of
English: grammarss: W&Lmﬂwwﬁ&m fox
a small part ef.tie:languige,cbuti iss freuepgiyetnaddguateysns: Lo Dusia
Iransfordatiopel grampmy: schemesoate’ probably sdequdts, dut-ayevompliacs
cated apnd:ddffitudestoocomplesecor teat. sn o1 id T swor ninire woe 2y
Although: ayntactic protedures axsb ganenal lys supposesd: teoigpore:c 7o
meaning, the boundary betweemayttwetixasnd ssmgmtics is hakyes Forsigin
examplei sonie dimguists classify the sordald ed!Ymkss nowms'. (gug: 200
"water')sds aosephrate grammeticsic group’ aincs civey! do: mots taker thel 2o
article..; Howevers:;the distdnasions betaeen Y1 wapt) meptd' : and: L. wlBLs sl
a stegk!; geemsc Lo be bagicaldy 8 SeMOREiL: OB noon (i Ipad isiuisn o [ls
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- - Ziff defines meaningfulness interms of rigidity of: grammatical.

structure. - Woxds which axe necessary:in s pargievlay grammdtidalvcom=. '
figueatiion, such as; frequent eccurrédnced.ef '"to,':dg;" Mtiye," -dndoenl
the likes are said tq have mo :meaming:  On .the ather bheodjiwords : oinivis
which could:be replaced by’ large numhex .gf altesnatives withiwmore i..:
given .grammatical context are ronsidered: very megningfull ) Sdmmong it
(38) makes.:this distinction bhetween functiton womds and content words: @ 1mm
even more sharp, as we shall see later (ParagraphnCi3)s drhawe w01 iz
used these ideas ta the extent that only sords shich arve rames:of:

objects: or clasesesy oriof properties of ochjects wb clamsesy appear iz
in the internal representation: used dn S8IiR.::The Jfrequertly~occurving . v
"meaningleas':words of Ziff are used as:indicators of relations 'nolvigns
between: other ‘'meaningfail" words.appearing donithe: same Sentencls.: iammsy
#£See Sectiemt IV B« .oc . oo redst zesasinse ol ebiow Yo rsorionn

i - e : e iy #p e ¥ . B . I TR )
R S T R A FEEG LY BEITGE YAS 1D AnDINBmT a9l

gioo: The: iatelligent: computet hay: torungers=:.i !

stand and remember.the:meaning of wvhat: it ds. 4gddy-thevdfore it: [lsm =

needg§-some-precise iREgrsml representatiopsdesd thesmmegnings. cfet: =57l

us now examine some of the fcrmal,I”rmmulqmr;oﬁwm“giﬁhihh&a BRI
have been.proposed,. and see iwhich jdeas froxithose represertations .
might: be useful 4dn a computer fmmnx:afaijs vasbeood ody L aniisos
One. way to deal with: 'the: problem of: sehantdits is: tauavbididt by!uuiss
translating.ordinary: language: inte @ folmmii aystem shdciccouddibel " io
handled” syntactically (1)4 Thus far,d atteiapts’ to’ fothally efiddde ' = 1o

all of natural English seem to intréo@uce a nbbs’ of-detailednotativhs =
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which obascures the real.problemj:for the problemief representing méams
ing must be.salved .in ovder ‘te:develop-a godd vitesisLat tow scheme. A€ "~ - 3
first view Exesdenthal's LINCOS -(13) may weem like & formsl 'sypétem for = - -

describing /huinan -behavior., -Actuslly tke LINCGOS systes g ot practicali>=ou

¥

since it adsumes fdr gusater wbilities for imductive infevence of ‘rulée
and situatioms iontlie pewt of the receiver  tian s expected of Ehe I =0 o 3
usual langusge Student.i. .. —.onios 0 thag o B EE TS B T N VS SR L)

Another approach:, used; for ‘example, by Riein (19), is tostrcrease -
the numbes; land intla -of catsgorieh La -the AWUND Systscutc salysts i ¢ /0
systems untid: ithe semantic, propert ise wre: sutobaticslily inctuded, . 7 "
Althoughs some- rof: the results are prowteting, it seess To we thils approaptr o>
will evenimally obteim the: same Ulbinate’ systesi bf Wt asyoctatfons s '° &

Ligs

as can be apptbached more’ simply by: constliring end dépresbhtimg’ 52
directly the¥meanimgful: rolaUivns bEvwesh' wordb. (o UsmosaRiil S BIlitoyg
Quilidan {32). attempLy. Lo. Tepregent: the sstmntit tbntent- of worde - - #:7
a; sets of '"concepts,' which:can be combined to represeat the meanings ~ 1l°
of phrases:and sentemces.. ¥With the basici plremise: that: leathing e new °
word involves meesmximgeifs walues on'a set idf:besich sraded -fe is teying s
to buildvip a:repertodre .of siitable:coordinate mluii%smﬁ'i’ﬁo:td?1sf-'-'ﬂi‘~‘-~fff~“
represented by.a: sét.éf vaiues which ife ganeraldy:invittive, untdtmens ' -
sional coordinates:saech as iength, time, and lue. -Qailisua also péimits " 'c
defining:iwotds:in terms-of:predefinédrwordis-ad-goordsnucesio My  Cagting o~
is that tbhe relations.betwesn iwdrds dwe swie-impireant :thin the ‘conveptaul =it
meaning :of ;iudividual words, and therefore adsémpler-appesachiwhich :: Vbt

ignores “hasiec! meanings would be move: immedtatety fruitfuk.z:-
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Sommers (42) is more congerned with permissible:sword .coxibinatiions. ...
than with the-meanings -of :individual :words..:He firét descoibdg=a:: .~ v~ o
hierarchy of :sentenge types: 1) .. Ungrammitic&l; . '2) = Grammstical but .
nonsense; 3). Semsible but -falae; &) : True. : He then -argwescthat .. i .zo
the crxucial semaptic distinctiom;liea hetweenjthe grammatical deckara+ - oniz
tive sentences ‘which are nonsense, and ithase which awe significant 1zu2fs bro
(but may be true or false). Any pair of monadic predicntaéx‘-l‘l,':;@iwwi ERTEEE
are said by Sommers to have 4 gense valugiU(P R ) ckf there exigtse:iia
any significant sentence conjoining -them. Otherwise. tiey have value . .moo 2
~ U=N(P1 Py ). - The, U-relation is symmetric and is; preserved uhder :::
certain logical operationg:on: its arguments; but it ks not’transitiwei,:.n<ils
A stronger relation Q=P is true if "ofi«{what ie): Py it:canbe: shgnifi~ [ i
cantly said that:it:is Q...e.g., PPrime mihister,: Qreguicki'.:Thip: = 5. 28
permits the arrangement of these 'monadic predichtes" into: & simple - !5:3° -
tree, where gll words:in the same meaning: slass.e.giguralls colors;sok! v
a1‘1 words describing: weight, occupy: the:same oedei.iiiw ~r guiios’ Go e

My main objection: to.this werk. isidaiwhereithe important.distdnes:ii; o
tions lie:. Sommers would argue that "The idea is alwaysigweenal dis '« ..
nonsense; - but '"The.yellow sky is always- gréea";is sensible:{simce gky '
may have-celor, "The sky is blue'" -and "The. shy isunet biual-arev: Lizoua. .o
significant), although false. Note:. that "Ideas:cannot:be-green"
would bg;eogsidgred,,noziéense~,-raghex.'.atheni.»hm’ne;ssbyf_;Somexs..»z I feelovther:i: .=
distinction-between nonsense'. and . '‘sensible a‘but:‘::ggh_.gqgquezrof :the real oo 2o
world" is not precise enough to:be a basisifob a cemputer:spepresentavian o om

of a semantic system. :SIR ig coneemedv:wizbh:ﬁdedxiecwongMSSGmQ’Qu&mf‘gs
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froiva given "body of Efateménts; rathier tiiin Judgémetts ‘of norvernwe"

or "senlible." A B fHoods ay ol
SETUIU L VeW Lo d s e Gd o FhnO LAY Duians wtil St

In summary, many schemes have been developed in thé 1fteératire for- =
formally d&fcrfBifp “tHe -senditefc propertfid of tirgddyé " Sone of ‘these
were descriBdd d66Vé: MWost Gf thé dchemés dfe vague; "dnd “dheHdugh~ = ° " 11
Klein's and Quillian's, among others, are being programmed 'for éoipuﬁ‘ér&,
none ‘¥ tifd ‘predently adii fdble demditid ‘$Vscémé Huve Vedh ‘developed 'tor " -

the point where they could provide a usé#uf ‘basfs fo¥ Ubhputer Muider- '

standing." However, I have used somé of the idesé L&l £1

systémi*iﬁ“&ﬁl‘é’p{’ﬁg ‘S’Iﬁ & ?rﬁé iM o‘ff’é&ﬁaéﬁt‘iﬁg‘ Miﬁg b’y ‘Jm“ﬂ

e himgtatiaboy

asaocuefoﬂsﬁiﬁmffEﬂMy imﬁbrfgﬁt £ i ff,ﬁmwﬁ T%m “

P

GGi3158% Sesd odl 10 Aot TN .
tion uséd lif GERI T U sl 07 5
R TRRS LN I TN 1184 3R S TR BRI SR S SRR Ol 0t I S R OSSR O T
B. Hodéf’é’?‘ Peoad e sl e .
Theé KSIE e’féfeﬁ *1.1se*:_§f“!ll s’pﬁqit’l &i’t&’ é@i‘né‘t@re ﬂ?ﬂﬁ;’f_éafl tl’i’é N
e g e = Tgos. 1 i
"mod€T." VPhé& poglai Féfers’ tvo t:’hﬂr %f*\mn : ?PTf)t Wit %?offfé*bf
retrieve %ex?ant”i]cs_fpformaktc:iqn. The purpo;e of thi;héjécéi';on"i‘.s to g:;!gllai!ni;
what I,“féff B‘j‘ tﬁ érm K | ‘
o et
~ousen adi

1D loved

1) Deﬁnition' The term "model" has been grosslyeévérw\iﬁé’d tmﬂ
it does t%rf:”#e&ﬂ é@%&ﬁf ’ih*y g&’ﬁetifly %d%%ﬁﬂﬂ‘éﬁ’ (‘—1‘&} ‘Jer

L2 IamoR R R RIS (TR S BEET Io 23 ST svhel
purposea df ﬂ?fs Wﬁ, T pﬁé&‘ﬁﬁt t‘he f’dﬂ:&vitrg &ﬁﬂﬂ:ﬁ?&. - :
D el i TR B3 W E ’“1.;“ T Siee s

A modét: ‘fuf an %fciéffse mv:hwfatwmg »praperms-u
E2] T A lr‘)a z SR
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a. Gertain features of the model.correspond .in some welldefined way. .

to certain features of Xx. Nonidineant

4
45

b. Changes in the model represent, in some well-defined way, corre-
sponding changes im X... . ;. .. 4 a0 send samodne woem v esmon £
¢, There.is some distinct advantage .to studying.the madel.and ;... . -

effects of changes upon it in.oxder to learn about ¥ tatheg ®ham, ... ...

K 4 FEE Pk

studying X directly, .. . . - .. ce suiis amems ce'asillic0 bas =iaialy

x may be any of a wide class of entities, such gs an objegk..a statement . .

in English, or a mathematical concept, .

T T. o LT I G ) . vy
colverg Bluos vy suadu dning ady

2) E__xwe‘sc ; 1 Cobhownr Toosmos basy avid 1, Yovswol ”»;g.’i.{i:";tﬁ‘ﬁ‘i
i) A small-scale wind-tynnel test-section .fotparkief #naivplane is.a ;...

model for the actual part because aerodynamicists understand how air

flow around the test-section igrelated taadn fhaw @rouwnd AR actual.; q.x
airplane part (whose shape corresponds to the shape of the test-section

in a well-defined way). An obvious advantage of such a model.ig:i¢g,, ;-
convenient size.

ii) A verbal statement of a plane geometry problem usually includes
statements about line segments, connections, shapes, etc. The usyalg. . L8
model is a pencil or chalk diagram which has the geometric features

described in the statemeut. .. The advantage of the model ig.that .19y

conceptually easier for people to interpret geometric relationships

from a diagram than .from & vegbal statement, mhich:is pRally pu @ncoding .

of the geometric information into a linear string of words.

BT w0 004 et w0t g senatiug od T Lael demrolal aidasssz vsiviae
iii) Problem solving ability in human beings has been modeled by a
compytex, pragram developed by Newell, Shaw amd §imen (28). . The modely ...
can be improved by modifying the program so that its external behavior
corresponds more closely to the behavior of people working on the sgme ..
problems, The advantage of this model for behavior is that its internal
workings are observable, and hence provide a hypothesis for the corre-
sponding mechanisms involved at the information-processing level in

human problem-sQlving. ... . «~o ol lshow' mues ady ioGiagnitad (I

iv) Legicians develop -and -study .formal ;systems. . Qccagionally  these ..., .
have no significance other than their syntaccic structures. Sometimes,

however, systems .axg developed :in qrder o gt ,g;l!’e ‘Wgét%& af 2REngLUg

external (usually mathematical) relationships. these occasions one

says that statements in.the foumal. system coprespond 'yadex standaxd .
interpretation" to facts about the relationships. The model for such a
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formal (myntactic): system usimlly tomsilats’ of sete of bbjects which '
satisfy our intuitive notions of the '"meaning" of the original relation-
ships,- yeu shiae propertish: coryhipétd ¢b cdrtalisefontutedcofehe 2 mui ¢
syntactic statements. Thus one may study the abstract formal system

by manipulating a model> wivieho haad inthivive wiantfiemhcey @ Bebntiesy -io
in mathematical logic, refers to the study of such models (6).

There may not slways be a clear-cut distinction between entities

dedipnd Mo tneoooust Ishom g el owminya s Toosvels nobdgmanind AT
which are models and those which are not really representations of

a3 mo T barosidvs sd fet O05dw aoldsmioisal edd senesal Be00sinoc

something else, For exemple, Newell Shaw, and Simon's problem-

F3veli ood Biao, N RS AT IS Sw o tEnlieb-tlisv s ol aboossiiues

solving progrsm discussed in.ﬁii) above is truly a ggg__. in the sense

nonadrse add o mb Jidslisorn shwmmooint 37 g ropal 3B (00 L83

defined earlier, only insofar as it is intended to represent human

' \;l gy ol delensn sf3F E¥<H 13w o dnbomr v odone To HBEBINBVLE HE S s

behavior. Otherwise the program would have to be treated just on its

sl oy T add Sluow g ascdd labom ool w0t aoiosatoral besieoob Jusidxs ok

merits as an independent problem-solving machine.

wlevsh mosy sved e dnyr pabtewesh-ao! desoD L saaiaspee de D Iasd anslgoe

Copvisy D9V iauk svEd Holfs hae ziobowr 1o sbrsd euolisv suu dulidw Lago
3) estion-answering model: In designing a question-angwering
-4l aus pmetsve dove 10 s29.qmeExs wond-Teso AT Lzeuuouz Lo eaoig
system one is concerned with providing a store of information, or a
np Bavy Isbom ol To ouoinurias en? cidnes zniwsliod add Al Lozausu
mechanism for developing such a store, and a procedure for extracting
gias 1o 110 wad34sdl ab boseeuseib 2l m9lave sflLuaWaAS-AClI2uyD weno oy
appropriate information frem that store when presented with a question.

LIDGLY

The store may be built up on the basis of information presented in the

form of simple declarative English sentences, as it is in SIR, or it

L RIS L A_C.' CalguannA-noiies f"\‘ e TELRD e
may be a prepared data structure. In either case, it generslly contsins
Fineoy bro vwis Ssocw gms o rew pesd evBrl amBung L I8Tug L IR mved

information which people would normslly cownunicste to each other in
gt oanead Foosaon 4TE in sacedt o3 beislor imdeamez 5B

=i

English sentences. I consider the store of information which is the

SBIUEGIOL D BN 3 fiidns ~ 0% Isbos s 8980 2mSsIs VG R IR

basis of any question-snswering system as a model for any set of
Gt g Lot Tgnmnsy smas w41 437w losb modd to sson bou o7

English sentences which contains the same infornstion. 0f course,
QUEIdEsIeIal nosInal sud smodeva sasdy e dugs Jrsvowod  JHI8 58 Toilen

"information contained" refers here to the semantic content, not the
CALE . nnieat sdy bosasulfes osved dAolie 1o eresn owuTordu]

number of information-theoretic bits. Note that, due to the present

vague state of semantic analysis in natural language, the most effective
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way of discovermg Ehis 1nfﬁ>mt.1ﬁm sentent: afesl m@donﬂmsmmimz Lo
i At G slzen eviiiu ol iuc i:?%'sa

system s s&sre: of ufermtisn is &e m,m —syatmm qm&imras’--.a.i:fs

':'az.. )

ESFATE N SRR woodr voude vem s eedT Letrmm¥sin oPIos ey
and make suhjeztlve,iafermes £rpzn it8: pg;sfoswmesr' % e
) s eI IS B2 £ - SN I3
i BT voFauenssio s o9d 2¢s e ousm st
The 1nformation store of a system is a model for a set of English
TR S 2 Piaan dor sun o doide seord Los s L6 s
sentences because the information which can be extracted from the
I T S SR T Tawail .sh;mw wat Lesi o ooaiiaw
store corresponds in a well-defined way to, and in fact should be 1dent1-
S IDe T T st oxi osvods (JID ! bsgenserld suiao g garivios
cal to, at least some of the information available in the sentences.
i S S L 2. YU oap Ysiosnl ’“? c¥siitas s ish
The principal advantage of such a model is that it is easier to identify
¢ tmevr o] st Bloow msrnoig edd seluiodiC TS

and extract de31red information from the model than it would be from the
o vie-msldorg dosbmsgnonl s gF o2ild

complete English sentences. Question-answering systems have been devel-=-

oped which use various kinds of models and which have achieved varying
P At i@ Lamieab ni rlsbosm galvewent-acliesul f
degrees of success. The best known examples of such systems are dis-

SO S TR s I dg e nRlbivoiy Aty bapue ooy -0 o mntave

cussed in the following section. The structure of the model used in

v

".Jlu IR A R caG i Bonfig Jouols & dooe Tr;l 'z\ TR DS B VE BT R ¢ SIS R
my new question- answecing system is discussed in Chapter III of this
R SPS NI ST G cate cunde el aent noldserolnl oL T uuaes
paper. “
i LR : Powerowivadd i3 omooan ol : ARUS ST Y
! ; c ok Rt ik Loofe ale ol o S i
C. Some Existing Questlon-Answering Systems.
S ISARGY o L e A SES- ke ol cotpdanide Risb boaveos ¥
Several computer programs have been written whose aims and
ETINES S Roeiowenens whiisgmian Sloow ofqosq drbae oodsamvoln
are somewhat related to those of SIR. None of these "question-
T Sl Uk o counete ooatr tabhranoes | ARG e
answering" systems uses a model for storing arbitrary semantic 1nforma-
T iag vak il SR WSl n Ve GHITAVBAS-IGS Tnoup (04 7O aluEn
tion; and none of them deal with the same general kind of subject
‘ R TR vooosarge ndd o waiBdres g0 aop ineme crrienid
matter as SIR. However, each of these systems has certain interesting
oy e Favee e o2z o3 osved zuoist Mheaisliroal poidee ouot”
features, some of which have influenced,the design of SIR.
Soreoone o et oy st Sesil i ertd chdsteudd-oslserolnl Lo ysduoe
‘ . B
i 5 SLotininne ShE L LI
,_,"1‘._. i e :
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verbal English questions about a set of baseball gumes. Emample: csdei]
input: Tol e AR tdlus played tn 8 pledes dui JubyPM s oo oo LT
output: CSEURTR S IFOLP - uol o L s LBt b a0 bismogmas or o 1 e
m%@}.,ﬂf‘q‘ B ot : SR SO T Ainsenis oI, 3 ERPE A PS4
R m%ﬁfﬁ(i’ﬁ' 3¢ YANEERS , "TEGERS | REDSOX. /& ooonni:l 27 =1 s
The stwred “Tfommation ((wedely vonsistes cof & Tligt~stivctere soomvatsing >« |
all the reélevdnt basebll ghde results arvunied sccovdiwgito a poe« is.. .
‘-Qelected ‘hierarchical format. There is néprdvision £4r sutonmticatly - -
modifying this model. Each question is tramslated into a specification-
list with*the Sesifed infordaids pipsudanted by Blasky, Thid dpécifica-
.tion-lii‘t’ 4 St Nl ‘ideolved -agdingt the msdel ;W Blmike ‘L1l od; and - TRt
entire Fini] cepecEFi@eionlivt cprintad Tout. N6 “atteupt [ L¢ ®ide To 15T
respond in grammatical English. | chnaansE el Tgid
The bulk of the program is devoted to the task of tranglating &-:iisxa
éue‘stion sentence iato a spec¢ifiledtion=Tisty I THIN Poquiteslosking up gl
words in a dictionary, {BERELHjing 1d1hks i Perferting Ftandat toat
consiste i a set

analysis, resolving ambiguities @tc, ' ke
of entries for each word, .such as its part of spleN; Mot the wopd .o
is part ‘6f W idieu, aed-its "médningl® Mdaming," wirich omly dppedts ©ii
for certais words, Fefers to & cdasntcal translividn of thd word:

within lelvé GonEéRE 6f ~tive sprogram; “¢.g. v Wha wedning :of Mwhe* 1is. > 7a
"Team 1" = FHds ‘Phe dpecialized natare 5of the dudfect mitter ensbles. 3 i

simple i ‘ad-hac Provedurds te solvérwhat vould vtherwise be very difffecule

I AT S SRRl 2 B
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problems.. -The model consists.of a fixed etructure of informakien. ' |

arradged &0 -facilitate the precess of filking hlauks iw-apecifications,, ..
lists. T St Tl sy Ga w Yool germirasuy rusaaod feats
The '"Baseball" system gives.the ilklugion .afi intelligeat hebavior ...
because it can respond to a wide va;iety of English qgggtﬁoqumgms.:iﬂgéii
However, a limited amount of information about a gpeﬁ%figﬁ?ghggqt
must be pre-arranged in a.fixed deta. gtruchure;vand ng}dﬁg?ngqt lend
itself ito:hievarchical ordering. - Such :a:scheme eannet be generalised . ..~
convenientlysto handle the larger variety.ef .imformation which is, ... ;:.

necessary :fer a truly "intelligent'' .8ysk@my ... liorinue b0 b ouien

ISR SRS RV B DAY 55 PRREREE LTINS PR A S S L O RS R 1

- written im the ILISP programming language, (23} 2R ¢REEACHLY AREWeE -,

certain simple English questions on the hasis of & :eerpus of .simple . . ...
English sentences. I D O e T
Example: . . , e T R PR I IO SRR ML SRt
inputt  ( (AT SCHOOL.JOHNNY MEETS :THE FBAGHBR). . . ... - (. & ~ai-s i
(THE TEAGHER RBADS BOOKS..IN THE CLASSROQM)) .. ¢ i it . 0 b
- (WHERE DOES THE TEACHER READ BOQKS)  : ::oy:dus o v:
output: . (IN THE CLASSROGM) . ' .. oo oo doae
The model fox :a semtence is .a.list of wp.te.five elemente:  subjeetssu. .
verb, object, place, and times,.-Thia model is constrvacted .far.edch .. -~ .
sentence in ‘the corpus, and for.ithe questien (whene-a:speciak.eymbol .. ., .
in the .question-list identifies the unkmowd: itém}e.The questiton+list ..o

is matched against each sentence-liat-and,(if #n appropuiately matching. . -
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septance is.fiound; :the ‘,mmtf:epky vhe emtoacted fremithe odrre~.:i . .
sponding -Aentende iu:the original:edrpuse’ . . oo e do zeomiiiian
Thiis . 1sa cprimitive system i sevéral obvigus veepects::mny . i A
inﬁem&ignsim a /sentiegcs ather than the iftwe “Sbxeic ;elemedts, end 2 -
any sentence bich cammot -be anslyzedy tmmoud g brithve wordw Aa - thed:
qmtﬁan et e mm&y the same .as those :in imﬁom;h
q'nestion must be answensble on the basis of & single sestencefrém.
thie coTpue; - and otia madel for the antiitecerpas mist i suercled !
lineaxly fori ke answesr to each gwestio.: thp the Hdew iof & ©.i

model; sthich is craated and extended autcmmtically ws wew sentendes - .

are added, And uhich serveq as sn inteswediary fovmato Reslbt ottt <. oo
finding awmers Lo empmm ie an esemit ial: fepture ofimn: drntelbds::

E‘lewf‘:m systeom r- and: i the important: toneyibmtioteof Do lsoiba
Philidp 'saordte:  “coious o sou cnoCReoo o Sae L auq¥nn sidoagtl o vIlesidenm

W | P : - S BN L I S IR g H MY TIha g
SRR i PRSI G i RS JRRIFE SRR SCRRUPID IS IS SO AT RS B 6 B S RO A E A Y

3) >SINEHER. ! (38) This proguais,s written: tn:ths JOVIAL programiing
lmgum £37), chn answer. & wide variety of questionsd' aeet: inforwation:
gmind.nim; & large: corpus: of sisple netmrel English such-as the .o
m; ,,ﬂ,j_}'mm“s bhizde et ? . . 1P _svehesos prrooon onaidennn 20
‘ R the encyclopedia): :!'Worms: awe eagem: by bdrgeil: v vIiu- b

gutput: "Birds eat worms."

The proghem clesadifdesiall vordssag eiy ,
structursl {synksctic) signifigemce: (4ig\)" the, duj do, uhnt)sand: 1000
content words, which-bave samanticisignifdeance. (Wﬂ&tgwﬂum&ti SR

words are any words which have not been chosen as function words).
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Initially the corpus:(the encyclopedid):=is. indexed-withirespect toall::
occurrences of all content wordsziThis tndex:ocedpias about the Fdma ¢
amount of ‘space ‘a8 the corpus: itself.. Whensa-guesvion:iszyasked,-thé
system. selacts these semténces from the corpus whichrhave thengrostast:: '
numbax; o f: .content sords cia commen with «the squestiows = Abithispoiat- ~un
elaborate :grammatical analyses are used  to.determine wivether :any rof ‘the -
selected sentences provide an answerdtorthequdstdonsns «f Juum Loljiasop

This: system daesn't use -a moddl st -all; othd «temp bele corpus is Kept!’
in its original form and referred to; hen necessaryy through the luge !
of an index. rSinee: the information: s sot: pre-prodageed into @ more - om
usable form, dha grameetical anatysis: requived @t the! tiise the question: s
is anaweres: dsiquiite compliex. Recent 'velsited worile by Kleinw$9% 2o.ooil
indicated that, some of: the vules: of the grammar can b developadratitor s
matically from the corpus, and information from several sentemces way i
be combined by use of syntactic methods to help answer questions.

. My feeling is. that' the word-redatdons: being demelbped B theke « ¢
"dependency- grammas' methods: can be: digcovereds moxe: mmeily by heang .o
of semanti¢ analysis,: and: they woarld ther: be more datuitively: menningful:
A model based on such semantic relations: sewid sigpifieastlw siepdifyi:)
the question-answering procedure. SIR illustiates:ithe feasibility of i

directly storiag:aad. using semantic-adlatiQmei .. oan o3 o s uiduswag

iR £, A O Rt s NS T T Ta
E S0 & I S VR S NIRRT SR BN
s WG AU

4).EL
Semantip;Anplysdog Machihe.” (21):Thisopregrim; writtea 4 the IPLsV o7 ie
(26) ipyogremping: language , -accepts:ai: inputcmny seatedceddn- Baste 75 oo

.Senteade: Appxaiser-andsDiagrammer; aadzoia o7

P T . P [T R CR B RN o L T LA SO o S AR = B Rt
PRERECE FI S A LR s RIS NP RN S DRSS R | Sl el ol SRS wTE Sl
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English '(30), extracts from it any lnfotmation concerning ﬁinship, ‘
and adds this information to a "Family tree." 'fxemple; ' |
input: "John, Mary's brother, went home."
gﬁfﬁgﬁf*iaiﬁé*iﬁﬂlﬂiri*xféLf“g’EL
they are represented as descendantﬂ“vf”!“iuunﬂn“ﬁadéztﬁ"tkE“famtfy oL

EIES>]

‘ Q‘EUIlen"!!f“of*plrenfl"w**f e.,

tree. The gremnar is sufficient to ﬁan&ie a couaidefaéle pbrtion of B
n‘t“fﬂl Eﬂsiish in recognizing family reiaEionahipa. Altﬁough ‘the :

author does not consider Quecﬁion-answerlng in’ Eetlil. ft 1s 'clear that”

the family relation information s tmmediately availablé in the tree =

model and specific requests could be answered almost trivially.

Thiggsygtgg iiluaﬁratps thg effecpivggpga(ggug ggéei 4qg§gqu
‘very .specific fagk. Lindasy daeid eijin”?vaﬁsm glm by fmﬂy

relatiquahins vere of in;gteqt, agé gkﬁgriga gﬁgtj;%grga}s a»fdgéréit jSg

then vhatever relevant’ informatigp X
ma%w&w wee processed into rhig medely jeayingarpctioatly | . .,
nothing to be done at queatioa-unggeg;na time, oo TR benct ) heoni edd
. Unfortupately, different. forms .of "ﬂﬁtutql" mggelﬁ are needed . .
for diffgrent kinde of information, In e WoTs genral wystem, it .. . .
é‘isht ;be possible to use the best ayailable model to weprpsent, 19@95-‘-;:; ey
éﬂtion«f% each pubject avea v-g.g., treeq fox family vglations, .. ...\
Cartesian coordimates for spatial .relations, perbaps just the original
text in,arpas for which there is po obvigusly bgtter representytion;.. .
but that would be a confused systes vith tremepdoys oggenizatigeal . . .
problems. .The SIR system Ls based qu 8.sipele model whith captures . .

igome of the advantages of various specific models thle-perm;nggg P




30
uniform processing procedures and permitt}ng the storage and retrieval
DR R SR R CUEMTGERL ZOn T L mel ST T A A

of arbitrary facts which arise in humgn copversation.

coemerrt v

rogram for the
5 HEEEIR +ATRN D e

into the notation of symbolic logic 12 This progr 3 written in the
,‘y"..:,_; " SR UL LRSS £ 6 ) B % .‘ am

COMIT (34) programmgng language, tranglates certain Engliah riddles
into a loglcal fqrm wh1ch may then be tested for validlty by another .
program, wr;tten by the same euthor whlch applles,the_Dav1§ Putnag

proof procedure (13) for statements in the propositlonal celcglus E
Example:

input: "If the butler was present, thep the butler would have been seen,
and if the'bitler wds seen, thefl’the bit1dt wbild Have bedd- questianed
If the butler had been ueptioneg the the butler would have reblied,
and 1f thé butYer had ré piied tHén' bttt 'wonld Rave Bedd ‘héard. "
The butler was not heard. 1If the bu 1e£ was neither seen nor. heard,
then thé Butler must hidve beén o4 du Hiid' {2 ERd " Dutler ‘wis” o' duty,

then the butler must have been pregent. Therefore the butler was
questioned."’

o”
output: [[LM] A HSN] A [NDP] 5 [PDQUANQA I WMAQIBRI R [RSLIIDNT
The input is typical of a type 'of probiéh which dppears ini élementa#y & '
logic texts. It hds béen pre-edited t& p¥rEérm certdin’ctaritidations
including removal ‘of mbst proroufis and inséftien of necessary mirker °
words “8ucH ‘as “then." ‘Thé program transldted this input, by ‘meéans of =
dictionary referéncés and grammatical analysis; into the model, which”
is a §tatement in mathematical logic having the same trubHivaYue ag -7~
the origindl Engligh statement. “Thé “quéstion" 'fr these problems"is’
understodd to be, "is this argument valfd (i.e., néessarily trus)?™,”
and the' anbuer car‘be obtatned by applying establishéd methods to tHe *

logical modél.

gt
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“A8 ‘i Lindsay's kinship system (&) &bove; Barlington"s program
takes advantage of & wodel {ddkity sditéd td vRE type 6f peblem i <
involved 'and advafice knowledge of thé onfy-possible questions " If one
considéts the possibility of ‘questidns suchias; WAt ‘W the océupas ' 1
tion of the suspect who was questioned?,' &f "Whit wik ddue ‘to dWe 1"
but YéFT* > itheén the ‘domplicated ‘process ‘of “tFandlaring €he lcorpas into
logfeal teriis would Hot be of afy-ald A Finding inswérs.: Only &
small past 6f the “infofmatior needed for *fhtéllifent Betinvior Edti
be expiedsed i the propoditional ‘Caléubudss REwilT be dtacussed P io
Chapter VI, even a version of tHe quintfffedtfoial calculusfs mor =°
suffiéfént ‘to ‘formalize the convérsationst abibity of '$IR; W Procedursl ' ->F
langudge 1§ aleo necessdry; 01 & : z

S TELD
6) Bennett's mu;er program for mgg gggm,g‘ )': ‘I’hif!"‘-f»i R
program, writtet s ithe ‘COMIT pPrografitify ‘Eengilie P WEIT acdept ™
informatiow and dnswer questfons framéd {in t*iufl m&% ’o‘f"ffxe@ ‘

PIREY [ IS ot

fomats. Exam;,:le
‘ T UT S R YA IENEN S £ ¥ RO L

inoput: DOG 1S ALWAYS MAMMAL. SE
MAMMAL IS ALWAYS ANIMAL.

WHAT T8 WLWANS ANIMAL Q. ~  ooar a7 URE gw cvaw o
gggp_g_g ” MAMMKL ‘TS ATMAYS ANTMAL.
The input Wententes mist Bé in one Sf Ffive forvats (e:g., "X 1S ALWAYS
Y," "X MAYUBE ¥, étc.); @nd ‘only ohé ‘Gccurfente of edih fomit may
be held trué at one time for aty one ‘ftem X.  'Mits input information fs
translated into the model, which has associatéd with every ftem X each ™

corresponding item Y and an identifying number for the format which set
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up the.correspendence. (The model astually.consipts of linear agrings
of tagged entries, as is required:hy:the COMIT:language.). Similarly . ...y
there is a small number .of allowable question-formats, each associated ., ;
with one of the ipputaformats .and xesulting in:a particular.class of; ...,
entries heging retrieved from the model, . . . .. . ... ... E et o giphd
-The major .fegture of this system, which.is also the basic ;featurg ;¢
of SIR, is that the infoxmatien kept in the.mqdel-identifies paxticulax. . ;
kinds of sgmantic relations hetween particulag words,:.Questions axe . ...
analyzed with respect ta, agd answered by :refenring te the model.fox . .,
information about, these samq xelations, .Puincipal.shertcomings of .\« 4
Bennett!s system, which I have overcome.ia SIR, include the followdngs i

1) Relations are identified with particular-fopmats ratherx TCRAR s
with their intended interpretations.

2) Logical lmplications based on the meanings of the relations
are 1gnor,ed. . \ ¢ ‘ erralon Cyvr v v CEBIEOG YSILT T 8 foain (i 5

L PR Tk

3) Interactions between diffgxent xelatioms aredgnorved. . . ... .q
4) Its string repressntation makes procaseing the model moxs ;.

difficult than necessary.

ifn [ jl\f’l’f&}@
5) The user must know the form and content of the model in order

to make changes to it. Ol 2NALLTA ST 00 YRS

il

L : Y
B e S A e d PR

In summry, several computer questipnranswering; eystems have been
developed to solve special problems or ilduatnate mpecial ebdddsies. .. -,
None .of.them constitute a direct approash,.to providing: intelligent. -,
"understanding behavioxr for the. compuketsiAlfhough various fores. of:
models are ysed in the exisking systems.,ope. repregent semantig, xrelam | .d

tions. in an .intuitive. gemeral., and useable way, , The.SIR modek describs

SV N SRR ST L - SET 1 SRR SIS LGN B L e
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in the next chapter provides the basis for a system which is more power-
ful than any developed thus far, The system based on this model can
store and retrieve information about arbitrary subjects, make logical
deductions, account for interactions between stored relations, resolve
certain ambiguities, and perform other tasks which are necessary

prerequisites for an understanding machine.



34
Chapter III: Representa%ions for Semantic Information
apeinva e et owresd ooy oaeblivong vergadn Jren odd ool
UThe” STR model 1s” the cé1leet ol of Fata"Which® thb” SR Prbgrams t&h
i ¢ HdILY; " 4n

refét to i the coursd of qubktibth-shswering. "1 1s 2 ¥
thé Senbe that new' informatisn’ cah Caubt aitomarie’ ad¥itiths 10 thathge
to the datd:” In addition; M4d & hhaftlt’ Hod¥l; 4 Hhe' SbiEe Hit the
data are organized in a struéﬁfﬁf{g%‘ﬁ&%hﬁxé’gﬁgégﬁfs”?he’ﬁh%a‘%ﬁilﬁgl" 5 OF thet
English sentences upon which the model is based. The purpose of this
chapter is to describe this semantic organization, which 1s reponsible
for convenient accessibility of relevant information and therefore for
efficient questidn-answering.

Many kinds of "semantic" models are possible. The precise form of
the SIR model evolved from studies of possible word-association models
and of the semantic systems of mathematical logic. Its implementation
was influenced by the features of available computer programming lang-
uages. It is only capable of representing a particular group of se-
manticcrelations. These factors are discussed in the following péra-
graphs. Chapter VI will present a proposal for future expansion and

formalization of this model and of its associated programs.

A, Symbol-Manipulating Computer Languages (&)

Programming the SIR system, or any other elaborate question-
answering system, would have been almost impossible if not for the
availability of symbol-manipulating computer languages. By taking care
of much of the necessary encoding and bookkeeping, these languages per-

mit a programmer to concentrate on the more significant aspects of organ-
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ization.and repressptation. necessary fqr Rrekiemnsalving, o 8inge the .. . ;

choigejofaa ar!belwanatru;atiasa&aﬂsuissxgquQEaisaqxtsas atep.dn,the 1.1
developmeot,of SIR, it sesms worthewhile te. dissnss shis c1886.905,18887 .1
uages in gows detadds i oo Lujased lo emsldett sy dibw tswmsiyosg s
Historigaliya.the;dpte used ip.qomputsrs-haye been.numerissls in.q, -
the, farp. of . ALEheR, BuBbEEs. or, Fixednssze,ve5E0L - 998 AT59YR 0 f Jumbers, |
Question-answering and other areas of rggept computgy regegrab Yequire:. ..
the uge;a¥ symbolic-as well as numenic desa, 89¢ it ia;§requently desir-
shlestaotransmit; information by means ef.thasrelatignal SEFUGENTE-88.:, .3
wedlascthe. symbalie contens Efathefﬁﬁﬂaﬁgugbg{%.§‘b935‘5ﬂ§9§;5§§§8353s@;;
or)lliiskmprosessing! ioomputen languassy Bsve been.develapedtao-handle .1 g
ﬁh"ﬁuQIESﬁglnir9§9l!L§8q§93§Q-nuéﬂs5!@°§ﬂ§nﬁof!0t5§eaﬁilHb@qe.12§!PZUQi3&
ages ia:thatk cawpulier mewsry,spacs:forndans;stzuativies nond nat b8 - : 1o
Presaneigngdi storase: far.sash shrnstuge tavedloasted suvonastcally. .o oy
as itailnﬂﬁeﬁsﬂfsm?b"a‘d!yﬂbﬁL6!!83Dﬁlﬂi&ﬁﬂﬁlﬁafugﬁ!dlfg89b‘TB§°§§§@E§§03
& povesful met of ikeads. on describing BEqcensas whish 6reste, .Wodify, (.
search, or otherwise operate on arbitrexygameunt 8, 9f, oysbelis dats withs .,
out -heing.copsasnnd ;with the iphenent limitasieus oz hesis numerical
operations. af.the, computey being . useds. g1 yoitmmswyotq 10l aseods coo ol
1The 908t widely.ysed. symbolraanipuketing Soupyisy languagss.are, . .-,
IPh. €252, ;POMT:€33) » 1999 LESE £23).¥.11FL» cusedodn,hec Beashatl" and o
"SAB1SAN squestionsapawpring  aysteme described in the proNigus ghepteryz

- % See reference (4) for definitions cf 148 ; :
detal¥edt AebcPipeioRS and eauparisons ST EREFETYingadghs) sorv oty wod ¥
gg 4

.aageunnsl seodl o epesizsques bns smoiiglruousb bLelipisb

T ST e T I 3 A R g
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is one ‘6f the 6ld edt i SyniBolumdnipulating tanguagds; ~~“THe Basté dnfra of =’
data ‘Ubed iniIPL dvé’ITet sEruebures® e6mposed 'of 'IPL  symb6lss -ARCIPRIC:™
program descriBbes Symbol- manipuldtioni it d veryibasie level, Peavifigil-v:"
the programmer with the problems of keeping track of stérdgdé used, i 2ois
symbols assfghed ete.’ On' the dEHéF hand, dt is quite eaky’ tAlIPL ¢
build ‘up*“@laboraté programs dut ‘of ‘6¥mPlér processes dnd té-manfpilste
arbitrarily complex 118t ‘structdPes; 10 25750 a0 DOw L ofiuwmanie gt
T:EOMIT was originally desighédlto be'd cénvenient system in whiehv i
to proceskifiatiural lafigedge, -and was ased in 'two 6f tHé quesEion-dnswering
systems:déscribed’ abéve. - Although"COMIT 'isia genéfad purpsweé- syMbol mantw
.pulatién“systemyJiﬁfisube%t‘suitéﬂ tozprablems  InvetVOing. steAgR mdRipulsc
ation;:Egéé,ﬁpréﬁléﬁs1iﬁfﬁhichﬁéﬁébéiéaﬂéan‘BéﬂtépSéééheéé¢iﬁ4thé?i6rﬁdﬁd7
of strings of symbBola 'without-inteédieing afidueTconplivdtion into ‘thé = .-
processing algo¥tthms.” ‘Yhe:COMET 8ystem i pPovidesialstuple yet powesful
formaTisn- fér descifbing string hifdpilaetons; “Thes fdFmalian cénibe ’ -
extrenely tiseful-Fdr describing p¥ocedares,  sich as- parsing, ‘whith opeye -
ate ‘on Sefitenc¢ed 'of natural TéEfigHage. v 0 GIoTIUC ARI@EOdT o i as s
LISP; the' ldngaagé used in-ofie’ of ‘the'dbové questionsanswereesiand '
the one chosen for programming SIR,was“originaily désigded to'be d"for-s
malism usefdl £6¢ studying-themathemdtieai properttts bt fincetons of
symbolic éxpréssions ‘as well-as-uséful ih-4 Pradtical programiing syastem:

LISP programs tonsist of fanctidis, rather thali”sequéneces ot tnstricetbhs’

i bbbt | 1,10 ‘,;»;;_5:\'_}1m_‘;;,;,% P {.433 BRSO ST AT NP S
* See reference (4) for,defipitioms of listaproceseing terms. and more .
detailed descriptions and comparisons of these languages.
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flS

or descriptions of: data forms,. . These functions map symbolic expressions,
into, symbolic. pxpressions;, the, basicform of # LIS, symbdlic. expresgion
is & bhimary, treef.sdeh, coniapslly he used £, repramens, list, structures,
when nasesaary. . The organizatiop of LISE, programs into functions en-
ables; onq. to; describe slaboxate rpeuralve txee-gearching and list-,. .
structyrermiiding operations, simply. and, ronpiagly, . Reasons for.. .,
chooging LISP as the language for, prograpming SIR Jipcinde the folleying:

13y Pilfiee TPLLESP GEfers sderdl ¥l gnil fivalit: Proframming comc L -
‘veniences such as the use of mnemonic symbols and the automatic main-
tenances of available storage. cereviens Isobdeamcns oo Lawo

2) Unttke COMET, 'complex triéee ad Fhpt'seruttirds ' whitchi !
frequently arise in the chosen representation for the model (see sec-
tion ‘DY < ddi 'be reépresenteld dLrect Wl BESP dutw, | o0 rolvaio el

3) ‘'Mie ‘TESE -forih Frety /£ Dt ciil ey Wetl sult &b for desord bidig .
the recursive tree-searching procedures which are an important part of
the m ('BQ& Wr v)" v oad bleons molidns :L!“E”z‘n ot o 50T (i

Dloosde aoidemiotad baroodn el sl VATE Fue ) Ceiisv o able oo

In atf'learfier xierffw of SIR, mm um as wcpnetmmww o

)?“;'q
translate from English sentences into a function form better suited for

serdz UL O g6 iehsaniup =d3 nl bevioved jyciis ol {(ii
Lﬁm fnput P &wév?e:», 3sih€'é tm rmmew Mlﬁh’g mpubrpiudmw S
| D ek Jlebow nnir omox LVAETIE R EYG T LG

finally chosen (see Chapter IV) could just ﬂﬁ”&éh&&&*ﬁtuhanﬁledﬂ&nULisr

the -problems of a4 hyprid system yere avoided, by convexting everything . ..
to the LISP language.

..... 3 14 3 20 $i
4 T ¥ 2Ly cres zhucl
Wp;d A.“pcuum M&L& P RETC TR SOl YRR B STy 1 Poope, el gy ‘( Plonca. copye

The variety of existing question-armering WWW in the |
previgus .chepter. dempnatrates, that wapy different, Jkinds of medels for .

. P I B ‘(,f,, o Lo P S e o by .
[RE R T REEASIS IS B LTS 1S 0 R A X REE RS I { e andisy 1 F oohuoy noaw: FRRRPICE 9

* See reference (4) for definitions of list-processing terms and more
detailed descriptions and comparisons of these languages. <zl
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develop tirestioh- anWet‘fhg By st ens’ WHEEY ¥ wiEdEIF Th pproeddi
e E gL Lihid sty ) Wity progin,” Wi ch efedd « |

at ely'process ‘the ‘téxt ‘fhito & Fotm Erch Whiths WHbitd pitled questiony: cuniv
be answered trivid}ly, Ut whith thetely fphiohe hictr of tHe InEoviaton s
in the input. “At the ovthér extreiie akéi'iys i, WL, The SYNTHEX syssiz
tietd, Wiich sThply” sttt ‘the WaW bt Fhd' ‘PeBrté WY1 Het essary -Computs >
ations aftew.each, qpem s mm thaneby hacoming esabﬁpiied( An

ST T dus s : 2e oloemsim 1o 2ol add o as o FETS ATPON
complex grammatical analysis. suptole widsiiive 7, e RTG
I feel ithat . apsfiem whicly 1, Sapable of dntelligans o, human-

,,,,,, Y noideineserqst maoedd sdir pi oszinn olinsmn

like behavior must 1 ue between; thesq mwmxwmmh t«hxe; ,Q :
degmmrmm@; t.he mmméwmmxm=

P e Gy il i i Ky D&D(;Iq ,\.;tij:l§fﬁ‘1:3“;,,.., BULETUsT il

1) The model organization should be generdl Entligh to Ve weefisl o1/
in a wide variety of subject areas, yet the stored information should

be speoifimencual Lo be of maal, ssAistante 0 b quasbinn-anawsting v

process.

ok b fiue v doamod notiosnnt B 0dnl moons loea ua*irgi SIOT T v iRlenney
ii) The effort involved in the question-answering procedure should

be ddndded betineen Liveiiah of ensoding knmt: skn the medal: and,

of retrieving answere from the model. Neither job must be prohi tively

complicat ed. ux Lime-omsuming. Jeop bives VI veaqedl sec) nzaods vlis
Modéld ‘beged upoh words and wordswdescfit fnd dr & bést ‘candidutive
‘ [ iy o3

for meeting these requirements. -3

Words are the basic symbols in most natural languages. Certain

words, usually verbs and prepositions, denote ' Betvhedry Peal ¢
objéttd. "BF thelS PR Wodé1 I ShaTP 5 Woris Aiclidefves to represdlit the

obj€ééts ‘or {Thssed denbred by thie Wotls S nd SPecLEre Winds Gf a #psers 14
ations between words to represent relations between those objects or
T bEE maret gndeeenaiieda il to snoliiolteb 16} {m SECINT 558 *

classes. sEGLEL L ey Y anoepteqmed DS Rirolsgloos




Before %gfscribing the kinds of uaoclntions actually used in the

{ $E RO
SIR model,“3ét Qus congider a simpler word-association model structured

soleﬁxﬂ?y clasaaTﬁEIu|{3n T'c™) and dlaua-uzabernﬁi ("Z”[ rélatkions: "’}
%,,_ ‘‘‘‘‘ pluidey e Jod ik

This mode ,fﬁhich was considened early in thijf&HVectigatiyn, has certain

: (i’ .JU}

possible apglications, but also hés signl ic*t drawbadks wh}ch pqevent )

“iiob [Isdg wea-snzg nuod

Coasmmw) of 94““((;1‘

whicp denot¢ the objkcts or cIasses rdprelented bﬂ x and y, respectively.

: S| "lu)z.' Hi ‘SLUIIS
All eucﬁ’worﬁs are arrangeq iq a tree, 1.e., partially ordered, accord-

1 i I, NGO D GoaF owaddn

ing &o uhe fqllowing rule: *f?:Y it either xC:y or xéyF In{additﬂbn,to §

SEN {lwagng aob siddey yoog a3

thiq prima}; ordefing, qarxﬁus kinds of seco assoriations can be
Ilaff”fﬁézr

wpdael s sid fosl wrasi g
indicated by special additional’ lidﬁs. e verbs car be

o tnay (mesduadds) wos 28M VG
partially ordered. For example, if X and x}denote the subject add ob-

I T—
ject, respectively, of a verb g in a sedtence qu » we shall or&er verbs
ged a2 izooy

by the criterion: @ {p if, for all objects x and y, xxy implies xBy.

For intransitive verbs, the criterion is 0415 if xa impliééiiﬁﬁr'flg. 2
CET OAHLY od
shows such trees for some words from a figst grade reader (29), The

N (

parenthesized words were not in the vocabPlary of the text, but are

included to motivate the organization of the tree.\

v I \' 1y { )
Having }jined the tree of nc:’um,m the tree “f‘v,erbs, I must now
S

e S
complete the model’ by'HEfining qonnections between these qwo tﬁées.?"m" §
PEC Toaqod! T

Although a formal dOtation fSi sudh crdﬁs~11nks could be defined, for

present purposes I ahall simply gi@e the following examples of state-

ments describing cross-llﬁk&ééé'k&lih'féiﬁééé‘éo the“ﬁbéé:laﬁéllﬁé“in
UM TTATDOS NS RGN A 1L FHIIDIY
Fig. 2):

i) Any noun below node 1 is a suitable subject for any verb below node 1'.




NOUN TREE

something

40

£ zt*la

r

rain

vehicle

(h;m;n)

. [ [ A 5 P SR
1. ,1}; T SRS SETR A ETRNS A + R iddina

boat see-saw ball doll

PR ‘,

train animal
” 1 1

wgfgﬁ‘ : 1 ERITTTI
I

o

man child (woman)

Betsy Lee A

airplane (helicopter)

r o “T VL ?\7 I “: I, S . P iz YA

kitten pony rabbit dog (:lq\\ - (farm animal)

PEERERIN S s (a1s

i BT ][ ENSTRS NI GBS EENET R R RS :
Puppy Mac cow (chicken) goat pig
- ¥ i et ; Ciftik i i
Jip
rooster hen } '
?.....-."..'.'.‘...f‘...*.\.v.’...‘...;‘.:>.‘..-,..‘..-'.‘;.‘j.‘_.A“;i.. yr"
b: VERB TREE
N '; A A
do
(move) ‘)/@
run jump hop fly
‘ eat see laugh talk,say

FIGURE 2: A WORD ASSOCIATION MDDEL

b

251 sN ! ; i
[Jerry Jack Mwaa Mother
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R,

11) ARy Hotin Bélow ‘node 2 {s a duirdble: i&bjeéc ‘For “ady Vérb above "

node 2' . ) ; L .
‘[ SO Ere s soorp e il deelld i ilfises® Lo shedl ¢ I
diéi 3Only qnqurgsl Lbelow nodea 3 or 4 may be lub,,jects for \geEbg}bE}ww .

ThE “okplete ‘Bodel, “composed of “tre& dtrdctured Knd sedtatents aboit
their possible comnections, is a representation for the &fas of att ‘*"'*
posBtBLE eventd.® I8 Sther words, it tepréséhtd Pni cupit é#¥s kiow-
1edgé “‘of “hie worfd. ~'We fow have ‘a Hechiadion F5f £eFL1R8 tRE échérencé™’
or "Hédntdgutneds™ of New sdmples of tete I As 1AForuaf1on 14 ced THES ©
a syé’é‘ ‘WiLcH des thfd Shodel, "the pidfias Would simply Have fo Irderé™
a "tHfdka™ “of spéctal ‘onnections fAES AHE ﬂggel. Cipke ¢Rbsdd usnitd
d186Engd1dn “tH5e6 ‘evdlits which actjugfly ‘Rappen Sd s Priose ' wﬁidh “dre”

Just "eicetvdble” 6 %the’ c&ﬁ&é’é‘éaf %iﬁf&n“’aﬁ’ﬁé‘ﬁ?oﬁh‘e”fﬁpdt ‘Jfafe- as
ments could ¥iei 'bé Siewered By ¢ e1:1'fud““€’éL 158 st ‘e S §8é Wifon way ™
the thread passed. Such a model would be useful in a pragmatic system
such as Abelson's (7), to test the credibility of ﬁift i.émfs; fd‘mft
could 1deﬁf§ff§ ‘ﬁsé){fr‘}égé ‘of {ed factual Lﬁ%&wl@&fe by’ thefr “ehreads .and
compate ‘tie FEf1aBITit Tes of ‘the VaPfoud gy @7 »lobum to o tuusie
ORISR e Sy, e wollel HesdP b6l Wad dEVERET dFavBAKE LK " U7
prevé‘nt g ‘Wsé I & genéfal ‘g dmdn 1 & A ESEdAE T at*ftffé’ﬁfl \*‘uéem.
1t is Vé“xt‘réneiy ‘aff#feut '¥o ‘Sonstruct f UeBrul Hod 5P %SF e “form "Tev-

ct:lbed for 'a ‘s gt fant “amoddt ‘of 1:&&&&‘?8‘&!’ ] qfffﬁg?’ &5 fbgé‘m

-qucstilon. “He "‘t.:“’”"J “e' e latfons afd od it ffoi did E5 Héscribe
many us‘”e%&fﬁ?éiiﬁtfi% B8 douds” BuF e fatfodudttdn of % B Sadieforsat’”
relatio“ns Would” Yortfide thie 'Serdceivd] d¥adit SIE0SE SF uité modél aie ™"

LElauhivibr? Yo sefoui-n bousbie 1o Yse & (polisisy vo soiberg {salgeld
force the cross-link statements to be much more comylicateé The verb
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groupings, in order _to be useﬁgl, myst . ge cargfqllx §e1gq;ed agcoﬁdxng

to the ill-defined restriction that the resulting configuration aIlow)b“

‘ s Yo L Te g iziamo puovhap s a Foetbony welod nooue Tt (G131
simple and useful cross-Iink statements. This may not always be pogsﬁgxg,

g oF A 2 Llas

and certainly becomes more difficult ag the pumber of relations son-,.

sidered increases. . - oot

SEEETT o m TG Tl Ry Tiard

The model used in §IR is a word -asso¢iation Model similar in gqme

G

respects to.the oge just described, Hoyever, the yords ave lipked in, .

a general manner so that ng particular relations grq more significant.

I i

than others. The godel ig constructed, gn the bagis of input ﬁﬁr“fé%‘}%?{%’ b
completquhgupgm%tiqggly.:_Qgggrﬁgtigns of the behavior of particular .. _

relations, which roughly corresp 9 gfoae-link statements in the

f:} 439}

above s¥stem,_are programmed in 13 racger than being part of the.

»gi ..Section D belqw describes the %ctuaL qg d%%ed dn SIR, .

S & GII9ET

IR R, G boetgme e i Peham s flood Pruae sy andtd wdd

c. §Semagﬁigs}and:ngip,;‘

PR . : " e - R LI < F s
frd v Thmry wo D dauad ol (VY aTnoniods o fdnus

The structure of the SIR model was partly motivated by the.

TR v I1anebl vluon

structure of models in mtﬁhexg&tical&o&ic. ,These logical models repx A

sent the "meaninge” of Jogical statements, and Sherehy, help the mathepa-

tician "think" about his problems, .in the same way t that Lthe SIR model = .

is supposed to xrepresent the “meaning: of English inpyGs sud thereby .,

¥ N

help the program obtqin answerq ue tiqps

“ft)‘} 'T"()f"

.take a more . ..
L%nvgrgmﬁa PQQ& bud b

g oadais L0

detail%ﬂ* loolsgt 7llogi'%a]:niqdﬁelsrﬁ Pobom il 05 nolIssrtoial DL wiow Dol

1" n
The "semantics® of mathematical logic jis.the gtudyof models for

~~~~~ FRRS

logical gystems (6). Such a model congists of a set of individuals

Vi Cy TR i

Ykl

(corresponding to the domain of the logical varipbles), and, for each

R TA3 - H

logical predicate or relation, a set of ordered n-tuples of individuals.ﬂ
fgmos srow dioom ad o mimemmiste Anil-sents w03 auvod
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A relation is thie of dertin Hidividuals 1f and baly {6, 44 the 0
model, Wi ordeéred noviyle of thése indfyEiwiTs s ‘atp e Teblert vt Yhe < .-
set cofrésponding €5 the Yélatiow. For emiiple; s Hod¢l for & logkcals s
system ‘dea¥itig weitls e tural orderidy of ‘tife Thtdgers dfghe huve s
its WideT che et 'Of 1nteEers (4§ the doMEEE OF 10d Vil VarfabTesys .*
and ‘& Gt S icilered pairs DE ntdfers dorrPONdE t6 Hie gt ool
(less-than) relatioif,c Thlis Tattiéy set wouwld CorfFtn €1V pitrs {avB)
for! hiflich Intteger’ a s truly Lés¥ thad Ehtegér T, Ple.y For whideh the <"
statemint ‘e S ey, =5 0 ao 0 [doe BooeRlquren toosles Boooe Yoan 4o
! fhese setiadtic modély wre Particiderly vsefu¥ fn Togic for - G
studying certafn ‘propertfes,’ suth un cond¥stecy anth ConptEteness’,® o <o
the associated ‘Foitial aystems. ' THEY a¥e hot' Wenerelly ¥e useful’ o aids
in proving partdculd theorend, Tr FuSYrEY the’ Porelble' thtebuctdtneg (°
‘between var fouls! relations . The SIR #bdil orBit¥l swtion’ Wubti' be better
suited ¥ these lutter problemy, Witich! Wie oF na)jor! Entetest L’ devels: o
oping a quEstion-shbwer¥ng wystem, 00 20w Tl Lo 0t sVl ol DA b gnd
The' fden of Yepresunting: & Telatoid by ¥ skt of riered n-tuples
is a goodistarting pofnt: for & question-hslieriny s¥Stem model, - - ! Dok
However, certaiil wbdifitations are necebusiry 5 Binee we sfe Interested:
in conversational Wbitity {h the conpiiter|’ the MrieltPons™ fn our -H:i2

model should represent concepts which commonly occur in human conversa-
tion, such as set-inclusion and spatial relationships, rethef than: ' C

abstract metheématical’ propertiss: ° Furtiérmore), usilike! & Yogical wodel,
the syst'elr’ #hould have built-in provisivhs for detetiilning rebtrictions|

extension#|’ ot inconsistencied in the wbdel, bewed b properties’ of the'




relations. involved. . Evger ifi'!@'?:#meﬁmgbl%: and ifio oy g
aCb -and bCc are both dn .the madel: the syatem should deduse that Lo
aCr: should. also be. in .the model (or, eguivalentlyn thet aGe 488 io:
true. statement), .from the built-in knowledge that sptrincluglon A8, . .
trangitive.. Finally, for ‘tegsons .of computational. efficiancy, a suhr . :
ject which. is newver- considerad in foxmal Jogic buk e of prime, imgot- ;.5
tance in g practical .computer system,. informatiop abouh melations :....r)
must,be more easily .accessible than it would Jre 4f Jdt consisted simply:.»
of unordered sets of n-tuples of objects. These copsdderatigns led. .. ;.
to a choice of the description-list, organization for the gctual yord
association model used in SIR and, desribed in Part. Dbelodar:.  iiiyio
Although some, ideas were borxowadfrom . logical gemantic, . .:

systems,: SIR. 48, not; directly dependent upon-any. formad, logical - v..q i1
mechaniem. . IneLgads, the model. and the; progeams sdrch: ubildze 46, o o4
were degigned aceprding, to. informel:heariatic princdplas of season= ...
ing, which I believe to be the most convenipnt opes.Jfer 4. first, - s.i00
experdimental,system for intelligent..conversation dafween machines:

and human beings. - Onge a working eystem has beendeyelopeds;ones ., « .
can try to:extract from it a logical basis .for a woreadvanced . ... .y
system.  Such an extension is: the. subject,of Chaptet; V. =i evuvne s ul

L e T s s Al e R 0D INossrast Digoan Lwinm

D. The IR Model, - SOV TR S SR SNSRI 7+ FORNE LUl S SV SIS o SIS S SRS AL ST
tunTRe, SIR gpdel eonsists of worde: associsted. with: each,othey . . .1
through, particular. elations.. These: aROCiRtipns: arse. represented: by, . -

"degeription-list! entries. In,this secidon I shall discuse the; & . ;..




T e ATy

4s

desciiption-1ist=sbtucture, the relutlondldsed-in 81R; "dnd /EHe pPedise’ -
represeitatishd fo? tHose ‘Felationsy! “siumuy vilyeriidon wans vao

i3 Loenlul g @TIASG SLr il LerluiTheed GF Brify BERD HBL 8007 EIL0

w101y “Pesepiptioniifstss  The ‘mBdel PASIR'id Bised Ladgely upon - -

the use df -defdPiptidi-2fdts. ‘A HestripElohl¥gé T4 a Yéquétie®=gf - -

paiffiof &lendént s dnd ERe Entite TstCig HNsotidted [UPth a pdreiddiar "
object, -PHe First @femenit of dalRpA{E 43" tRe Hade YE dn areribdre ot
app BidaYe to & ‘citls 'GF 5 feéts, 'ind 'OHET§8cEHE dPdRERL 16 F CHe ‘patr
is the value of 'th&f &ttrfbate for the objdé€ @edériléds/ Por exdmple; -
1£7¢he “bject fu'the fdfber 3", its dedétiptidholi¥e ‘Alght “dontin the
fol1owig €equence :3f Wttributes (undériiredy “and adfot Lhted viles: =7
SUCéESM. W;@.ﬂﬁ:”%.“ﬂﬁkﬁr.?%” Taphlvibol ois ainoidc
The £adt“tR#d "3 ys an odd -fiiiber Codfd *Hive béef '1fdfeated “sitifty =+
by EiePiddericé of (e dr Exftihdte oY, ™ Vi oh ihy [Redgdfated Vatug e-o 21
or dd'Valde at 'aff5iprovided 'the “systém detiig tiie FSWCEIEionstibts -+ Y
is capablé of ‘redofnfridg sucti a Flag Vil 6. Valdeldss e iburd o
THé Clasd ‘Gf "“Cats might Ve deslribed by thHe Epge; v} o Polii us
SOUND, MEW, COLOR, (BLACK, WHITE, YELLOW, BROWN),; “EBJGEDNESS;'4,.J.
Note that, since the color of cats is not unique, the value associated
with COLOR 1% a ‘Pl ‘of PossfbLEcdt ‘2oLaEE. 1 I0ESE8EBdRuL 2 4 paren-
theses ‘{ndfcat¥d it ‘the entirs 115¢ §f cotot# Ps 8- sifigle “element (="
of the descrlipeidatige " ~ =7 e Posnsduse debigsd oF sosiog s d3tv
“of iduh PlEdstrate ‘the way déscrifEicailisty nfy 68 ubed by “Congides-
ing tHEYE Placeidn the IPL (29) programitrig sysvdd By convéntion)
every IPL duth Itst hirs ‘an adsociutéd dedékigtiondPEke, - THE &Priifgees’
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on IPL descriptien-iists axe. IPL. gymhels, and the valyes are gymbols ...
which may name arbitrarily complex IFL.lisf:strugtuses.: Basic IBL..y.--

operations can add pairs to description-lists; others retrieve the

second glement of; a.paix, (s valye) gnthe: dessyér!,iea?Qi,gglsmgiggve@ ithe

first element, (the atg¢ribute) gud the pame 9g3§§f:ﬂ49<{4ﬁ§§:)!ﬁi!g’*;w,x.; 5

An attribyte cap oRly.Qgeur .gpce;on any.one.desgription lisk, and the. .
order of -the.attributes gn @.description:list is.fguored.; Thus, . ;.
descriptionjligt ;qperations simulate an agsqeiative memory containing. ..
arbitraxy deseriptive . information for the deseyibed ghject, . ;.\ oy
i . The LISR. syptem (23) utilizes ‘property=lists" which are used dn
much the  same.ways 4s.IPL descriptien-lists, ;19 .LISB, ;the descrihed
objects are individual words or'atomig,aymbele,” Father than.ligss.
LISP asspciates with each unique atomic gymhol:a property~liat, shich .y
is a descriptionzliat.allowing the use.of flags As ywell as attributer . g
value pairs,  Although orisinally .provided tq faciliratq the ipternal .
operatiang :of .the LISE .qystem, propenty-lists may he Aearched and ., .;
modified by the pragrammer,  The.madel in §IR depends upon the uge
of property-Liats. comrc uiy Lo e0ade) AGIDL WM TRI0Z
crpooes e L G wn Buko 20 sotow @l oo cUedgd adob
: L. the putpase of the ; .y,
model ,is, to.asgist .the .computer in undergtanding and communicating . ...,
with a person in English sentences. SIR works oq%&lgigde_ﬁ>“§”! a3
-sentences which consist of words shich .denote resl oblects ar classes
of objgets and words which expregs.particybar ralationghing betwesn;, .
the ohjects and clagges. .If aue considers the objecks and classes . .. .
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as the individial eléments ifi“a formal sydtem, tNén‘thesd 'rélationsips"
between objects and éiﬁ§§£§71§§:iﬁiibﬁoﬁ‘véoﬁéﬁéﬁgglfﬁfgnﬁm&fzfdfﬂﬁffﬂYﬁ
logié (d¥sciibed” ¥ C dbove). "UAdsrstaadBlig tRe wbantng® 6874 gld-"o
tence is {nterptéeted ds 'thé process of redogniZifig thé obfects ¥ ‘tHe °*
gentence anil 'of pla¢idg tham in'd’ ‘gpedified telablok"¢o 6/E adbeAlE:
Thc~pfdﬁéf'relfﬁioﬁ5€64uie1isJfféé&éﬁﬂfiﬁdétatﬂdﬂgaf8§§€ﬁe¢€é§ﬂsﬁﬁnd“f”*
prepositiofis in the dentence, and“thé wity 'fn'Whfch €8 pldcé "tHé ‘obfects’
intd thé relatfon I determinéd by the P3PM Gt tHe setiténde’’ For '
example, tH& ‘verd I§" uBlidlly ‘detérmifde 4 ¥SE°Helation.  MHE #drm v
"Every X 18 4 y" detdtmined that“class '%"1s d°saBset of ctdsd gl 7 o

fn ‘the compitér tepresentation the Bab1k obTactd] abVelt b the ™
names of ‘Felatfodd, are siuply wordd.” THE inc8Rded ihterptération st
this Péprésentdtion ‘I's a5 follows: ”SﬁﬁﬁSsshﬁofd Y8 “keBocikted i © ¥
the model With Word"y by ‘means of ‘réI4¥i88 R:"“Fnéd *Enis Féfrebents * 9

a statement which "means" that the object or class denoted ﬁy“ﬂjfﬁygj”i”

associatdd with 'thé’ $Bject or class dendtéd gﬁ z ‘BY ‘méfid '5¢ "thé ‘rela-

HAs ~
<

LS BTN A S TA T B Channmip b oedqn T SECLYSTRCINES LGN e o0 PTG

tion named R.
'The procedure fof developing €Hé '#dri c¥ £RE modEf dfia tiE"> "o

associated storage and retrieval programs was approRfBa€ety-ad Fotfows:

A §fngré rélation 2 et ‘fnclusion -- 'wad “¢hdddn Budiuse f-ts ad-

easy concept to recognize from English text and fA"¥184°(fabdttivefyy

ﬁﬁpdffﬁﬁf‘%ﬁ ‘the “ﬁnﬂﬁtﬂg"‘éf diiple sedNtendes. " kd Pdtd¥ndicdompdter

-#elational

idcevedn; <

reprgpentqtion qaa Ehen found which

N e,

information, secuwéd gendral éhough to: nédﬂi fny oéﬁéf&ﬁiﬁds ‘of Fetad”(®
tions, and also had connectivity and accessibility properties which make

it useful for question-answering. Programs were then developed for

v RSyl




48

recognizing sentences which degl with the giyen relation by their
syntactic forms (see Chapter IV); selecting Televamt word tokems . . .
from the semtences; and adding to, modifying, or gearching the model
accarding to the results.of the recognition process. The gearch =
programs are designed to "know' the peculiar propgrties of the .
relation being searched, g.g., transitivity or reflexjvity, .There-
fore 3 special set of search programs had to be written for each
relation,. Each time a pew concept or relation was added to the system,
the abqve sgeps vere repeated, That is, the basic.medel structure
was generalized, if necessary; new syntactic Eggggg%gﬁgn,ﬁoymgiwergw_,w1

introdyced; and existing ones modified.{f any ambiguities had been

£QF the new relation ...,

intxoduced; .and search and response programs
e P é oty NS FI N IR R RS SRS i t“'

were written. Search programs designed for relg%iggsNgl;quy“agq;l-“;f‘

able ;qiqhe.sttgmﬁgege‘modifigq‘qﬁgq\tgg old gng§n§w2§elatiqnsi_:“,
"interg%ted"t . | W

.. The relations included in SIR were choseg because they demom-
strate various aspects of the information normally conveyedvin
human conyersation. They were introduced inm the folloving etéeruﬁnd
for the reagons atated:

PRSI AR Limlyy

a) Set=inclusion, because it is ome of the most basic relations .
{

of which people are gware. =, .

1b) Partrwhale relationship, because, althoygh it is significantly

| et e b s L T L1 Y R L0 G Sl e 1t
* "Interactions" between relations, and the structure of a modified

system which ig easier to expand, are discussed in Chgprer VI. =
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i I

Aomniznd : soobasler Leiadsg g woild
different “from, it interacts strongly with the set-inclusion relation

pbicn S muidieis: ux N bwn 1B oenoidel awd ol buroiusl
.and has several common properties with it pernitting the use of common
Rl ovhE B e raair it § é(x} PEogmevuay siyelonb; B N i 300
subroutines. ’ '
Lﬂ R S A SRV TN moRnB A 03 1A noideian Tdew
c) Nuneric quantity associated with the pdtt-whole relation,
St osisubloibal modt sgeiogsm xs YA bas [H 1 Apldl e o

since it is not a new relation but rather conslsts of spec al descriﬁ-

: : (\, r’.}i’"}\ ER) *"My;‘»; R ((”:J 5301 1" a4 \s )J Dl”" 230
tive information which must be carried elong with te atfgnnl informntion.
five. Jusnose it ol I8 ynorisis acltasloni-dsz od3 a2l o4 1. . sfamea

d) Set meuberuhip,”because it is closely relnted to Bet~
Pemve aridopd hemen ad yam LH bos $H0 caoifelen Jserteque oo UL tag
inclusion but requirea attention to properties of individual object

Dsniy BIE eﬂ bog 14 greomoen edodaye 943 L lersnsg al JTHERLINE? bLos AR

;.L

‘

SPSTEUIES o9 clevitonagnys v " coadall yiusgexg oy oo sndediidis e
e) Left to-right spatial relationa, to see how the chosen

1

A owsat clsrdwomnn s oyiag podd gordsley cixlemrve B oal A
model works for a different kind of reletion for which there is a

v DAV s (YR r* B {'.';trs..-ifi; )/ el 11 .\‘rbaej,"f N ‘:r) IO,
different, more natural-appearing uodel.

Eyow vz 0 1o noiled art nen dusido sao vipo bgs oo ol

f) Ownership, since it ia quite different from the existing

2

i

tEAT Yo enwr w0t v limiz owo s o ® Yo 1S odudiyics 1o sudsv ooy oads

part-whole relation, end‘yet frequenfly is specified by the same verb

oo omoxt oedeiscw Aaii 18 1Az Poouns slsiz ool Luaeid
("to have"). It is therefore a su i%eble subject for an experiment in

;

e 1o siagmsiey et 4 slediasds =0y (Mo easom vd L) aniwelion

reeolving anbiguities.

Aol aun YLt slnnd LRAGTETe T Inldage £l we 240t Leonvy Fo

......

RS TIE TavH L CESNIoas o »?{Stti" PRI R £ E
3) ygdel agructure' The bnsic objects in the model are the
D3IRL; aisn sulev-o2odita2e ot gl Vo ateds add to Hdgiy sdi ood iz
words which denote real objects and classes. If an English atatement
nosssles cedevpt owids Lo LaIrE2 1o 3uli-v3xsqorq edd od babbs of (THMAJ
is interpreted by the sentence-form recognltion program as aeserting

coas e oot L8000 (URASN ) vikg wdd mnibba vd Deanilor sl

thet relation R holds between objectn or classes named x and y, then

this relationship is represented by placing attribute~-value pairs on

Lo & ooawiasd osio oong 4 neoswisd sbIicd H

tte ﬁroperty-lists of both x and y. Eech attflbute specifies a rela-

B

OGOt e duln clon eo ws iz ,agsveshbaal 2

tion,'and the value of the attribute indicates which other objects are

v et sEvsgoNg aaviy B S sindityte a9Viy

ot B U . k)
releted to the described object by means of the specified relation.

A BT R R YR T AR R TR S ST e RO SR  ER T
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Since 1n general relations are not symmetric, relation R must be

i srefar - 3! Sews o wishotds alosisdal 0 cmexT guernlilh
factored into two relations Rl and R2 8o that if relation R holds
oo HE ” TTw .:llff"ff‘u"\‘ sy [Eigves b YA
between x and y (in logic terms, if (x y) € R), then one can say that
Catia ot
¥y stands in relation Rl to x and x stands in the inverse relation R2
s sooTe w3 T bodsiooszs viiinsup wivsmell o
to 3 One may think of Rl and R2 as mappings from individuals into
S suirencs Tansni g moridslar oweg B o don =i PGty
sets such that { ,y) R if and{ only if yé R1(x) a?d xGRZ(y) For
SRR £ prey wd daom dolidw R <710 BV A

example, if R is the set- inclus1on relation, Rl is the subset relation

Sdwend 3 R noal di o seusoad | 7:‘(:.‘1'" CTT - T

and R2 the superset relation. Rl and R2 may be named by the symbols
sitdn FYeelivwiiel o zaiThote oF noriaosiis eotiupar dnd S

SUBSET and SUPERSET. 1In general, the symbols naming Rl and R2 are used

s ! FREET A AT 1

as attributes on the property lists of X and Y respectively._ Note that

e {3443 Y FECT InRIU-Gd s

if R is a symmetric relation then only one mapping, which may itself be

itz mokroicr 3o Bobd dowuodilb £ owel Dl
named B_, is necessary; for y(-R(x) implies x€R(y) and vice-versa.
faboen guolyscoos-latuden o%om , Jastodisl
If one and only one object can be in relation Rl to any word x,
TSR B AR TP I 14 CIhitEy g3tup el oy edmia Laxdazosay (7
then the value of attribute R1 of X can be simply the nameiof tha
[ SRR e Y RS ] '».ia‘n L R S XY - 15 s;i‘w"j‘;xsq
obJect. In this case 1 say that a type -1 link exists from x to y _
ST T idasrur s wrodax.ds wi Y TLIOU RO L)
following (or, by means of) the attribute Rl. An example of the use
canriiogidms posviozey

of type-~l links is in spatial relations, where only one object can be

"Just to the right" of another. If the system learns that "The lamp is

R cortasd sdT roaozauddts Tt

just to the right of the chair," then the attributecvalue pair (JRIGHT,
st LEANES LewEnE10 bns eduniao (837 9donsh dobnw abuow

LAMP) is added to the property ~list of CHAIR, and the inverse relation
T UM SnE e e mBTE. SROTRT WTQT s Ings aid S «a;r‘?ﬁv:‘;‘s b el

is indicated by adding the pair (JLEFT, CHAIR) to the property list of
A mnkl v sime{de aeswisd ablod 7 ool SRR

LAMP.. )
S IS IEL o DR e e W Dadmues s Rl gaideaelang o

fR holds between X and z and also between X and 2, type 1 1inks
T 4 L hris X fdiodT o 23T AT wgnTn 9yl

are inadequate, since there can only be one value corresponding to a
Pdwouw fonov cbosiadiaddo edd Yo Tev sl il

given attribute on a given property list. However, this value may b

o ; SR Jo% ’é(‘f DRI ST DT b B T
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CUBMBw LR A

a ligt of object- names insteed of jost o sihgie object-name.ﬁ In parti-

cular, we can make the value of Rl a list of the objects related to x

LG 3T LoE JLde D o wnd ol SRR P adsalaugmmes o
by relation R. For example, in the’ set incluuion relation we mny iearn
Tpxugnn o cors ridnnnes s outod cluwss moteve AI2 ot Gooesmogunsl
independently that every boy is a person, every girl 1s a person, and
sy d3ivw bsor gy uw CEobom I voeoxiliiy ALS sonid NAEY i
every MIT-student is a person. The value of the attribute SUBSET on tﬁ
sTL B aotl o ssofdeanolns fepol e’ wiidloeydas Lo poldoyg 3oL iuib
property-list of PERSON would then be tbe iist (BOY, GIRL, MIT-STUDENT).

st nnnuxnst

This type of linkage 1s called a type-2 link.

Sinde o oYslungmsy Todo ¢iEbidn efd mp besorodnl v simely
Occasionally descriptive information pertinent to a particular
sgegrliodnd soavborg ot veova al peisservodal femobisley s ii s Los
occurrence of a relation must be represented, in addition to the
Istuden guikmsoleass s Do muideay wkielownsl ods 10 Lnciwsdad
basic fact that the relation exists. For example, "A person has two
Suaxwd baslon o ou e oy iiiw ;’:’3'1’}3 ERE RS N BT s O S F T X S‘,n‘-,
hands" implies not only that a hand is part of every person, %ut als
LDl B LD mn e [a ot ok domnet o ol sosmee fosorms v ominddo
that in the case of "hando" there are exactly two such parts. This
2i o2Tolorsii be seddolr Teve sy LS go.iedaswoiged w0l 3o insbrag

relation can be handled by using txge-3 linkl, where the value of

SIS EY e ifa gowe sl boovsd bawoloroo
an attribute is a list of items, each of which is itself a property-
Tt b o scin o lliwa adivwseel iisdas T qatgsds Sl
list. The first item on such sub-property-lists is the lag PLIST,
slime (31 sengya ©f auvn 550 doidw ponivsh sl bae om foug srieiugrlil
which indicates that a property-list follow:. NAME is an attribute
ClaT loo Drra i v sldpiversrebog Poid Iiida

on each sub-property -list whose type—l ‘value is ‘the princfpal object

on the list, For example, after the system learns that "A person has

TS ‘ ‘b ;

two hands" and also "A finger is part of a person," the prOperty-list

N0 wnch awed gad dothspon doss eruiny peodlil 03 a9l daeg it ol
of PERSON would contain the attribute-value pair:

DrIGmLILL Yol dleily %R LOIBWHAET 10
(SUBPART, ((PLIST, NAﬁk HAND. NUMB 2) (PLIST, NAME, FINGER)))
-l a6 Yo wiol sdd (FRBY VAG «"‘LL':“J ¢ LERIUGMOD flﬂiegojl;gz
In the interest of generality and uuifornity type-3 links are the pre-
daimD mOOd ynW g oo LEUoiudoed e 3wna by
doninant mechanism for atructuring the nodel.
LT Sy v e hade wraot e gl T L an s g s o0 s G arrame
S s i i R S ! rrox dneiroy nf I e tgesl ol
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Chapter IV: SIR Treatment of Restricted Natural La uage

e g ik & g touf 3o baslepl sasmen-sosido 3o 12t &
VVVV Frloao oo sdL e sed D g % Yo sulsv oda sdsm oes ow L usdus
SIR must communicate w1th people' therefore the input and response
T Vit . SN Gomdes 2dt Al LolamExe Tod ok oaciralon yd
languages of the SIR system should both be reasonably close to natural
i sp o Ddkn veon Jroetag B ol vod viove 2wiu ylaeaelosgshe
English. \Since SIR utilizes a relational model, we are faced with the
g viperie ran odn U0 uwolay odi £Oo8uLg B 8l dunhude-TIM wygua
dif icult problem of extracting relational information: from: natural
it od pmerdy bluow WORAIY o doil-~y1inquig

language: text.
£ Luiigo 2l sysHnll do sqgvr srdT

I am primarily interested int the ability of a computer to store
et pulYemcodnl evizglioesh vlinnoizgnaQ

and utilize relational information in order to produce intelligent

c2ilhe ol Lhemonvestge sd zeom g0l B lu 900DTIou0
behavior. Although the lingU1stic problem of transforming natural
SRR RIS £ I fgres s Yot Leselxe reasley ads 3sdy Josi oissd

language input into a usable form will have to be solved before we

ot twrg el obosd g 2844 ving Jon omoiiound
obtain a general semantic information retrieval system, it is inde-
SUTEe, Litids 0wl v ihwsns 2us assdl Vsbhasd" Yo ssso o add gl ol
pendent of the representation and retrieval problems and therefore is
SeA S LT ERUL B L-aaed salep vd belbosd o) ass nolbislsy
considered beyond the scope of this paper.
G ¢ duidw to dugs cemsll Lo il B ol oooudiiiie 6o

In this chapter I shall describe briefly the background for the
i oug-due adoug mo medl Jaxii DR

linguistic problem and the devices which SIR uses to bypass it, while
1 Clol 2eil-¢szogoeqg B 38A3 asinarbhar O oinw
still utilizing understandable English ~like input and output.
soogdn Feotor vl Teugyd sacdy eil-varsgoya-cduz duss ao
s paTel S i mn e bt oaetn codgmexs v0¥W Ldesd 2ds ago
A. Background ‘
Proownl Uaa st o ta drna @l Yeagnli AT vels bz Ysboed owd
In the past ten to fifteen years much research has been done on
“tira aulpvestodityis el nisinoes bluou WORANS 1.
the structure of natural 1anguages, includin English, for automatic
R RIRY T (v M L avAs HMAY L TRIJY)) . TRAYGUR)
processing-by computer, In virtually every case, the form of the ori-
CEhoneTE oTre eXel D Yeaqvs vdimtel for baof valledsseg o destoind sy nl
ginal text is restricted or pre-processed in some way to make it more
2oRt Lt aftitwdoutde redl msiasdonr nsnimob

amenable to automatic processing. Some of these studies were mentioned

in Chapter II in connection with existing question-answering systems.
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A recent papéf by Bobrew (3) slirveys vdridds WppesachEd did cdra-
logues exi3ting conpufr profrafis*viich aufﬂﬁf?fdaf1§hﬁ£¥8é RAglysh o i

. e e P S - . 4 P - . - et .
cturnlg clilw e tertocne i 0 de tnumgsdd b 1o Leiwn dg vl tooTda

text.

.....

Thé' ob 42t 0F o3t 6 Ehese bystéits 15 ¢4’ {da¥Ity*¢He crawgfcdi ™™
grammatiggi g%ruégﬁféé'6f“éﬁé@geﬁfeﬁé%ﬁ“i@rjﬁaépgﬁgsﬂgf Yengdigtfc " v
analysis; 'mechafli¢d1" ¢ fansiation, “ob ‘i nfSrndtToli*récflovay, “"Lidge 17
dictionafiés 6t Btts £ speelh and grimbatidal Fulds dve gatietatty 7oi30!
employed;and” Usudlly 'no” é3R8108ratidnU1E Brven ¥6°2he ‘Heankhgd '¢dn 7 -
any acceptaﬁié‘éenié o thé ¥eth” "medntHE™ “d4¢ tHE woPdd drd° “ghitddes
involv Eaiﬂfrd Aai lenir aioy wgidee 3xs lo zansoyg adY [len I hes agouei

A 2884Ac! excé#tidn 15" the ‘work at-¥He Rabidhd1 Boread ot Htans”
dards’ 481185 w1tk a PPice(ide 1aRgulRBoRURIAEM {16Y "RULET CRECoB et 10
is to defermine whelhdr 4 ziven Engl1sh’ stdt ehblle (4 ¥°€3ptdce-dubepeeby
about geofttrical telacionshipa®ih v glRed pldtuve; -EREHE D O ERY " @ o
"meaning" of’the Sentdncd ta"ctit{eal® e fedeedlite ated {4°¥o" es
late the Biglish senténcé 14t a 1dgibal’$eUtthbnk” 1098 Ting" gabmet rid ' "
predicates; "aha thif'to~ test®the trith o tnd®{oiea1 e atthione oy~ Imuie
determifing’ whather ihéifilﬁiia%ﬁbéﬁ eified by*ih%*p?éﬁicﬁﬁ%ﬁ*ﬁ%id}”’””:""
for the given picture. -ud a4 2B evEldeid

In the SIR search and retrieval programs I am concerned with a
problem similar to that of the picture langudgh’sd¥R1%e: “Radely, = '
translatingi?%oﬂﬁﬁﬁﬁiiiﬁffoig’Féiﬂ%ibniii%fileﬁg 5 54hd° Yhen dbtersi”
mining hbw the rel2¥iBnal  dtatombic’ afbect s tHE mod¥i2 “Wowbber 3w 11sm2
the SR Zodelis & datd’ btidtire attomneieally BT 1’ of AR baids” 687 ¥
input Felat 13841 Statsmentd, rathet thah an Thdbpelidons 1y phbvided
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"picture.” In the NBS system, the process of tranglagipe from .. ¢

FICRe LR B

English to thq logical statement .involves mg;ngzc %gmplete phrqse- soaral

R EN

structure grammar for a fragment of English associated with picture

descriptions. . Ihis Seems, like an gxt;avagantigpprogghk alt@ouﬁh it .

ERRNY

may turn.oyt to be the, -9Pe, begt Qgpable Qf geng:a;izatiog ;n yb IO

oA

present vgraion of .SIB.I. am, naot. cpncerngd w;}@ ?gngggucging!fjggrmggjwr

S

logical . -gtatement of the ;e}at;qu\recogpizgd fg mgghngggl;sh sem- .. .
g2 [EF RIS

tence. lastead, the recognition programs directly invoke the sppro- ...

priate.storage or rgtrieval programs.te deal with the relations |

BHGLAOB YOG

recognized. I call the process of extracting relational information ,

» L LIV S

from English text ''semantic parsipg.’’ . The NB3. workvgggggibed abgve

Ao

points.tq.ong rather expensive.gpproash for obtainips this relational , .
information. . Charney (8) has studied. tgﬁqrg;af%on betyeen sentence =

Ia0w TR ot el

form and word .meapings. Reichenbach (34) apd Eries (16) also dis- . .

w

cuss the,sewantic. pargipg.problem, and othe 9ag?rsgskﬁsesi%l;"9: tearri s
doubtedly . be developed. by,‘;nguiﬁtsb;n gPe near. fu§g£§ It seems iy

2381

$u;pris;ng, ghag tbe §imgle ;ormat-

»vr

KSR S N

matchinssﬂaxrgésbgvsséuiPﬁSIBa pnd. digcussed. p part B below, is ag,

SIREE 10 B IS5

effective as it is.

el e § mog i Fnve gt pnty g dhasce AL odh o v

[ SRR
S O

B. Input Sentence Rgcogpition e

‘r‘,r

T R SO Y A S B Ckmrs ureln iy

SIR,solves the gemantic parsing proplep pyﬁ;eg 89}§§H§O°nly a8
small number of ,sentence forms, each.of wh&py ggrfggg?yda in specific T
ways to particular relatiops. The allowaple input. language ig defiped .
by a list of xules, each of which recognizes ang _Operates upon. a parti- .
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2L foteenn kol EandgediBVe A0 OTR 9wacl fo vas to oulae all

cular form of English sentence. Each sentence presented to SIR is
saadern oo boe oldndineon pelsolénod al o gmiviades odz I s ooave
tested by each rule in the list. The first rule applicable to the ’
pdr Geowern o nopogmon wsdave add s2iwredi0 buisoaisy =, sl

sentence determines the action taken by the system and immediately
93 o8 S FDoait euvoo auemon beg o eazad yiilidecilqys ol To z23fnecn

invokes a program to perform the action. If no rule is applicable,
Liudl "mobdoe™ sds (wluy oy Yo dreg 2and
the sentence is ignored, except that the system makes an appropriate
oidunnd B Olo fiua wat ol 221l Aacidos sdit o dpemela gevii oo
response (see Section C). A new rule may be added to the system, and
3y cd bsriopey qoldnsge o micltew 03 [2bom 9d3 no tsa Lliw doidw
thus the class of recognizable sentences may be enlarged, by executing

oidel s aniunbiveg o ssddedw desd ookl s osinan seont tnoe da fyad
the LISP function "addrule[x]" where X is the rule to ‘be added. Let
YowudxRe GG Auill o ogninds nisTies 1o soaosdelxs sd3 saidosds yo ehiod
us consdider the uge of these rules in detail.
503 10 egnamelo unionlzmey »dlT Llasbom 2dy vond goizsmmolnd nistren
1) tchi edure: R !

Siridivesy ¥2i{ sl ons LDedlgus rodw Jdoidw arcltune ) ova dnil 501 30e
‘The. four compenents of a rul¢ are a format, a list of the yari-
aGhioe nlem ol Yoo niasmurIs 900l0Tg (e3esy viilideoilguk o3 woxi
ables appearing in the format, a list of applicability tests, and an
Lacidomsd
"action" list specifying the actions to be taken if the sentence satis-
21 W04 A)" (omedaea adi de goievsq oldmemee oAl o lgqmexs od
fies all the tests. The format is simply a string of symbols which may
PEO3 i UY8 Vd e Yiad *Mgr*\ ad Loy H/ Hoead9 A

be words. The list of variables contains those aynbols which appear

CUTIAD AAT mARY (THA 1ds) (Y X (X A BI X))

in the format which should be treated as variables. All other symbols
Sl YU AYY 9oL gn Lo dimin o bosboi o2l V{7 A BT X7 dswuol ouy

in the format are constants. The first step in trying to apply a rule
ody 0 sred nl oseegar T2 Lok 217 a3oslanc s od3 sausosd (HORL G A

to a sentence is a "similarity test" between the sentence and the for-
godysa edn nriw heanrseses of E osldsluav sl 9voloisdl  L1sbre sawa

mat of the rule to see whether the constants in the format all appear,
Aodite meriuoul oo ¥o e gt oes TUSIAT O TLRORART AT d3tw ¥ bas vGE AT
in the same order, in the sentence. If they don't, the rule is rejected.

Iuossurtowdr Leiodeon owl o Io snivde 8 el duwiwyys 230 vtedrory s3s

1f the sentence is similar to the format, the variables in the format

Ty et TTEAT te euley it L ue 1 Leloltus edinilsbol o os o0 fiotidw

are indentified with their correeponding substringe in the sentence,

PodTHY =i YTAAT e wvdnv 00 cerrwrsisCo Lgmisde odi nat lodmv. boossa
The applicability tests are then applied, one to each subotring
103 -baes ar VUTHAT cposuogr aewd yaifidasiigar sase odi (uwes2 eins ol
matched by a variable. Each of these tests is the evaluation of a
ST onsame dznd oo CMngHel AY Lag YYOE A syniusadue Dodoiss dicd

specified function of one argument, the corresponding substring. If
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the value of any\of these function evaluations is the Special LISP
SaoAL fgoonanuane onad lasaninss feblaed T uamat o Teioy
symbol "NIL" the substring is considered unsuitable and the entire
tromy o pddae JeTid oadl dulloedy ol ooiuy dionn owg LD3ani
rule is reJected OtherwiSe, the system composes a list of the
vl e i g mmioys walt wd aessn aclioen sl sen i io sunsinss

results of the applicability tests and communicates this list to the

o S S e E N o o e m, ¥
U @ o ,§=!' PR SR 41 PR O RS S £ TS B  ~ i RER S R ‘I;IU W

last part of the rule, the action 1ist.

swo TR Rcbnm o Iowe il REHEY BSUov s L Ludans D S0 wosrntane ad
The first element of the action list is the name of a function

SR s G ek vl oceem oy wern A (D mor2ea2 9os) panogast

which will act on the model to perform the operation required by the
MR oo iy L0 e @l oigdnee sldssiayooay Yo ganio oy sufd

English sentence: create a link, test whether a particular relatiOn
i ae ‘ wiogowradhe Mwlsioabbe” sGidonnt TEIL ads

holds by checking the existence of certain chains of links,or extract
Lhenrnl o ga o esiut sandd o nwoo ool sLienes »u

certain information from the model. The remain%ng elemengs of the ~
OYqg uoraslian Isagros (f

action 1ist are functions which when applied to the list resulting
: : : : B SIR sirt & 1o gigsnggoon v

) Toozadlos Jdmarol st oni ESAIE A KRR RS S < 1
function.
FH FEEATE S S el wd e noan oo w8y gaivikacoe deil Vacdiue”
For example, the semantic parsing of the sentence, '"(A BOY IS
Jnodsniaw w il Frrivde powioz el ogwaried o Lagent edy Yis o2arl
A PERSON)" would be performed by a rule such as .
R G elocmes Groall oaalo imes evidaiuey to geil o0l Labrow od
((x 1s A Y) (X Y) (ART ART) (SETR CAR CADR))
slocnss cange LEA S o ddeitey 26 bsdnstd od sisuthe d0ife Tnoiel add 1d
The format "(X IS A Y)" is indeed similar to the sentence "(A BOY IS
brrronovlegne CL0 i ogmln ey Serl LE a0 wn Jearrod adl sl
A PERSON)" because the constants "IS" and "A" appear in both in the
Saed o0y brrs oumsanse oans avswded Paod worlanlimes” 5 os) cunednna 8 ol
same order. Therefore the variable X is associated with the string
nudgs Lin b iy oot miustancs 8) oeddendw 39 o1 2luy 301 do Ism
"A BOY" and Y with "A PERSON " "ART" is the name of a function which
YLLE ST d Lol BRI caofradan g it onk Lvsbhra amen o odd al
tests whether its argument is a string of two symbols, the first of
RN S 5 Jdneriot odd o7 oasll wd e srignie s with M
which is an 1ndefinite article. If 80, the value of "ART" is the
nlaiedue Tenfrcur st oL ziaddd diiag b (Il e
second symbol 1n the string. 0therw1se, the value of "ART" is "NIL "
D e VI IS I N il annis oL TEn gy s,z_[\bugr,.;g- gl
In this case, the same applicability test function, "ART " is used for
: v Sead oszedr teo pood g ldel & oo oped s

both matched substrings "A BOY" and A PERSON." In both cases the

Senita EIC S ST PSR § TR Te R I SPEat R SRR O S by o)
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ﬂJNJ;dme 1 nRms e brs
results of the test are positive, so the values of “thHe two evaIu tions
s it Eyal nodarmn iozq v oo dlugidms 3nmrod
of ART" are "BOY" and "PERSON," respectively. The system then cemposes
saloro g bR 21 {siuov Uri) demyol olgaia o nedw =yusnoo HU
the list of these values "(BOYr ‘PERSON)", and proceeds to the "action
2 #ooainl fewsoea doundy pors (1yolis goigsesorq bhas songs oves
list. Here "SETR” is the SIR function which creates links indicating
st Lped omobdne hovrupot ot sabmistsh viovpiog o) yisezsosa od

the existence of a set-inclusion relation between its two arguments.

4 ey

el morlizegs "ooetsg e el vod yievdY cone ins

24 ';i' H -
"CAR" and "CADR" are functions which obtain the arguments for nSETR"

2Pt teoge Tnogyeg Boalovod 9T elidw Yomoatsq" 1se od3d ai babuioal
by extracting the first and second elements, respectively, from the

drrasasia fin Ele B2 ”vr‘“ oo iy Yo Iraunsis aslunilueg smoe  dsdl

volue ot " (BOYy PERSON)." = After this final function “setr [BOY:

3

~geat visupian zd biuoes 2s00910m3z2 Fo eagvd owd sasdl U oosvagh
PERS@N]" is executed, the model will contain the relationi.information

L] et

crgtand avoE bt barg v &£ al % viovi” .e3smyoi ond KA Jﬁsin

which the rule e cracted'from the Sentence, "(A BOY IS A PERSON)

SIS SIS RS ST LB T o' umreY edi Yo tsmyci sigmiz & eoezy HIZ
The recognition scheme does not distinguish between declarative sen-

Yidesvin Sokdw wno ad sopnes suiissoet Tackdos' ods 3seriold sldi guioias
tences and questions, they each have their own formats and corres-

afdd Yo el owedl ol ognibaocgesTios (all solswloni-lsa 8 asdzie roissiAo
ponding action fuctions. Of course, the effects of the action functions

oid 0¥ srlbuoqaeired gl gidesednsa-les & 10 (gfoldsisxqysint svods
for questions are usually quite defferent from the effects of declara-

=+

"lieanlL Lud o2l tesd viificansilgue oAl cbesdenl  Lnciisdsvgusdpl snonoe
tive-sentence functioms. All action functionn, as well as applicability

arts o undeaiial one asitorul g0idos adi o3 siimeasyd dobdw voidonul
tests, are programs which must be provided to the system along with

2B Liow o = shdsiisy vd v ndam anly3a 53 oF sioidis 967 T¢ sTisc
each new rule,

1e. . X

31 riolsns sl arriyde edd gl runn oid
Fig. 3 is a listing of "all the rules included in the present ver-

gl Yilugidos fomrol 203 gavioczon dzldw soilpogut 1o sqyd
sion of SIR. The symboI"Q“ is to be read as a question-mark. The

aai3se soetryy il goidovel aedld bas "ylieesio' vd bwiiqque xozsoibod
significance of the "classify" function: {s explained in paragraph 2

Lanftuorduzs & 2o

below.
apieu oL thasidmm Litoumos Go dedd 21 owsesd gnilesyosal cron £
LW ot tu syainse 20 ol suk 2l moldsg boilaseb ail ywilugldas o1
2) Ambiguit;gs. The above translation from English sentence to
bBatiedsbenwir yiriew vd buviosol sd Jonned yIFivgidme ns doué  ,bavievil
action function céen work only 1if a desired action is uniquely deter-
Uowvaid et ayn sy ALY Lososmsgml sigmszs ol (eremuod

mined by each format. This is not really the case with many of the

formats used for one of two reasons, which I call format ambiguity
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and semantic ambi uit

T 10, YR Y E P Y N PR I S T : SRR WL St 3 y :
a9 AR i { PR oyt g PRARYES SO I s pTEN FEL r witd 4 EEFREEE

Format ambiguity is a programming device rather than a true ambig-

RO E A ES 1“})3*{«7‘%" /385 Pobee TVOZT Lwe T Ly
uity. It occurs when a single format (and rule) is used in order to
el woroebie oong bas L TRORAZY LVGEYY zaulsy sasdy Go oneill il

save space and proce851ng effort, even though several formats would

. 3 e v es
gE o esdnida owe 3 R I e Te T TR 263 ap UHY el

be necessary to uniquely determine the required action. E.g., the

LA : e e o nisr polscionieineg 5 00 9D T v aw il

sentence "Every boy is a person” specifies that the set "boy" 1s
ERIeEs S0ouor o akvoyde Jordw znobi2aed o :

: TP
[ L IR i

included in the set person," while "The boy is a person" specifies

AL SR BTSN ,r},‘,r',,_y's LG Lae Lnn AgTl ada ges o ERs

that some particular element of the set "boy" is also an element of the

.-Af,g,wa JOUUomud ien il oardgn wusih (AORAET (Y0 el o sin

set "person." These two types of sentences could be uniquely recog-

RO FTenionr prodlfstot L0t atoinos Hiiw Pabom ol Jhadunods sy HUOEANY
nized by the formats, "Every x is a y" and "The x is a X S Instead

ol YeE (:*;".‘)3"‘3{ Sl Mot !JJJE“&'J'?' N T A SRS R I 1 ’.dea}

SIR uses a single format of the form, "z is a yj" In the rule con=:

¥ .

T Lo ianlo o voowond deiouad taih odor maGh somdne aolriounssr alT

taining this format, the "action" function cannot be one which directly
S i einorel awe aisdsy sverd Hoss ved?  japolldssis ogs =00n3

EY

creates either a set- inclusion link, corresponding to the first of the
s TETSE NS CoUNRRPI AN TS & B ST T oAl Usevtpos 0 Jamoldowl o Fiun pobhnok

above interpretations, or a set-membership link, corresponding to the ,
rodsbo e d0alTe o end watheh adiun wlleuey 93 sao 0 ten {0l
second interpretation. Instead, the applicability test is the "classify"

,,,,, ¥

doosiigas oo Ghe L oanl e oubdon PiA 0 Lanoldsost o inwnoovl

function which transmits to the action function an 1ndicator of the

{ wanl madey - nriy oy bmolvets o¢ Yaum dobdw asnapnor cn L21Eod

ai.

nature of the article in the string matched by variable z, as well as
ol e Hage

L

the noun in the string.f The action function then used is a 'select"

FUIS ERTPE A o coioerry maluy sl e o ogaliedl ooa2r d {
type of function which resolves the format ambiguity bygexamining ‘the
so-aobtoonp Loon haox nd ol el otiav e sl i inogoln

1ndicator supplied by classify“ and then invoking the correct action

GUERLEs e sislars #F acitond? witaessla' odr o suonn i

as a subroutine.
A more interesting case is that of semantic ambiguity, in which
the ambiguity in desired action is due to the meanings of the words

# dellgnd ot colisfemeys aveds odT  :2oiziund (s
involved, Such an ambiguity cannot be resolved by using more- -detailed

eviad oluveiou 2F soloe bhetizob s Y] wlne Avow sy motlunod molioe
formats. The example implemented in SIR involves the verb "to have,
EXE NS FRIES T E R (e T ovilosy Tos B8l oeidY Cparra Y flopa wd ek
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LX TS W) (X w) (CLASSIFY CLASSIFY) (SETR-SELECT CAR CADR)

trs X G (X1 (DECOMPOSE ) (SETRW~SELECT CAAR CDAR})
X OWNS Y) (X Y) (CLASSIFY CLASSIFY) (OWN-SELECT CADR CAR))
(O0ES X CWN Y Q) X Y} (CLASSIFY CLASSIFY) (OWN=SELECT CADR CAR}}
(40w MANY Y DOES X OWN Q) (Y X)(SING CLASSIFY) (OWN-SELECT CAR CADR))
tX 15 Y PART CF £) (X vy 2} (CLASSTFY A= CLASSIFY)

(PARTR-SELECT CAR CADDR})
(X HAS AS A PART ONE Y} (X Y1 (CLASSIFY IDEN-1

{PARTRN=SELECT CAR CADR)Y)}
(THERE ARE Y ON X} (Y X) (NUM=Y CLASSIFY) {PARTRN-SELECT CADR CaRy)

(THERE I> ONE Y CON X! Yy x) (IDEN1 CLASSIFY)
(PARTRN=-SELECT CADR CAR))

(15 X PART CF Y Q) (X v) [LLAMBDA (J) {CLASSIFY (ALAST J)))
CLASSIFY) (PARTRQ~SELECT CAR CADR}M)

{HOW MANY Y ARE TH ON X @} (Y TH X) (SING THERE=- CLASSIFY)
(PARTRNQ=-SELECT CAR CADDR)I

(42N MANY Y ARE PARTS OF X Q1 {Y X} (SING CLASSIFY)
{PARTRNG-SELECT CAR CADR)} -
(X HAS Y (X oY) (CLASSIFY CLASSIFY) (HAS=RESCLVE CADR (AR}
(X HAL w) (X wl (CLASSIFY NUM-Y) (HASN-RESOLVE CADR (AR
(H34 MANY X DCES Y HAVE Q) tx Y (SING CLASSIFY)
(HAVE=RESOLVE CAR CADRI))}
(X IS JudT T2 THE RIGHT OF Y (x ) (CLASSIFY CLASSIFY)
CJRIGHT=-SELECT CAR CADR))
(XI5 JuST TO THE LEFT OF Y) XY (CLASSIFY CLASSIFY)
(JRIGHT-SELECT CADR (AR) il
(X 15 TO THE RIGHT OF Y1 (X Y) . {CLASSIFY CLASSIFY)
(RIGHT~SELECT  CAR  CADR) )
(X IS TC THE LEFT OF Y) x Yy CCLASSIFY CLASSIFY)
(RIGHT-STLECT CADR (AR} )
(15 X JuST TO THE RIGHT OF Y @) (X Y) (CLASSTIFY CLASSIFY)
(JRIGHTL-SELECT CAR  CADR) i
(ls X JudT TO THE LEZFT QOF ¥ ) X Yy (CLASSIFY CLASSIFY)
(JRIGHTG=SELECT  CADR  CAR) )
1o X TC THE RIGHT COF Y G} (X Yy (CLASSIFY CLASSIFY)
(RUGHTI-SELECT CAR CADR) 1
(Is X TO THE LEFT OF Y Q) (X Yy (CLASSIFY  (CLASSIFY)
(RIGHTG-SELECT CADR (AR) !
(WHERE 15 X Q) {x) {CLASSIFY) (WHERE-SELECT CAR))
{wHAT 13 THE X OF Y Q) (x ¥ (LOC CLASSIFY) (LOC=SELECT CADR))

FIGURE 3: SENTENCE RECOGNITION RULES
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which may mean either "to have attached as parts'" or '"to own," e.g.,

"John has ten fingers'" ys. "John has three marbles." 1In a case of

semantic ambiguity the "action" function is a '"resolve" type function
N

which once again has the task of resolving the ahbiguity and selecting
the appropriate subroutine, rather than performing any action on the

model directly. Howevew, the*an?gggggy canpor be: rEQpIVed on the

PR s h] PrITAIAYY YR H~J"t LY Ry oY
e v‘w\, ]

basis of any inforuatiaaauvailaBIEwinuthg qrigﬁgu;~agg§gnce. Instead,

CLRGOAD  WAD TIIJRCLRTRASS
CroBMC TRAR A 2A ZAM X

the ambiguity resolution depggd; qponxgq#QMﬁsgqgta&;Qgs in the model

TE OB s HAD of ShEMI
FA) adﬂ PRI TN

which were created-onfthe basis of @feﬁ;ggghuﬂnkﬁﬁgggbus sentences.

Lot w;cx cx MT oYY (00X WO AT A Y Yﬁ‘” LN
{RUgA)Y  RaD i/-”iz. AR

Section VB of this paper eonta&n@ aumg Exﬂﬁpla

IRLATALD YRR V
ek valz a‘z; [ § I

&seuastorrqgﬁ s,g;;;,cy

3 Rt “»::HP MY
{(PQAJ a-7

SeCtion VIL.D. vl Zadl T iy x)( (f‘ii

tRAD

processes used, and further

»

C. Output: Formation and Impertance offnmgppuggh

wwwwwwww Hisadii § v AT THELS B :
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As with the input 1anguage&‘8!k nvaggs ﬁbé’;ﬁ@bléps of -natural
BT S L1 [ ‘HJ‘.L_‘,-)

‘(Q ?:ﬁg, PR X i9f ”1- X 1&" ,‘}

language processing in its fésponses, The responsge mechanism involves

a set of built-in responserformats. Although some generative grammar
would probably be needed in a larger system, these response formats
are adequate to demonstrate the use of the model and the ability of
the present system to produce intelligible conversation;

Some of the responses are complete prepared statements, such as
are frequiently used as diagnostic comments in modern programming
systems; €.g., &EJM%T'%WM&:’ ﬂt%feiiﬂkj&i‘tecogniz ed by
the present system," which is printed if no rule is found to be appli-

cable to the input sentence. Other responses must be completed by the




61

programs which use them before being prinredAIe.g., the form;,"I don't
know whether*¢ is part of *%,! which:is ‘printed, afnem the **'s are
appropriately replaced, in response¢ to cer;gépnquegbions-about part-
whole relatioms.

One principle used in programming this system was rhat SIR should
always make easily;ondexstandeole»Ef?ergegofgitr—gpcionst In parti-
cular, it should never fail to act on a newléopg;_seoremce without
presenting a reasonable explanation for irsjféllﬁre.f:1mp1ementing
this principle turned out to be easier than ExpeCted,Qfor there always
seemed to be only a small number of poéiible?reéeone”for;the failure

of any one search procedure, and thqs’i;d?ﬁEvonlyfneoessary to provide

a few response formats {and programs’ to:Gee.themys These responses,

in turn, not only improved the conversatdnnal abilkty and thus the
apparent intelllgence of the system, but also*gxeatly &ided in Bebug-
E Ry S e

ging. .SIR, in effect, frequen:l;itoid‘me ﬁhat 1t was doing wrong.

The conversation shown in Fig. 1 was produced by operat1ng in an
abbreviated-response .mode in which SIR‘oﬁIy'ﬁriﬁtw:deéétly rele-
vant responses. The program can also operate in a mode in .which SIR
provides a running commentary of its activities, identlfying functions
used and commenting on every link created. Althongh Less readable,
this full-response mode was a 31gnificant program debugging aid. Fig. 4

shows the output for the dialogue of Fig. 1 40 ehe miternate full-

response mode. T TS PN N

-—Trewr—v—Y {4



{THE NEXT SENFENCE IS . .)
(EVERY BOY IS A PERSON)

{THE FUNCTION USED IS . .) I

SETR-SELECT

T(GENERIC . BOY) (GENERIC . PERSGN))

{THE REPLY . .) . . )
’ ui F;ﬂucuwuun $c ¥ o Lo aa s wadd awae oSt v o

uwv PERSUN)

L UITS REPLY o o) ) ) , . R ,
T (1 UNDERSTAND TomE 2@5&1 R tlmmmw\!ﬁ’m TABL B W el iy g
11 UNDERSTAND THE SUBSET RELATION BETMEEM BOY AND PERSON} ’

S FHE Avee WERT Sehemmeerasciia o o TR .o s L Dboualang v hatsy

(A FINGER 1S PART UF A HAND)

{THE FUNCTION USED IS . o) . .
PARTR-SELECT oo i ley s Toidw
{IGENERIC . FINGER) (GENERIC . MANL))
(THE REPLY o o)
. . . \THe SUB-FUNCTION USED 1S . R ,
Lo b Yol BaRER I E ANy PEosodn
(FINGER HAND) i

o CITY REPLY o o .
Lo T U oneRTAN THe BuBSARTAP-gACH. O Del GEaw O TRGER el BNG) L Do A
’ (1 UNDERSTAND THE SUPERPART-OF-EACH Ak unm BETWEEN HAND AND FINGER)

§ L (THE NERE SENBENCE. ¥ ‘4 1) 1 £ 1 Dkmr owwes Lionds si
N {EACH PERSON HAS TwU HANDS)
I
{THE F TION USED l - N » o e o
BN ¥ VE - 3¢ 5 s s0b cvbgnperes sldiaonnoy o gl dasaain

{2 « WAND} lﬁiﬂllt . 'EISONH
{THE REPLY o )

CATHE ABDVE SENTENCE 1S ANBIG

Wl \‘9 5"‘ v“fms; ST B S D D § SRR 1 R O LA
(IHE NEXT SENTENCE IS . .}

o ITHERE ARE TWO HANDS UN !Acu ]iumu L g o R . .

Ll ia RS A SR AL [ERRE RS S A i DD
(YHE Fnucnon USED lS o)
PARTRN-SELECT
LIGENERIC PEISM (2 K MH .
21 (TeE MO 5 0 “ I8 S PN o i S A

11 UNDERSTAND !nl Wt”ll -G°IACM RELATIOQ SETUEEN PERSON MD Ml
(1 REALIZE THE NUMBER RELATION BETMEEN 2 AND (PLIST NANE PERSON))

(1 UNDERSL S ~0F—!A£N LAYTION B8 C
ORRERS SR E 1 - T 2] w “&%B%KTU(}‘ wSria s g

LTHE NEXT § E §S » )

1511 trod: NlrY ¥ $10DEE JOMN BAEES B¢ 50 TOD Bave cquel yIoo Jom ooy oo

LIHE FUNCTION USED IS . .)
o . AV -IESDLV : oo ¥ - v g
porta e Detaede wpbdco o es L fud camzve sdd o sosacspil INGTECEL

”NE R!PL' e o)
({THE ABOVE SENTENCE IS mlwws
i1 WN’Y KNOH M'ﬂﬁl 13

o e

st 1 “m {MAS) REANS (MAS AS PARTS))
A, BT 1 ’ljff.a el

LR g

vrp‘

{THE MEXT SENTENCE IS . .)

LIonn_LS 4 BgY ; . ‘ . ) .
b ’(’ ‘bor i i v Vot DOFTSRIAVIECH S

(THE runcnuu USED IS . .)

SETR-SELECT

coin bRl RATI e dniiie pd wto Sonogasy-Duasive sdde

(THE SUB~FUNCTIOM USED IS . .}

SETRS
; 1JOHN B8O . v -
FLas AT 1 EEE REP V’OJ‘T.M:- N A B S TR fika s MERTL T .5 SO Pa

(1 UNDERSTAND THE ELEMEMTS RELATION l&l’“!l JONN ANMD sov)
(1 UNDERSTAND THE MEMBER RELATION BETWEEN 8OV AND JOMM)

lrn{ NEXT Sﬂ"m! IS . .)
(HOW MANY FINGERS DOES JOHN HAVE Q1

CETHE SURCT iGN N 1Y LAY L Do e 0 i D wwan 0o G Pinenenod bpas hoeo
HAVE-RESOLVE B
(+INGER (UIIQUE o JOMNY)

y syond ‘ : f . U A NN w5 1% o« {-
: o [RELE D= SO A RO LIINS L E D T-p L R
= e WEPLY ) : o i
) (THE ABOVE SENVENCE IS AMBIGUOUS ew QUT T ASSUNE (MAS]) MEANS (HAS AS PARTS))
{1 KNOW SUPERPART-OF~EACH RELATION DEI'I!!N HAN AND. 'llﬁir‘tl . .
< Meewnawrimwerieka e 90, g T Yo S350 BB AN ¢ IV £ P ;

{ThHE NEXT SENTENCE IS . .}
LEVERY WAND HAS 5 FINGERS)

({THE FUNCTION USED IS . .}

HASN-RESOLVE

(15 . FINGER) {GENERIC . HAND))

(THE REPLY o+ o}

(TME ABOVE SENTENCE [S AMBIGUUUS #e BUT I ASSUME (MHAS) MEANS (HAS AS PARTS))

FIGURE 4: SAMPLE CONVERSATION IN FULL-RESPONSE MODE




KNOW THE SUPERPART-QF-EACH RELATION BEYWEEN HAND AU FINGER)
KEALIZE THE NUMBER RELATION BETWEEN 5 AND {PLIST NAME HAND))
KNOW THE SUBPART-OF-EACH RELATION BETWEEN FINGER AND HAND)
REALIZE THE NUMBER RcLATION BETWEEN % AND (PLIST NAME FINGERD)

————

{IHE NEXT SENTENCE IS « )
(HUW MANY FINGERS DOES JOHN HAVE )

{THE FUNCTION USED IS o .}

HAVE-RESOLVE

(FINGER [UNIQUE + JOHN))

{THE REPLY . )

{THE ABOVE SENTENCE 1S AMBIGUOUS == BUT 1 ASSUME (HAS) MEANS (HAS AS PARTS)H)
{1 KNOW THE SUPERPART-OF-EACH RELATION BETWEEN HAND AND FINGEKR}

(1 KNOW THE SUPERPART-OF-EACH RELATION BETWEEN PERSON AND HAND)

{ThE ANSWER IS 10)

{THE NEXT SENTENCE IS . o)
{HOW MANY AUTOMOBILES DDES JOHN HAVE Q)

{THE FUNCTION USED IS . .}

HAVE-RESOLVE

(AUTOMOBILE {(UNIQUE . JOHN))

{THE REPLY . .)

{Tnt ABOVE SENTENCE IS AMBIGUOUS #= PLEASE RE-PHRASE 1T)

(Tre NEXT SENTENCE IS + )
{wHO IS PRESIDENT OF THE UNITED STATES Q)

(STATEMENT FOKM NOY RECOGNIZED)

(THe NEXT SENTENCE S . .}
{THe 30Y IS JUST TO THE LEFY UF THE TABLE!}

(THE FUNCTION USED IS . )
JRIGHT-SELECT

{(SPECIFIC . TABLE) (SPECIFIC . BOY)}
(THE REPLY . .}

(THE SUB-FUNCTIUN USED IS . .}

JRIGHT

{TABLE 80Y)

(ITS REPLY . )

(02840 IS A TABLE)

{1 UNDERSTAND THE ELEMENTS RELATION BETWEEN GO2840 ANU TAHLE}
(I UNDERSTAND THE MEMBER HRELATION BETWEEN TABLE AND GU2840)
(1 REALIZE THE JRIGHT RELATION BETWEEN TABLE AND BOY)

(1 REALIZE THE JLEFY RELATION BETWEEN BDY AND TABLE)

((HE NEXT SENTENCE IS . )

{THL LAMP 1S JUST TO THE LEFT OF THE TABLE)

{THE FUNCTION USED IS + .}

JRIGHT-SELECT

((SPECIFIC . TABLE) (SPECIFIC . LAMP))

{THE REPLY . .}

{THE SUB-FUNCTION USED IS5 . )

JRIGHT

(TABLE LAMP)

{ITS REPLY . .1}

{602841 IS A LAMP)

{1 UNDERSTAND THE ELEMENTS RELATION BETWEEN (02841 AND LANP)
{1 UNDERSTAND THE MEMBER RELATION BETWEEN LAMP AND GOZ841)
(1HE ABOVE STATEMENT IS5 IMPOSSIBLE)

(THE WEXT SENTENCE IS o .}
(THt TABLE IS TO THE RIGHT OF THE CHAIR)

{THE FUNCTION USED IS + o)

RIGHT-SELECT

((SPECIFIC . TABLE) (SPECIFIC . CHAIR))

{THE REPLY + o}

{THE SUB~-FUNCTION USED IS5 . .)

RIGHT

{TABLE CHAIR}

{ITS REPLY o )

(502842 IS A CHAIR)

(I UNDERSTAND THE ELEMENTS RELATION BETWEEN G02842 AND CHAIR}
{1 UNDERSTAND THE MEMBER RELATION BETWEEN CHAIR AND GO2842)
(1 UNDERSTAND THE RIGHT RELATION BETWEEN TABLE AND CHAIR}
(I UNDERSTAND THE LEFT RELATION BETWEEN CHAIR AND TABLE)

(THE NEXT SENTENCE IS . )
[WHAT 1S THE RELATIVE PUSITION OF A PERSON Q)

(THE FUNCTION USED IS « )

LOC-SELECT

{{GENERIC + PERSON))

(THE REPLY . )

{THE SUB-FUNCTIUN USED IS5 . .}

LOCATEG

{PERSON)

(ETS REPLY . )

(THE LEFT-TG~RIGHT ORDER (S AS FOLLOWS}
(CHAIR (BOY TABLE))

FIGURE 4 (Cont.)



In this chapter I shali*gﬁvg
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SIR and explain the mechanisms which enable SIR to carry on its end of
PIEIE B T A ¢ '2
W S¥He Rl ,gs Trataing ey

a conversation., These examples can frequently best,. be 'esented with

P 1Y

the aid of logical notation, sg formal, axmpg;,g, wil.l bﬁ uxed‘ %en

necessary. Explanations of the standard, lpg;l,qu. ;gm are . given in

Appendix 1.

,,,,,,

aid in understanding the following pagebf& Howezggﬂhig,ﬁﬁbqlé be

sufficient for the reader to know the "fcn[a b]" 1ggg,~cpw; that the

expressions named "a" and '"b" as arguments.phyggeaﬁpnctiqnjgt these

,,,,,

although the evaluation process may have side effects su‘ &s changing

! .s‘i.i
LR S

the model structure or pr&nmtng cem-natsanain moxe 406&1 pro-

WE GBEn oA ,.» -;ny m:! PPLER FPT I
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gramming terms, one may think of "fcn" as naming a subroutine, and

L R el

"fen[a;b]" representing the execution of the lubrouaiqe winh Ma" and

"b" as input data. The creation of a single synbok&o axpra“iion

PR ST 4

called the value is the principal result of the exeeu@io

value of a function, which is;ar

AT

a computation, ghould not be confused:arith ehnuwahuc=o£=envaetribute,

SOOI BT s -

which is the entry following the attribute on a puoperty-l&%&.

(XA

A. Relations and Functions.

Each part of Fig. 5 is a conversation between a person and SIR,

P "“f"é
mAE B L E

presented in the abbreviated -responge mode described at the end of
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Section IV.C. Each example illgstrates the.use ofi-a-different group of
relations and their associated €18D4funce&ont”in*thé“SIR‘SYStem. With
minor exceptions the examples aée cgmplgpixsl,éhgﬁthgterngnes freely
use functions introduced earlieq but not convergeg.tAIHéée conversa-
tions are presented again as Appendix III in thé’fﬁll -response mode
which identifies ;heﬂ functions uased. In Fig. 5, the symbol " 0
prefixes the input senteﬁceS‘:ali other rematks #are’ SIR responses.

The remainder of th;s ggg;ioh presents deacriptions of .all the sig-
nificant functions*mentfongd ih Appendix 111 in the order in which
they are needed for the conve;sagions. The funcg}ons are presented in

REEEFELIE C T

groups which correspond to the virious parts of Fig. 5, and which are

identified by the:prificipal “attribute- links manipulated by the functions

AR
din

in the group. R A ”f CoerirdAe

Each function description consists of thfeéw§§ftgz‘a gufggse, a

method, and a procedyre, The pudpose is:e-brief-statement of the effect

“ o
PRI BT 3

the function is designéé“to havei The method isrgn‘IAtuitive descrip~
tion of how the purpose should bé :c;;;;;h:>#n: I;(;sulily‘presented
in a mixture of‘Eningh,ang Iggicpl notation for maximum clagity.
Finally, the procedure is a descertion of how the methed is imple-
; e PRI L

mented, and may be considered a r?ugh f}gg;g&ggg,pﬁygh%iactual program.
Notice that the relational structire of the model is the key internal
feature of SIR which enables the procedures to imglement the methods

&Mtﬁ;*“%audﬁﬁiégiﬁzgﬁg B AR .

in a direct and efficient manner. These methods, in turn, determine the

degree of SIR's ability to store facts and answer questions. Chapter VI

will discuss how SIR's model, methods, and procedures could be general-

ized to produce a more powerful semantic information retrieval system..
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d. OWNERSHIP, GENERAL

(ome, EVERY FIREMAN OWNS A PAIR-OF-RED-SUSPENDERS)

(f UNDERSTAND)

{ane, DOES A PAIR-UF-RED-SUSPENDERS UWN A PALIR-DF-RED~SUSPENDERS «)

[NU =e THEY ARE THE SAME])

(ene, DOES A DOCTOR OWN A PAIR-OF-RED-SUSPENDERS W)

(INSUFFECIENT INFORMAT[ON}

(eee, A FIRECHIEF 1S A FIREMAN)

(1 UNDERSTAND)
tene. DUES A FIRECHIEF OWN A PAIR-OF-RED-SUSPENDERS Q)
Yes

e. OWNERSHIP, SPECIFIC

{oen, ALFRED OWNS A LDG-LOG-DECITRIG)

{1 UNDERSTAND}

(sne, A LOG-LOG-OECITRIG &S A SLIDE-RULE}

(I UNDERSTAND)

(eas, ODES ALFRED UWN A SLIDE-RULE Q)
YeS
(roa, EVERY ENGINEERING-STUDENT OWNS A SLIDE-RULE)

(1 UNDERSTAND)

VERNON [S A TECH-MAN)

{1 UNDERSTAND}

(eae, A TECH-MAN [S AN ENGINEERING-STUDENT)

(I UNDERSTAND)

(enw, DDES VERNON OWN A SLIDE~RULE Q)
YES
{san, DUES AN ENGINEERING-STUDENT OWN THE LOL-LOG-UECITRIG Q)

1602840 1S A LOG-LOG-DECITRIG)
(INSUFFICIENT INFORMATION)

{eee, ALFRED IS A TECH-MAN)

(I UNDERSTAND)

{ave, DUES AN ENGINEERING-STUDENT OWN THE LUG-LOG-DECITRIuL G}

YES

FIGURE 5 (Cont.)



f. PART-WHOLE, GENERAL

A NOSE IS PART OF A PERSON)

(t UNDERSTAND)

(ane,

A NOSTRIL IS A PART UF A NUSE)

(1 UNDERSTAND}

(enu,

A PROFESSOR IS A TEACHER)

([ UNDERSTAND})

{ene,

A TEACHER IS A PERSUN)

(1 UNNDERSTAND)

YiS

(euw.

(ND

(woe,

[S A NOSTRIL PART OF A PRUFESSUR W)

IS A NOSE PART OF A NOSE G)

PART MEANS PROPER SUBPART)

A PERSON IS A LIVING-CREATUKRE)

{I UNDERSTAND}

tesa,

IS A NOSTRIL PAKT OF A LEVING-CREATURE

SOMETIMES

(NU

IS A LIVING-CREATURE PART OF A NOSE Qt

NOSE IS SCMETIMES PART OF LIVING-CREATURE)

(aes,
(ens.
{eon.
s

(ene,

{ene,

(X

(nwe,

YeS
¢}

(ane,

{une,

{non,

YES

8. PART-WHOLE, SPECIFIC

A YAN-DYKE IS PART UF FERREN)

{1 UNDERSTAND)

A VAN-DYKE IS A BEARD)

{1 UNDERSTAND)

IS A BEARD PART DF FERREN Q)

A CRT IS A DISPLAY-DEVICE)

(1 UNDERSTAND)

A CRT IS PART OF THE PDP-1)

(602840 IS A POP-1)
{1 UNDERSTAND)

SAM IS THE PDP-1)

{1 UNDERSTAND)

A SCREEN IS PART OF EVERY DISPLAY-DEevICE}

{1 UNDERSTAND)

IS A SCREEN PART OF SAM Q)

A BEARD IS PART UF A BEAINIK)

{1 UNDERSTAND}

EVERY COFFEE-HOUSE-CUSTOMER 1S A BEATNIK)

{1 UNDERSTAND}

BUZLZ 1S A COFFEE-HOUSE-CUSTUMEK)

{1 UNDERSTANDI}

IS A BEARD PART OF 8UZZ W)

FIGURE 5 (Cont.)



h. NUMBER

(sns, A BOY IS A PERSON}
(1 UNDERSTAND)
(ena, JOHN 15 A BOY)

(1 UNDERSTAND}

(sea, A FINGER [S PART GF A HAND)

(1 UNUERSTAND)

(ees, HOW MANY FINGERS DOES JOHN HAVE Q)

[TRE ABDVE SENTENCE IS AMBIGUUUS ®e BUT 1 ASSUME [HAS) MEANS (HAS AS PARTSH)
(1 DON®T KNOW WHETHER FINGER IS PART OF JOMN)

(see, THERE IS ONE HAND ON EACH ARM)

{1 UNDERSTAND)

(ese, THERE ARE TwO ARMS ON A PERSON)

(I UNDERSTAND)

(sen, HOW MANY FINGERS DOES JOMN HAVE Q)

{THE ABOVE SENTENCE [S AMBIGUOUS ®# BUT I ASSUME (HAS) MEANS (HAS AS ¢ARTS)H)

({HOW MANY FINGER PER HAND Q))

{nwe, A HAND HAS 9 FINGERS)

{THE ABUVE SENTENCE IS AMBIGUOUS ee BUT | ASSUME (MAS) MEANS (HAS A5 PARTS))
1 UNDERSTAND)

(esa, HOW MANY FINGERS DOES JOHN HAVE Q)

{THE ABOVE SENTENCE IS AMBIGUUUS e+ BUT I ASSUME (HAS) MEANS (HAS A5 PARTS))
{THE ANSMER IS 10}

FIGURE 5 (Cont.)



i. LEFT-TO-RIGHT POSITION

{soe, THE TELEPHONE IS JUST TU THE RIGWT OF THE BOOK)
[GO2840 IS A TELEPHONE )

1602841 IS A 800K)

{1 UNDERSTAND)

lese, THE TELEPHONE IS JUST TO THE LEFT OF THE PAD)

({02842 1S A PAD)
{1 UNOERSTAND)

{ese, IS THE PAD JUST TO THE RIGHT OF THE BUOK Q. © o E s
NO
[EREL R Y 2 FIE
{ese, 1S THE BOOK TO THE LEFY OF THE PAD Q) ) v .-
YLS -
(ase, THE PAD IS TO THE RIGHT OF THE TELEPMONE) - %
R R EEE ST s 2

(THE ABOVE STATEMENT IS ALREADY KNOWM)

(one. THE PAD IS TO THE LEFT OF The ts;:rnuucn‘
. # ST
(TME ABOVE STATEMENT IS IWFOSSISLEL - - [RER TN
{eon. THE ASH=TRAY 1S TO THE LEFT OF M SOQKL. oo <
(GO2843 IS A ASH-TRAY)
{1 UNDERSTAND)
(ooe. THE PENCIL IS TD THE LEFT OF THE $AD) -
(602844 IS A PENCIL)
{1 UNDERSTAND}
T AR -

tesua oy THE PAPER 15 10 THE AISAT OF (THE TRLEPGWED ... . AUF o sweih il

IR 2 BT T NECE AL F X AT
1602845 IS A PAPER)
{1 UNDERSTANO)

Foom s oara BAM 2
toee. WHERE 1S THE PAD @)
(JUST TO THE ‘REGHT OF ‘THE - TEKEPHONEE - s awies s
(SONEWMERE TO THE RIGHT OF THE FOLLOWING . . IPENCILll :
(ese, WHAT 1S THE POSITION OF THE BRB QF 0 ¢ 300 .= moah« v —
(THE ‘LEPP-TOSRIGHT ORDER (S NS POLEONS) = - —vodmis - o

(ASH=TRAY (800K TELEPHONE PAD) PAPER) “‘
(Y0 FURTHER SPECIFY THE POSITIONS YOU NUST INDICATE WHERE THE PENMCIL IS IINI lESP&CT TO THE ASH-TRAY)
{nes, THE BOOK §S JUST TO THE RIGNT OF THE ASH-TRAY)

11 UNDERSTAND)

{ose, WHAT IS THE POSITION OF THE PAD Q)
(THE LEFT-TO-RIGHT URDER 1S AS FOLLOWS)
{PENCIL (ASH-TRAY BOOK TELEPHONE PAD) PAPER)
{ese, A TELEPHONE 1S AN AUDIO-TRANSDUCER)
(1 UNDERSTAND)

lese, A DIAPHRAGM IS PART OF AN AUDIO-TRANSOUCER}
{1 UNDERSTAND)

(sesn, WHERE 1S A DIAPHRAGH Q)

{JUST TO THE LEFT OF THE PAD)
(JUST TO THE RIGHT OF THE BOOK)
[SOMEWHERE TO THE LEFT OF THE FOLLDNING . . [PAPER))

FIGURE 5 (Cont.)
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Operation of functions: ‘ e vre ewan s
R LIRS B I F { TRl
a) Attributes: SUBSET, SUPERSET . .
AL O } ! H
1. setr[x;y] Lo

purpose: To spec1fy in the model that set X is included 1n set 3.

method: Create a type-3 link between x apd 1 which 1pdicateg set- 4
inclusion. L , _ _13 L

. s Py Poosn b % g
KT I R R RO A N LR Y :

procedure‘ 4 E R S T I I S Y EA

a. AM"(PLIS!" smE x)" to the value Hnt of httribute "sunsm'"
of y. SERK

b. Add "(PLIST NAME y)" to the value list of nttribute "SUPERSET"

of x. v )
c. Respond=? (¥ UNDERSTANDY® - -=:-"V ”“;’

o BTSN . i¥3
i R RN

oA amngase

2.: setrq[x,y]

Pt
. G i

burpose To reply as to whether an arbitrar element of set x is an N

‘3‘&1 “,; fa X

&4 !‘j REr At

element ‘6f-set'y. " :
method: A member of xt i§ t‘éﬁtiﬁete‘d to ‘be -k de nﬁé&"’&f 'y £ ¢he sets
x and y are identical; or if there is a chain of explicit ;etfinclusion
Tinks proving that x is a subset of y, i.e.,if there ekifte s’
(possibly empty) sequence of sets v,w, ... z suqh that. ‘
KOV A Jktgcfyuu L el labom or3 0l viiteg S
A member of x is "sometimes" in 'y f°tHere- g g "¥RdPn 6" eiplfcit set-ﬂ
inclusion 1inks proving that X is a subset‘o d¥ r-gq .

o
EETIN LT 4 et

kb

. P
prbt:e&u*re’* b rnempio oo TRrE e g 5 ‘

a. If x=y, respond "YES'".

b. TIf there is a path from x to y through type-3 links following
the attribute "SUPERSET",respond "YES". o

c. If there is a path from y to x thrdu} ’ﬁgg?33 ligkb fbtlowing
the attribute '"SUPERSET", respond '"'SOMET ok : o

d. Otherwise, respond "(INSUFFIM%W"“ v

b) Attributes:: M m MBER , BUEMEN TTS' coamnd s soping ot aginasian

1.° setré{x,YE ,f%, ‘ffi;”;js

purpose: To Spec1fy in the model that x:is tinieﬂber“o”f”fhé get y.

method: Create a type-3 -1iik ‘betwdén Qoaﬂd’lzw&’f”iﬁ&iéﬂées set‘””‘f

membership.

i v FIY vy IR

A "‘ag,(H R Rl AT

P

¥




72

-

procedure: - '
a. Add "(PLIST NAME y)" to the value ust“'*o‘f at‘f"ibute "mmm"
of x.
b. Add "(PLIST NAME x)" to the value list of attribute "ELEMENTS"
of y. P s
c. Respond "(I UNDERSTAND)'".

2. setrsq[x;y]
o S fobounr ol ol ¢Irosqs (L 2aoghug

purpose:™ To? reply aa to whetﬁer X is a member of the set Yo

W3S Aart Descvy o n ososat o stothpewy
method: ﬁepiy "YES"‘ if the foiiin"g is true: '
(Fu)[[u=xV[u 1is equivalent™ to x}]In

[[there is a link indicating that u is a member of 1]\{

G Y
l(;:)i&;hese,,ég 97;195 ipdicatipg Shet.u sp,aummmber:of zia:
[any member of set z is a member of set y]]]]] e
T a3ndixilhe ter b oauler ody oo v HMAKY TerITT o
procedure
a. Make a list of the items connected.he X:b¥.a typesd.link
following the attribute "MEMBER".
b. If y is on the list, respond "YES". e
c. If, for any member z of the list, setrsq[z,y]-YEs. respond
"YES" amsis 1bx3f ivp op isdtede o3 FETIR S SR LS50 b § L+

kepeat steps 'a) "th ough( with x replaced by nch item ..
equivalent to x (if any) until a "YRS" response is made.”

e,,.Otharwige, rqapqgﬁ mswmmsmm Yo sodusm

n‘,awi - 313 foxs to pisds s 2f sid ¥ioxo o lsoidn ey Brg
3. setﬁszg§i’¥ r‘éd T j’» "';’T; Jyfdg P TP RETT . ‘i{.‘;
£ Yo sonsuposs (00 L .
purpose: To specify in the “model that the uniqvf‘:»clwnt (iuf MX

the %eg § is)"’liao*%nf%l‘megt qf mg:‘.ﬁ x. ’TW v jJin' " BN 4 HES B
24 togmivotg 201 porEst
method: Create a type-3 Imk from the uni.que elemejnt of x to z which

indicates set-membership. If x has more than one elmnt, do not, et 4p: .
any link.

CHRRYT hacgnaes vex T 8
suiris & Lengy t odaosordsd y ol ox moci o fdrag s o2l otwds i d
procedure ‘ IO Lo ; tn it
BRUSS ™ BRRE GLEYLXLs s
*b = NIL, inat%,m-;» das o
c. Otherwise l%%fmgl b

4. specify[x]

purpose: To determine the unique element,.if..any. of the set x.. .., /(4

method: If x has one element, find its name. If x has no elements, .
create one and give it a name. If x has more than one element, ask

which one Qf;d w%tei fgj,,l,ur:eﬁl 5 leidd Pubios ard gl w0 e ab GGG
*See Paxt; ch f% mrexalms%i%&& 'm-wlm om0 wel tedduo




Procedure P L T IR PREI PSS I O S S S VL e R
a: Get the value list of the attribute "ELEMENTS" ¢f.

If there is no list, create a new symbol u, respoﬂﬁ "(u IS A x)"

b.
execute sgtralu;x], @nd xeturn u.se She;velus of epseifyixle. ©
c, If thére is just one element named on the ligt,.er;if. gl} ;he S
elements are equivalent, return the nsme of the firlt “element as the
value of gpeg}fyLyl, .
d. Otherwise respond "(WHICK g o y)ggjwhgxgigﬁiqbq;;int qf
names of the elements, and return "NIL" as the value of specify[x]
5. setralglxiyl . . oo o oap o 0 men eI aj
purpose: To rep}y.§s to whether the ynique elemepks ﬁmu: eﬁ the.se
x, 1s a member of the set Y- L T - g
MUOGATARAGT Y Lonae
method: Determine the element referred to and apply setrsg.
i", W g;, §
procedure
ggmgut*gcu = %PQF‘%&YLJQ] [ T - 14 PR I B - M T LA
If 4= NIL, terminate. Lxovew G aeim
¢. Execute setrsq[u;yl. .
i :t L 13 2 ’ { !
T T T I RN R T S SV S pita RS Lorwa
c)  Attrtbute: EQUIV
1. equiv[x o iﬁnma Tt &i?’ bouge A
oo iE v . ; v--:,:Al Y3 $
purpose, .,Tq specify in ;he mdel ﬁhat 5 gxsd g ﬁquutmlem,- : f;.
method:  Create a.type-2. livk ,bﬁymeeaa %zmmm@am squivdience
HERRR R A QT‘( AR YE-QRREENY BETT R EENREEI Te b’
procedure: LT IS Lbrogass ouiwig
a. Add x to the value 1ist of attribute "EQUIV" of Y-
b. Add y to the value list of attribute "EQUIV" of x.
c. Respond "(I UNDERSTAND)".
sereest QIMWO cno sl e
2. equivl[x;y]
purpose: To specify in the model that x is equivolent to the'unique
element oif the Bet Yo ... Lo Lot debom adi ool vilooge of G s
method: Determine the eleg@nt ;eferneﬂwgp,aquapglxKasggx St
cobrsion gldets oo oehradn
procedure:
a. Compute u = specify| y} Saooubnrig
he, Afu = NIL= terminate. Sir oo Yo Ma TBICHYT RLAL
c. Execute equiv[x u].
ERAR TSP 13 T TR Cer et owmpdoow arld ol Tl AIAS raTad
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d) Attributes: owum’-]ny_-mcn, POSSESS-BY-EACH

1. ownrﬁx y]

et g

R

2 i 4\.: :

purpose: Tbuspééify in Ehé’madei that QVety ﬁe&%er of set 2
A ST FREETrs 21 e H

some*member af set’x. ’fj ff oo ) A i

SFRT I 11 ,?ﬁt 5

SRR PP

method: Create a type-3 1ink between P and _which inéieates the e
ownership felation bEtveén“their membérﬁ’ """" o selE s -

. gy : . oo e B ey . o e e
FIER A N BV omrpmony bDoo L ulosmida s L BT

procedure
a. Add "(PLIST NAME y)" to the value list of attrtbdte
""OWNED-BY~EACH" of x. .
Sonbyiliad@ Y(PEIST NAMR' %)Y eoVthHe vilud® éistWofiaétrib&te -

"POSSESS-BY-EACH" of y. “ SRR
c. Respond "(I UNDERSTAND)"
.:a Yo YR i 1l 313 !

2. ownrq[x,y]

purpose: To reply as to whether an arbitrarywmémﬁéf of! set 2 owns
some member of set x. AL :v:” o
method: The answer is "YES" if x ¥ y, and

(Fz)[y=2zV [y is a subset of zl] A
[there exists the appropriate ownership link between X and z]]

procedure:
a: If x=y, respond "(NO ** THEY ARE THE SAME)". ppmam
b. Create the list { containing y and all sets u for whxch there
is a path frow 'y “to ‘¥ through Eypér I Ifnk# FE1 téWing Thie “attribute ®°
"SUPERSET" ;
Dledipe &ﬁi«e%ﬁmrnc‘of'llcohtains‘b”tﬁpbiﬁ "Fink 8 x ‘following
the attribute "POSSESS~BY-EACH', respond "YES".

d. Othervise resppnd '(INSUFFICIENT INFORMATION)". ks
- tF dsil ap! P W i

SRR
e) Attributes: OWNED, POSSESS

1. ownrgu[x,y] N

Sy s T S . PRI S o S S SOOI R S T FER I I

purpose: To specify in the model that Y owns a membetuof"the set x.

method: Create & Hiypé~3 1irk bétwden ¥ ‘and j“ﬂﬁ%éhfiﬁafeatei*tﬁe LB
intended ownership relation. o
procedure: e i A '
a. Add "(PLIST NAME x)" to the value Ii#t bf attribute "POSSESS"
of y.
b. Add "(PLIST NAME y)" to the value list of attribute "OWNED" of x.
c. Respond ''(I UNDERSTAND)".
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2. ownrguq[x;y]
purpose: To reply as to whether y owns a member of set x ‘

method: The reply is YRS {f there is a Iiﬁk indicating tﬁht.x owné Kl
member of x or of some subset of x;or if
@[3 is & member of z] A(Ju)[[u=eY zCulA
[Z%there fs a 1f{nk imd /}cating ha?t every ngemﬁer of set U
owns a member of set x]]]

procedure:

a. 1If there is a  1ink indicating ‘an x is owne& 27f1{.

b. Consider each set z for which there L% a ‘
y owns a member ‘of z. If, for any z, setrqlz; ;x]=

c. Consider each set 2z such that thexef}gagx
an element of z.

d. For each 2, construct a list ﬂ containing eveny set y for which
setrq[ z; u]=YEs.

€. ompute m = the list of all. gets juch. tp t there is a type-
link from x tov following ‘the attribute iﬁ , .

f. If for some 2, the intersection of ,Q"'and“’a s non-empty,
respond 'YES'.

g. Otherwise, reapond "(InsﬁfgiciENI

Dnd\ "YESH
And aing hat

24 Ee,. ﬂd
;inggca%ing_z is

LRI

e I drue oo

3., qwnrsgq[x,y] B ”2;2;i.;f;;';@QA: .

purpose: To reply as to whether the'unique element of thejﬁez X . .
is owned by some. element of the set y. y L

EEAS

method: Ditermine that a uniqge'eiemengfof5§ gxists ‘xhen,,the
reply is "YES" ’
(Jz)[[there is a 1link 1ndicat1ng that & memher qf se§ § is. owned by;%&
(F)[[v=2V [y is equivalent to z] A=
(w)[[there is a link indicating that y is an element °f1¥L\

[there are linksib‘indicat% ok ¥oig A aubset of gz]lH

I ST

procedure PR T

a. Compgte q 5’ ggiﬁnyi f {wT;z,
b. If v = NIL, terminate.

c. aqrete the. quigidua;s W whggh 5re,IinReJAt % a
values of(t e'amggb% , b
For each , generate the sets z which w, an@’any individual
equivalent to w, is gﬁynbgg,gg BTy
* z;y] = ¥ES ) Fedpond Witsn "

e. 1If, for some z, setrq respon
f. Otherwise respond !"(INSUFFICIENT INFORMATION)".
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f) Attributes: SUPERPART-OF-EACH, SUBPART-OF-EACH

1. partr[x;X_]

CoEE R @ndD v Tandarid o gn v

purpose: To sp,e»c;lfy in t;he model that every. el%

of some elemént of §et Y.

Ty LM

method: Create. 2t e- 3 11:’11( ‘betw
whole relatidn Between théir members

procedure:
3, .Add "(PLIST NAME y)" to the vqlue list of attribute A K
"svpﬁxmx‘fﬁ?m ‘ P

:{

e )" € the vme Fiog 3f%at

);:jgf*‘ vhs toy .31

"SUBPARf-ﬁF‘-g,k

& Kespond TKND)W. 3 “fs‘f} dose 3 ioe “
2 pé‘r&rq[x,y]f gl Al s i trilog donvaRne |
purf;‘d'sr"‘é To reply dg "o‘ [é; i%f‘ f‘l‘f frbftrdi‘y jﬂémbet‘ “of Set ‘* ‘{5 a .
s i Apa {7 atiiwnling A Ty ST

part of some member f ‘ ,
Laf o ac o moidnezusint 5d3 (3 wowe

method: No elemeng . ;g R 1y "yES" if T BnagEs
(Iw)[[there is & %M 1%@5 %@ftfﬁgﬂ& ‘an dt’bftr’é*ry H

member of set x is part of some member of WA [[i-w
[[there is a chain of links indicat:ing the g gibset -

ofw ] .
Reply llmﬁsw*' Froezosmla 50D o1 -y sibe a1 =- ." wun 6 .
(3w)[[there is a chain of links ﬂu&fé‘af’iﬂg ﬁ\a'é‘ ‘g arbitfary
member Pf set is part of some member o
[there 'fs " ain “6f ‘Tinke “fn&f@ﬁfﬂg%ﬂ{é%ﬂn‘ 4 u’bsg‘t,; df I]]
s ;

Reply ..mﬂif an arbit:rary ber o {aet g isg a‘ltways or sdmet

mem 51 b "“

,‘\551 0o upe el «;\\l. 'Eii
Procé&uf%», NG HO0LSE d‘J I wr’ noel .

a. 'If x«y," respond’ "CNO THEY AR “hod Soghy®. 70 0o

b. Generate those sets w which can be reached from x through =
a chain of type-3 links following the attribute "3ﬂPmART-OF- EACHY -0

c. If, for some w, setrq[y,w] = YES or‘sj METONE p’é’tﬁ“ g
"YES" ot "SOMETIME ely. N T

12 tnd rdeBin e oEos § iRl %@%ﬁ NS

respond "(NO,.y IS PART OF x)" or "_(uo I8 ART of!
5 }sa 913 aisd

L i
respectively;” ¥ srsg
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g) Attributes: SUBPART, SUPERPART

’k'i; partrgu[x y] ‘ ‘ N ’ -
purpose: ‘To' specffy ¥ the modél shat: sdmé Glement df set % is a
part of Ehé fndiifi’dtml; _ '_ PR j ) o
method: Create a type-3 1ink between 2.‘. and x which “it;dfﬂcﬁ‘te‘s thef'*
appropriafe par‘t f"iho!fe ‘rél’at’fon. e aem e ’ ;

1

i ’.J

proCe&ufe ,w; :.- X . CoEeney - * ,,\ N - ' .‘v - + .

a. Add "(PLis'r mm x)" to'the valye - ué*t ~brf a‘ttr’i‘btft’e
"SUBPART" of y.

b. Add "(PLIST NAME y)" to the value ligt of atEribite

"SUPERPART" of x. L _ o 4 ,

; " Redpond- T wm'mm)" ey T s Gl SR

2. partrgs[x y] _

. L sooLy Claiti 3 TN S TURERRTR . i . ”

purpose: ”To ispec‘if?y ‘tn“the mod‘el‘ ‘tﬁ#t ‘sﬂﬁb’ ermf of %ét X is a S

part &f “the m'lfqﬁé efétﬁ’eﬁf“ ke ény’, ‘o ‘ : e i

method: Determine z, the unique element of y. 'l‘hen specify that

some element of x is part of 'g . b
Fiy SR 3
procedure: .
a. Compute z = 8 ecifylyl. N
b. Bf-zw NFE; ‘tetiinste; ‘

ci Elsey. Comphite pavtigulx;e] =i 0 v
3: partrguqlx;yl

purpose: To reply as to whether some element of set X is part of
the individual yooo ' CoeeE : PEome -
method: A member of x is a part of y if A , .
(?u)[lu*yViy {8 eqisivatettt to YFIA 700 00 o e
[ @w){[there is a link indicatiqg that &n element Uf W
“is b Subpdrt of 'ulp Az gren N
, [{w=xV[there are’\i‘fﬁl&’ tﬁﬁ’l‘é’ﬂ.‘ﬁiﬁ‘ ﬁ\‘ae»w""fb u' etﬁr‘aet of x1V
po e (Y] [éhdre lard Tink frifft iy *ﬂfwi 7 ‘
SRR ' smamenp*af*xéﬁfa e A0 VT !
[wcz\liﬁi’e?’e’ g 71 £d}dp’ m—’r  ‘that w‘{ﬁ‘% mb.et of 111N
4 %)[[u is an eleme ttbff‘ oMoz 15 dTey a
‘are links Lot that g fh‘%"tif‘ﬁ&et of
v)]]]]ll]l

,w

procedure: R

a. Generate those nodes W which can bt ’reiﬂﬁd o‘r‘ from
any node ‘edifivalént t6'y “by cﬁaln ﬁf ’tﬁé‘?j’ I’itﬂ?"‘“fbf‘l"b%‘fﬁ the 4
attribute "SUBPART." b SAUGINGdR 90T QU
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b. If, for any w, setrq[w;x]-YEs;_re’ij;end"%é'\"

c. Otherwise, generate those nodes z which catt .be ;reached from x
by a chain of type-3 links following the attribute "SUPERPART-OF-EACH".

d. I’f’ ‘fOI, -any, Bw |an¥n£¥= §e: &SL‘BL’-m H‘Q@“f"‘ga' SRR F A

e. Othérwise, compute the list § of sets f&; ;whigh .there is-a .
type-3 link from y, or any node equivalent to y, ollowing the
attribute /'MEMBERY. , . ; iadd Apnii o 2-sovi o

f. Generate the nodes V which ‘can be, )gqqeggquy ﬁaqhgin Qf
type-3 links from x following the attribute, SUPRRPART-OF-EACH" .

g. If, for any v and any u in £, setrqfu;v]=YES, renpond "!E$"

h. Otherwise, reapond "(INSUFFIGIENT INFORMATION)'.«

4. part‘r_s&{x;‘y] v i e e o ”‘—,"" GMALE T ’x3~< J_ e

SRS

A

purpose: To specify in the model that the unigue; @leqent, L§ gny,,‘ ﬁof .
set x is part of the unique element, if any, of set x.

method: Identify the unique elements u and v of sets x and 1,
respectively. .Specify that some. elemgng ggupetﬁ A8 ,mt, Pf the :,;,w;:,,

individual v." Then creatg .atyper2 link from: the .appropriate type-3
link from x to u, specifﬁng which element of x is involved.

DL SO Codviensls suniny o add n ancaonarnd SIS R T

procedure’ ) PR ‘:f T I T Y | ’j
a. Compute v-specify[b] , and u-specify[ a]

b. If u or v = NIL, terminate. Loy

c. Execute partrgu[x;v], eiposge - '
1

d. Add u to the value list of attribyte, 15", on that

member of the "SUPERPART" value list of x Which refers to Y.
e. Respond " (I UNDERSTAND)".

k3 B
I N RS TAPECE T
|

5. partrsgq[x;yl]

purpose: To reply as to whether the unique element of set X, %P pert
of some element of set y.

LY 30

method: The answer is "YES" if there exiﬁu;& a un;gu,e elegent 5 oﬁ
set x and if
(Bw)[[there is a link indicating that sgnegg ;Lp pa;t oT wl/\
Vi AAmUumwy u s egnivalent; oA o
Co .. (3v)lthere is a link i ing, that u :l.g_”nm ekmpnt of vIA
[[y=viV [there are linkp itgic}gtgp&,thapdy; a subset of v
s - (3e)[lthere, are Iinks. indica that euery ¥ ... .-
o is part of some _g] val,g] )
- [there are links 1ndicati.—ng, that. a ga,@ Wt— ,af _ql]]]]]]

il *.

procedure:
a. Compute z = specify[x].
. Lf z = NIL, fermpinate. . =
. Geperate thoge nodes. ¥ which %he ﬁna‘chei fmas. by PRI
type—3 link following the attribute "SUPERPART". ~ R
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d. For each w compute the list & of those sets which w, or any
sat: equivalent to u, 18 & menber: of. S i P
e. stﬂwmg tmd“m‘*»- '
£. If, for any vef, setrql{y;v] = YBS," :espona "rns" :

Vg Otherwise, generate thosd: noiws: g Which .cam be: reached from
¥ by a types3-litk following the wttribute !wmmf-mw. polh
h. 1If,’ fori any g, setrg(v;q): = YBS - ond: "YESM:

i. Otherwise relpond "(INSUFFICM?I M)" P

=F },A

h) Attribute' mm

1. pattrn{x,y;n]
purpose: To specify in the model that there are n elements of the
set x which are parts of every element cf set x

‘ methodz Create r-2 type»-B un‘g bettreen x and meifyiﬂg that an
element of x ie part of séie’ element: o?&\ ea‘tb typea-l 1ihkc
associating the number n with that’ tWB‘” liﬁhki 2 f.i",

pmbfhﬂuu‘ e Y
. Exequte pti'tt‘[x,y]. Prere ' ‘ woer i

b. Add' Y{NUMBER =)' ¢e” b&tﬁ thG 1iet: wh‘tlh was: &dﬂed' tw th@ vq}.ue

list of attribute MSUBPAMRT-OF-BACH'" of i and the ldét- vhich was add&d
to the value list of attribute 'SUPERPART-OF-EACHY &F xi-/-v4 = 7 <

2 . partronu[x;y;nl

purpose: To specify in the model that. thére are n elembats of set
X which are parts of individual y.

method: Create a type-3 link between x and y which indicates that
some element' of set X is part of-yi e}teat@ wypo-l inks: umaciating
the number n with that types3 link. - o SEER S N TE

procedure: ‘ : .

a. Execute partrgg[x;y] S il

“by Addi ¥(RUMBER: n)Yto- both the lj,Lst which wag a’dded to. the
the value: list of artribute VSUBPARTY.of 'y, and the:list which was
added to the value list of attribute "SUPERPART" of x.

i

3. partrnuq[x y} o

purpose: to ieyly‘ as to how maeny eiemum of“the m r sre paru
of the 1ndivi§ual X ' SR




methodz-.. If. - e LG
Qu)[[ there is a link indic ting thobaﬁv&iemext pt Ak Lﬂ m;; zqf Yia:
[{u=x]V @v)[[there is a chamof: ugmsmgimat
a v. i park of: every plon [Iwrwd Moz Q3w won 1o
{theve: is a-chain of Jinks dnikoes ing & qmﬁf VJJ]]N
GU)[[mcme; de:addok: indicating: thats 3 &8 an klement: O£ ast. u]b wd v
(Fv) [[ thexe is.& ghain afy Moks, xtﬁimug x&%aemv d.ss a:
part of: mgegj}\ﬂm&gq\;m:w Brogaan Geiwia :
[there 1is a chain of links indicating that X is a
subset of v]1]],
then the answer is the product of the values of the type-1l links follow-
ing the attribute "NUMBER", associated with each typmsfickink usad ins (s
proving the required part relation. If any such "NUMBER" attribute is
missing, the reply should explicitly request it. If{the; partrwhele.
relation cannot be established the reply indicates that fact.
gty Do s ool o
procedure B o ~"~%:‘5t"i£s viamve 10 23189 2 o

a. Follow the procedure of partrguq[x,y] ‘until links are found
which warrent:e: "WES!\ response ... Saye a.diat £ pf aldqrequised. idnkmufi s
which follow: the mtsyibuke’ "SVBP; d%ém-ﬂ?-m": TG sammuio

b. If no such list can:be srespondi v o radmun od g‘::sfzj.-:,;.:,.:;;??;
"(I DON*T KNOW WHETHER x IS PART OF y)"

c. For each element g of £, where @ specifies & "SUPERPART-OF-HACH!;
link from u to v, get the value of the attributhr I'NIMBERY ©f &1 1L, for
some.0n: 80 suths yeilue, ex ist i, reappnd ) (e MANY (is. 2B Q) 'f_m, .4

oo . Compuke: 8= §he product pf the' mwabery- m 9hwm .t 2li
Respond "(THE ANSWER I8 ‘@Y 4 -50-1Has '

i st ; eyt
1 1(‘,". "J.U(i {'*wjﬁ i‘f: HFS .! TR IRY T

Fell R E T NS U N R Tiou L; 934

BN F R I A T

[

1) Attributes:. iEFT,.RIGHT, JLEXT,:JRIGHD: ..

1. jright[x,y]
c3Eariasl dopeb 2 oimwded dnil o {-so stewtld o hmaddem
purposm Imsmity:in the mdgl ﬂtat l:gemnim ciement Ofn set X u Dm0 R
located just to the right of the unique. slement-@f1 8oty .~ 11y 1 o edl

method: Check whether the statement is consistent with existing knews-:.g
ledge; 1i.e., that nothing is known to be betweenk:amd:y snd:shet y:

is not khown:to: bekp: the: right.of Xt 3£ dtcds. pola cammbstentiicompdain.
Otherwise,;.cxeate 2. tywl él:lnk 1mcuwm pmximlmehtlom a3

2 ai;d‘ ToeoAsit o ooedoy nid o~y hebbes

procedure: . T

a. If specify[x] or specify[y] = NIL, terminatgm % ipu: s E

b. 1If there is already a type-l link from y to x following the at-
tribute "JRIGHT",:respond ''(THE: ABGVE-STATEMENT I8 ALRSAWJ Whﬁ"nww vY

c. IFf it can be proven that y is to the right of x,idugsyidf iy 3o
rightp[y;x]=T ; or if there is any type-1 link from y f-llowing the
attribute "JRIGHT"; or if there is any type-1 link from x following the
attribute "JLEFT"; then respond "(THE ABOVE STATMENT IS IMPOSSIBLE)".

d. If rightp[x;y]l=T, and there does not exist a direct type-2
link from y to x following the attribute "RIGHT", respond
"“"(THE ABOVE STATEMENT IS IMPOSSIBLE)'".
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e Otherw1se, create a type-l liﬁk“from‘g to x following the L"iu
attribute "JRKIGHT"; create a type-1 1inkK from’ X to' 1 féllowing the
attribute "JLEFT"; and respond "(I UNBERSTAND)"

. riﬁhtp[quI

purpose; . To test whether it is known thgt the x 1s Iocated to the ‘
right of the - A Y :;tﬁﬁui%

methed "r;ghtpLx,yl" is deﬁined recgfﬁﬂ@el
no type-l Iink from foll Wing the attri)

link from y follow gtg&qtﬁgibu:e RIBT", ﬁhq /alue of " is‘ ;x y;n—z;
is NIL; 1if eitheriq% ve Links ex sts ‘and’ Tfﬁks “to 'x thg velue

ia T. Otherwise the value 18 the disjunotion of the Naluﬁs of ‘
"rightp[x;y}" for all u which are linked to 1 by one of the ‘ébove 1links.

procedure.
. Compyte u, the value of the typerl link frpm.x following the

at:t:ribur;e-"JRIGHT"7

b. If u=x, value is T, " {f there ts no u, go to step d.

¢. If rightp[x;u]l = T, the value is T.

d. Compute {, the yalue of the txgefg 1ink f:gm‘g following
the attribute "RIGHT".

e. If x is a member of list f the yalge ia’T,_ 1f thgte &s
no §, the value 18 NIk. - o

f. If, for any veQ, rightp[x v]=T, the value {8 T; otherwise
the value is NIL. ‘ ﬁ

note: "T" and "NIL' are special LISP sgthIS standing for "trug"
and "false," reSP¢Qtfu11y , o D

3, rightlx;yl

purpose: To specify in the model that the unique element of set x is
located to the right of the unique element of set y. ’

method: ,Gheck whether the statement ;e consistent gith ex1st1ng
kngwled e.; 1f sq, treate a type-2 link 1ndieatiqg the poaitional ‘
relatxonf cherwiﬁea complain. = T
procedure
a. If speo1£y[x]=NlL or specifyLylﬂHIL, ;e nate.f
b. Tf rightp[x;y]=T, respond "(THE K%QVE "SEATEMENT 1S ALREADY "KNOJ )"
c. If rightp[y;x]=T, 'respond "(IH; A SIAQBMENT Is, IMPQSSIBLE
Qthexwise, create.a type-2 Tink J k0% ‘folloving the
attribute "RIGHT"; Create a type-2 1iu ﬁro@ x toqx foIlowing*the
attribute 'LEFT"; and.respond "Ql U&ﬁﬁla ‘ ;

4. Jrightseqlxiy)

purpose: To reply as to whether the x is located just to the right of
the y. L _ B A i U L

STV
pregised o
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method: Determine whether the links in the model indicate.that 5_isjust
to the right °f.1' X cannot be juat ta ﬁhe right of;x, o:; tﬁher.ﬂ‘,,

OV

procedure:

a. If specify[x]=NIL or specify[y]-NIL, terminate.

b. If there is a type-1 link from y to x following ‘theé “attribute
"JRIGHT", respond '"YES".

c. 1f rightply;x]=T; or if there fs" any type-1 Tk "From y fqliowt
ing the attribute "JRIGHT"; or if there is any type~l link frod x £61Tow-
ing the attribute "JLEFT'; then respond "NO ", ]

Tf rightp[x,yl-T.gnd t " does’ nb“ éx?sf 8 fégsct‘tybe-z Ii “J?”
from y to x following the ‘attribute “RIGHT", redpond * Do e
%. Ozt:gherwise, reapond "(mstmfcmrt mw '

5. rightssq[x,y]

somiee Do ¥

purpose: To reply as to whether the x.is located to the right of theJX:“

method: = Determine whether the links ‘in the ‘model’ indtcéee cﬁat E’is
to the right of y, to the left of‘x, or neither. .

ot i

procedure: . o I
If specifyfx]=NIL or speci*fy[y']-NIL, térininat
If rightplx;y}=T, respond "YES". = R

. If rightply;x]=T, respond ™NO".: - = = SRR
. Otherwise, respond "(INSUFEICIENT mromnoh)"f

A0 oD

6. wheres[x] T AP

purpose: To determine the locations of ‘those oﬁjeCté which have ff
been positioned with respect to the unique element ‘of ‘the ‘set X,

method: Reply with the information provided by each podftfdﬁéfffink
associated with x. L
procedure:

a. If specify[xlﬂNIL, terminate.

b. Compute u = the value of the t:ype-l Iink ‘from x following che,
attribute "JLEFT"; v = the value of ‘the type-1 link from x following" thé‘
attribute "JRIGHT"; £ = the value of the type-2 fiiK frém x “following '
the attribute "LEFT"; and m = the value of the type-2 link from x ,
following the attribute "RIGHT". . c
oo e I U, ¥, 4, and B.all’ dq nm; e:éist', resporr& ‘"(NO ro*mmu Is
RNOWN)"L:'”T , o T

d. 'If u does not exist ‘g0 to step £, AT

e. Reqpond "(JUST TO THE ﬁIGHT QF Tﬁﬂ u)"{ and go to the next qtgp

f. If v does not exist, 80 to step h. .

g. Respond, "(JUST TO THE LEFT OF THE vy and ‘go to ‘the mext step.

h. If 2 does not exist, go to step j. _

i. Respond, "(SOMEWHERE TO THE RIGHT OF THE FOLLOWING.. .R)", and
go to the next step. )

j. If m does not exist, terminaté. R

K. Respond ""(SOMEWHERE TO THE LEFT OF THE FOLLOWING . . m)".

-
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~f7. 16C3te3iX] PO A B o SRR RER Cedn D tarr D R an
purpose: To determine the location of the unique element of set X with
respect to as many other ijects as goqlihle.}j‘n‘ P '
method: CGnktruct 'a didgram of fhe ref%—to-fighf'GQ&ﬂr of objects by
searching through all chains of positional links atsrting ‘from X and
proceeding recgrggyely. frthe diagram liat, with gf
jects known t05 ‘Be adj¢Ceﬁ% %éfinﬁi?ﬁ' fggiﬁ £ ﬁé Itlonﬂ
links from x exist or if q.npfl~qfdeii can ikf% ﬁﬁj make an
appropriate comment .

prn::c.e!mitf'ﬂ%"ch o
a., If specify[x]*NIL, terminate.

b. Set t e épitipl dgggy (%F'"(
[

c. ‘the véThe} ngﬁ @ﬁk },a{fgllpwiﬁg‘the
attributg " IGHI? - u e iqtn ':lﬁ, i3 dlrga 80 to step f.
3;%11: u jﬁs’t‘q to tte TIght ‘gf‘g“ %; 33 gvright after

X in a aublist of g. 011 C e
e. Replace g by the kesuit of axecutkng thf% ';oped‘rg stgrting i
from step ¢, wi cing the ar umept and
" the current val g’&gf fuaa}% ‘aggﬁ&g"f%’lﬁ pt 31 B &
f. Repeat step c, for the attribute "JLEFT". In case of failure,
go to step i.
g. Insert u just to the left of x in g.
h, Repeat step e,
i. Compute Q = the value of the type-2 link frem x following the
attribute "RIGHT". If no £ exists, go to step £.
j. For each méR: If m is already inm the curvent g, ignore it;
1f there exists a v in g which is the object (or first object on a
sublist) following x (or a sublist containing x), go to step k. Other-
wise insert m after % (or the subldst containing x) in g, and repegat step
es with the current value of m replacing X. When all méfd have been
treated go top step -
k., If rightp{v;m]=T, insert m after x and continue with the next
m in step j. If rightp[m;v]=T, then Just Tor this value of m replace x
by y v and continye as in step j. Otherwise, respond - O RO
- "(THE LEFT-TO-RIGHT ORDER IS)
g .
(TO FURTHER SPECIFY THE POSITIONS YOU MUST INDICATE WHERE THE m I8
WITH RESPECT TO THE v)".
1, Perform operations analogous te 1, j, and k for the attribute
"LEFT" Of _1,".'
m, If the current g="(x)", respond "(NO RELATIVE POSITION IN KNOWN)'".
n. Otherwise respond, "(THE LEPT~TO-RIGHT ORDER I8) g".

8, whereglx]

purpose: To determine the locations of those objects which have been
positioned with respect to some element of set Xx.

method: Find an object u of which an x is an example or a part, and
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vhich has positional links. Then find the locations of L'jhose abjects
which have been positioned with respect to u.

Teepg i wonome L

procedure' L 5 Tt 5e TE i . i
a. If x has any posicional 1inks, 'i‘e., i{f ‘the attributes
"JRIGHI'",. "JLEFT', "R;[QlT",, Zn W of 5 are not ,.911 misaing,.
execute viheteslx] I : N L Ta wgeee (i s
i SO PR 1
(3u)[I:hem 18 a ;wqu,e ce gf L 'y

ay

then execute: wheres[u]
c. If the hypotheses of step b.hold for the attribute "sunsm e
execute wheres[u]. A . ‘o ‘ i
d. If

Gu)[[the.re is a sequence of Linka ‘%c md,p

G BRI
% A‘i (: ;
12l =l 3

[w haﬂ at leqhat one ' '« ‘ A r g8 mi ﬁ

]
then execu’tg tffg?re w:]. ot T e i e asse mend
e, vbt:‘ner‘wi e respdohd "’(}ﬁ) RELATIVE ) [ I8 1 R

r iroorg
= -3 H
i
.
A :
3
IRE . i
i
]
Vi
s e PN
A 7
i ¥ ¢4

P )
CEAEET .

o i syl 3E srid mirio juh ol Y G

. ¥ + fn ¥ - - e

SO R R * V3o B : Freug

- ;oo S Pt i H 237

LR 1 FH510U0 oy Dogd Pl IBm
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B. Special Features.
This section discusses the sample convergations for Fig. 6 which

illustrate three special fgﬁgg&gfwgggéﬂg SIR gsystem. The first two --

the exception principle and regolving ambiguities -- illustrate how

(ST PR 1 S

SIR can be used to simulate various aspects of hu-nn linguistic behavior.

TMATRIR A By SUEsM Dl as saiasi arevd

The third feature -- streamlining -~ demonstratef“tfe“wdy in which SIR

ATE MR A IT B

can automatically modify its model structure in qgge; to save computer

memory space., pesE A s A
sidbduidt s )

a) Exception principle: General informgtiion,about. . 'all the elements"

[SVL 2 R

of a set is considered to apply to particular elements only in the absence

(Yo 3 &1 ¥aFas

of more specific information about those elements” “Thtsd it is not

necessarily contradictory to learn, qhqg:;;éi;;i;;:;gwlqnd animals" and

GEAT 2RI LT

yet "a whale is a mammal which always liyes jin water." .In the program,

this idea is.implemented by always.refexrning: i.maies&teé information

CRATZ R20M
to the property-list of the indiwidullaeolhatn‘d-hefora«looking at the
PEREE N IATIM g 4k LETEY T Ea SUTHGL L BRA Ol MRS TEID ZWOSA el

< ﬁnﬁ.’ “A de

descriptions of sets to which the individual belong
Ik 2 L4080 MR yEER w0

The justification. .forx. &hiaudcpnr:uxasﬁuun thmnoacxeeption prin-

ciples of Aristotelian logic is thasuthtskpnccudenne of. cpecific
ST nA% A caet eawr g sl “up owe JUGLETAME ) wadd ua:
facts over background knowledge seems to be the wly people operate,
L IVaKr S0k © 4l ey e ST

and I wish the..computex . ba‘cannun#an&emutthlpequg a8 n&kurally as

WYL TR R ey
possible,
The present program does not experience the uncomfortable feeling
people frequently get when they mugt face facts like "a whale is a
SIAGTVEEY IAINIGE 3 IFUONT
mammal which lives in water although mammals as a rule live on land."”

However, minor programming additions to the present system could




a. EXCEPTION PRINCIPLE

(nes, THERE ARE 5 FINGERS ON EVERY HAND)

{1 UNDERSTAND}

(son, THERE ARE TwWO HANDS ON A PERSON)

{1 UNDERSTAND}

{eee, A BOY 1S A PERSON}

(1 UNDERSTAND]

[RALN TOM IS A BOY)

(1 UNDERSTAND)

[enw, DICK 1S A BOY)

(1 UNDERSTAND)

(sos, HARRY IS A ©8QY)

{1 UNDERSTAND]

(nne, TOM HAS NINE FINGERS)
(THE ABUVE SENTENCE 1S AMBIGUUUS =s BUT [ ASSUME
(1 UNUERSTAND)

{eee, DICK HAS ONE HAND)

[THE ABUVE SENTENCE (S AMBIGUUUS e= BUT 1 ASSUME
(1 UNDERSTAND)

{aea, HONW MANY FINGERS DUES TOM HAVE G}

(THL ABOVE SENTENCE IS AMBIGUOUS se BUT [ ASSUME
(THE ANSWER IS 9)

([eoa, HOW MANY FINGERS DOES DICK HAVE Q)
(THE ABOVE SENTENCE [S AMBIGUOUS ee BUT 1 ASSUME
(THE ANSHWER IS 5)

(vue, HOW MANY FINGERS DOES HARRY HAVE Q)
(THE ABOVE SENTENCE IS AMBIGUOUS ## BUT I ASSUME
(THE ANSWER IS 10)

(soa, HOW MANY FINGERS DOES JOE HAVE ()

{THE ABOVE SENTENCE IS AMBIGUOUS e« BUT I ASSUME
{1 UON#T KNOW WHETHER FINGER IS PART QOF JOE)

(HAS}

[HAS)

(HAS)

1HAS)

{HAS)

(HAS)

MEANS

MEANS

MEANS

MEANS

MEANS

MEANS

{HAS

(HAS

(HAS

(HAS

{HAS

{HAS

FIGURE 6: SPECIAL FEATURES
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PARTS M)

PARTS) )

PARTS Y)Y

PARTS))

PARTS))

PARTSH)



b. RESOLVING AMBIGUITIES

(sse, JOHN 1S A PERSON)

(1 UNDERSTAND)

(mun, CICK IS5 A PERSON)

(1 UNDERSTAND)

(ope, A CHAIN IS PART OF A BICYCLE)

{1 UNDERSTAND)

{oes, THE PUWER-SANW HAS A CHAIN)

(THt ABOVE SENTENCE IS AMBIGUUUS e# BUT I ASSUME (HAS) MEANS (HAS AS PARTS))
{,02840 IS A POWER-SAW)

{1 UNDERSTAND)

(eee, JUHN OWNS A CHAIN)

(1 UNDERSTAND)
(woe, DICK HAS A CHAIN)
[THE ABOVE SENTENCE IS AMBIGUOUS #e BUT [ ASSUME (MAS) MEANS {UNWNS))

(1 UNDERSTAND)

(ene, THE CUCKOG-CLUCK HAS A CHAIN)

(THE ABOVE SENTENCE IS AMBIGUOUS #« PLEASE RE-PHRASE IT)

FIGURE 6 (Cont.)



c. STREAMLINING LINKAGES

{nne, JUHN [S5 A PERSON)

{1 UNDERSTAND)

(sne, JOHN 15 A TECH-MAN]

{f UNDERSTAND)

(sae, JUHMN 1S A BOY)

(I UNDERSTAND)

(saw, JOKN 1S A STUDENT)

(I UNDERSTAND)

(wes JOHN IS

>

BRIGHT-PERSON)

(1 UNDERSTAND)

{ese, EVERY BOY IS A PERSON)

(I UNDERSTAND)

(eas, EVERY TECH-MAN [S A PERSUN)

(I UNDERSTAND)

(enw, EVERY TECH-MAN [S A BRIGHT-PERSUN)

{1 UNDERSTAND)

£ T EVERY TECH~MAN IS A STUDENT)

{1 UNDERSTAND)

(eee, EVERY BRIGHT~PERSON IS A PERSON)

{1 UNDERSTAND)

(nen, EVERY STUDENT IS A BRIGHT-PERSON)

(I UNDERSTAND)

(see, EVERY STUDENT IS A PERSON)
{1 UNDERSTAND)

END OF EVALQUOTE, VALUE IS ..
(NO MORE INPUT SENTENCES)

FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS..
STREAML INE
(JOHN}

FORGET THE MEMBER-ELEMENTS RELATIONS BETWELN PERSON AND JOHN)

FORGET THE MEMBER—ELEMENTS RELATIONS BETWEEN STUDENT AND JOUHN)

FORGET THE MEMBER—~ELEMENTS RELATIONS BETWEEN BRIGHT-PERSUN AND JUHN)
FORGET THE SET-INCLUSION RELATION BETHEEN PERSON AND TECH-MAN)

FORGET THE SET-INCLUSION RELATION BETWEEN BRIGHT~PERSON AND TECH-MAN)

(
{
{
{
(
(I FORGET THE SET-INCLUSION RELATION BETWEEN PERSON AND STUDENT}

—_—— -

END OF EVALQUOTE, VALUE IS ..
NIL

FIGURE 6 (Cont.)



89

require it to identify those instances in which speoific informntion
and general information differ, the program could then express its
ooy SAEE BRSBTS R A4 C IR S AN ’

amusement at such paradoxes.

b) Resolwiﬂg:eﬁbiguities° The criteria used by the program to

decide whether "has," in the format "x has y,":should be interpreted |
"has as parts" or "owns" are the following o -
1) Let P be the proposition, "either x is known to be part of

something, or x “is an element of some set whose elements are known
U I T :fi"i:-. d

to be parts of something."'

2) Let N be the proposition, "either _y_' is known to be owned by

P ST
4

something, ‘or z is an element of some set whose elements are known
to be owned by something." | |
3) If PA ~N, ‘assume "has" means "hasasparts" o
If ~BAN, assume "has" means "owns."
If ~P/\~N, give up and ask for re-phrasing.
4) Let P' be the prop081tion, o k |
(3u)[[[y is known to be part of u]V [z is an element of some’;u
set whose elements are known to be parts of the elements of u]]/\ ‘
(I (14 €\ WCVIAT€ wVxCulll. o

5) Let N' be the prop081tion,

i £

(3\1)[[[2 is known to be owned by‘u]V[x is an element of‘ some‘
set whose elements are known to be owned bY the elements of u]]/\"v -
(3")[[“€WV“CW1AIXE wWxcwin., o

6) Ria. /\NN" as"sum\e "has" means)"has aslpsr’ts.’" R

If NP'/\N', assume "has" means "ownsr.','

Otherwise, give up and ask for re-phrasing.
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These criteria are simple, yet they are sufficient to enable the

: " erf '.,‘"i‘ i PREE-T 20 s €300 S0, }V".'“F«( i . i PR3
program to make quite reasonable decisions about the intended pur-p
biooen REY b B CR S LV R TR Y S A i tof fE
pose in various sentences of the ambiguous word "has." Of course,

CRFFORAE PF RIS ey iy e tinis

the program can be fooled into makingumistakes. esg., in case the
" S EEFSE I p’) -

AES S :.‘

gsentence, "Dick has a chain," had been presented before the sentence

“1 e S rvrs 2
SRS TR B & YRt . anil om PR H

"John owns a chain," in the above diaiogue, however, a human being_

i:-,‘

exposed to a new word in a similar situation would make a similar

RN R I ;.zi"\

PR Ik 48 RGN

error. The point here is that it is feasible to automatically

TLTEn LB TOmE L ERaRpaS Ty OICT T PUES s IR )

no
PR

resolve ambiguities in sentence meaning by referring to the descrip-

n_z)errr I 247 D

tions of the words in the sentence -- descriptions which can auto-
TR At PR . I E% o f

matically be created through proper prior exposure to unambiguous

TS B : SR sfa oy . BT

sentences.

«:@.jn',, sccmo AT T g [ERS T

c) Streamlining linkaggs All question-answering (model-

h
PR S VR RSN SO i

searching) functions which involve references to set inclusion or

FEXE RN b -4

set-membership relations must "know" about the basic properties of

those relations, i - those functions must have built into them the

ability to apply theorems like S o “_;
nyAyCzasz and .
a(x,\ny$a6y ;

otherwise the functions would not be able to make full use of the

Shioeang and ed
usually limited information available in the form of explicit links.
TR Lt D3 pwoad ol AN BARIE
On the other hand, since the functions involved will be "aware" of

these theorems, then the set of questions which can be answered is
R 7 ,,.:‘” y ‘f A A ‘ Wt e R ¥ ’
independent of the presence or absence of explicit links which provide
A e :E Miig iy .
the information to the right of the ";s", provided the information to

the left of the "' is available.

SEY Tt E A RS F L B EY
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The "STREAMLINE' opcrction:stdrtovﬁifﬂ:éﬁ; o%jectvx wgichﬁis its
argument, and considers all objectu linkcd to x, directly or indirectly,
‘thtouzh get~ inclusion or aet-membetnhip.; All explicit linké”ﬁﬁong these
objects which can cilo'be“dedﬁce&*by“ﬂit“bf the ‘above known theorems are
deleted. 'A'fcioonic of thcﬁfbfh‘ﬁ(frfbi%iiifﬁt&ékT;iﬁéfﬁgfaﬁ}Eﬁiﬁfiﬁﬁk
BETWEEN y AND z)'" indicates that whatever links wete crented by ‘some i
sentence of a form similar to “(EVERY z IS A y)" ore being deleted,
and the ‘space they occupied 15 being nnde available for other use.

In thé'abbve"exaibic,‘thc STﬁﬁAﬁLINEJoﬁciotionidéiciea{horé thon-;?
half the existing links, at no reduction-inwche question-answering |

power of the system. However, the time required to obtain answers i

to certain questions was significantly incieaacd

S i e

R A e I T R o U B TR T R i 7
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Chapter VI: Formalization and Generalization of SIR
The present version of the SIR system not only demonstrates the

"understands'; it also points

possibility of designing a computer which
the way toward more general, practical systems by providing a useful
data representation (the model) and by suggesting useful general
information retrieval mechanisms.

SIR's abilities were illustrated by Fig. 1 and, in greater detail,
by the conversaticns of Fig. 5. Unfortunately, the system is quite
limited in the number of semantic relations it can "understand" and
in the depth of its apparent understanding of any one relation. More-
over, the present system has some basic features which make these
limitations extremely difficult to overcome.

The purposes of this chapter are to identify those features which
make SIR difficult to extend; to point out how those difficulties
arose and how they may be overcome; and to propose a formalism and a
computer implementation fcr a more general semantic information
retrieval system which has most of the advantages of SIR but few of
its limitations.

The SIR treatment of restricted natural language was discussed at
length. in Chapter IV and is not of concern here. This chapter deals
only with the action of SIR on relational statements which precisely

define the desired information storage or retrieval operations.

A. Properties and Problems of SIR.
Let us now examine the present structure and mode of operation of

SIR. 1In particular, we are interested in learning why SIR cannot be

extended in simple ways to handle a greater quantity and complexity of
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informbtion.

'1)' Progrem organization: The present compiter implementation of
SIR is @n interdependent collection of specially désigned subprogtams. '
Each different information storage ot retrieval operaticn is controlled”
by a different subprogram.

“Such a diffise program structure has a certain advantage for pro-
‘duclhg early results with a new experimental’ system. SIR was pri
marily developed as an experimeéntal vehi¢lé thrbugh which one may learn
thé best forms of information repreésefitation ahid”the’best storage and
retrieval protedures. “As an experimental’ devite,”$IR must be easily "
amenable to changes in its structire and iodes of operation. The -
programmer must be able5to”leérh’fhélﬁbgf’ﬁi%fﬁi’iﬁtéiﬁréﬁifibﬁs of
relational statements and the most useful responses the system shoald” -
make. This learning takes place as he tries|’by means of ad hoc
changes to the progrém, different intérprétations and”diffeésent response

modes. These progtam thanges are easlest’ td make’ if the program con- -

sists of many separaté subprograms without much overall stricture. =~
" As such a system'grows more complitatéd, each change in"a sub--

program may afféct méte of the other sibprograms. Thée sttrticture +° °
becomes more awkward and more difficult €5 gefieralize’as ifs size
increases. “Finally, the system may’ betdie too unwieltly” for' further
experimentat{of. (SIR is presently closé to Bhis pbint of diifthishing
returns.)’ ' ‘

However, by the time this barriér 1& reached many Fruitful résdits-

may have beén aéfaiﬁéd;"’ég hoc féatﬁréé?ﬁéybeSIEEcé:15E6;éeneréii
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principles. Desirable features may be discovered, and uniform methods
may emerge for handling problems which originally seemed quite different
from each other. 1In ‘particular, my experiences in developing SIR to
its present state have enabled me to specify the more uniform, more

general, more powerful system proposed in Sections B and C below.

2} The model: The model is a flexible body of data whose con-
tent and organization are crucial factors in SIR's learning and question-
answering abilities. SIR's "knowledge" is derived from two sources:
facts represented in the model, and procedures embodied in the program.
Basic procedures in the program provide for automatic revision of
the model, if necessary, whenever new information is presented to the
system. No such automatic procedures exist for revising the program
itself.

The greater the variety of information which can be stored in
the model, the more flexible the resulting system is; the more
specific requirements and restrictions which are built into the pro-
gram, the more rigid and less general the overall system is. It
seems desirable, then, to store in the model a great variety of infor-
mation, including facts about objects, relations, and the operation
of the program itself. The program would then consist simply of
storage procedures which would modify the model, and retrieval pro-
cedures whose actions would be controlled by data in the model. The
user could then simply "tell” the system how to change its retrieval

procedures, whenever such changes are desired.

Such a flexible system, whose program is "driven' by the model,

is an ultimate objective of this research. Unfortunately, this
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objective must be approached by successive appréximations. A model-
controlled system cannot be designéd at’the-outset: foi the following”
reasons:

a.. In order to store all the significant, controliling information in
the model, we must first discover whet constitutes the significant
information-in o semsatic’in¥ormetion: SPNeTavll Jysti " Aftar devel-
oping any workable program-plus-model system we are in a better
pesition to %&ioﬁhiﬁ%“t?ﬁiy“iﬁ@bgiﬁnﬁs2&¢€ﬁ§eiﬁ§ﬁﬂﬁf8 Erangfert
control of them to the model. o

ER S

VI Sees wowh I los denil nnk

b. The value and efficiency of the system depends upon the structure
of the 'medel; und’the mafinér’ tn'whisH thé Progeiisfid todel {AEErAEEt: """
One should limit the complexity of the model until the organization
of the model aid’ of ‘tReioverstl system°Have ‘hbén'prevéd adstbles

¢, Thé probliem e!JﬁﬁwﬂtQ‘hxgtegg?ﬁaﬁfrai!iﬁﬁ“iﬁf&fﬁitf&ﬁ wHich we -i0%"
wish to add to the model, e.g., how best to deaeribgvseargh and »
deduction ptocediras { “hult BE sotUvad alEng WEPh BHaUprobloms of - - -
representing and util}z;pg ;ha:”ingoraggioq onge it _is in the model.
Formaltieme - for désceibing sabh céﬁtréfxgsﬁéaéﬁiéﬁ”ﬁ%aﬁéisiéf to" -
devise after some experience has been gained in the use of similar ,
praceduresi Phis experidnes fRUEHPNS 1§ {8¥d7§°¢8%dvetop -through "
experimentation with the progr ortion of simplified semantic
infomatidﬁ ré’!ffﬁvafﬁﬁwrga Pin wov iﬂ;ﬁ P mq

 In SIRthe modél cotisfdts only of ‘d&dcripéibns '0f obyects and
of classes. The number, kind, and intéFpréfitton Gf tHe desériptots -

(attributés) in the model ‘is detérmbnéd ‘Bytheé progred. The 'information

about how the meaniw@gs of corratn‘aifr tbitds ‘ave Telatdd td edch Sther

driigoad ol L ipsasdeds deilgeh cundoo

rather than in the model,

Altheugh STR 'fis ‘spproactiing tts PiWit in ‘Geefylféss] experfence’
with the systen Has Brought nié €6 tive Yoiut Wiere T ‘ol ‘Gohfidently ' -

propose an improved, gererslised syncem UMHe wysted Propowed -

sections B and € below keeps ‘the ‘now proven déscriptfon-Iist orgeniza-

tion for the model; it ‘increases the Verietyiof date t0 be stored -

in the 'ticdel; It trarnsfers some of the ififormatcisn “whodt tHe ettributis
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from the program to the model; and it provides:the.user with a simpli~;.
fiedimgghgdLforﬁexperiggptingjwithLth&}ggéggt;yefgxg@@dﬂreﬁﬁOﬁ,the-=;nwu

system.

.ﬂf;nyqxder to: gesgribe bow.SIR's

question—answerigg behqyior hps been,quievgd.quthwiitugaa be
ST I Ve e BN S BecllE

improved, I must first introduce some notation. As described in

Section III D¢3, eaqh relation in the s;nﬂsnggqiisga dypdic :elation fﬁ

and hence 13 represented 1n the qogel bg tvp gggribqtg liuks.

Table g, givea the correapondence. betweep rg;ation.ngmes and attriu

bute names, and 4. t¥P1931 Ensliph iﬂsetlretasiqa ﬁor eacb talationq o

r.

Note that I use. the £amiliar 1"fii;ﬁ;?€i" ;nd "ﬁ" for 3et-inelunion :
and set.memberShip’ respectively, although funstioagl.not;éion, 2,{;;¥§:
£.8.> "equ1V[x v1," is ‘used for all ofhéffrglat§ons.‘ Alao, the o
usual symbaols of mathematical logic, which are defined in.Appendix I,
will. be .used below when convenient.

A relation "holds" for specified arguments; i.e., a relation .
with specified .arguments (called.as predicate) is "true,” if and omly ..
if any reasonable English interpratation.of the xelatiopal statement .
is a true English statement. An English interpretation .should be
considered "reasonable" only if the natural.lsnguage .processing part
of the system yauld trauslate it intothe given relational statenent.

A relation with specified ohjects as arguments claarly is tzue if the
objects are linked in :h@*mpd?;”by‘Fhﬁu?qg;ﬁhﬂﬁﬁﬂéﬂhithQpnigsgoqdutov\.
the relation. However, frequeatly such s .predicate is ''true" even : . .

when its arguments are pot directly linked, .In awch. cases the txuth. .
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Relation Attribute on Attribute on Typical English =
. p;ggex_;y—}iptw L proyer -list,' M.,.,-._f!-."‘Ee? retation
;;:ozfl x 7 il bf’ y }y A4 fag X : ? - RS R

Joy o wmmm ommee o xie iy

equivix;yl  EQUIVC S RQEtv T P YK gnd” ¥’ name the seme
. qb)ect.:

d bt e fx{ ENEE R -t bop

ownglx;y] ~ OWNED-BY-EACH POSSESS-BY-EAGH Eyery y owns an x.

own[x;y] ~ OWNED . POSSESS o 3. owns_sn x.

e ',, i IO i RS . s

pa:tg@g{;}y] SUPERPQRT-OF-EACH SUBPART-OFE@CH :én‘x is pg;‘t» o;f‘ ay.,

partlx;yl = SUPERPART  SUBPART . . Anx is part of y.

right(x;y] LEFT . RIGIT . Thex is to the right
Jright[xiy] JLEPT CUgRret U 7 thé % s juséi‘"‘f:o“éhé’é'
. e : ‘ D rrisg}t‘v?fft}}e"x.

 Table a; RELATIONAL BOTATION

a

of the predicate can be det:ermmed mdirectly from other infotmation

available in the model or in the Program, PRI

SIR contains a sePPr9t¢:eubvr9§?¢wufgrwdsferm%nin&.?Frutbfq!9fu
each relation in the aystem.; These are the sub?:;ograms responaible for
answering "yes-ozf‘-:np_" questions. _For examgle,, Eh?;m?VSF;» to :he
qusstiens Tis the chair to the right of the tablel) would be found by
8 subprogram called "rightq" which deals with the truth of the "right”

relation. 'Chair'" and "table" would be the inputs to the "rightq"




&%}

program, which would then search the model and make an appropriate

responsg,. . . LiaH
Durlng the aevelopment of SIR,
truth of _r.elft}?ns hiad to be """lf-’"‘rﬁ’—s% ““9' %%ch relatie&

and so a separate program was wnit&gptfor each relag$%§{2§The detailed,

Qpe;atd?n_qg,tpege\sgbprograms wasgdﬁgfribed in Chapt;;hyg Ngw;ygghggﬁ

N

ﬁwtr-.?," ‘‘‘‘‘ ST

common features of these subptrograms.  Such conmon Features could

serve as the basis for a simpler, more unified program structuré.
R U L A R S RN B ¥ LA ?wa» EREHT Dol iude
Indeed, such®common featurés have been f and}%ﬁey are exploited -

FRLH T

g PR TS LI TR Iy THAMETS T8A: FoooETi3ag
in the general system to be described in Sections %’an& ¢ below. : 1

’—?J{J

;téiheﬂfirétfétep”ig trying to siﬂ%ﬁ%%y the truth-teeéiﬁé prbcedures ’
iepto%expregsfthf grecedures in sy&&igtway that their?ggegattgpgggggij
eaaily'ﬁe3g3m§3redﬁhﬁd understood. In practice each of the truth-

testing subprograms operates by searching the model, looking for

cuo oddsT
certain combinations of attribute Ilnké However, since the existence

of an attribute link implies the truth of a corresponding predicate,
we may consider the subprogram as deducing the truth of a predicate

from the fact that certain other predicates are true. Such deduction

iRy apyiig oo soad apn cinuibutg off R

procedures are conveniently expressible tn the fitst-order predicate
msrenoya sid g

calculus (the "quantificational calculus").

ot YU sarnmiaey Lo 1G4 EGISCTOLUS Sisibgey &Lt o 412
Frequently the truth of a preaicn%eidepenﬂs upon the Fact that"

the reiation involved has a special property, e.g., transitivityfg Hone

307 =1

These properties of relatlons may conveni%ﬁtiy‘%% described by "definif

ot e Dol UV ademen st B dagk dy ot rrgdo sdd 2t egliioup
tion" statements in which a bound variaﬁlé stands for the name of some

uhﬁ&écifi@d!reiatigﬁf ﬁ%ﬁegélde%iﬁigiona are’ squly éééiLtio“‘ wﬁicﬁ

- Yt t a4 - kR 3 i
g o biloesw Veidaztt bpe Vaiedd Lmopasian
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will hecoms urdinary quantificatiaaal caleulus statcuegta'uhan~thc
bound varuhies are rcphcad hy ,arti.cum releuiowrgml |

'I‘he propeu!;a fhfimed belou are useiwl -iw dem:tbdmmm nf sshe
sm reketions: '

symetry: of (P) ~4f (W) (W) BIxiY] S Plyszl]

Reflexivity: & (P) =df (Va)R{x;xl]

Transitivity: J(P) =df (\!x)(\/y}(\(g)[PLx,yl/\P[y,z]=? P{x;z]]

The following logical aenzeueea;ho&d:ghtoughout SIR and represent
basic properties of the "equiv' relatiom: -

OV B0V ) Oy Y OF )L BE x5 v) A aquidvix;z] s Bl 25 y] ] S

(VP)(Vx)(Vy)(VZ)[P[x,y]AWM&N# !{x*a]]

Table b. lists predixﬂe ca;Lcu},qa mwmenu corresponding to the
deduction procedurea &ctﬁllly uaad ﬁn ehpnﬁln gqbprograms for truth-.
testing. These statementa were qbtained by studying the SIR sub-
programs, and they aceuxsiely neprqgeagzﬁha=opgtation of thoge sub-
programs except ﬁar<tha f011QWing. R . TS

a. All quantif1qga runse aver»onuy ﬁhn‘iiadtg universe of objects,
classes, and relations represented in the modelp

b. Each subprogram containa built in‘mgchiaianﬁ for searchxng the
model in the course af trying te ggg{y—gag iof the deduction procedures,
The linkage structure of .¢the'modal allows -the pxpgrams to make direct,
exhaustive saarqhgafﬁhmeash jusu thq gp&qvqnt gn;tions of the madel.

C. When alternatlve deductxon procedures are available for testing a
predicate, each subprogram specifies the order in which the procedures
should be attempted. As is illustrated by the "Exception Principle"
(Section V.Bhka xbm uke of aitermiw tedustion paredures may result
in different answers to a question. This means that, from a purely
predicate-calculus point of view, the deduction groaeduxea tegethe: o
with the ‘imformation gtored in the model may fomm . PRI
system. Therefore the order in which deduction procedures are used o
influences the answers obtained. In the present form of SIR the
ordering rule has been that those procedures dealing with indirect
links are to be used only if no answer can be obtained by using those

procedures dealing with more direct links.
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d. Each subprogram is independent amd contdins ¢omplete pregveme for.
its deduction procedures. Since some of the deduction procedures in
different subprograms :ave  similar, aome progrem aegnent s appear & Lo
several times in the SIR system. For example, programs which test
whether & particulur ¢lass-inclusion:reldtion bdldé sppear  inmestl of
the truth-testing subprograms. This program redundancy results from
the independent subprogram organization of SIR and should -he iremewved -
in a more uniform system. :

Pl L . « T Y Y e T i
- - LR - ol EA e - w2 A T

< REREEEES TRV A fci IR 9 S SR R
2. x=y3 xCy
3. equivixiy}=> xCy

[o

€ b, CEXAXCYD Qly. - 1 io coiiieoony iead
equiv C 556,75 T hequivg ;R dquiv) L Flequiv] i

owng : 8. ~oungi{x;x} - RS A R R A
9. ownglx; y]/\sz%ovwng[x z] o
10, owng{xyIAMC 2 Powiglasy) - 0 et

owrri i i T e et a1 ~’Wﬂ{!§‘,y’}/\3ﬁc~z\#”‘~"ﬁ NRTE LR TAN tobohb
12. owng[x,y]/\zey :own{x,z]

S ST A NI IR A aoesll Lgnniaa

o
%

partg 13. ~partg[x x]
S lae partgltus WA RCY epeseg x5 gy

part 15. part{x;ylaxCe Bparelzyoyl o0 ooy
16. part[x;yl Apartg(z;x] = part(z,y]
\ '17.*=“pm‘tg{):v,y3s/\°zey*$ pﬂﬂk*ﬁ}:‘ sen TlE
. e T L35 TeEe Srn AL D
right, jright 18. right[x,y]=>~right[y,x]
R o 190 Jlwighel i SR P SRt RV P SRS
o 200 \jrishcixwl:b ﬂm{k;“f‘l 3T dabon
21, jrigiels; yhRowee Jj«rishﬁx,% EL
22.  jright{x;¥] Aady gisefelgie{ionyl s -1
23. right[x,y]/\ right[y,z]:: ~jright[x z]

Jitanvaidle oW )

dNTAOTG NG B0 s

. . o & DDOVGEIL T T R
Table b* BEEJGTEON PRGCW ZEN SIR mmm
N S A R i 2N w03 STewes i
a0 : s : ":;:‘-t, 1 P apdoug o mainolaoenz
* Unisret:sﬂ quantiffienfon evver “a»n ttfe@ vaﬁntﬁes "emsmsd




Tﬁusbfaf I hsve’beeﬁ di#cuséingﬂoﬁ;;?tgi;;gp;5£;;aélwh‘éﬁgaﬁéycf',
"yag=or=-no" questions. More complex guestions,.suoh ds 'Where iscthe .
table?" and “How meny fingers dess John:hsvedY, vequife diffetent:
questions afiswering procedurds. IR éontiing-an additional subptogras.
for-sach-of thése tomplen question foxmei.oThesd subprograms willibe: .
discudsed’ Furthor. in Paregraph Q.3 Delowy oot

e e el
B. ‘Formalism for a Generul Sysgemi - - i

‘Given & suitadie foitial system, d sepuvriate: trughstesting: sabprogiem
fot edch relation in the 3ER systemcWolild:nog:.bBe Aecessdry,  Insteed;:
a singlée Vproofeproceduie’ progrim Ebuldobewvéiforoanebeingiald .
NygseoksnB" questibome . 0 oot oo ) anoseiat oo

The deduction procedures of:Table bi:eould beuged: as theiakioms: :
of such a forial sybtem:  Hewevdr, thesqudy of:thése:Vexioms! has. ..
suggested showlternative systém-whith:dd mode tensibe; move intudtively
meaningful, and easier to extend:stoneg welatdonsg i This algernative. -

formal system i3 the subject bf: ghds sewtdotns. 151

EERE IR EETEIE

1) Ingeiag 1 Two relations PindecastY 4, din.dfder o kest

the gruth of a prud!.‘uf}-e involvihg: one: ofthe: #elatdons) 1t jis uecebsary
FiE8t vo tést the truth:of soméipreditavecdwyoivifg: the: otheri: Whens.
eVer eUO’ of fore’ relatdons. appebiiin thd seme deduetdotepocedire o
statembat in - Teblé by we hay say that:these x@latives imtedsces . -
Intéractiofs ay. bé clessified: thformully as: followss
a. Interactions: bdexwedn thed or«C: relation end: bome otier: relation,.
bi Ihtéraidtions bervweun rielitidne. whowe: mbanings afe wimilar i each.

other. (This "similarity" will be defined more precisely in Section 2
below.)
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c. Interactions which arise principally because of some peculiarity
of iomerof-‘the-relations imvdlved. =iizaysa’l so9o wuand 1 oasT oo

d.Z%Oehenvinteraetﬁona.fmafv.wfug R T L S N TRLS B TE: VRS RS RO
iucerattionsAarpﬁof.ihtezdsnﬁbecaa;a Eh.y:CTEQﬁemtheﬁ§i§glstfw:ﬁsj
obstacle:teo generalizdng:the SIR.systenm.. :Whehever-a:new redetdion is -
added to-the system;:the:pYogrammer must:idenkify eil the-relations..:
in the system which interact with &he.pewcreistion; and-medify the...:
system to allow for the interactions. With the present system, this
means modifying each of the questidnminlwcrin;:nnbprogtzmgalsleeiiteds
with:the:ipteracting: relations. Thissformideble:reprogresming:task
accounts: for the:fact that-the’deduction:sghemen:in;the present . - -
versioniof:SIR-dornot: aliow:for adl thesdoguitivelyinecessayy inter- .
actions between relations in the system. For exampde; if SIR-is - .°
told:thatvdn x: ib.partcof:eveary ysaddithat:g:oWnsca ys;: it caphot
deduce:ithatoz:oWns-anixi- To.perfdsm, thisvand simiier deductionsg .- .
~SIR: would: haverto-Yknow!! about:additdonal:intessctions smong the . .:-

relations: paxt;: p’irtgi:‘i'OMIWrxéiaj abdoGls or wnbsa. Lo Tohr e

Almost all the interactdoas:acedunted for in-the:present. .eystem: and
in the deduction procedures of Table b. are of type "a," "b," or '"c,"
according to!the:above classifitdtionischeme;u1.e)5nthey: iovolve(the
v relations€ or Cy-relations-whose-meapings-are similsr; or relatiens...
withidndividmal:pecgliat properties:1qThe. formal isystemito:be described
be1ow=mﬂ~1:xelitixihnt&xkhn need for expldsdgly=consideringogny.interestions
of these:three types.: Once a.mew Zelation.is.properiy.idesgribed. .- .
according to sdwmple, imtuitive:rulesyspby:type "o,V Hbsll.ox: e .|
interactions: between it .and.other .relatdons will-antometically- be:

&tmmnd £or by the mgtul sys&u.» Alﬂum;h othex- (zypc "d"a é.nter-*

- . it
~:.;J,,.;.~. i . ,t4,;»,~.. ‘;,-,;-.:;;;..3 ) ks
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ggtionp may still exigt;.chey will'be’eaqutq*Qeéggikaééﬁdimbdiﬁyf7
For exsmple, a single simple statement will'be ufficieat to make
the system "aware' of the igte:gqti@g:pgggggp ?gftE?bo%gf:néfquer-

ship relations illustrated in the ﬁfé@ibu‘qﬁiéasfiﬁhf;

‘formal system called "SIR1" to be proposed here Will tonsist of:
definitipns;of certain terms, iﬁcluding tefmayﬁhicﬁ$49¢hr£§dwgt:ings
of_qympq;s;f a standard 1nterpretation for- the byﬁb@ls' and a

logical method for determiping whether certain st i 88 calLed

“sentences" of SIRl are "true.", The signifiganca bﬁ’the system is
that all 'yes-or-po" queations which cén he anawexeg By SIR, And a B
grqu,mnpy which canpgt, are»exprégg;b;ehqqyégﬁ¥9n¢§'a?9;§¥3}, i‘é..

the standard interpretation of a fo:mal nentence La its cor;esponding

English question. Further, if a sentence is ";réé“ 1&H81k1 then the
answer to its corresponding’qaestion is “yad;” Thase.pbints will be
illustrated by examples below. A c@ggu@@itiﬁ?igﬁgnféti¢ﬁ’of:sigl
will be discussed in Section C of thig chapter.
a. Definitions:

bagic object =df any object which is déacribed _ia' the model and

which has the following property: No object described in the model
may be related to a basiec object by being a member or a subset of it.

bagic relation =df a symbol which names a relation whone argu-
ments must all be basic objects.

variable =df a symbol used in place of the fisme of some unspeci-
fied ohjact described in the model. The utandard inxerp:etation of
the name of an object is, of course, the object {tEelf.

basic predicate =df a basic relation written ds & function of the
names of basic objects or of variables which stand for the names of
basic objects. The standard interpretation of a predicate is that the -
specified relation holds between the specified objects.
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: ifigy =df either of ghe: agmbg}g "{ 7y, éY& !, or. "'y, eyzg "
where v is any variable and’v, is any variab e, any oﬁject namé, or

the, speéial .Aymbel. 'M" which ségngs ﬁgg ngxygse gv&ggnxifigrs

are related in the’ tirst-order pred cate ¢ culua as follows

b (Va€olRlal] <4t (Vaéiiaex Sriall
(aaex)[nla]1¢5¢fg£3?%M2P3§§4¥319&3 gl Buserdwel il oaan apfet ging

&

i

Fo Vsmewn mebuye o

where (WVaeM) and (3g€éM) are the usual universal and existential
quantifiers of mathematical logic, respectively, except for an explicit

remindgr.that they. rang over g ly ;he te, ry rse of.pbjegts -
descrigea i 9 ? ? " 85184 ? f éit ‘usually

contains .at_least ope chutrepgg gf the. 3V?§9;‘3LS*?P§ its, arguggngq

. A e-ggggggé gation of g stying §.1is the .stying ''Q{§]l) where;Q
is anze -quantifier. The first variéfale ﬁg Q is gislen c§11ed bouna

by the €rquantifigatiop of S.for all its ogcurremses, in Q. and AD. 8,
including occurgénceg as the seconﬁxsafiaz le gf gﬁﬁer é-quantifiers.

i ey !
R LA

A 1?3Re§fe3iiééé*1§‘&éfiﬁe&“éééﬁésiﬁéi§m;s iows:
1), A baSiC;B§94§°§§Epi? e linkfgfed UgEQ*Y GyE (MIP ro Tewon oo’
ii) The strings V'Gv and ere v, and v, are any object-
nameg, or vazisbles,.ars. ligk, Préqicﬁéegﬁo . b Vog aeds
111) An €-quantification of a nk-pre icate is a link-predicate.

Ligkrpredicates may be used to represent wost,of the xelatigng which
are represented by attribute links in the present version of SIR.

P Araell-formed-fotmula (wff) is defined reéﬁ%gi;;fy.as follows.;:

i) . A lipkrprgdicate ds . a wif. . _
ii) Any propositionaf function of wif's
111) Apy €rquantifieation of a.wif 15,4,

taddygd oo Troen rleslora
s a wif.

i
gﬁ’h o Yoy oL ovd YL WE T

;An.occurrence of a variable in a wff is, }ed free if the. . ..
ific

occurrence is not boun by an €-quant E n of some string contain-
ing that occurrence.

caeact wigby v Dol oo nr basagnalbooer b il

il

... An_ghbie ggﬁggg EEE =qg a.wEf which, cqntaips¢ggactly_one frge
variablg-3 o et ot T .

A sentence =df a wff which contains no free variq?lggjlﬂj

b.k“LogiEéi‘SySEénzé;“

interact;pns between bagic. rglatgons.

TR
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P Aty Séhfencd Tn STRY vifi b ‘Cransliridd Trcd N-SeAtencd In #hd1::

stanida¥d’ #{rdeiBider praditate 'daltt Tl Peié guint1FEédtondi cabentus')
B 'putfing edch €:4aant tibr ihes 10N UM GRSy dne of ‘¥Ha
eqidtivhs (1)) dhdSPhen omiceing eHdc gis® \H19°¢he dstial ‘aEdadtion -

| prsdedubbh ot Ehe YlsHEdEient LbnN1 tutchiui ubd iceapabte dudge- 7

tion pidcedurés i 8IR1.’ Theréfide, dRy EREBrel provabIa- £Héh’sER1

ax 168 En’ the quantirieat 16aal  taldd1li® 184180 4 lhebrdn BE SRy =
i.8., it ts & "true” béKtenté oF SINY;Cprovided’ BRSO avedinserted”
ines 411 qhuatitieds; tdgardisss: bt e’ iénﬂ o the- earmz mu O

»7:”7 EETRP J‘* S R R AR Y

o}:her wotds, 3131 1,“;"(3 cib e 2;9 the quantificational calculus. ‘

Fe L0 o8 dorrg 36 B T

This reducibility provides’ " éiiia et hodn s ﬁm‘i‘?{ﬁ% mms of
quantificational calculug, such 4§~ Q&’b&ﬂ‘iﬁi‘ée’m& hﬂ%ﬂoﬁ

I UREEGE Al edubt 18R <17 Fot priaving Whethed wehtwiives ds! BIRL dre

]
o However, we peed different, nore diredt methodn for testing

el 30t ad o

tﬁe “l:i“uth of BIR}" wﬁtﬁﬁ:eﬁ“ wﬁiétf awwm wﬁm M trﬁtﬁw

RN - Ey Yie 2.0 ¥ 91 &ty .

testing methods nitist’ He' We&ﬁéﬂ %{s‘ M%mﬁuﬂra" ’E‘Ht m{y L‘bhv- """
stltute the babit! Qubstibn-arver ity densnisir o the ge?seranzea
sémantic information retrieval system..® f!b%ver icih’ﬂ"l First
deaci-ibé a tdtﬁﬂy iglﬁfatt:ital ;%mrm method’ %‘idh aeﬁbhbtrates

""" ;‘uia

that 4 aeuswf ‘proeediire smm %df‘tﬁ&i *’*fi‘%c‘!ﬁmad" :bf @m

iy «.zs BLERYT G W

- f‘f

sentences with respect to particular SIRY W L Mo Qfﬂbiéht,
heuristic approach will be described in paragreph C.2 below.

The S8IR1 model is quite similar to the WY WAL 7 Ir colitets of
4 Efuite timbey OF obiect Hiited; wadh ¢f whch s D by a
fidite VI8t of att¥ibutecvatue paird’ Wach drerititéudy néae dh-

o1

© dbfectpredicate virtch 'ts true Bf thie Hehcrfhad dBfecE; of ‘LE Way be

a link which rélates the described object to another object. This




("anbutes- In Section G.I shall deacyibe the nature o

t{iv) Let o., o ,.;.,vo be the hames of the oéjects descrivedin-the

lattern abject .is mamed .in the.valye .Gorregpgnding e the.given attri-
£ 8IR1 attributes .

H ERSN

more pregisely...For.present,gurpeses it 18, 9??&55&%4589 aggywe., Sh&?

SIRL.godel can bs:;exprgﬁﬁedum@??‘?e ,;»E&.Js hgs_fﬁ??b!fsys 3 &;s%},ﬁwﬁ}ce-
. A»SIRL semtence ig.conaidered Utrug!' if the sgnfence can be .
dedueed; from the. §IR] axioms: and, the informption, in the SIRI model.

A decision progeduxe for this dedycsion follows: . . .-

T 2

i) ;.Eex each attribute in the model,. yxiggﬁshe SI;;ifgnxense which
expresses the same thing.

F s
I e R I 0 £ & 4

11) Let A = the conjunction of ail tﬁ!'lentences found in’ i) and’ of
s ths(gg y}ga’ COn.Sidg& ‘fhre seﬁ;eyef sbivoyg v 20id anhly L0007
2 A '
where §.1s.the sentence belng tested. .. . . ... .;.. (... L
ti)i)w.,l?utﬂ pll €-quantifiers in, (2) into the ?'6 ﬁogst; by uging sqmions
1 ,

D R

oliin Doagr J’:'fi:

mnodel. Wnate‘, o1 by, SAPIAGin sach o3 of.

the form (\/veH)[R[v]], where v s}ﬁﬁﬁgﬁir%i e and s Eﬁy¥pi§gicate

possibly depepding on v, v Jnite, condunetion i saan
[o ]AR[OZjA"‘A

and by. replicing, shch. string, q& m@ form. . (mwmgn with, she disr,

junction

: R 91],*\(&92} V.,.V%{o ]«,, e Lnodn i derr ool

Ll R R RS st el

. V), - Test, the resulting expreasion H» thFﬁdHr? for, the .
y

propositional calculus, e.g., by trufh-table ‘analysis. '§ i{s true

with sespect :to, the model, and, fhe quess gwlmma; dhng. to, § shpulf‘

be answered 'YES," if an&’only if this expression is a theorem
of the propositional celculuw s . i, ;4 st 03 ihegan WOBLDGE I E

3%

Showd agetiusue nn Bodtnuach sd Dllw mnooovros b ves aand

- Examples, and COMREnLAS .. . . ire Laiap w3 Lohoe 500 sl

« 1 'Qbjsct-pmedigates:. . As. defiped 5ggye?,ququeqtzgredicate ig
a SIRL whf which contains exactly one frme Nsrisble.  If that frae
variable is replaged by an objectrname, the gbjegtrpredicate becomes a

S O T PO 3 T R U St P P
T s wer ingn o dnweida Padivopah ast o Latpioy i dApiog
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SIR!1 sentence. The standard inte:pretation of an object-predicate .

applied to an object in the SIRI model is that the sentence obtained by

IRV Te i o

replacing the free variable in the,Pﬁﬁﬁlfate by the object-name is a
true sentence. This resulffhg“ﬁﬁntﬁﬁte'ﬂ&y‘%ﬂ%ﬁ be used as an addi-
tional axiom in any SIRL logical defitictibt ptocedure. »
Object-predicates may be placed oh thdiprbperty-list of sy =¥
object in the SIRL model. - Théir putpbdbs” are  té describe thbme - '~ -
properties of the obj&ct“wﬁieﬁ’céhﬁdtjeﬁ%&iy“Beiexpressed,glﬁ”EEiiﬁ”77

i1) Basic relations: The '"g" relation occupies a special place

in SIRl because of its Eﬁnﬁ@éﬁiﬁﬁ5§i%ﬂa€§queniiTi%?&, and is treated
in the formalism as 1if it were a basit reélatiovh. The identity

relation "='" ig also treated a8 a bas}c relation because identlty is
crnoaged TRT2 £ Dot

a useful feature to have in a logical syepem eﬁsed on the quantifiea\¥
tional calculus. The SIR relation"equiv" wasjg@mply an equivalence .
relation used to identify when different objeeefnamee referrgd to the
same object. In SIR1 it’;§~sgﬁfé?;?9§»59ffg£§9?e the functiey\efiw?m
"equiv'" under the "'=" sign; i.e., Feeéﬁéf??}%e%etement "x=y" is :
congidered to be true if;gityee ;;eeggxherekggé;same symbol,{ey T
if "equiv[x;y]" is a true‘eredieeeef}gyébe{§gnigode1. .1
The predicetes 1n Table €y .8 show the basic relations and the N
object predicate needed by SIRl in oxder to deal with all the rela-_ﬁ

tions covered by SIR programs.

ii1) Connectiong.k

‘;?Tablegtz
lists a SIRl expression which should be used in place of each SIR

predicate. Corresponding expressions have exactly the same inter-

pretations; the SIRl statements are more complicated, but they utilize




b AT TN i e ~,@m”mm‘,«;*- R R L e A S St SR
B : o M e
. . PPR
R T R B I : ‘- ciom . SR ~ 2
I RS COF Se R S0 NS S EE E U BT S W it »» 1h Liebiasla oo M3

Predicate

x=y FN

ownb[x;yl

Partb[xéx] iwoTmii

rightblx;yl. .,

singleli‘}:u:

T S S FER T

Stand J ; erpretation

sy pnot i b P osadl b oaverdo oo o puiigas
x is a membe: of the set 1

A")‘ !, fit {f :" d Ji(};;l?

Either x and 1 are identical or they are two

; RAReS, fqr the. ﬁml?b«?‘f% e AL LI T
,,§in« °WF§‘,P¥X'~ ol TATE cam o ond omulan L aooil

&'13 Pﬁrt D,f g" sie s ven gadiasliinaic e

N

vienh & 18 "!:o”-*j:bgq;q’gh;,rgjfxu LALE wre o
jrightblxiyl ..

. (ol xa (Y { Brl).. o0
¢ nt5%£g§t§%§on€‘§)wggfgzxigtiy one member, )

clo3L i carargaioy siasd {17

r S ROU ORI

:«,: e, o

Table. ¢y, BASIC. BELATIONS OF SIRL, . ..

ARRARASREE R EL LS A AR LR A S AC A ST LS E A LR A S LA AR LR i

SIR Predicate =
xéxrx..zj“' i il T

S e

Xey

e&div[i;§igi‘t’

ownglx;yl

own(x;y]
partg[xé&]fg&{

part[x;y]

sl onnn aon
right[x;y]

jrightlx;yl’

!ablé c

ycm e sigad 525 Dnlisueyd
SIRl Expression
ol gmuieva dnalyol sl owvan 00 sindnosl nTuneow
(Vaex) [aeyl
._',x'é‘y'.,. Uy

x=y

(VBGY)(éaEx)IOwnBIa,p]]“ i o
Gaéx)[ownbla,y] ERR S T

7 (Vhey) Gaex) Tparthla:fli’

Gousx)Ipart:‘b[cz,yﬁ1 TET e ek Tt e
' oex) (Ipey) [Figheb o] i’i\iinéiéis&ixéiné’iétyl

éd;x) (38&3?5 [ §i rigﬁti:la ,B] N sl ie?xj /\s(fnalé ty]

camesTroTg Hild wd PRI I

*STR’ PRERICATRS ERPARSSEPOYNSIRY: o/ (-

e e s o Ripoidg dudihe srolomedaan aiie bowaEld
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2ivismmy s aL %
fewer basic symbols and they ghow Wpee wwkmm@amaeggw
SIR counterparts. 1o by ¥amnves :_5: {
Plaee e lvin e (M3 w) (M3m v b (0%
The SIR1 link-predicate corresponding to ''partgix;yl" in Ta’ole <,

toviwsiisy si 9

has the interpretation, '"Some x is part of evihy, yid'j oditheugh. this:ds
the interpretation used in most SIR question-answering subpregrems;: -

210191 (30 (438 w)~ (Max W) b= (U5
"partg[x;y]" might equally well be interpreted, "Every x is part of some

rsvidiopnyd gl q

3" in which cake theSIR. 1knk-pradlepres; (Waeeh(IpEmivarrbios id )<,

should be used. Actually the interpretation of "meaptgix;yllsugsgested

Hlhe o lbaseado] AL loi B gy o] 3o )&= I i [T (e (Maxdw) 1o (I
in Table a., "An x is part of a y," is smbiguous. This ambiguity

zaoposass AIZ2 vusoibyo vd Soeesugqrs sd [liw zaldvsgorg seadd dsd3 ooljul
occurs because the natural-language input system in the present version

eofdsisy JATS 5 Go emen 243 vd bussiger el YY sldsivev bowod ody rordw
of SIR cannot diocover the finer meanings of "An x is part of a y."
deeol o [A12 »vig o3 visszeavan amolixs st [ie 3¢ 3eil 5 osb b oldeT

Perhaps the most suitable representation for this latter sentence is
il ewaubsvuig molisnhab #I2 od3 Yo viifide gnivswaas-nollzuup 903
& conjunction of two SIRl link-predicates
no g93onibstg tooido mort baviisb "smoids' 53 ol Jgsoxs o sideT
(V Bey) Gaex) [partbla;B]1] A (Vaex) (A8€y) [ partbla;pl]
~o1qg rulisubab J eldeT ol .adusido xpiusidteq Yo eleil-viisgoxqg sl
The SIR predicate "right[x;y]'" was interpreted as "The x is to
afy (3tw enollsexadnt dnsazygsy i(fe O boe (& (I[~® &0 Lon zavusbso
the right: of the x." This Engliah sentence implies first that x and
aftinougastiold  Lanuilasioldel Va' sgvd c.e.l canoidsist Y 1o ”;
Y are each sets containing unique elements, and secondly that those
Bovidelb sl "2 vew sn3 to seossosd ISIE ol bsbesr tum wxs amnlxe
element:s bear a certain positiomll relationship to each other. 1In
s od sidsT Lbaseu ois 2roiiidasup-3 vaw ad3 Los (.0 ofdst s22)
SIR the special aubprogran "specify" was used to determin® the nature
YU eavd L .9.f crockislox Vislimiz” neswisd smoldostsidnt sys Vi bns
of the sets involved, before the positional information was considered.
vl o hamiheh sus doldw szodl sus epcldelsy "islimi2" Legoldusvaind
Similarly, the SIRl expression must be the conjunction of the object-
1G5 0%s amoixs [anelllbba 1812 ni poisslex nlesd slgnis s 1o amusd
predicates "single[x] " and "single[y] " to describe the lpecial nature
gnoldnlsyt Yvsiimis” nmaowzied amiios®ind Juods sallemolni seusssd bulosn
of x and y, and the link-predicate whose interpretation ia, "an x is
a4l Lo cawbesowd Lesissiborgednil 28 enoidinilsh yledd pld siokigmi oo
to the right of a y." Similatly, object-predicates, as well as a 1ink-
alodw-drag sieso 5002 3o vibvidlanmexd s o Iosmelsdaz 5 vyijassy el
predicate, are needed to repreaent the SIR "jright'" relation.
yresmaiste s wd bsiooedo Jedwamoes , (moldosyesind U5 sgvi s oeidslsy

iv) Axioms of S;% : Scme uaeful properties of SIRl relations are
vuclisiay $u8q Dare ye5q' tslimiz adi neswisd aollostsdinl odl 3o
defined as fol OwWSB:
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P is symmetric: » i
8 (B) = (7 xEM) (W yBDTP s y] 2y Bl ygaeld « o0 Lo e

P_is asymmetric:
I(P) =df (vxen)(VyeM)[P[x,y1=>~P[y,x1]

EF BN LIRS T

P is reflexive. ‘
~@R(PY =af (o k€M) [Px;x1]
P is setzmonreflexivet: -: coop ATE Do il Domn Gois
) &(P) =df (Vxeu)f-waex)(aaes)[r[a B]l L
P is transitive. - - | _ T “ ’ _’
T(B): =d £ (v <6 M) I YOO e @ RIS Yl ARy s iy Plwcswdl- 00 ¢
P is wniquely linked: - o ik
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Notice that these properties will be expressed by ordinary SIRl sentences
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when the bound variable "P" is replaced by the name of a SIRl relation.

Fuey Ic o vmakassn vorit oadd ruvaoes b
Table d.1s a list of all th; axioms nece;iar; to grve SIRI at les?t
B I3 F DL T o S STl e RSYgqueT oldedroor ]
the question-answering ability of the Sl;?deduction procedures in
swdns Lhoagednrd ] oWE U R ST
Table h, except for the "axions" derivld ;romji;gect predicates‘on;
the property-lls;sLoprartibufar objects.; i: Pableéb.xdeduction’pro-
cedures no. 1 4, 9 11, 14, and 15 '511:;:;;;}}5;5& n;;;;cu;r{; :vith the
B \‘x.i ¥ osimy - RSB AR BEERTS 5
"6" or "C:" relations, i‘E ) type ﬂa" interactions. Corresponding
- B 3 o R oRginie o
axioms are not needed in IRl because o} éheB;ay‘"c:" is defined
(see Table Cz) andkthe way € quantifieréiake;;fed.; Table~b. noapl%{;;

and 17 are 1nteractions between "similar" relations, i e., type "b"
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1nteract10ns. "Similar" relations are those which are defined in

. "g i K R R e P B ‘R1A R - :
terms of a SLngle ba81c relation in SIRl. Additional axioms are not
needed because infmnat:on about interactions"bet:ween "similar" relations ‘

fied T SELE e ) Chgtigedet Dzt b g

are implicit in their definitions as 1ink-predicates. Procedure no. 16

s R T EER
is really a statement of the transitivity of the basic part-whole

Gedno e 4t AT M e s

et 1nteraction), somewhat obscured by a statement

relation (a type

: ?Q;L oy .f’,mu -

of the interaction between the similar "part" a"d” artg refations
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(=Y 0 o This fact-that M= {s an' equivalende: relation is
(=) not strictly necessary in the axioms, since it is
B IC)) built into the: logithl: Fystlmi s ~uo: <o &y
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(ownb) cf. no. 8 and 13, Table b. These are "experimental

(parth) = ' - axioms, which bhé&rm be drbpped frow’ the wysten: if
too mny exceptions turn up.
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(a type "b" interaction). Interactions 21 and 22 of Table b. are of

type "c,'" for they are due solely to the peculiar property of

"jright" which is expressed in SIR1 by ?leriéﬁtb) Finally,

no. 20 and 23 of Table b. are true_type "4",interactions, and correw.

S S AN S ST Syt

sponding axioms are necessary in s;xl..‘( P PP

A

Let me now make this discussion more precise. The deductive

”~systems of SIR and SIRl ane bptb ba‘g@ppn &he ggantificationalbw

calculus. The only dlfference between them is that the SIR deduction

procedures, in Table b., are .a degeription of the operation grincipi;s

of an existing computer program. SIR1 is a formally developed system

fipd

which may eventually contribute to the speclficztlon for a computer'
program. If the SIRl system with.its short ligt of axioms (Table &)
is already as effective a yes-or-no" question-answerer as the
programs descrlbed by the SiR g;pqg@uges prmah;e b., then adding '
those procedure rules to SIRl cannot increase the power of SIRl.
In other words, SIRl must already<oonu:§n,all%t£e intormation avail-
able in the rules of Table b. To prove that this is indeed the
case, 1 have shown that SIkltsentences[gorgespcnding to each of

the rules of table b. are theorems in SIRl. The method used was

to reduce the SIRL—axiqms and ;ant;nge; t; the quantlficational

calculus and then to prove the theorems by Subordinate Proof Deriva-

tions (Appendix I). The deteils are giyen;in Appendix II.

v) E€-quantifiers: The most obvious difference between SIR1

and the quantificational calculus is the occurrence in SIR1 of
€-quantifiers., These new symbols serve three functions, the most

obvious but least important of which is notational conciseness.

Since the value of any notational device depends upon its
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understandability, €-quantifie¥s are valudblé becauss they tddicate the -
intehded intétpretatioh’ 6f SIRI senténces €o ¥hé tser or Pealder’ Findlly]
€-quant1flers are” important for thé computér ffiplamentatidn of SIRI.

They are indicators which relate the Formal Systém to phitidaiar modél ™'

gearch~procedures. Details of a proposed implementation scheme are

»»»»» SV O ORI S IS

C. Implementation of the Genersl QuestibhZAnswering Sybtém.

HAEEOT

L G AT S S AT LI A TSR FCR AVt £~ 1525 BIR-Y: I B Yo T+ AT SRR GRS EETA T SRl o S SUN T
A démantic information reérievziqsys%ém whiéh can be as éffective

as SR and yet have the unitormity and Fenerality ot tHé SIm1“totmaitsm *

¢ DTS e

FERER T SO SIE ES B A O T A 0 oY P S LS S N B

must have the following components:
Goagn o R EUG DBt edd e @ 3var g TG 3 e gent s fabor ST o4
1) a model patterned after the SR model  but éontaining more complete

informatign {n its ligkeges end contpining a larger class of describsble .
ObjectSo - P e R ] EEE R At ) cu PR <Y R A IR TN L Fad IR Py 20 O TEVLDD Rl

2L gy owerl oBuosiuye O L LT L. TR e T E R (P T s o S S S Pl riraadde L
11) “a theorem-proving program which can determine whether certain

assertions, are. true. on the basis of sxioms pf SIRL and current informa-, .
tion in tBe model. i v -0 1300 d ¢ AN E N L Rt TR A By WS SRV

(RIS 3w

iii) a programmigg’ langﬁﬁg e fon‘:s speéifying queitionia(niweringpro;ceﬁix}:res
vwhich are more complex thap truth-testing.,

SHOLENTTYINE T LuniTal an A
In sddition,, these components must be designed to work fogether

to form 4 compact, efficient system, A detailed deseription of each of =

these comppnents of the proposed system will follow shortly. . . ;

A progrem to trgpslate netural or restricted English into formal .
relational terms, and a.program to annex new relationa] information to
the model, are also necessery components of any semantic question-
answering system.. The jatter annexing progrem is etralght-forward and
all the basic mechanisms sre already gyailable in SIR. English tranala-
tion is a linguistic problem whose detailed study is beyond the scoi?e(

of this paper. The trivial format-matching solution (Chapter IV) may be

37
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used until something better,becomegyeyaélgb}e:; In any case, I shall =
assume the availability of some mechanism for agcepting new information , .
in & form convenient to the hgman user, and then }pgerg@ng,corfegppnqig&ﬁ‘ﬁ

relational information into the model.

1) The model: As discussed in section A.2 abovegiqnefobjecgiye?Qﬁyfw
this research is to find ways of using information stored in the model
to control the operatlon of the. system, slnce that infprmation canJhe“
modified most eagily. Since the operation of any theerem-proving program
is "controlled"” by the axigms of the formel system imyolved, the sxioms,
for SIR1l should be stored in the model. S . .

The SIR ‘model consists of objects and associated property—llsts

The advantage of thls model structuré 18 that the’ %fogram using the

VISR

model can ob;ain all, the information about an object, such as how it is
- ;,/,,.1, T Lt

‘related to other objects, simply‘by refetring to’ ihe'bbjEct 1tse1f

The SIRl axioms of Table d. all describe either proyerties of SIRl 7

basic relations or interactions between basic relatiocs. Tﬁeéé

axioms should be stored, then, on the property-1ists of the basic
relations which they affect. In this way the tWeorem-proving program
will be able to find relevant akioﬁs’3iﬂlﬁoﬁiigiﬁé”tﬁ3”ﬁfépéft§¥fisté S
of the basic relations it is concerned with, ahd the human usér or
programmer will be able to modify the75xiom{é%éi$§s"fei11ng“‘the system
to modify its model “without’ any reprogteﬁming Eeing necessary. otjé%i-x”‘
predicates'défine:eﬂaifionhi axidﬂééwﬁicﬁhaﬁblyjtsﬁiafiicufgt}objec%el;%?@“
Therefore, they should be storedabﬁéthe‘%?obéit&ili%E%NSEJfﬁe objects -

involved.
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Tn §TR, @ relation between objecths is réptesehted in the model by -

attributes1iks ‘n the propérty-1ists of ‘théiohjects. FEach rélation’ 15"

uniquely represented by particular attributes. Simple {types’ “a'® and’"b*)

interactions” between reldtions can not’ be’ répreséhted ifi-the model; but
rather have to be "knowh"™ by thé program.' ~ Sl D
As has beénh shown, the class o6f STR relations roughly eorréspends to’
the clagh df relations represented in ‘$TR1 by link-predicatesi ‘Each -
link-predicate) ‘i turn, s defined’ ik terms of ' a STRY basic relatiom.

Wi mubt” tidw' decide’ how to represent Felational information’ in the STRL

. . . R R
4 deeais = e AT e

mode1.

Esch basfc relation éould be tniquely reprasented by particulsr
attributes. THowever, these attiibuted Would mot Be abfltfehr ter T/
represént”atl the facts whith' wete reptamentible th' STR. For  exatipls, -
the senterice ‘;“E’s'}é’i'yf"ﬁ_ar{d“’ is’ ;ﬁlati-t"bf‘i & person,” dould be' représented
in STRI by lotating evety object 1’ the bybtem which '{s & membet’ e '~
the set "hand," and’ 1iAkihg each of them to’ some membet 6F the set ~
"person' with thé attribites corresponding to the pattb basic relation.
However,” it 18 not” tlear whith han#s” should be'parts of whithipersonst'
and thé general fact concerning hahds’ and’ pefsons would be’ unavailable'
for futute dedifctiohs, .z, when & new ind{vidudl "person" i intro: -
duced into the model. T

Alternatively, one could represent each possible link-predicate by a
different attriblte.. The dibudvintdges of stch & scheme would be -
twofold: FIrbt, fuch’ of the Flexi¥il1ty tntroduced by the definition
and use bf 1ihk-predicates would be 1ost, since speciul symbols would ~ *

ieid

in"a model; secondly, the important structiire of the link-predicate,” "
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i.e., the basic predicate and £-quantifjers of which it is composed,
would be undiscoverable except py_megnsipf_sgmg t?bke:LQQk?E?;°F~QEh§Fx@
decoding procedure. o

I propose that, corresponding to the attribute-links of SIR, SIRL -

should use descriptions of the 1inkfprgdiggtqg:inyg}ygd._zrpg Attribute

on the property-list of an object should itself be a property-list.
This subproperty-list would contain special ;;g;;pq;gs_whose values
were the basic relation involved and tbe,s;g;ngfofﬁwg-quynpgfig;s e
which: produce the lipk-predicate from ;h§t<h§§ic}rg;ggiggﬁn An additjional
item on the subproperty-list could identify the argument-position ofwgggi
described object, thus eliminating the need for more than one symbol,
(corresponding to the attribute-link symbols of SIR) for each basic .
relation. With this representation no special symbol assignment or . .
other anticipatory action is necessary in order to add new lipk- =
predicates to the model. Apy,1inkjp;qdicgg§ ;ecogpizg§,bnghe ??Pﬁﬁg;‘»
program and based on an available basic relation is representable.

The names of object‘Predi;atgéyﬁgqylgppc another kind of attribute .
which may appear on SIRl{proper;yil}sygghing’opjgggr?rgQicg;eg quq;gjuﬁ
themselves by SIRL objects whose“grogﬁxgyﬁ}ipygfggn;a;p,theixlq?ﬁip;v e
tions as SIRl wff's. In this way ijqgt-pggdiggpgsrggytgggii; bé,'ﬂ

défined or applied to new objects.

which denote: individuals, classes, basic relations, and object- .
predicates. A property-list is associated with each basic object. =

Attributes in the descriptions of indiwviduals and classes are either the.

names of object-predicates, or themselyeghgtppe;gy-Ligtg,wh1ch 4gqqg;bqw
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link-predicates. If lists describing 1ink-prediéatés,'fhe“values
ebfrESpohding:to those attributes give the other objects associated with
the describedjbbjéct through the deseribéd link-predicate. 'The property-
lists of basic relations contain the axioms which specify properties

of the described relations. The property-1ists of objett-predicates
contain the definitions of the object-prédicates in ‘terms of SIRL

wif's.

2) The Theorem-prover: In paragraph Bi2 &bove I'presented a

‘décision procedure’ for testing thé truth of éﬁy“STRI”SQntence‘WIEhn
respedtﬁtb a’ given SIRI model. Unfortunately, that procedute is impfac-
tical since it réquirés‘the“enumetatidﬁ of ‘évery ‘object and every 1ink'
" in’ the model, and the consideration of every kiiowt Io@fcal truth in

the course of each truth-test. ~Clearly these procedures would in-

volve an inordinate amount of time. AT@G}VT:h%VE“ébﬁﬁfto great’ lengths
‘to develop a model structure which enables the sydtemm to save time by |
having ihformation organized and accessible fﬂ'a’bbhvéﬁﬁeﬁf}way} the
above-mentioned decision procedure cém?leféf&‘ignoréﬁkfﬁé“StrECtﬁfé‘ﬁf
the model.

Instead of an impractical decision procedure, I propose thHat SIRY
use a heuristic Theorem-Proving program ("IPYy for itd trith-testing.
TP will start its truth-testing with the most yelevant axioms' and
model linkages, introducing additional facts omnly wher mneéeded. 'The
model stricture will dictate what comstitutes “tost Yelevant;'™ as wiil
' bé explained below. |
" Thé best example of a heuristic theoren-proving program in Newell

and’ Simon's "Logic Theorist" (LT) (27), & program whick proves theorems
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in the propositional calculus. ,Sincg:;y:gg}L:pg{moggleﬁysomgyhgp‘a£;pr

LI, let us consider the general behavior of LT. LT must be given a list

of true theorems or axioms, and a statement (the, 'problem") whose proof
is desired. The system tries to prove the test-statement by ghowing
that it, or same statement from which it can easily be deduced, is a
substitution instance of a true statement.. The true statement must be

either a theorem or a statement whose proof is easily obtained from the

list of theorems. LT has several methods -~ the principal ones called

chaining, detachment, and replacement -~ for creating statements from

[ETPPRRE.

which the problem statement can be deduced, and, for selecting '"relevant"

‘theorems from the theorem list. LT also contains, specisl devices for

keeping track of subrproblems and keeping out ef 'loops."
LT was designed largely as a model of the behavior of naive students
of logic, and is reasonable successful as such. It has not been a .
very effective theorem-prover, partly becapse its methods and selec-
tion heuristics are not powerful enough, and partly because the problem
domain -- the propositional cqlculup -- has a simple decislon procedure
(46) which makes. any ‘g;lter_mt_ive_{a‘ppr;oggh’,s_és:;n weak. TP must deal with
a more complicated problem domain than that of LT. It is corx(;‘.:erig_(?:clm_fT
with 4 domain containing a possibly large, although finite, number of
well as the axioms may be changed from problem to problem. However,
the actual proofs. of SIRl sentences by IR will, on the average, be ,
shorter and simpler than typical LT prpofs. After all, TP parallels .

the human mechanisms for recalling facts in memory and doing some simple

reasoning, not for; solving formal mathematical problems. Development

of elaborate logical ability in a.computer must come after the achieve-
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ment of our present goal: a mechanism for simple, human-like communica-
tion. Deductive methods similar to those of LT should be adequate for
TP, provided we can provide a mechanism for selecting the 'most rele-
vant" true facts from which to start each deduction; and of course the
central information organizational device of SIR and SIRl -~ the model ~-
is just such a mechanism,

Therefore, I propose that TP contain the same deductive methods as
LT, and in general be patterned after LT, with the following important
exceptions:

a. In trying to apply its methods, LT always scans the complete list
of true theorems. TP should initially attempt a proof with a small list
of "most relevant" truths extracted from the model. TIf the proof
methods fail, the list of truths should be gradually expanded until the
"relevant" portion of the model is exhausted; or, more commonly, until
the specified time or effort limits have been reached. One method of
generating 'relevant' truths for the proof of a SIRl sentence S is the
following:

i) Let B= the set of all basic relations which appear in S§. Let F=

the set of all object-names in the model which appear in S as arguments

of members of B.

ii) Construct a truth list consisting of three parts: those axioms

which appear on the description lists of the basic relations in B,

those link-predicates which involve relations in B and which are described
by attributes of objects in F, and those axioms obtained from object~
predicates which appear on the property lists of objects in F.

If a proof cannot be found, the initial truth list can be expanded
by enlarging B or F in any of the following ways, and then repeating
step ii):

iii) Add the "€ relation to B. This relation is important for deductions
which involve transforming or removing €-quantifiers.
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iv) Add to B any new basic relations which appear in the current truth
list. Whenever basic relations interact, an axiom on the property-list
of one will name the other, thereby introducing it into the system. Also,
axioms from object-predicates may introduce new basic relations.
V) Add to F all object-names which appear in values of those attri-
butes of objects already named in F, which involve relations already
named in B.

Each iteration of step iv) or v) and step 1i) will add facts to the
truth list which are more indirectly related to the test sentence than
any facts previously available. When no new facts can be added in this
way, the truth list will contain all the information in the model which
may be relevant for the desired proof. However, I expect that in most
cases true sentences will be provable from a truth list obtained in
very few iterations.

b. SIRl is concerned with the truth of relational statements with

respect to the model, whereas LT is concerned with the universal truth

of logical propositions. The ultimate test of the truth of a sentence
in LT is whether or not the sentence is a substitution instance of a
known sentence. The corresponding ultimate test of the truth of most
SIRl sentences is whether or not certain links exist in the model.

Every SIRl sentence is a propositional function of link-predicates.

A link-predicate is true of the model if it exists as an explicit link
in the model, or if it can be deduced from axioms or higher-order link-
predicates explicit in the model. Therefore, for the ultimate test of
the truth of a link-predicate, TP must contain subprograms for eliminating
€:-quantifiers. For example, (Wagex)[P[a]]l is true of the model if
P[] is true of the model, for every object u such that ugx is true

of the model. Thus, the €-quantifier structure of SIRl sentences serves

as an important guide for the theorem-proving program.
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c. The problem of implementing the "Exception Principle," dis-
cussed in Section A.3.c above for SIR, is still with us in SIR1. This
means that the use of different sets of '"truths'" extracted from the
model may lead to different answers to the same question. The solution
to this problem is simply to be very careful in building and expanding
the list of "truths'" used by TP. I believe the iteration described in
a. above is adequate, since it introduces the most closely related
facts first. However, some experimentation in this area, once a

working TP system is developed, will certainly be of interest.

In summary, an English question should be answered 'yes'" by the
generalized semantic information retrieval system if and only if TP
can prove the truth, with respect to the model, of the SIRl sentence
which corresponds to the question. TP attempts to prove the truth of
sentences by going through the following steps:

i) Test whether the sentence is immediately implied by direct links
in the model.

ii) Create a list of the axioms and link~predicates in the model which
are most closely related to the sentence. Attempt to deduce the truth

of the sentence from this list of truths, using both logical transfor-

mation methods such as those of LT, and model-dependent methods such

as elimination of €-quantifiers.

iii) After a reasonable amount of effort, add to the list of truths
the axioms and link-predicates which are next-most-closely related to
the sentence.
Repeat steps ii) and iii) until proof is completed or abandoned.

Note that TP operates in the finite domain of the propositional

calculus. No provision has been make for true quantificational deduc-

tions, such as proving in general

Ay) () Plx;y] 2 (Wx) Ay)Plx;yl
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Therefore TP could not, for exawple, perform the derivations ef
Appendix . TI which relate SIR and SIRL., The problem,TP does attack . .
is that of selecting relevant information from a large (glthough
£inite) store in order to comstruct.proofs efficiemtly.  Of. course,

a similar program for quantificationg] deduction would be a welcome

addition te TP.. .-

3) Complex .question-angwering: . Sowe of the questions which SIR

can answerﬂrgggixeethedsyatém:ngpgrfgrpg@g;eieigbg;ateyipgoymagipg:
‘retrieval tasks than simply testing the truth of an assertion. The
answers. to questions like, "How many fipgers does John have?" and,
"Where is the book?" must be. computed by searching snd manipulating
the data stored in. the mpdglﬂipforder:;qqgsgggg;gppgqp;}qtg;rgggpgses,
let us define a "question type" as a.class of guestions whose
answers are found by fOll?HiD& the same cg@pugggippgi}ggpqgguxg,g:1:‘
Questions of the g4me type generally differ from each other by referring
to different objects in the model; those object-names are infﬂéssz the |
eqpbuﬁggiSAai ptocédﬁig.4 In the previbﬁgiqectiona we have considered the
specLal ;ype of all "yas-ar-no" gues;ions Ia.SIR, this slaps of t
questions was considered to be made up of manyw&ifférent question
types ~= One for each SIR relation --»and thexg wgg 8 co;xeqponding
multiplicity of computational procedures. In SIR1, the computational
procedﬁfé féf alli"yéélbiin;‘ Questions is simply TP. However, TP ‘
reqﬁi;éé éé an“inﬁut not j;;t the names of objects, bufif;tﬁerééhé
céﬁpiet;wéIRi Seﬂtéﬁcé wﬁiéh ébireéﬁgﬁsgﬂto>£henqdéé£ion; :
Unfortunately, no other SIR questiaﬁitipe; dan be combined easily

for a more general system. Each queétibﬁ”zypé iéﬁui&ihwh different
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procedure for searching through the network of Timks, identifying
useful fnformation when it is foukd, and manipulating the information
£6 produce the answer. Computer Programming tangdages are well -
suited fot specifying computaticWal procedures, ard for reasons described
in Section III.A, the LISP language was quite convenient for'SpécffYIng
the compléx quéstion-answering procedures of STR Wowever, des one
attempts to enlatge and generalize SIR ft beeomes ‘obvious that these
programs should be mdde easier to write and casiér to understand
whétéver possible. The full generatfty of LISF must be kept available,
§1incé new question types may require, in theé ‘answéfing proéess, unanti-
ctpated kinds of data sianfpulation; But the devtces dederibed below -
may bé uséd to stmprify the construttion of ‘question<answéring programs.

" Id'LISP, the flow of control within a program’is normally deter~
mined By §pecial Funttions called "predfcitds." Thé LISP dystem’
“evaluates Gach predicate acéordifig to Built-in or separately provided
evaluation §rbéé&ﬁfes; and choosés the fekt operatiof to performed
according to whether the value of the preédicate td “I" or "NIL"
(corresponding to "true" or "false"j. The STR1 procedure-specification
language 8hould be similar to LISP, but should alB8o‘allow the dse of
“an additional class of predicates: namély, statéménts whose LISE %'
values are ™™ if a particular SIRl séntence 1is true with respect ~
to the model, and "NIL" otherwise. The procedure for evaluating
thesé additional predicates would be just thé procedutre ordinarily
used B’}‘;ESIR’fi“)i""~déterm'ining the trath of SIRY séntences; namely TP:" -
Thus”fhe“fulljpdﬁer of the SIR "yes-or-no" type bf“ﬁuéstiéh‘ansﬁirihg

procedure could automatically be used within the procedure for

v e
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answering a more complex type of queatiom,  Suppose that in the, gouxse
of the procedure for answering the question,."What is the relative
. position of x?" it is determined that.x ;a %o the right of x and §1 q
.., that a .z is to .the right of x. Tha proquure cogkd theq contain ghe

(R R ¥

:statement:, ) e e

sl FTT e
if leéz)[rizhtbhi,x]/\rlghtbiydzll ggg& 89.A g;se &8

the procedure. The proggduwge Vritigr;__gquggg g%%%igigr ;{:t%gg_.t_;“o oajggwg:u
. the question, "Is a gz between x and y7" for TP will do that for him.

. As a special snplication of this method for progedure-writing, let
us conaider how to obtain "no' ox ' sogetimes" .angvers.to queqtiongq?f
the "yes-or-no' type. The existence of separate pregtams for each
relation in SIR permitted the comsiderstion of special jproperties of the
relation in determining an appropriate reply, .In our geveralized .
system, TP can reply ""ves" if the SIRL sentence § corresponding to the
quegtion is provable; otherwise the reply mugt be "ipsufficient .
information.” Although a "no' answer .cannot be obtained bx g? e

- directly, we can build into TP the ability to make.a negatiye reply .
if it determines that the sentence ~S is Ptovable, bug no gepera} L
change to TP can gccougt for special properties of individual relations.
Howevg:,,ghis‘flex;bilitydot‘SIR,ist:gcgyegg¢;;nﬁtgefgengxa%%gegmﬁihv
system, without relinquishing any of the uniformity nd generality
of the SIRl. formalism and the TP program, by the use of simple pro-.
cedures written in the LI§P-plus~TP specificstion lengyage. For .
examp;e,,thelpxpggdure for angweripgﬁthg;gugg;igp,jgggyapfgﬁaqxg";H;n

might be as follows:
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if (Waex)[oey] then YES; B
else if (Vaex)[~aey]l then NO;
else iff (\-/aey)[aex] then somzmﬁs .
else (INSEFFICIENT INFORMATION) T

There remalns the problem of implementing the Specification langoage
on a computer. When TP is available, it will be a srmple matter to
deeién an 1nterpreter thch would route control beteeen TP and the LISP
1nterpreter. Whether a compiler for these procedures is feasible
, depends on many factors, including the precise form of the TP system.A>
| The point here is that implementatiosw of this procedure—Specification

language, a key part of the generalized semantic question~answerer,

is Eeé%ible a%’tﬁe preSeat~state of tﬁ%ﬁpréﬁitmﬁing art.

In summary, a simple formalism has been presented which adds to

9 : R $ @ [

LISP tﬁe*ttdth‘*téstin‘g“ pwer of 'n’.‘ ﬁrls» pi%ce&uma‘éetiﬂeation
language, together with the SIRl formalism, a eorremponding word~ .
assbciatioﬁ*moﬂel structore, and thé Tf“trutﬁdtesfint prbgrem eouﬂﬂié
tute’ the basis fort'a "%enerelizea“ ee&nhtihuinfor&afion retrievel systén.
On the b881s of information gleaned from the development of SIR, I have

been able to &escribe this "'g‘en‘e:a’lize&” sysﬁtem %c‘h has all fhe

quest ﬁoni-eﬁeweting ability of STR ahid: eeéefpts & mue’h h’rger ‘elaséJof'-'“'

0y

questions. More importantly, new relations can be added to the
"geﬁeralizéﬁ" System aﬁd the'axioms of its proof iroceeure can be

modified withoet a&\‘y reprograhming, md ﬁueﬂiem%neweﬁing proceéures

can be introduced and modified much more easily than they can be in SIR.
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Chapter VII: Conclusions

(EAY el boar 5% 3
i 3T } B
A. Results.
CRIFTLNL G el GE e
1) Question-answering effectiveness: Chapfer I described how AR
ITTAMACHRY L T¥LhTL J\Pi‘f‘ pRcI

question-answering behavior is a measure of a computer system s abil-"‘"
" lva‘!f‘* D PR o T
1ty to "understand " SIR represents "meanings" in the form of a word-
i i R R DA TV 771 R V% FE LS e S VI 19
association, property-llst model As a result SIR is more general more
arer S

powerful, and, Judging from ltS conversational abillty, more‘"intelli-

i '531‘1 FLO 3 T TS | Faiw LI e Cadnd
gent" than any other ex1st1ng question-answering system. With respect
o ;‘ CFH L 3 O 2y
to the fundamental problems of the other systems discussed in Chapter I1:
: Damanimslanl Isdd el owiwd doiog o eal
i3

S s SR ERERS TN

a) SIR is not limited to a rigid prepared data structure and corres-
ponding: programs with specific, built-in, ad hog definjtions of;!'mean-,
ings" as is the "Baseball" program. Rather, it constructs its data
structure as information is presented to it, and interprets "meanings"
from "learned" word associations.

r(’{‘;;-:‘.‘ ¥ >

b) SIR is not restricted to the sentence- hy;sentence matchiag of -

Phillips "'Questieﬁt Appwering Rougine .} Ingtead, the; SIR. medel;p¥or i
vides access to relevant stored facts in a direct, natural way.

R R £ X5 ik

c) SIR, unlike SNYTHEX d0es not require grammatical analyses which

become.more detajled and more complicated as the,system expands; ., Ios.:;
stead, question-answering is based on semantic relationships, and the

program structure cew be gimplified while-enlargins the scope;@f.the -
system in the manner described in Chapter VI

o wrlng T oelend il
d) The SIR model {8 not tailored for a single codcept 11ke the family
relationships of SAB-SAM. . However,.theproperfyslisd:strustyre.of.the
model can easily be used to represent various special-purpose models and
thus. take, advantage of their.-benefits, while,permitsding rha.storage-of,
any relational information.
e) The SIR system is not restricted to testing theJuniversal truth of
a complete statement,. ¥egardless of the meanipgs,of its. components, .as
is Darlington s program. Rather, SIR procedures can be devised to ans-
wer any form of guestion, and the, QBSW&KSWQF%W9§Q$4 o8 SR 8 cyrxent: i, .
"knowledge" as determined by word associations in the model.
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£) Although conceptuslly similar to Bemnett's word telation’ system,
SIR represents a vast improvement in that its list-structure model

permits’ B dfrect’ reprevedtation For arbithary word relattbrds;’ the

system contains prpgrams for handling several differen relatio and
their {nteractions; aHd both input forumts and’ 151‘b§r’ed$ i’é&ic nﬁy eusily’~”
be modified

.. &), Sewmunlcstion language: SIR provides a f“‘“‘"‘“”k for reason-
ably natural communication between people and computers. Although
somewhat stilted, both the input and the response languages used by
SIR are suffictently plose to natural English to be easily understood
by an untrained human. The input format recognition process uged in
SIR (Section IV, B) illustrates how far one may go toward "understand-
ing" natyral language, in the sense of recognizipg word assoclations,
without reference to grammatical, structure. . 0f course, such a scheme
cannof. be generalized to cover any large portipn of a natursl language.
It was used here sjmply as a device to get past #2ﬁq§nRPEQPhﬁﬁ9;§né‘%§SR
the problems of representation and retrieval. However, this format
matching propess can easily be expanded to handle any suffictently,
smg}lrportippmqf §P8¥igh:‘. : FEERIENE A

Even {n fte present primitive state the process is not excessively
restrictive to the untrained user. lyiphgspg‘Pssgqgciﬁzspgm%thg,uig; o
could be imstructed to present in complete English sentences simple

-

facts and questions, and not to use any sentences with subordinate

clauses, adjectives, conjunctions, or commas. Ihese sentences may be .
about class relatlons, part- whole relations (possibly inv01ving,number8),
possessions, and left-to-right ordering relations. When used in a

time-sharing environment (11) in which each sentence receives an immedi-

ate responge, the system would have the effect of a '"teaching machine"




T T e R

128

%

in traiping its user to restrigt hignpe(lf to: rgc{pgnimb}e._ sentence ;...

b—’ P
bt

FISIMa VO i A

forms. After ;;L few trial ;:unaf the pxogrmgx pan ;ggji,lxs add ng new _ ,,

sentence forms which £

success for the next user. If this training process is too slow,

new user could study sample conversations from previous tests, or re-

It L‘

fer to an outline of available Formats, befbi!*cumpostng”nzw~statements
RTEEEATs IR CmTEEY s S Te g sToagngdael £60 D YR LR OReNs T Ln iUy e e
to SIR. These processes are much simpler than learning a "prograﬁming"

TeY R

languagé.‘ZAwsorféalffgtLB?:fﬁfﬁhtﬁiaﬁﬁ*ﬁo¥g¥§Bpﬁi§é&%gfééybih&fﬁrff;ﬁ““‘

tests in tﬁé‘matching procedure would allce the ‘dddition ‘of many ‘more < °
formats to the system with no corrgéibnding increase in time required -
wad won sedesdestilo 0RO L o punT; A

for recognition.

P

‘AE"t"h»é‘ output end, the system demonstrates that "fntelligent" re- =

sponses are frequertly possible withdut ‘an etaﬁ%?.téﬁééiéfé%iéé‘i%dﬁﬁi?;”

Bttt Leiiiimn g S ot iTagn coaialoway goavos nd o Bond lenaoan od danne
as lohg as one can anticipate the classes of ieﬁponsei and ‘frame each

S S L F 0 <Y S Y R Clonnlvol nowg o vigsids oo Dear o wow gi
class in a suitable format.
TS I 8

3) ‘The model: An important featire of SIR 1§ the flexibility of

the property-list structure of the model. Independénf’or relatedlfacts’“

Dl o T sl Gdmde v bmIve dALEndg @35 6] o
can automatically be added to or extracted from the sys%%ﬁ} and the same

CoDverl LT terny i R O g R ¢

H R R R R T R R R e I L1 e
data may be expressed in more than one way.

Several existing computer systems, d.g. airlihe reservation sys-
tems, pergii d§héﬁiéifaé€ﬁs£br§§e"aﬁd”f&fifﬁ%iﬁ?ﬁEﬁabéiéf; they deépend
upon:thé;GSé:bf fiiéd;”unique‘fééiébeﬁkéé¥§ﬁ£”?ﬁ§‘?ﬁé1£ﬁfb¥ﬁ£ff8n‘1ﬁi“*“
volved. " In'SIR, there can be many representations which are equally
effective in providing correct answ@rs ii g., the system "knowa“ that

theriéétemént; "A’flﬁgéraié‘par%xbfiﬁghﬁ"‘ihviihhfi¥h(ﬁ5-fﬁete??§ﬁ;ﬁ

N L NSRS P i il -

~end N S e e
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explicit part+whole link from FINGER to’JOMN; of {f (b) there are! '’

P

links by means of which the retriéval ‘p#bgiang cin: 468dde’ PHat d finger -
16 pat of a person and John is a’persons or if (¢) tHaPa &ré links by ™ °
méans of which the retrieval prégrams can deddcE’tHat a Finger 'i¥ part

of a hand, and' a hand is part of-Johh; etd: "t ad#btion; the system
can automatically translate from one’ refiesefttdt¥ofi’to ‘another Having '~
some advantages. E:g., the'"stieamltne? ‘operiéion>describéd in Seéctfonl’

V.B, téduces storagée space requiréementd By feflovidg reddfidancy tn the' -

He

f,x”;

representation, without making any charges“in the syatem.”
The property-list miodel‘“turns dut'ifo have ad¥natd§es ‘even when' an-
other ‘form of model seems more nattrdl " For ekimpPel Tepf-ito-righe® “ '
spacial relations ‘géem most edsilty repré¥éntéd by 'a tinda¥ dfderings °
i.e., ™z 15 to'the teft of y" could be’wddkfed by piadthg x anésd g™ " "
y in a left-to-right list. However, incomplete information can cafige 77
trouble ‘for such'a model. Tf£ it t& kitowh ‘that vz '¥s to the feft of”
y' and "z is to“the Befr'of 'y the Pihsar drdefing'systé éammot ' -7
uniquely modél the pelative postticns 6f x;'y)“and®z!” the propérty- v "'
116¢ system, on the other Hand, tépresdhits exaely ‘the relations itéh
are known; and the linear ordering Gf ‘the obfactd “Cdd Be ‘deducéd from  °

1 HdAd

the property-iist model, as i& done ffi ‘$TR by tHe **lofaté" funéttony T

faessod

the' datd ‘ts sitficfently complete. - 771 ' 77 aodumil

LIPS S A 2

| 4)  Present dtate: The processidy timé per ‘statement ‘for the $IR

system with'a standard LISP configuration o ‘an IRM‘F09& ‘cdfipater with™ "
32K words of memory was about one second. All the examples prepared

for Figure 1 and Figure 5 of this paper, including loading and compiling
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all programs, toaok about 6 minytes. of .compwter time, The SIR.system,. .
with all the relations, processing Progrems, and,language formaks, dez ...
scribed in this paper, utilizes almost the.full.capacity.of the;computer,
any particular practical questioncanswering prehlem.: .It conaists.of a .
collegtion ¢f relations which were.intrgduced,.as descryibed, in .Jection,. .
IIT.B, ip order to.investigate the yarious.featyres snd posaibilitigs. ..
of the madel. Thesq.relations do uqt.necemgayily.heax any.other use- -
ful or logical relatiogships.to eagh other....... ..., ..

-Although cramped. for memory space, the present system has beem;
succesaful. in.the sense that if.has demqpatreted. the ugefulness of the . .
word sgsecaition property=list model. apd it has guggested the more, .. ..
general system degcribed in Chapter VI which.extends the uses of the .

same model. 5

seopgmors L ruvosnll Ldeald ddgireoos-ial oo ¢

The scope of the present aystem indicates that it yould be.feasible

to use the SIR model and.present pregram.organization ip.a practical
information retriqval system for gn IBM.1090.size .computex. prewided . .
the syatem involved g reasonably small mymber of relations whoge intex:
actignsare clearly wpderatood. Ome.posaible applicationis.a res .. -
trieval .system which has heen pzoposped.at:the BAND cerporstian for . dn- ..,
formation abouﬁ documents in Soviet CYbQEBﬁgﬁﬁﬂb(%32n1§3§§!5e3¥!t§§n5h§d3

users will be interested in indirect relationships and implications, as

well ;g5 the gtorage .apd retrieyal qof .apecific facts cancexning authors

and §Qb1%%§9QQ£@tQGhQiG§¥ PAPRES p. v o, by G20 Lusbrasds o lire odiaa

:S(Z,:_% . R LU ST At D LR RO T OE D i
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5) Question-answering detailsi ’The following pointd’, although ob=

vious in hindsight, did not become appatent until:the’ ptbgram wis

RN

fairiy well developed: -~

a)' ‘A-question-answering system canhot give definite negitive replies” -
without special information about the completeness and consistency of
its data. ‘The fact that BIR doed not’have: such {nfoimétion accomts
for frequent ocourrences of the "INSUFFICIENT INFORHATION“ response in
places where a clearcut "NO" would be preferred. @By o

b) If'¥ stands in relation R to'y; theén a dhesway link, e.g., from x
to y through attribute Rl on  the property list of x, may be sufficient
for most question-answering applitHtions: ~Rowever, in the coutse of’ "
expanding the system the reverse link, from‘x to x through attribute
R2 on thé y propérty-list, -may be mach more Cobfentunt  To allow £or
any eventuality in a general system both links should be provided from
the start: Tworway links also provide the acceséibility needed to exs’
periment with various tree-searehing prqcedu;es )

¢) It is frequently possible for search procedures, even when unsuccess-
ful, to: provide “extremely ugseful informatioR to theé- tSer or progrimmers

by specifying why they were unsucceasful. This point is‘é;scusaed f??fv
ther ﬂ! 'Seéﬁion Iv.c. 5 he ERRE IRt SIS B SRSTE TR ICTIN SIS ) 4. LN

B.  Extensions of SIR.

1) Adding relationg: Two major obstacles; in’additibn to tomputer

memory size, stand in the way of extending 'a'SIR-likeé ‘systém by~ adding
new relations and their associated programs: ¢a) the problem of inter-
action between a new relation and thésé airséady i thé systém; ‘requir-
ing modifications throughout the system fdr évefi minor additions; and
(b) the problem of the time required tdfseaf@hifhféégﬂﬁﬁiﬁﬂi*of”wéfdé“??
linked by rellations. This time apparently #ust grow’exponentially as’
the number of relations increases. -

The problem of interactions cén best be overcome by feplacing SIR -
with a genetalized system. As discussed ¥# Chaptey VI, this change

would greatly reduce the interaction problem and simplify the introduction
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of new relations, 1In additiom, the programs would probably be signifi-
cantly smaller in the generalized.system...Not.only would:all 'yes-ar-
no'' type question-answering programs be replaced by & single, 'theorems
ptovingﬁ program; in addition, the. pzncedu;e»spee4£icgtipn lpnguage of .
the generalized syateq would result 1n moxe gompagt, as,wellyas mene
readable, progrems - - o o

The other ob;tncle to. the. expnnsion Qf a semantic. 1nf9;mntion re-. .
trieval system,is the same obstacle wh;ch pccuxsfip,picggams for ;geo;em
proving, game playing, and othex axeaa of axticifical in;cl;igenae ~~'3;
the&problem'of searching th:ough an e;ponen;ially growing space cf
possible solutions. Here there is no basic tranaformation that can be B
masie to avoid the mtbm&tical fnct tbat ;he number of poss:-ble inter— ,;3
connections between elements is an exponential function oi the number )
of elements ihwvolvedi "This. means that in SIR, the time required to
search for certain relational links increases very zapidly with both the
number of individual elements which can be linked and the number of
different relations which can do.thé;lipking. However,.many of the
heuristics for reducing. search effort which have been suggested in.
other. areas copcerned with tree-stryctyred data.cas.he applied here. . .-

In the first place, relations geem to be-divided into independ- ..
ent (non-jinteracting) groups;.e.g.. spstial relations are quite inde- .
pendent of tempozal. relatigns. .The search spage affected by a mey.rer .,
lation is really. just the gpace of igtegacting vekations; which may be .
a very small subset of the total space 9f.relations.: The.axioms of the.
generalized system can be used to identify the growps of interacting re-

lations.  Secondly, the existeace of two-way links permits the search. .
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for a:path ‘between two points in the data structure to pnoeeed ‘from

Vs

either end (whichever is llkely to produce a more efficient search),

Ty

or possibly from both ends simultaneously toward an unknown common

L ‘ Sf

point Finally, semantic information in the model might be useful in

RS : 5

suggesting 1ntermed1ate points to use as "stepping stones" in a larger

tree search, thus greatly reduc1ng the search effort I believe that
B I ty
the use of these and similar heuristic devices, along with expected in-

wt

creases in computer speed and memory size and the introduction of parallel
processing computer hardware, will make a large-scale semantic informa-

tion retrieval system practical.

2) Adjectives gng n-grx relations- All the relations in the pres-

)'Ji ;s B

ent system are binary relations The model can be extended to hnndle ;

arbitrary n-ary relations as follows-
a. Unary operators could be simply flags on the property lists

of the objects to which they apply ‘ Or, 1f for purposes of uniformity

\(

we forbid the use of flags, then they could be attributes whose values

are always a dummy symbol which indicates that the attribute is to be

5 (T T

interpreted as a unary operator. In handling adJectives, the following

) 5! B S ';‘i“,'

decision would have to be made: should an adjective be modeled by an'

unary operaton or should it be the value of some attribute? For example,

* te Gy

"little red schoolhouse" could be represented in the model in any of the
, YomaTn e NEE Gy

following ways:

. r.;-‘

i) An object which is an element of the set "SCHOOLHOUSE " and which
has on its property list the flags " L Woaid "REDLY - :

ii) The same object, which has on its property list the attribute -
"MODIFIERS" with assogciated value " (LITTLE, RED)."

S S L Syt wS B a
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iii) ‘Phe same. object;, which has:on dits property list .the attribute-
value pairs "(SIZE, LITTLE)" and " (COLOR, RED)."
Thersedznd‘representation is equivalent to the f;rat but avoids the
need for”unary'd;erators.‘JThe third representation.contains the most
1nformatioh and is most consistent with the'present form of the SIh”:J‘

U T A

model but has the disadvantage that it requires the use of a dictionary

TR T

to establish appropriate cla331fications of adJectives The "best"‘
e i ; i - [T o3 SR
representation to use would have to be determined by experimentation

Pl ey : 2 T

and would depend upon the organization of the information retrieval

programs which use the model.

b. Trinary (e.g., those involving transitive verbs)'and higher

order relations could be represented in various ways analogous to the

treatment of binary relations. E. g., the n-ary relation R can be

R4 3 Y b

s - 2 :‘: EETIN . . : : L e Ivals

factored 1nto n relations Rl R2 iy Rn, such that
» Ky aees X € and on y
1 R if d 1 if
<x2,orl’x >=R1[x ]AQ{l’ X3"-O’ xr? R2[x ]A o
»...A<x1, xz..l.., xn, 1) Rn[x ], |
where the value of the attribute _i on the property list of _1 would be

the ordered sequence¢fs .;.; x') More specifically,

8 j 1’ j+1’
the trinary relation established by the statement, "John gave a book to
Jim" could be factored into the three relationsb"GIVﬁhw" "GIVEN," ahdn:
| "GETTER "‘)The propety list of "JOHN" would have the pair "(GIVEh; o
V(BOOK, JIM))," the prOperty list describing "BOOK" vould contain
‘"GIVEN (JOHN, JIM))," and "(GETTER, (JOHN BOOK))" would be placed on
;H"dIM"KnprOperty list" ane ;gain, the;pmaoticaiity and.afficiency of
such:a representation can only be disoavered byrdeue{oping and experi-

menting with working computer programs
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3) Next steps: The present SIR system, and its generalized version
discussed in Chapter VI, are ohly:firéf stébs'fdwaf&“h’ffﬁe “uhderstands
ing" machine  Eventually we must solve the Wadvice-taker" problem (22),
which’ invélves .controling the operation 'of the machine merely by "advising"
it, in a suitable ﬁnéifsh-Iiké Iéﬁéhdgeliéf'iﬁe dégiiéd“ﬁrocedufeé or
results.

One ‘approach to the "advice-taker" ié’fﬁfdévéfﬁp;pfogramh:ﬁhiéh
can produce other programs in accordarice with simple fnstructions.

Such program writing programé could be an Gutgrowth of current work on

v YReyH

computer languagé "compilers,# {f the Lnput and output forms are Buffi-
ciefitly well=defined. Simbhx(39)%is:ﬁﬁfkiﬁg;bﬁhfhiéwszroicﬁ by de-
veloping a system which acceépts & broad range of English statements as
input to such a program-writing program.

SIR suggests an alternative approach. Rathéfufﬁﬁﬁ“deVEfbbihgjﬁ
program which writes other programs to do specified tasks, I propose
we develop a single,“gehéfdl‘prééraﬁ'dﬁfgh céﬁwﬁﬁ“ﬁﬁﬁ;%ﬁsk“pi6§fded
the program is properly contrblied by information in tts model. “Giving
advicé“:woﬁid'theﬁ'iéqhife“ohi§ fﬁe’?éiétiVéiytéimpié'proéess:of in-
serting appropriate control iﬁfg}%éfidhhihto;fhevgbﬁgif"The Sih mo&éI :
provides its programs with information about’ the truth of particular re-
latibﬁécﬁetWééh'spééifié”6bféc%b.¢yfﬁéim66€fnin“%ﬁéfééﬁéralizédréysfegﬁﬁa

iR

also provides the "theorem-prover" program with axioms which describe

properties of relations and interactibms between relations. The next =~

generalization should involve adding tp'the model fnformation which Mill ’

specity ahd control SHooxen-broying il mpdsl serching procedires for

Fyan e o i

the program,
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After'the above two approaches to an "understquing" qachin :have

been developed independently, they ehqqld‘hengnthegdged ) Ihe program-

LEn

writing program should be incorporated into the gene ral program . of the
- model-dependent system. The resulting system wpg}ﬁq, then be able to c—qn;%,

struct arbitrary procedure specifications, in accordance with simple in-

X3

structions which had been placed in its model.

Ultimately the "intelligent" machine will have fo be able to ?3;

N

stract from the in§9rmetéqn ip its model, "realize" the necessity for,

additional action, and create the necessary instrq%gions for, itself

v "":} 45
The design of such an "artificial intelligence" auaits the develogpepcwg,
a“t°m45?¢'F°9°9PtIfﬁr%?5i99nﬁﬁﬁ,?9$9¢EiY9y*?F?£$ﬁ%9 systems (20,41) as ..

well as the generalizations of SIR described above.. .
et . B ERERE S I N T G PRS00 8 & B4 "g;,;s,;-% 2 ‘

do i et s e o
P A S U RS EC R AL I S B ) i R
. oncerni Progr ing.
c c LoD ng e S‘;a'mmS fel « 3y LRI R £ Al
E VRe. mat H f SO g

l) JValue 0 ‘ Many of the results and conclusions .

written after the development of a large chPuter pr_gfam such as SIR

SO0 GOty OB Y

frequently appear as if they could have been established without the . .

tedious effort of programming This 1s rarely true, and(in’fact new

systems which are described as, complete "except for the prggramming S

usually require fundamental modificatipns if and whep they are trenslated

LRSI S S S

into opereting programs. The reasons fqr the importanqe of actgally writ-

(S iadit FACHRN

ing the program include the following' T U U
a).  Without a program it is extremel{ diﬁ cult to*tell whether the,
specifications for & System ate ‘redl éﬁé%ie "gﬁa‘éonhiiieht “Trdelal
decisions may be considered minor details 8, and_gongg&?i pgmmg y g0, un-
notited, utitil one ¥ compelled to BUird' ‘48 bpérating syste Lo

b) The process of programming not only turns up fallacies in the speéiZ -
fications for a system, but also generally suggests ways for avoiding
them and improving the system. Thus programming can be much more valu-
able than just searching for errors in the original specification. A
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coempleted "debugged" programmed system usually turns out to be a compro-
mise betwegn the systew. as it was originally apecified,:s simpler system .
which was more feasible to actually construct, and a more elaborate sys-
tem whose new features wexe thqught.of:during the.pregrawming ;precess.. .
This resulting system is frequently as useful and certainly more reliable
than the originally specified system, and in addition it may suggest the
design of even more advanced systems. With SIR, for example, methods for
implementing the 'exgeptipn pyinciple’  and. gesglution of amhiguities;
arose from the design of the basic question-answerer, and the specifica-

tions . for the geperalized system .of Ghaptesr Vi.sre:basgd;lazgely.qn propex~
ties of the final, working SIR system.

B

c) The programming process frequently turns up insights which might not
otherwige be discovered (see. for example.paxagzaph A above). S

d) Finally, the resulting pregram provides at the same time 3 demenstra-.
tion of the feasibility of the ideas upon which it is based, a measure

of the. -Practicality of the gystem jin teyms of time snd:space.requizements,)
and an experimental device for testing variations in the original speci-

fica;xons, P I S b R RY L aedoarre T aril ml biow
o P T EUL s DY VR TS SRR PRI VU
2} - Aounifowm tree Linkage.and search.;

PIOQédutqu@%d 4implify coding and allow the progrvemwer.to comeentrete. .
on the mare important preblems of program.orgenization.and search strate~ .
gies. Such.a standard nepresentation would bave to be:-flexiblecenough-to.::
handle the most camplicated cases. .In SIR, the .unifomn use of.only typer.:-
3 links or all property-lists and only type-l limks om;all sub=preperty--.
lists would probably achieve the desired regult.. Am.altermative, asome- - -.
what ;moxe complicated.(but moze ecomomicgl.af steyage) way te-achieve .the .
same regult of freeing the programmer {rom comeepn for -detaila..would he ..
to aJ.Low .sevaral kinds - of linkages to be used vhexever they were beat.
suited (g.8.» typerl,-2, and -3 linka), but-requive all vetrievel .gxer.
grams to be able to xecognize the type of & link.and t¥est each ope .. .o;o-
aupropriately. . .o o e m v serl T puoan ol

., 1f this alterpative of allowing the use.of sexaral.types of link-

ages were used in the generalized system, the rmature &f e Jddinlke v :




138

appropriate for particular relations could be stored in the model on the

by

IR [ G 23 E CAENR L 4] ' RPN St e

the* ty‘ﬁé*idenﬂifi’éiﬁioﬁ

P50 D 9luras. [ ek B <3 AN S R S Y]

propertyﬁlists 6£ the relations. In BHIS wﬁy

ERCIR AN I
would be remuy avauabie ‘o the- retﬂewx pregram
. $ 5l " [ I PESSEN I RTr i
_.:,’ . o i S
SELOFLIS '+ BTN ATERRE oLl L e EY L v L DR s T
3)9“‘r‘“ramman ‘tfeas se‘rch In order o hhndIéJsome of the ré
- TLLaR ! bR S ORI AEE b B IR IA : [ERVISS SR S g e R G4 i aeTt RO

trfeval processés’ I'haé to" develep gome gené?at Ere&eéraéing fundtib?s

iR ATZ PRI I %5 Gt

The facility in the LISP language for defining functions of functional

GET G BARRG soimmst sty gl

arguments pennitted the de!ign éf%progﬁms préviding & ﬁbﬁetfﬁl ‘abttity

to sﬁecifyeeomplex seareh proeedures For exsmﬁldlﬂonéoof the most”ﬁég- ¢

I L AU OIS A il T i ’Jl"f‘

ful funcaioﬁs was ufind[start- 1ink~ testP, R sheré “Qtar:ﬁ‘BAnJBe any

ERRE CrtaeoT paT oatush Anigsalyegeu o vmz..

"i

word in the model structure, "link" specifies which attribute to u#e to®
find succeeding words, and "test" is the name of a function to be applied
in‘turn -t6.each word reachable from "sfart™ abeng the RiNd SE path speci-
fied ‘by "lpak." < If -the valiue of "test" applied te &' wopd gs thé spdebdl i
symbGL"RIL M the ' fearch eontinuesy othérwise ‘the vidlue 6f ™Eend" Cand =
the ‘result-of the searéh}-is”jﬁse:thE‘valuéfdfﬂ“ﬁéﬁﬁ,@iﬂTﬁfﬂﬁréséPGamayk”“
contairi the word whichi satisfied the test -andi the 'sécdesiful ‘path) £ ey s
the List of words wisich kink "stent to 'the sele¢tdd word'if the destred
way. WNote thatsthe ‘funetion "'find" can Be cadcaded, 1.e:j Meast'™ 'dal bes !
another -applicatian of *£ind"* itselbf. ‘Big., Sin'testing whether every @ ~&
is part ‘of ‘scuié ‘B, we may wish to test WHédHer thére £& @°Clagé u '‘such “ro-
that every A 'is a u and'every u is part of $omé B. ' ‘This test 'ts carfied '’
out stmply By erecuting theé following ‘Functidn (given “tr TISP metgs’ U2:fus
language notation); and testing whether its value 18 ™NIL® or oty ' H8sr
£ind[A; SUPERSET; A[[u][find [u; SUPERPART-OF-EACH; A[[v}{v=8}T FHF.
If @ uniform repreégsentation ‘(as deseribed in paragraph 2 dbove) had
been used throughout 8IR, : then it would have been ddagy ‘tb deveélop a ' «:io
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it

complete set of general network-tracing functions like "find." Such a

set of functions could be the basis for a language which makes programming

. 6 2 RO $"' . ¢
tree~ and network-searching systems much simpler tﬁﬁn 1t Is now. Such a
vlaogusge:might thus contribute to research 1ﬁ’tﬁé°dfea£‘6£'p££éérh‘fe¢dgni-

EECIE SN PR S : . LR oo vyman oenpghi s

tion, game-playing (36), and network analysis as well as semantics and in-
B R A T I gitedp,r g e MR so i lioziings i
formation retrieval. Note that the success or failure of an application

RECRS i

of the function "£ind" depends only on the connectiv1ty of the network

the orderd{nfﬁﬁicﬁ nodes'are genersted snd.tested .ana”ihéééfééé‘éﬁé”
efficiency of the system for various kinds of networks,Lgost te dec1ded T
in advance and built into the &efin1t10n of the function \ |

'4) Program simplification: The "procedures" presented in section

V;Asﬁﬁich;were/desofiﬁe&:es."rough fiow‘éhéité"ﬁééégéﬁé\fetfiéGAI p;oéraﬁs,
g L TRl T i D s
may seem unnedessarily complicated This is true for the follow1ng reasons:
X % { : 1 ISP A B S VENERL B
a) Each procedure was written as .an explanat1on of how a partlcular pro-
gram operates, and.the place of these programe in:the over-sll.pragram ...
structure was de-emphasized to avoid confusion. There is must more hier-
archical structure and use of gnmmon<nﬁbnoutines in the actual ;SIR pro-

gram than is indicated in those procedures

b) As'with most programming tasks, many possible simplifications occur

to the programmer as after thoughts. If I started over mew, I eeuwld.cex- .
tainly construct a neater, more compact SIR system -- especially by in-
corporating some of the ideas discussed in paragraphs 2 and 3 above. How-
ever, I would be more inclined to ignore SIR altogether and instead gtart

programming the generalized system of Ghapter VIo oo sageun)

c) . Unfortunately, many of the "simple" remsoning precedures .the proguam.
must go through really are complicated. It was surprising to me how many
possible roytes one may take to deduce A simple fact .like, "A -8 paxt of .
B "
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D. Subjects for Future Experiments.
S P R B S LN R SUs R R G

TV AT h T esii T T e el TG D

1) Search procedures' The relative merits of different tree-

£ L ATL 1T AR I BE LT I Y REDEY M

searching procedures should be 1nvestigated, since any device which signifi-

ENEE R R : T A RS LVt b thnlin oye g ing

cantly reduced search effort would be a valuable contribution to the

P B 2L 7 LS i SR T Y Jivrn boeam e SN S I

practicality of SIR-like systems In seeking a path between two nodes,
: : 13 R L RV ES B SR S (P Ty

i1t

arid e o 5 SRLEYREN e

for example, one might compare the procedure of moving one ply from each ‘

end, alternately, and looking for ‘@ common node, with the procedure of
: ©obeminy Ay 395 Faber dnif o1 ROt e

continually branching out from one node, searching for the other. Even B

ol v heum e . Ll A R Lo it Prhe

this latter procedure can be performed in either a "breadth first" or a

IERRTT O A RSP 357 Rt FER

more naturally recursive "depth first" manner. While the first procedure

mentioned above cuts the effective depth of a successful search in half,

Ty Bty oW R |

» ooy
SE LSO A Fioa ¥

it also introduces matching problemsin order to recognize success, and

Y REN Fat :

makes it more difficult to discover the complete successful path Which

i . i [ ICIER T FIEC 9 3T KRR

ESPEET v,,J,A:,

of the various procedures iﬂ "best" will depend on the size of the networks,

'-.1 SEY L iETE Pel iy Ll TH

the pelar ﬁe frequency of f‘suee‘ess Ehe* m::age Péngth' ‘df »’su’cces'sful paths ;

s il GeSD BEW LT T

etc. Therefore the Hest way to- determibt<the moéﬁsefficfenf meﬂhods is

PR SsTe o ¥ s BEEEES T iy [ B

to experiment on an operating system, preferably with respect to a par-

tidular problem area.

YIRS

2) Linkage structure:  The optimin tumber “6f ‘expPiectt Tinks nééded

shouPd 156 mvesti'gate& one Ynight expest ” a Ersdearbffffmere b‘e‘twee'n space

HRGES:

LRALLBG

and tiﬁé tiel, th‘a’t 'a removal of fec?uh‘d’i‘t’t‘t 'iinks‘ f6¢ fiidtance by

LN vy
e AL

"streamlining" operations, should save storage at the expense of increas-
ing the average question-answering time, while introducing redundant
links, for instance by adding as explicit links all question-answers which
are successfully obtained, should use up space but speed up the question-

answering process. However, this trade off is not strictly necessary.
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Explicit links save tihe only whed'théy provide Eortltt dndkers; otHétiide
they use time by requiring spurfoas phr¥s’sf the ndtwork td be” sumpehed s

Which redundant links to weed out, as well as which search procedure to

uge), deépehds oh’the chatdcterisitiés of thé~#ode? and’ GuddtisuisZin'y par-
ticula? upplidation’ and st be: detetiiined’ by dapeethenatton. » 27 v 7

" fnothet $tTucto¥ing problem 6754 tondllered* 18V thdt 0f ebhFistency:
At pF¥sdént SIR'tries to”tedt the conslstendy bf'chdh®Inpue ¥éntenteswitk
thé” infbHiat1bn Tt alréady has stored Bedrd? hldings the” hew pélationdoEs
thE modeT. It might Bé'more efflcidnt’ td'bi1n8ty Wéceptadch inpat’ 7
“gentefice Indeperidently, and then chBik the'cbhsidtendy o the tbdel’ from-
time to time’) Bay btwedn''lnput ' Béntended s HeomPraimihg 1 problens” >
odeur' "’ This  protedure would g1ve  lated ifforhatlon eqbal” Précedénte = 1!
with earlier inputs, which might’ bé' 47 pré#e¥red® atiahgbneits for Bome" dp=>

P T R S PSR e S 2 T SN S N A SN AL i :_) Ga it s musd s9s b oot
piica%ion3¢ Co HEREE IR L A il sved gdaiaoloos i

L&Y PRI Lo . DU P p o i~ . I e TR N P oif -5
wre® L OET Y e Do g e Dyt YO gessoya ods ooz (BEY antvad

U08) pmbipuity Y YEnpudge: A" Bybted” sint 18 H8L STR? conldt be” bRediad
a basid O & Etidy 9E° andiguity 14 langiige’ THhe” USamp1edgi¥en" abdve” Ih
sectioh’ Y.Buhows how SIR citi #esoive an abbiftobs’ botd hedhihg?on khe’ °°
basis df relatdd word neanings.’ Simila?ly 4H EdpRnded’ BHiloh SF°sIR might

be able"to' resolVe ambiplious” sentdhce’ beHGbtUTe bn t8e bubis® 63 che mdahl

ings (or, more precisely, the contents of the propert%:118t8)dot’ théi= "
words in the sentence. Thus the system could be as effective as people
in recognizing the structural difference between sentences like,

"Bring me the bottle of milk which is sour," and

"Bring me the bottle of milk which is cracked.™
Such a study might contribute to our knowledge of the use of language

and how people resolve ambiguities. It could investigate how much:
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giye peqple kroyble, such as ”?hng9533§1¥49§3P&9¥§fﬁg51 soosml Ry vl

Loy | S Car N sl 2 : o e m e . [N o~ PN D | | S ST ctas p g
I T R TRIPES BRIt £ ST Do Coee , Fnt e oF adinrl dmabaguhoes gl riiW

-ing #)niSimulatien:: The behavior of SIR-in, answering.questions and re-,
solving ambiguities Auggests. thet, the. progyam, yndsratands. the meapings”
of .the voxds in its.model. The information §IR aspecissss;yith s werd
by.means of the. propextys1list of the word is anglagpus,to,the:informa: ..
tiop.a person agsopiaLes, with gn gbjgct by megns,pf 8 "wenkal.image!. of,
the object. [Perhaps we cap cprry this:analogy, fprther apgd gy that, singe
certain. gapects of the behaylor.of §IR arg gimiler e humen behevior,.then
the representation gnd.mapipylation.of data withip §IR is gimilar, at the
informatinn . pyecessing level, tp.the, representation snd manipylation pros
cedures, 8 PEYSOR-.GAYEAes: out when,  tRindking Yy o in,  Luugni votivos daie

Psychologists have simulated on a computer human problem-splying be 3
havior (28) and the process of memorizing nonsense syllables (14). Per-
beps.31R.gap be copsidered; g simylation, of the humpn process of, leprning
and.thipking, about cobexsat fagrs.. Peychological. experipepts would have
to bgdeyised:to tegt thig theory by testing morespresigely tba similazs,

3¢ty of-SIRA. bebayiox, to bumsn bebavier, In the, progess ye might obtain,
valyable ideas. for beth 1mproving.the. pedel. apd ypdegstapding hugan, . .

cognég}v?OpF9$$!’g§jlnCJ}Q [ Il SRR T IR o SR 304 WABelarid sTom Tod 2guel

DAgUAY LE sV iYns in Ba o Llem wmEa e ol E o pusY o80nnamse B0l L ahiuae
cALL B9 HTRII%E 4 i rrde sl onng USRS SVR R e
I Tt
% 7 LN s N R e PREY !

i e BT o~ h o : ” - 4 e e ey Bt ougan o
3LBIYARL 50 Rl A o D WENER THeas a3 BLa0ipz oo Jngloroynals L3R 1A
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Appendix I: Notation

CBaste @mbols. o

The purpose of thls section is to present gome of the formal
; snpaned A L4 ac [iinD (S

1ogical termiﬁology uled in mhta pdpgxp !n tbe ifoklowing: 1ist, tHe

use of varigus:symbels will be explgined by weans:of definftionayl .t&

examples, qr ststements Qf interpretation. . .. .. i

pve
£E3
2

§.¥.?i’.9& |

ces and so forth.
ABaCys aee ) ueta-&ymbqlegtanﬁing for anye logical ﬁonmlasu wad Led
[~V o the propositiopal nonseotives. . 1. o
~A Aot A; A s Ffalse. i'?a
AAB A and B (are both true).
AVB s s AGRE Boor BotMe e oG st Loe G4 YO T s 1 4
"ADB C K Tmplies B. Cae
ASB A if and only if B.
XoYaks «»-,. . Variableg, naugs; of ymkpown objepts or sets. .o L 8L
UaByYs 2oy COMSLants;. Dames, of FRTiiewiar afjects or sebm.isd
aéx Q@ is a member of the set x.
ot XQY m Betq,i is. contained in: ”t Promi o ca W Laosn g JRL
aéx (@ x]; @ 18, nok: & m:;m;@h&m 5. e A
X<y x and y are the same object or set.
W,'d:’:ﬁ"'f’;‘ {X’!}d 1ol k(g RS J
W7 uniyereal qusst ifiet symhol. AR
(vx) universal quantifiersoc: oM pie Lo Gl

i

(WVx)A A is true for all values of x.

3. . 3, existentisl quentifierssymbolss .. . o
TE@xY T T existential guaptifier.qq .u .co  Bioo
(Ix)A there exists an x such that A is true.
(qug-wne:vijaag yngsdexed set.of;Sheiobjecks nahed.” T .o L8
< QabBP 5o $he: oxdered; pair ofthaiobjecssonatad. ;i1 o
- =adf equals by definition; is defined to be. . i ¢i .. .V

e

S . . " Gt i P f.‘,p
DO 00 Lol Juphoy ied - SOy e

B. ‘Subordinate Proof Derivation. I T

; Subordinate. preof”. is a methed for.proving Logledi-deduetionsiifi the:

firsts: nrdar pred¢icate ealoulys ("'the quﬂﬁ:cantmal cilculut'!)w “Phe . 1+
) IRt Moo ool i It A JHWGE
formulation outlined here is due to Prof Hartlex Rozetsa Jr. It tp

Toentdaen

e EE

simiier to the system of "general” iﬁfeténé@“ dés&tibed by~9uppe8‘f&3)

ER . - : S A - i v [P 93 WA
gl T R L S I A S S S ~u~ea{ 4 TR * EN R

,.ﬂ..w_q,,..m [RPSURISRR
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ition:- Subordinate Proof De"rfvation of a formula 'B from b finite,

pousd:bly empty, set of formulas & e .
an arfangement of ‘férmut as’ a‘ndmlong ¥rackets ‘dat fy}ing the éoi’:%itiona'

1) The first K 1iried of ‘the derivitiod Consist of He formulas ofg."”

2) Given n lines of the derivation s errn:ﬁn: Jﬁune ‘may'ccf’risist ofax{yJ
formula whatever, if a new lang b}-acket be to the 1 ft‘r of that
formula inside all e&c’is‘tiﬁg brackets not’ ‘g’ﬁv ou%fy“t% §ated -

Definitioh:’'  Tn a Subordfukte Provt Bl a’t‘iion, I'ine‘ ip ca‘iled aq
ancestor of line £ if j <.£ and line j occurs inside no 1ong brackets’
other than those contaiping lineigf_ i e

1:

HLE

n—_ﬁgg 11ne ‘may’ consist ‘5f & qunu-

3) GfVet 't Ithes of a' derivation, the
la A (without a new long bracket) if
1) A is a known true theorem, . T S
ii) A 18 iinp'iied 1n the p}:oPQs‘i_f;j. 5 et iy
fom;)las in afgcestor lines tg t isf r : 1 i;w e
UOD chbe stained 5o iy A
allowsbTe ise oF the *’% "b ﬁf s et

A (:g (?r‘

D&fi‘hitiéns. Let A be any fbmulég WG ’;‘ixd | Be tetma,
v AE =df the formula obtaine% from A %y Bubstl uting ‘For every frge
ence of @ in A, .s for eyery u; o It wit ,

_ scope ofF Quzﬁtiifieric%xtainin ’Cx_‘ o PERSFEETE 'lff%)n? MAthip the
.~ US =df Universal Specification, by which ch)g\ becomes Ak

UG =dF'Bhivetsal Generallzationd ¥y whith #° %@s* (V&

ES =df Existential Specification, by which Gu f))

EG =df Ekistential Ceneral1sReidn’® b bhich X ié%ieh“ﬁ_ﬂ pZine
7 Il =df A rule which allows insertion of a f mla of the for a=a. ]

12: =8¢ A réle by whieh>$aup Al 1ehdanrol shFinl odr ol esideliuy oo
Certain conditions restrict the allowable uai}e of most of these quan-
tifier transformation methods. These conditions, which®¥élateto - "
conflicts between variable interpretations and dependencies between
constants, ate. toohinvelved to:present la thde:guedines cr saue o

)

o toh

4ghAn ipnermo st ‘:‘-longf«'brsck,etgu{ be: tprminsted at! (s8d . including)i she:
line if we write as the nt+l%% line [A&)C] where A and C are,respec-
tively, the first and last formulas in the long bracket in questionsriu

5) An innermost long bracket may be termimated at the nth line if that
bracket begins with a formula ~A and has for its lut two limes C and

~C, for some formula C, if we write A as the n+13% line. (o,

6) The last line has no long brackets and is the formula B.: NS

R R R = bseniinty s p ey oty
ain Theorem iven here without proof): If there is a Subordinate
proof Derivation of B from (@, then B is quantiflcationally
deducible from 4.
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. Appendix II: Derivations of SIR Peduction Procedures

sted,

A

. Each of the 23 deduction propedyres

Pl R

in Tableb. Y58, 7"

theorem of the SIRL formal system.  fhe proofs, presented belod, .

generally consist of four statements: . . .. .. . . . 00

) e SIR deduction pracedure, 48 ptared in fable b. &

ii) A corresponding SIRI wif, obtq}ned thrqﬂgp juse. of the cor;er .
sponﬂences of ?%bie l”. -

SRR IR Gt .:"ﬁii P %

e
iii) The quantificational calculus statement dbtained from the =

VvI B‘

formula in ii) by eltminatimgquuangifierg as qescr$bgd ;stg g}qp\/¢

¢ eyl of
T rndner

iv) The outline of a Subordinate Proof H%rivatipn for the sta;e-*E
ment in 1ii). - These ptoofs arp?“butli ”} 1n the senge that .
occasionally seyeral stéps are copbin( 1nto one, line nudbe:s
used as meta-symbols” to sta) dlfd% ng 81

rules of inferehce such as “modes’

nehs'” are used when convenient

e Fi
'Q:exaur?‘gzas on‘? 8!\& 'auer '?i‘ H\.xi [

However, enough detaiL and e;pl ation is esented so. that ¢ 1 4
? ﬁadily Se cozg tp§§ r¥§f SERP ﬁ%?; 4

formal "SPD“B des rgg

r i 4‘;

. anﬁ 1ts

definitionsw are iptrodugeg 4ntn.tp¢ Sgkpxpinatexpgoofs a;j";gue“

theorems, vhqnever mes:ﬂssary, Un;txerggl ggpntiﬁc-etibnﬂpver all

e

free variables in the 1n1tial and finsd agataments in the folloﬂing

Rl L P dy. . . s T . I ,u,-~'» [T 21

proofs is assumed. " ‘J\ ‘ N T ;;“v*w 3

1

In Qomé caseé, fherprebfs bf SERédeductibnﬂprmcedureszfollowuuﬁut

h-mediately ftom,SIkl axioms or: defiﬁitioni, 80- thae*"SPD'b" ‘aré-

. w F ] ¢
»\!*-.,. I Zien s ' 2 : [ ERA

ik
I
H

0

HEM
b
-

unnecesaary. , : R I N VTS S Hfﬁ Lo

1 J(e) B
xCyayCza3xCe = = . Coowr L E i ealia
Na)[aegdqey]A(va)[qu%GGZJ%(Va) e L T
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1. [ (Vo) laexpaey] A (Vo) [aeyDacz]

2. | Bex=Bey US1 (by US in line 1)
3. |pey>pez Us1
4, [Bex

5. Bey 4,2
6. Béz 5,3
7. | BExpBéz

8. J_(Va)[aex¢aez] UG7

1.+ 8. qed.

2) x=y33xCy
x=y=> (W a€x) [afy]
x=y = (v a) [afx=aey]

X=y

~(va) [aex 3aEy]

(Ba) ~[atx=aty] 2
~[BEx=>Bé€y] ES3
BéxaA ~BEy
BEY 12-1,5
~BEy 5
. v o) [agxapafy]

1.=8. ged.

O ~Nou W=
e« s & o » s =

3) equivix;yl=2xCy

x=y (v aéx) [afy] same as 2).

4) afxaAxCy=afy
a€x A (v BEx) [BEY ]y

a€x A(VB) [BEx=BEY]) D €y

1. [xex A B) [BExBEY]
2. |a€x=>a€y Us1
3. Oéﬁy 1)3

1.=3. qed.

5)  J(equiv)

(=) axiom.



¥21150
6) (R(equiv) Covogean 0V A g ns }( ﬂ o
IR S ety 3* \: 1 ; L5
aﬁﬁ,) axiom. 5 9% \ g%.} P ‘
e |t
380 )
7) J(equiv) o vaj(":f:«;{ a
J(’ axiom. LS LB ‘3. i
8) ~ownglx;x] TR
~(\ afx) (IB€x) [ownb[a;B]] P A
(ownb) axiom. i o
[ T
vEed oL
9) owns[x y]AZCy#owng[x z] (1304 x] ‘;v N w“f
R R RO AR eV - }
(¥8E€y) (Ju€x) [ownb[0;8] ] A (WOkz) [y ] D (@ Mz)@afx)iwmn 3
(@ B} [B€y # (3a) [a€x Aownb[a;B] 1 I A (w @) [a€z waéy] RE5 |
= (wB)[B€z =x(3a) [déxAownb[a;B]]] ;Q;dﬁ vi) &

@ I
P R {

. [ (@B)[BEYy @) [afxAownb[a;B]l]] A (v @) [a€zmafy]

1 ;
2. | vyey=m(@a) [ac€xAownbla;y]] Us1
3. ]| Y€zpYE€y Us1
4, | véz= (3a) [0€x A ownbla;y]] . 3,2
5. L(wB)I[B€z=p(3x) [a€x Anownb[a;B]]] Cowom bvixliigeg L
1.5. qed. e o
LT EG LnE HES SN G E2 6h -5 LNl

10) ownglx;ylaA xCz=downg[z;yl] s

(vBGy)Ga(x)[ownb[a;B]]A(vat’x)[aez]#(vﬂfy)gigfz)[gynb(\a;pl] L
YRS VR O 3

(vB) [BEy=2(3a) [a€x Aownbla;Bl]] A(Wa) [Mx#qgglﬁ

= (wB) [Bey (3a) [€z A ownbla;B]]] 28] (H v

1. [(wB)[B€y 2(@Ea) [a€x Aownb[a;BIT] A (wa) [C€x @< 15w e
2. | yé¥=>3a) [a€xA ownb[a;v]] _ Vi eygy | -t
3. | ey , o
4. (3a) [aex Aownb[a;y]] Chep §’? A
5. néx Aownb [p;y] ES4

6. MEX D€Z US1

7. | |u€z Aownblu;y] 6

8. Ga) [c€z Aownb[a;Y]] R o) &

9. | 3-8. .
10. | (wB)[Bey=>(3a) [o€x Aowmibler;pl]] uey -

1.10. qed.
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11) M{-xa.}i}/\ xié:'z‘\’”‘*"‘ o z;y] SRS LR 0k R YL S A S D

(Jabx) [ownb [a;y 1T Alw Gex)oée} eumtmmm )

Lo ediidd

(3a) [a€x Aowr}bla, bARR (Va) [afx#a(:l ap,(ialﬁafu. owqb Ia.y] }

G‘éziafx,\ownb{a A (vo)loempogs] | faridieas o
e% LI Usl*

P

aézxmb{a ) RN S

5. Iafzaownb{a;yll L o BGL-
PR s e s Py e o :}\J 3

0

B ¢

12)  ownglx;yla z€yown(x;z]
(O pe€y) Jaex) [ownbla; Bl]o\zfya)(idx)lmmb[a,z]] o3 et

T e RN

,‘L~

(wp)ipe w) [afoowana’ﬁJ 1 N BEY, .
z€y W' 2]l S e e
Ga)[acx,\ownb[a,z]] . 1,2

1-#3. qed,

13) o wnartglx,x]

~(\§! %) (38€x) [partbla;s]]
ﬁ(p‘ cﬁtrb) ’ axiom.

(S

14) Parts[x vl A2 Cy=Ppartgix;z] R

o~ BeY) Qaex) [partbla; BT A (WElreY folfie) s (v ez )y Q) fparty: ﬁam r

P-roof is the same as proef of (9), with "ownb" replaced by “parth."”

ST SRI  SS T R T

-1

15)  partlx;ylaxC z*pa‘ﬂ:[Z“’Y} . ‘"‘ - RS

(Sae':t)[partb[a,yl],\ Q#afx) [a&a]a#GagaImrth[g,?]) .

AN

Proof is th‘e”%m “ag in‘aef‘ of (11¥ ﬂtﬁgwﬁf&m& 'by “pkttb -

16) part{x;y]a partglz;x]=ppart{z;yl]




ek
(Fo€x) [partblo;yll A (v B€x) (Ja€z) [partbla;gll s (I lpartbloyl ), (1)
(Ga) Lo o parcblesy i e Bk @A IAGRAPABYIARILY . cc ) ()

=>@Aa) [a€z Apart vl

— [lialdnwo as¥nl CoB g ixnne 230l (0w ALy 26 m X0] (F
1. [Qa) [aexM{:arﬂ]a a;ylTa v By (Bex 5GE0) fdf(z»\part‘bf&;ﬁ]]dﬁ ” _
2' Yéx I\Partb Y;y { ,<,§.—~‘m,{:§.\‘, £y oA i foon . . ; R

2308 0] (0w Al lroldowo A 30 Y.

3. | vézom (3a) [0€z A partbla;y]) L “‘ [v; a_;:inwo, x| § .8
4. | Gop{aez o partbla;yl] BN 2
5. |uée &partb[u;vl el al
6. | Tparep) [[vieldown A 532, s
7. | partblu;y] A partbly;yl = partblu;y] ey URBET
8. |u€z apartblu;yl 5,2,7
9. L3a)la€ez A partbla;y]] EG8

1.=99, qed.

[oonlowoe w3 afvix!lomwe (8]

Hadbre s A 8ol dowe [ {30 (v

] don !
17) partg[x;y] A z€y mypart rx;z i
Lipsdodorro A sl o s as ol L1 Sidmao s 30l (VR (36 (8

(v BEy) (e [partb 1o, BITn sy STa0k I Ipakeb (s sy = (B & 30

'd

\! S g ; A"“ ‘:": o { \‘*‘ ¢ o 7(' & i ‘ 7 'N"% - i
Proof is the same as proof of (12)(5"1&1 L%%Jh.ﬁ?,\gsml\ D& 88 | 1

ARIOFE Y @ vas | .0
<, [i=s;eldawe A x301 (0P | .¢
8p R )

Lemma 1: (v a)(VB)(Vx)[single[x]A aéxBex=pa=p]

1. [single[x) A 2€x A b€x e n itme (€T
2. | Qa)la€x A(vB) [pex »p=al] T dée 0¥ Single
3. |vex A (VD) [BEx=p=y] fiRioldreg] (08 8%~
4, afx’?a“Y L LG ‘ ' o (d‘J et )%
5. a=y 4}-';

6. |b€x b=y ‘ : us3

7. |b=y

8. |a=b

9. 1.8,

(7 o) 80 O B ARBAS IRk AREE APERPOEBL ) 98 0] 0310 Goyc e EFh W)

(3 ; 1 : - 0y . Pe - . L
LAdesg” wd beoslasy Mdaws dibw (23 Yo Jonsg oan smes 903 20 tesyd

18) right[x;y]=»~right[y;x]

1,6
[uixlprmgeDs Al 5{?;{}5;,3112{“ -'5’7(;31

(Qaé€x) (Ip€y) [rightblo;B]] A single[x] A 8 e
=~[(a y)( B x)[rightbla;B]]}A single y%ﬁgﬁyﬁt crinag (2l

0 lax 7 @B) 86y & VBT R RSELT Rty 12071 0
= 7180 [ Ra GRS ARsshER A apinglslWIAasinslelx),; 10yg

O " SN T e S PR | -
RS Y X Sl B »:_‘dj B ALY K INRY (a1
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1. [Qa)[o€x A (38) [Béy arightbla;B]]1] aAsinglelx] Asihgletyi '
2. |v€x A(3B)[BEy arightbly;Bl] - U . ES1
5. Jugyarightblysul e e
4, (aa){%fy)?gﬂ3fﬁfxxi%ghi?}a pﬂT A 4
5. | [weyA @B)[Bex arightblu; o o ES4
6. | | Mex arightbiu;i)’ g i T EES‘
7. siagie{x?,\vfx’,\wx:sw"k AR A R R R R ¥S-Lem. 1
8. Y=\ , o 1,2,6,7
9. | | singlely] A u€y Aw€yzpp=w oo e : ‘ySélem.1
10. | |p=w o SR AR T £ 1 L)
11. | {fightbiz;w] S 1/3;8 10,12
12. | [ (rightb) o E e e Asifon
13. | {rightbn;w]=p ~rightblw;)] AR S : (-} - SR
14. | | ~rightb[w;)\] o 11513
15. | Lrightblw;A] B BT T
16, |~4, o o e
17, ”‘[h./\ single(y] Asingle[x]] S 16- .

1. =# 17 qed.

19) < (right)

(Faex) (Ipey) [rightbla;pl] A(?aey) (:?gez) [rightb[a,B}l Al single[x} _
Asingle[y] Bin’gle{‘z] 5
H(30€x) Bez)’ftigpt‘b[a,ah\ 81&21@[3(]1(8&11&19?2] T

(3a) [oex A(Jg) [Béy A rxghtb[a*a}]] W!W‘A(ﬁ)fﬁzﬁrightb{u ﬂ] ” N
/\Singl‘ef A sihgle[y ,\singlp 9’;} i
=@Ea) [Qté'x,\ (,a@) szwl\ rightb[a;m 11 A single(x,] Asulgle[z]

1. [ @a)lcex ,\GB)IBG;' /\r.lghtb[a p] }JA(JGQ !afyz\ @FJIWﬁArighf'bIa‘ﬂ}]]
Asingleéfy]

2 YexA(SB)[ﬂEYArlghtblv,ﬂl S L _ES1

3. | uky ATightbly;ul A >

4. |wey a(3B)[p€z Arightb[w,ﬂ}] , .t Bsl

5. [ Mey A rightblw;B S i B e TRgg

6. | single(y]a péy/\wfy»u%) o ' US-Lem.}

7. {p=w ? ST e 35,6

8 rightb[y;w] 3,7,12

9. | & (rightb) Axiom

10. | rightbly;w] 5 rightbw;A] #rxghtb[y,h] ' _ - . us9

11." | Aez p Tightb{y;A] S N Y 18 1

12. | (3B)[Bez arightbly;p]] o o EGIL

13. |yex al2. ' R 51 b

14, _ﬁa)[afx/\(aﬁ)[ﬂéz,xrlghtb[a B]]] , T

15. 1l.91l4. e ST AR R

1. ASLngle[x] Asxngle[Z]=?14 1\51‘181“—‘["1 ,\single[z]j_ﬁ qed. 15




20)  jright(xsyl=priegbtl;y) . 0 oiiae s 58t} Nt
@ xl) (3p€y) [jrightbla;p]) ,\smgle[x] Asgnéielyl ol
=>(3aex) (3pey) [rightbla;p]] AsigaleIxJApgngg{yJ TN
r3Lc )
(3(15 Ietex A@3B) [BEy Ajrightbla;p]]] Asinséie[xj Asi g e } 3 ; ‘f
:Ga) [cex A(3B) [B€y ATightbla;B]]] Au\?gkejx Ag ng@.éiyj‘ .
L. (39&)[aExA(BB)[NYAJrishtbla,B]]] Y UL T O
2, =‘Y€x,/\(35)[BEYAjr18htb[Y,B]] o T T ESY
i‘:3:{_; MYMjrightb[Yau] ST R Es ‘ - -
4, :(Vx)(Vy)[jrightb[x yl=» rightb[x;y]] ... Axiom
J. jrrightb[‘(’“] #rightb [Y,U»] Do A e dee B : .. nsa j
6. | p€y;arightbly;ul ‘ - VY-
7. [ (3B)[B€y arightbly;p]] S, Ece
8. |véxna’7. T2, | )
9. L(3g) [aex A (3B) [BEy ATightbla;B]]] s minoa ot e a EGR
10. 1.9, T TP
1. A single[x] 5 single[y]=99. A single[x] A single[y] qed. 10

21) jright[x;y]A z#y=>~jright[x'z]

Note: Tﬁe SIR prggrams assumea that ‘"z*y" was g‘ﬁ valeht to t}le

assertion, 'the z is et the O 8. latter eé m,erj)\re—
tation can be expressed difect in’n!;% ”Sﬁ‘l?f(orgi{giﬂ:y%

¥ J S '1 J s -, t e I AT
Therefore tﬁga éﬂg ﬁi‘? !%( z‘%epept éb}:‘r‘éjﬁ'i)hd }fgrzj:é: ;(21)“ is: L
(3a€x) é;BE Y“) Tj;;éf&bTaB]]A sihgie [x]‘ A sihglewf yj A \si};\ggi\e'\{[:%"j’2 P
g AK€ :
= ocﬁ?e 5‘5@‘% Frgheblarp)] A inglefsd smzie:tzhi

(SOL) Iaex AGB)[BeyAjrightbla;Bll] A singlelx’],\ sfflg;e[ﬂ /\ slﬁglelz] i

4 (v a) [oez =ady]

.~ @) laex A (3B)[Bez A jrightbla; am ,\sing*‘le’[ JAsj.ngleTzH
f(;o;of_» \;gs in the proof of (22) below. LA o
22,)3, ‘jrightlx; y]/\zfx=>~jright[z,y] o ‘ / |

As disoussed in the above note, the appropriate ‘Sﬁﬁ statenrent is ‘

(Gaex) GBes rightha;p]) » singlelx] hdibgtlyl stvitdlsf = 10
A(Vaezf) X] : r“_“”\_ ‘ T ‘“.(; . .
S~1 (3a€2) (3Bey) [frightolo;pTY A singleTaT's athelety]”

N ¢
TR A ad

2 R
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Qo) [oex A (IBY[BEY A jrightb[a,ﬂ 11 4 stagteik} feinulely] 4 slagiefz] -

AlY @) [acz #a x}
Ll 3ot laes A?a&)fﬁﬁynbﬂgﬁkm&*ﬁm,( siueié{za N smhm /

1.[” Qo) laex A(ahmy‘mrimmnmﬁﬁtiém biﬁgiém

2.} AEx BEy A htb[%- ]] .

3. we??ﬁg‘i% ggm“ b s Ligooidadg o

4. ightb) i 0 R

5.} ;rigﬁf‘bﬁ‘w&é(V&?Haﬁ»aﬁﬂj’ﬂtﬁ'&%ﬁw}3‘“ ISR

AN =~ h blaswll] R

6. (Va)tlaﬁ»_—rﬁ Xiai} Maﬁ»i amﬂa,ma

7.4 ﬂgmgle[z] ,\si ’ lania A fiih:

8. 1-1Go)laex A(aamsz/\jrizhtbta &m*“‘i sidxd

9.0 F.lvex A(3B)[B€z Ajrightbly;B]] . ;

. 1 nez A jrightbly;p)

i g ::;\lgle[’d/\ AEX A VEX Y=

13} _uez#ufy

178 SNl &S

is.| 171 ‘t ;

16 Tt

1744 @, [uk

18.| . |” [ukw =p~jrightbinsu]

9.| , ! ~jrightbfA;ul
20,7 17 L ipigheb[h;pl ,,

2} [ [x] (2]) :
v 22,17 9 5 Asingle(x Asingle z 4
- 24} [Single(z] psinglelx] A (W) [a€z bagx] RAETRAE L I I

25.1" 1 TQa) [cez A(aﬂ)[ﬁey/\jrightb[a,ﬁl ] BT N

26.] | . {a€z A (3B)(P€y Ajrightblaspll . EB25

27, |“Yvey Ajrightbla;b) PUSITaARLE L i o : 876

28. single[y} A bey Aw€y Hb=w @s‘fhem 1

29, b=w 1,27,3,28

30. i€z Dafx 3 us24

31. ra=7\.

32, L:éx 26,30

33. ex 2,31,12

34, aFa

35. afA=d ~ jrightbla;w] Usé

36. ~sjrightbla;w] 34,35

37. | jrightbla;w] 26,29,12

38, ~25,

39.f | _~[25.4 single[z] psinglelyl] 38,2441
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a. SET-INCLUSION

(THE NEXT SENTENCE IS . .}
(EVERY KEYPUNCH-QPERATOR IS A GIRL}

(THE FUMCTION USED IS . .}
SETR-SELECT

((GENERIC . KEYPUNCH-OPERATUR) (GENERIL . GIRL}) T

(THE REPLY . .) e

(THE SUB-FUNCTION USED IS . o} :

SETR

{KEYPUNCH=-UPERATOR GIRL)

{1TS WEPLY . .)

(1 UNDERSTAND THE SUPERSET RELATIUN SETWEEN GIAL AND KEVMMR!ID‘U
(1 UNDERSTAND THE SUBSET RELATION BETWEEN KEYPUNCH-OPERATOR AND SIrLY

(THE NEXT SENTENCE 1S . .) ]
(ANY GIRLY IS AN EXAMPLL OF A PERSON) -

(THE FUNCTION USED IS . .)

SETR-SELECT

((GENERIC: o GIRL) (GENERIC . PERSONI)

(THE REPLY o «)

[THE SUB—FUNCTION USED IS . .)

SETR )

(oIRL PERSGND

LITS REPLY 5y o)

L] UNDERSTAND THE SUPLRSET KELATIUN BETWEEN PERSON AND wiRi) . S
T mwnEAStAno THE SUBSET MRCLATION BETWEEN GIAL AND sERSIM) :

? NEXT SENTENCE IS . .)
l KEVH’CN—D’(KAY&( A PEASON 4}

nnt Func; USED IS ¥ . - . - K
-SeERG-SELECT - P
‘G 25 svmncu-ooeuvun waauc B nnmn : :

o}
4 Tk - 50‘*“1‘!0’0 USED LS » o)
Skﬂlﬂ i

‘h(EY'lMN‘m*ANI '“SO'!I
ALTS -REPLY 5 q(»
YES

LTMe NEXT SENTENCE IS . .)
TiS A PERSOM A PERSOM. Q) . .. T e e

{THE FUNCTION USED 1§ . .}

SLTRAU-SELECY

((GENERIC . PERSON) (GENERIC . PERSON})
(THE REPLY . o)

(Tt SUB~FUNCTIUN USED IS . .}

SETRY

{PERSON PERSON)

{ITS REPLY « )

YES

(THE NEXT SENTENCE IS . .}
{IS A PERSON A GIRL Q)

{THE FUNCTION USED IS . ) .
SETRG-SELECY

CIGENERLIC o PERSON) (GENERIC . GIALY)
(THE REPLY . .}

{THE SUB~FUNCTION USED IS . o}

St TRG

{PERSUN GIRL)

{1TS REPLY . .}

SOMETINES

(THE NEXT SENTENCE 15 . o) . e
(1S A MONKEY A nevpuncn—vunoa ] .

(THE FUNCTION USED 1S . o)
SETRA-SELECT

‘«‘"ﬁi.;c o MONKEY) (GENERIC . KEYPUNCH-OPERATOR)}
TATHE REPLY . o) :

ATHE SUB~FUNCTION USED 1S . o) -~ 7

SETRQ : . g
(MOMIEY KEYPUNCH-OPERATORY e ] S - .
ATPSIREPLY o o) S
(INSQFFICIENT’INFORlAfrOI)

APPENDIX Im: FULL-RE%PONSE OUTPUT FOR FIGURE &




DT
Y4 B

ar

{Tre NEXT SENTENCE IS . .)
{MAX §S AN 1BM-T094)

(THE FUNCTION USED IS . .)

SETR-SELECT

(IUNIQUE . MAX) (GENERIC . 18M-TO9%))

(THE REPLY . )

(THE SUB—FUNCTIUN USED iS5 . .)

SETRS

(RAN [BN-T094)

1178 REPLY . .}

11 UMDERSTAND THE ELEMENTS RELATION GETWEEN NAX AND [8M-T7094)
{1 UNDERSTAND THE MEMBER RELATION BETHWEEN E8N-7094¢ ANO NAX)

(YHE MEXT SENTENCE 1S « o)
(AN T8M-7094 IS A CONPUTER)

(THE FUNCTION USED IS . .)

SETR-SELECT

{IGENERLIC . IBR-T094) IGENERIC « COMPUTER))
(THE REFLY . .}

(THE SUB~FUNCTION USED IS . o)

SETR :

(IBN-709%% COMPUTER) b

LITS REMLY ., o) N

(1 UMDERSTAND THE SUPENSET RELATION BETWEEN COMPUTER AND 18M-T094)
(1 UNDERSTAND THE SUBSEY RELATION BETWEEN [3M~T7094 ANO CONPUTER)

(THE MEXT SEMTENCE IS .- .)
(1S MAX A CONPUTER Q) -

(THE FUNCTION USED is .
SETRO-SELECT
C(UNIQUE . nakk) lsﬂ:ut o cmvmuu

1nax leill
(ITS REPLY

%) X
YES 2 ¥
y =
o 2 E
(THE NEXT s:dgh& is .54 :
(THE S0V 1S Al STUENT | -
{THE FUNCTION™ useo"ls P
SETR-SELECT

((SPECIFIC . 80Y) (GENERIC . MIT-STUDENT))

(THE REPLY . .)

(Trt SUB—FUNCTION USED IS . .)

SETRSL

(80Y NIT-STUDENT)

{17S AEPLY . o)

1602040 IS A sOY)

{1 UNDERSTAMD THE ELEMENTS RELATION BETWEEN GO2840 AND BUY)}

{1 UMOERSTAND THE MEMBER RELATION BETWEEN BOY AND GG2840)

{1 UNDERSTAND THE ELEMENTS RELATION BETMEEN (02840 AND MIT-STUDENT)
{1 UNDERSTAND THE WEMBER RELATION BETHEEN MIT-STUDENT AND 602840)

wd

B
o

(THE SEXT SENTENCE IS . .)
{EVERY MIT-STUDENT S A BRIGHT-PERSON)

1THe FUNMCTION USED IS . .)

SETR-SELECT

{IGEMEATC o NIT-STUDENT] (GENERIC . BRIGHT-PERSUNM))
(TRE REPLY . )

(THE SUB—FUNCTION USEU (S . .} -
SETR -
(RET-STUDENT BRIGHT-PERSON}
tATS REMLY . .)

{1 UNBERSTAND THE SUPERSET RELATIUN BETWEEN Ill&ﬂl-'flm AND MIT-STUGENMT)
(1 UMDERSTAND THE SUBSET RELATION BETWEEN KIT-STUDENT AND BRIGHT-PERSULN)

E

L

(IWE WEXT SENTENCE IS . .) '
(IS THE BOY A BRIGHT-PERSON Bf

(THE FUNCTION USED IS . )

SETRQ~SELECT

C(SPECIFIC . 8QY) (GENERIC o BRIGHI-PERSON})
(THE REMY o ¥ -
CINE SUB~FUNCTEON USED IS . .»
SETRSIO

(SUY BRIGHT~PEREON)

LTS REALY . .}

YES

fPb A

tmentusut" T :
Lo 1S A uvi :

(THE PUNCTION U3EO IS - ) ’ ’ 5

SEVR-SELECT

touniaus . m uatuc . . .

(TG TREPLY R -2 :
nncrmuncn%n wsEo 1S . : 7 ,
SETRE . 5

(Tol mtlﬂ IISEB 5.0

SEFRQ-SELECT

((SPECIFIC . 8OY) (GENMERIC - BRIGMT-PERSON))
(THE REPLY . .}

(THE SUB~-FUNCTION USEV IS . .)

SETRSiQ

180Y SRIGHT-PERSON)

(I7S REPLY . .}

(uHICH BOY . . (GO2840 JOHN))

lwmwumw—mmm LE T R




{THE NEKT SENTENCE IS . )
(THE MAN IS A JERK)

(THE FUNCFION USED 5 . )

SETR-SELECT

CLSPECIFIC - MAN) (GENERIC . JERK))

(THE REPLY . o)

{¥Hk SUB~FUNCTION USED IS . <1

SETRS]

(RAN JERK)

(ITS RERLY o .)

(602840 1S A MAN)

(1 UNDERSTAND IHE ELEMENTS RELATION BETWEEN GO2040 AND NAND
{1 UNDERSTAND THE MEMBER RELATION SETWEEN MAN AND GO2a4Q)
(] UNDERSTAND THE ELEMENTS RELATION BETWEEN GO284C AND JENK)
(1 UNDERSTAND THE MEMBER RELATION wETWEEN JERK AND 602440)

(T NEXT SENTENCE IS . s-l
1JACK 1§ & Ll s i

{ THE Fuumnu USED IS
stu-uuct 2
{EUNTQUE :JALK) lciseuc DOPE) )
(THE REPLY.w o)

(L3 sw—rmuwuscn

{JACK oom N
11TS BEPLY. ,
Ui UNDERST lnﬁ:&tﬁuenv RELATION BETWEEN JACK AND DOPEI
(] UNDERST u&naen( tAllﬂN BETWEEN DOPE AND JACK)
3 N

(i WEXT ﬁnve»ci TR |
(Juuu [ 1] JqF L "
lvuniruucv S
SETESECELE i
i nnul gpnlaue-. JACKY) B
(THRERSY e .
[ suo-fqgcv;ou WSED 1357 o)
fuua & F . . : ;L

4 . 5 -
(s l’f“
1] uﬁ; g:c c w n an ,:zv eerg mq ANDLIACK)
ll ATIUN 8cT Een uu. va.mmp

LTHE it v Lo
SEWR iC1
Uk ma h.suealc win -

{ The R PLY )

(THE SUI-FU“CYION USED IS . )
SETNSQ

(J0iN DOPE)

{ITS REPLY .« o}

YE&s§

L ni:ﬁ‘g:gmr;m uun 5 . N

{THL VEAT SENTEWCE IS . )
(1S THE MAN A LOPE Q)

iThe FUNCTION USED IS . )
SUTRY~SELCCT

CUSPECIFIC - MAND {GENGHIC o COPE))
(THE XEPLY . oI

(THE SUB-FUNCTIUN dito 5« )
SETRSIR

(MAN DOPE)

(ITS REPLY o o) 77

CINSUFFICTENT INFURMAT [UN)

(T NEXT S&NIENCE 1S . o)
uuuu 1S THE NAN):. -

«lnszuuctlon usER ;s . o)
sui

. Jnnut fSIECIF(c o MAN})
ﬂmmtnu g o)
é;st;:uo-rulcrlau.utio 15 . &)
naN) o o
|;ts.a:vtv )
ST fuE gQuiv ueLAv ON BETWEEN JOHN AND (G254U)
H lann THE f‘nv RELATION BETWEEN 020840 AND JOHN)

:x

UTHE MENT SENTENG KS o o)
1§ e Ilng, ﬁ

(Ihi m’-u USEG. IS . o)
K cm IP1C o MAN) tausauc . GOPEY)

LO(TE WEPLY o o)
> (Tne TuemruncTiow mo T
&R 5 !

#cm“’u 5 e : :

5 t&ﬁ:wﬁpsso 1T
it “_ %7 5w etivliarc . uuuvn

w

::ﬁu?s aexgv;nn ueruEtu JIM AND MAN)
% &R &&LANON uetmn MAN AND JIM)

irne‘ntxt‘seNVtNCt TR
(IS THE AN A DOSE Q)

(THE FUNCTIUN USED IS . .)
SETRQ-SELECT

((SPECTIFIC o MAN)} |GENERIC . UDPE))
(THE REPLY . .}

{THE SUB-FUNCFION USEDL IS . o)
SETnSIQ

[MAN DOPE)

(ITS HEPLY . .}

{WHICH MAN o . (GO2840 JiM})




(FTHL EXT SENTENCE IS « o)
{EVERY FIREMAN OWNS A PAIR-OF-RED-SUSPENDERS)

(THe FUNCTION USED IS . )

OwN=-SELECT

({GENERIC + PAIR-OF-RED-SUSPENDERS) (GENERIC . FIREMAN))

[(THE REPLY o )

{THE SUB-FUNCTION USED IS . )

UwNK

{PAER-OF-REU-SUSPENDERS FIREMAN)

(1TS REPLY . )

{1 UNDERSTAND THE PUSSESS-BY-EACH KELATION BETWEEN PAIR-UF-REU-SUSPENUERS AND FIR:MAN)
(1 UNODERSTAND THE UWNED~BY-EACH RELATION BETWEEN FIREMAN AND PAIR-0OF-RED-SUSPENDEKS)

(fHe NEXT SENTENCE IS o o)
(DS A PAIR-OF-RED-SUSPENDERS OWN A PAIR-0F-RED-SUSPENDERS Q)

{THE FUNCTION USED IS . .}

Ownu-SELECT

(IGENERIC - PAIR-OF-RED-SUSPENDERS) [(GENERIC . PAIR-OF-RED~SUSPENDERS})
{THE REPLY . .}

(THE SUB-FUNCTION USED IS . .)

UwNKQ

(PAIR-OF-RED-SUSPENDERS PAIR-UF-RED~SUSPENDERDY)

(ITS REPLY . .}

[NU ®« THEY ARE THE SAME)

{THE NEXF SENTENCE 1S « )
(DUES A DUCTOR UWN A PAIR-UOF-REU-SUSPENDERS Q1}

(THE FUNCTIUN USED IS « o}

OnNu=SELECT

{{GLNERIC « PAIR-OF-RED-SUSPENDERS) (GENERIC . DOCTIDR)}
(THE HEPLY . .)

(THt SUB-FUNCTION USED IS . )

UnNRY

(PAIR-OF-RED-SUSPENDERS DOCTOR]I

(1TSS REPLY o .}
CINSUFFICIENT INFORMATION)

(THe NEXT SENTENCE [S . )
LA FIRECHIEF IS A FIREMAN)

(THE FUNCTION USED S « .}

SETR-SELECT

{LGENERIC . FIRECHIEF) (GENERIC . FIREMANI)

(THL REPLY . .)

(THE SUB-FUNCTIUN USED 1S . )

SETKR

(FIRECHIEF FIREMAN]

(ITS REPLY . .)

(1 UNDERSTAND THE SUPERSET RELATION GETWEEN FIREMAN AND FIRECHIEF)
(I UNDERSTAND THE SUBSET RELATION BETWEEN FIRECHIEF AND FIREMAN)

(THE NEXT SENTENCE 1S o o)
(DOES A FIRECHIEF UWN A PAIR-UF-RED~SUSPENDERS W)

(THE FUNCTION USED IS . o)

OWNG~SELECT

{{GENERIC o« PAIR-UF-RED-SUSPENDERS) (GENERIC . FIRECHIEF))
(THE REPLY . .)

(IHE SUB—FUNCTION USED IS . .)

OANRQ

{PAIR-UF~RED~-SUSPENLERS FIRECHIEF)

(ITS REPLY . )

YES

d. OWNERSHIP, GENERAL
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IVHINID ‘TTOHM-LYVd '}

(FHE NEXY SENTERCE IS o )
(A NOSE IS PART OF A PERSON)

(THE FUNCTION USED IS . o)

PARTR-SELECT

[{GENERIC . NOSE} (GENERIC . PERSON))

{THE REPLY . .)

{THE SUB-FUNCTION USED IS . .)

PARTR

(NUSE PERSON)

(ITS REPLY . .)

(1 UNDERSTAND THE SUBPART-UF-tACH RELATION BEIWEEN NOSt ANU PERSON)
{1 UNDERSTAND THE SUPERPART-OF-EACH RELATION BLrTWEEN PERSUN AND NUSE)

{THE NEXT SENTENCE IS . .}
{A NOSTRIL IS A PART OF A NUSE)

(THE FUNCTION USED IS . .}

PARTR-SELECT

{(GENERIC . NOSTRIL) {GENERIC . NUSE))

(THE REPLY . )

(THE SUB~FUNCTIUN USED 1S . .)

PARTR

(NOSTRIL NUSE)

(ITS REPLY . )

(I UNDERSTAND THE SUBPART-OF~EACH RELATION BETWEEN NOSTRIL AND NOSE)
(I UNDERSTAND THE SUPERPART-OF-EACH RELATION BETWEEN NOSE AND NUSTRIL)

(THE NEXT SENTENCE IS . .)
{A PROFESSOR IS A TEACHER)

(THE FUNCTIUN USEDL IS . .)

SETR-SELECT

(IGENERIC . PROFESSUR) [GENERIC . TEACHER))
[FHE REPLY . .}

(THE SUB-FUNCTIUN USED IS . .}

StTRrR

[PRUFESSUR TEACHER)

{ITS REPLY . .}

(I UNDERSTAND THE SUPERSET RELATION BETWEEN TEACHER AND PROFESSOR)
(1 UNDERSTAND THE SUBSET RELATION BETWEEN PRUFESSUR AND TEACHEKR)

{THE NEXT SENTENCE S . .)
(A TEACHER IS A PERSON)

{THE FUNCTIUN USED IS . .)

SETK-SELECT

{{GENERIC . TEACHER) (GENERIC . PERSON)}

(THE REPLY . .}

{THE SUB-FUNCTION USED IS . .)

SETR

{TEACHER PERSON)

(ITS REPLY . .)

{1 UNDERSTAND THE SUPERSET RELATION BETWEEN PeKSON AND TEACHER)
{1 UNDERSTAND THE SUBSET RELATIUN BETWEEN TEACHER AND PERSUN}

(THE NEXT SeNTENCE IS . o)
(1S A NOSTRIL PART UF a PROFESSUR W)

(ThHe FUNCTIUN USED IS . o)

PARTRU-SELECT

([GENERIC . NOSTRIL) (GLNERIC . PROFESSURY)
(THe REPLY .+ <)

{THE SUB-+UNCTION USED IS o .}

PARTRQ

(NUSTRIL PROFESSUR)

(LTS REPLY o .}

Yes

(THe NEXT SENTENCE IS . )
115 A NOSE PART OF A NOSE W}

(THE FUNCTION USED S . .)
PARTRU-SELECT

{(GENERIC . NOSE) [GENERIC . NOSE))
(THE REPLY . .)

(THE SUB—-FUNCTION USED IS . .}
PARTRQ

[NOSE NOSE)

{ITS REPLY . )

(NO s PART MEANS PROPER SUBPART)

(THE NEXT SENTENCE IS . )
(A PERSON IS A LIVING-CREATURL)

[THE FUNCTION USED IS . )

SETR-SELECT

({GENERIC . PERSON) (GLENERIC . LIVING-CREATURL})

(THE REPLY . .)

(THE SUB-FUNCTION USED IS . )

SefR

{PERSON LIVING-CREATURE)

{ITS REPLY . .)

{1 UNDERSTAND THE SUPERSET RELAFION BETWEEN LIVING-CRIATUKYL AND PLRSOY)

{1 UNUERSTAND THE SUBSET RELATIUN BETWEEN PERSUN AND LIVING-CRUATUKE)

(FTHE NEXT SENTENCE IS . .)
(1S A NOSTRIL PART OF A LIVING-CREATUKE Q)

{THE FUNCTIUN USED IS . .}

PARTRU-SELECT

({GENERIC o« NOSTRIL) (GENERIC . LIVING-CREATURE))
{THE REPLY . .)

{THE SUB-FUNCTION USED 1S . .)

PARTRGQ

(NOSTRIL LIVING-CREATURE)

[ITS REPLY . )

SUMETIMES

(THE WEXT SENTENCE IS . .)
(IS A LIVING-CREATURE PAKRT OF A NOSE )

(THe FUNCTION USED IS . .}

PAKRTRQ-SELECT

[{GENERIC . LIVING-CREAFURE) [GENERIC . NUSE))
(FHE REPLY . .])

{IHE SUB-FUNCTION USED IS . o)

PARTRQ

(LIVING-CREATURE NUSE}

(175 REPLY . .}

(NU v NOSE 1S SUMETIMES PART UF LIVING~CREATURE!
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{IHE F u@%n;{”: .
il ﬁ nn Teenentt msn:v-ni‘ntt‘n

{THE MEXT SENTENCE [S . .)
(A VAN-DYKE [S PART OF FERKREN)

{The FUNCTION USED IS . .)

PARFA-SELECT

(LGENERIC . VAN-DYKE) {UNTQUE . FERREN)): CeTees s
(THE REPLY . .} ) o T
ITne SUB-FUNCTION USED IS . .}

PARTAGU

{VAN-DYKE FERREN)

ITS REPLY o ) $3
(1 UNUERSTANG THE SUSPAKT RQLAIIN “l‘a vuo-mnuo !llll'l
(1 UNDERSTAND THE SUPERPART RELATION SETUEEN FERREN ANMD VAN-DYKE)

{TNE NEXT SENTENCE 1S o o)
{A VAN-DYKE S A BEARD)

{IME FUNCTION USED IS . o}
SETR-SELECT e
((GEMERIC . VAN-OYKE] (GENERIC . BEARD)) S

|VM-ME SEARD)
(175 nEPLY . o) R : S
(1 UMDERSTAND THE SUPERSEY RELATION .ﬁl’m.‘uw WONADYKE) -
(1 UNDERSTAND ThE SUBSET RELATION ntmu MM L .&M&DI

il HERNEN A N 3 e

(THE MEXT SENTENCE IS . <} [ O SRR I
LIS A SEARD PARY OF FERREN U)

{THE FUNGCTION USED IS . .}
PARTRG~SELECT

(LGENEREIC « BEARD) (UNIGUE - FERREN))
(ThE REPLY . .)

(IME SUB-FUNCTION USED IS . .}

PARTRGUQ
{BEARD FERREN) . B e
{ITS REPLY . )
YES

{THE NEXT SEMTENCE IS . .)
{A LRF IS A DISPLAY-DEVICE)

LIHE REPLY . ..
™ smnw USED 1S . o) o

SETR . - o
(CKF DISPLAY-DEVICE) T
C1TS REPLY o+ o)

(THE NEXT SEMTENCE 1S o o) : :
(A CRT IS 'PART OF THE POP-1) I

(Tt FUNCTION USED IS o W) } .
PARTR-SELECT
CHeENERIC .- LYY ISPREEFIC L iw—m
{THE REPLY . .}

{Tre SUB-FUNCTION USED IS . .}
PARTRGS

{CRT POP-1)

(ITS REPLY . .)

(602840 ;s A POP-1)

(] UNDERSTAND T 15

(1 LMERSTAND Tk BERGER. uwﬁu‘w&
(1 UNDERSTAND THE SUBPART RELATIEN
(1 UNDERSTAND THE SUPERPARYT RELATION

1ink NEXT SEMTENCE IS . .)
(SAR IS THE POP-1)

LTHE FUNCTION USED IS . .} C s
SETR~SELECT
ISPECIFIS

Euuivi

{SAR POP-~1) . Imde
(ETS REPLY . .} T L Ty S L
Il GNUERSTAND THE EQUIV RELATLON DETMEEN m’dw"wﬁun AL

(1 UNBERSTAND THE EQUIV RELATION BETNEEN S.a“? m‘




{THE NEXT SENTENCE IS . .)
[A SCREEN IS PAKT UF EVERY DISPLAY-DEVICE)

(IHE FUNCTIUN USED IS . .)

PARIR-SELECT

{{GENERIC . SCREEN) (GENEKIC o DISPLAY-DEVICE})
(THE REPLY . .}

{THt SUB-FUNCTION USED IS « .)

PARTR

(SCRELN DISPLAY-DEVICE)

LTS REPLY o o)

{1 UNDERSTAND THE SUBPAKT-GF~EACH RELATION BETWEEN SCREEN AND UISPLAY-DEVICE)
(1 UNDERSTAND THE SUPERPART-OF-EACH RELATION pETWELN UISPLAY-0tVICE AND SCREEN)

{THE NEXT SENTENCE IS . 41
(IS A SCREEN PART OF SAM 4!}

(THE FUNCTIUN USED IS o o)
PARTHU=SELECT

({SeNCRIC o SCREEN} (UNIQUE . SAM))
(THE REPLY o o)

{THE SUB-FUNCTIUN USED IS . )
PARTRGUQ

(SCREEN SAM)

€11S REPLY o o)

YIS

(THE NEXT SENTENCE IS . .}
(A bEARD IS PART OF A BEATNIK)

Tt FUNCTION USED IS . )

PARTK=-SELECT

((GENERIC . BEARD) [GENcRIC . BEATNIKI))

(THE REPLY o )

{Tre SUB-FUNCTION USEU IS < .)

PARIR

[UEARU BEATNIK)

(1TSS REPLY o )

L1 UNDERSTAND THE SUBMPAKRT-OF~tACH RELATION BETWEEN BEAKD AND dEATNIK)
(1 UNDERSTAND THE SUPERPART-OF-EACH RELATION BLTWEEN bEATNIK AND BEAKU)

{THE NEXT SENTENCE IS . .)
{EVERY COFFEE-HOUSE-CUSTOMER 1S A BEATNIK)

(fht FUNCTION USED IS . .}

SETK-SELECT

({GENERIC . COFFEE-HOUSE-CUSTOMER) (GENtRIC . GEATINIK))

(THE REPLY .+ .)

L THE SUB-FUNCTIUN USED IS - <)

SETK

(COFFEE-HOUSE~CUSTOMER BEATNIK)

(ITS REPLY . )

{I UNDERSTAND THE SUPERSET RELATIUN BETWEEN BLAINIK ANO CUFFEC-HUUSE-LUSTUMER]
{1 UNDERSTAND THE SUBSET RELATION BETWEEN COFFEE~HOUSE-LUSTUMER AND BLATNIK}

(THe NEXT SENFENCE 1S . .}
(BUZZ IS A COFFEE-HOUSE-CUSTOMER)

{FHE FUNCYION USED IS . )

SETR-SELECT

({UNIQUE . BUZZ) (GENERIC . COFFEE-HOUSE-CUSTOMER))
{THE REPLY . .}

{THE SUB-FUNCTION USED IS . .)

SELIRS

(BUZZ COFFEE-HOUSE-CUSTOMER}

(ITS REPLY . )

(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN BUZZ AND CUFFEE-HUUSE-CUSTUMEK)
(I UNDERSTAND THE MEMBER RELATION BETWEEN COFFE&-HOUSE-CUSTOMER AND BUZZ)

(THE NEXT SENTENCE IS . .}
(1S A BEARD PART UF BUZZ Q)

{THE FUNCTION USED IS .+ .)
PARTRQ-SELECT

{{GENERIC . BEARD) (UNIQUE . BUIZ))
(THE REPLY . .)

[FTHE SUB-FUNCTION USED IS . )
PARTRGUG

{BEARD BUZZ)

(ITS REPLY . )

Yes

g. PART-WHOLE, SPECIFIC (Cont.)



YIGWAN Y

t

(THE NEXT SEN tugt S o &)
(A'hoY 15 A PERSONI

{THE FUNCYEGM, USED. IS o )

SETR-SELECT .

({GENERIC , BOY), IGENERIC « PERSONI)

[THE REPLY o o)

[THE SUB-FUNCTION USED IS « ),

SETR ‘

(30Y PEASON)

LITS REPLY . .)

{1 UNDERSTAND THE SUPERSET RELATION BETWEEN PERSON AND BOY)
1 uuo:nsqun ;n; SUBSEE RELATIUN BETWEEN B0Y AND PERSON)

{THE NEXT mns | S TS ]
(JOHN £8 & ° -

LTHE le’{ﬁ USED; ls - J
SETR~SELEC

(LUMIGUE . “Jomid “{cenERIC . sov))

(THE lE'LV P |

gnﬁsm-m i USER, 450« o)

[J0MN BOY)

(ITS REPLY . .I

tt masfm 3:: ﬁ!ﬂtnls RELATION BETWEGN JOWN AND 80Y)
T, NBER MW&N DEI“HC 80V m J0NN}

| LTHE NEXT i~
. LA FINGER ’&,"ﬁ‘i‘w A HANDY

© (THE FUNCTION USER.18, « =1
!Mll—-:ﬂ.ﬁt‘r ,i ’
I (UGENERIC , F)
2L LTHE REPLY .

{THE SUB-FURCTION USED IS o .)

PARIR

(F INGER

(TS REPLY & .)
(1 UMDERSTAND THE SUBPART-UF-EACH MELATION BETWEEN FINGER AND HAND)
[§ UNDERSTAND II}E §QP§§DAII-0‘-E“! lELAllQN DETI&E‘ M m FIUGEK)

{THE NEXT $ utm
[HOW MANY r?n«ns mit Jom HAVE @)

[THE FUNCTION dsen IS o o).
HAVE-RESOLVE

(FINGER wnxm o Jaw
(THE REPLY .
{THE ABOVE * énunct IS ARMIGUOUS *» BUT I ASSUME (HAS) MEANS [HAS AS PARTS))
(1 DONST KNOW WHETHER FINGER L5 PART OF JOHN)

{iHE NEXT SENTENCE 15 . .)
(THERL ls ONE HAND GN EACH ARMJ.
(THe FulCUIBN useo 15 ¢ )
PARTRN~SBLECT"
(IGENERTC Aanw 1, ulnov)
(THE REPLY & .Y
(1 UNDERSTAND Tief SUPERPART-OF-EACH RELATION BETWEEN ARM AND HAND)
11 RESLIZE-ERE NUMBER RELATION BETWEEN L AND (PLIST NAME ARM))
(1 UNBERSTAND THE SUBPART-OF-EACH RELATION BETWEEN HAND AND ARM)
(t Klllllt TRE WUMBER RELATLOW BETWEEN 1 AND (PLIST NAM: HAND))

(THE nEaT un&_nce 1S . o)
LTHERE ' ARE $d0 ARRS ON A PERSON)

1 THE SUNCTION ' usen 15 . o
PARTWN-SELEUT '

((GENERIC - PEASON) 12 o ARMI)
(THE REPLY o o)

(1 UNBERSTAND THE i(bn

(1 REALTER FE WOMPER R

{1 UNDERSTRMND: THE MM

(4 meaLIZE T NoneR

lgutwu GLTMEEN PEASUN AND ARM)
(PLIST MAME. PERSONS )
ghhu u,uezu ARR AND PERSON)
mﬁt&ﬁ 2 AND (PLIST NAME ARM}}

(THE. ﬁ‘r ttmtntt IS o o)
tHow: m ,FINGERS UOES JONNM WAVE Q)
tToe: mnmwsw 15 -,
HAVE S
(F Ik PMQQ% 5 OO
(THE APPLY i
Eﬁ'ﬁ w S o8 &[ 1 ASSUME (HAS) MEANS {HAS AS PARTSH)
11 xeow 1l % ‘Cﬂ LATI BETMEEN HAND AMU FINGER)
nmmw

(THE MERT BENSENDE 1S . .1
“* mm%vﬂﬁﬂs»

LTHE "FUNCT 10N USED 1S - <)
mmuw

Fite b

¥ i“‘~,¢, BLEE
115 . FINGER) (GENERIC . HAND})
(THE REPLY o o)
{THE ABOVE SENTENCE 15 AMGIGUUUS ¢ BUT [ ASSUME (HAS) NEANS (HAS AS PARFSI)
1 KN THE" ARY-OFEACH RELATION BETMEEN HAND ANU FINGER)
(1 REALIZE THE ER_RELATION. suzsn. 5. AND. §PLIST MAME HAND)}
11 KNOW-THE ' SUBP, r ECH  RELATION BETWEEN FINGER ANU HANO)
1l REALEZE VAE ENRECATION BETMEEN 5 AND (PLIST NAME FINGCR))

(THE NEXY SENTENCE 1S ™. J)
oW an m«m uoes JOHN HAYE Q)

[ THE chnnu USED 15 . )

HAVE-HESOLVE -

LFINGER tUNTQUE . JOBND)

LTHE REPLY o ') ’

{THE ABOVE sinrewu IS AMBIGUOUS s BUT 1 ASSuME (HAS) MEANS (HAS AS PARTS))
(i KNUM YHE SUPERPART-UF-tACH RELATION BETWEEN HAND AWO FINGER)

(1 KNOW THE SUPERPAKT-DF-EACH RELATION AETWEEsN ARM AN HANU)

{1 KNOW THE sornnhr~0r -EACH RELATION HETWEEN PEKSON AND ARM)

(THE ANSMER 1S 1OY
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P E

i UNCTION USED 1S . .
. 1;‘}§§ cTION
i {4 }

(THE NEXT SENTENCE 1S . o)
(THE TELEPHONE 1S JUST TO THE RIGHT OF THE BOUX)

{THE FUNCTION USED 1S . .}

JRIGHT-SELECT

{{SPECIFIC . TELEPHONE) (SPECIFIC . BOGK))
(THE REPLY . .)

FUNCELGN, USED, 15+ o)

- ol i intm‘ . . P
SITS. REPLY 4. o)
G %Q %S i ;’ELEP”ONE)
Ay S AND THE ELEMENTS RELATION BETWEEN GUZ840 ANU TELEPHONE)
" Auo THE MEMBER RELATION BETWEEM TELEPHONE AND GO2840)

TR I
, % m THE ELERERTS RELATION BE(MEEN GOZ861 AND BOOKD

THE MEMBER RELATION BETWEEN BUOX ANU 60284t)
“,’*Ell.llt THE JRIGHY RELATION BETWEEN TELEPHUNE AND BODK)

iy ,uf.wmmg.mn s@uum WLTWEEN S0OK AN THLEPHONE)-

PN R SE G ATy e

"MEXY SEMTENCE IS o o)
TELEPHONE IS JUST TO FHE LEFT DF THE PAD)

oo DM EAMCTION USED 1S - )
. ‘u IC.. RA0) (SPECIEIC . TELEPHONE) )
V’. -

. Lw-mvm USED IS . )

ASLguane, - .
oo a%s & PAD)

{1 UNDERSTAND lnf ELEMENTS RELATION BETwEEN GU2842 AND PAD)
MNGRER AELATLOR SE BHEEN PAD AND GO2842)
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t lﬁn‘c AEAALIOMN. D6 WEEN: PAD: AND TEL LPHONE )
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usY TU tnﬁ RIGHT UF THE BODK Q)
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C . mﬁ {SPECIFIC . BOOK))

(EE
Loy ‘T L BEPLY o )
s FUNCTION USED IS . o)

(PAD 300K )
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vt t’ﬁlt NEXT SENTENCE IS . )
s, p,g BRQE. TG, THE \EFT OF THE PAD G}
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é&ﬁw, RAD) (SPECIFIC . B0OOK))

(LTS REPLY . .}
YiS

i “TYHE fwcnm USED, IS .

PHNE WEXT ‘SENVENCE 1S o o)
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Ch RAGHT-SBLECY | '
TESPECIFIC o PAD) (SPECIFIC . IELEPHONE))
LI REPLY o o)
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RIGHT
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Ui nexy SEMTERCE IS . .0
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rve mmiau iseb af .,
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IIWI-SELECV

((SPECIFIC . TELEPHONE} (SPECIFIC . PAD))
(THe MEPLY . .)
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" AFOHE T
(TELEPHONE PAD}
FEAGINEM Y VLY
© G NBOWE SPATERENT 1S IMPUSSIBLE}
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A
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{THE NEXT SENTENCE IS . .}
(Tt PAPER IS TO THE RIGHT OF THE TELEPHONE)

{THE FUNCTION USED IS . .}

RIGHT-SELECT

TISPECIFIC . PAPER) (SPECIFIC . TELEPHONE))

[THE REPLY o o)

{THE SUB=FUNCTION USED 1S . o)

RIGHT :

(PAPER TELEPHONE)

{175 REPLY . o)

(GO2845 IS A PAPER)

(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN GU2845 AND PAPER)
(1 UNDERSTAND THE MEMBER RELATION BETMEEN PAPER AND G02845)
{1 UNDERSTAND THE RIGHT RELATION BETWEEN PAPER AND TELEPHONE)

(1 UNDERSTAND THE LEFT RELATION BETWEEN TELEPHUNE AND PAPER)

{INE NEXT SENTENCE IS . .)
{MHERE IS THE PAD Q)

{INE FUNCTION USED IS . )

WHERE-SELECT

({SPECIFIC . PAD)}

{THE REPLY . .}

(THE SUB~FUNCTION USED IS . .}

MHERES

{PAD)

{ITS REPLY . o)

({JUST TO THE RIGHT OF THE TELEPHONE)

(SONEWNERE TO TRE RIGHT OF THE FOLLOWEING « o (PENCIL))

{THE MEXT SENTENCE IS . .}
(WHAT IS THE POSITION OF THE PAD Q)

{THE FUNCTION USED IS . .)

LOC-SELECY

LISPECIFIC . PAD)}

(ThE REPLY . .)

(THE SUB~FUNCTION USED IS . .}

LOCATES

{PAD)

CITS REPLY . .}

{IHE LEFT-TO-RIGHT OADER IS AS FOLLOWS)
(ASH-TRAY (800K TELEPHONE PAD) PAPER)

(TO FURTHER SPECIFY THE PUSITIONS YGU MUST INDICATE WnERE THE PENCIL IS WITH RESPECT Tu Tnk ASn-TXAY)

(THE MEXT SENTENCE 1S . o)
{THE BOOK 1S JUST TU THE RIGHT OF THE ASH-TRAY)

{THE FUMCTION USED (S . .}

JRIGHT~SELECT

{{SPECIFIC « BOUK) (SPECIFIC . ASH-TRAY))

(THE REPLY . )

(THE SUB-FUNCTION USED S . .}

JHIGHT

{BOUK ASKH-TRAY)

LITS REPLY . .)

(1 REALLZE THE JRIGHT RELATION BETWEEN BOOK AND ASH-TRAY)
(1 REALIZE THE JLEFT RELATION SETWEEN ASH-TRAY AND BOUK}

[THE NEXT SENVENCE (S o o}
{wHAT [S THE POSITIUN UF THE PaAY 4}

(THE FUNCTION USED IS . .)
LOC~SELECT .
T{SPECIFIC . PAG))

(THE REPLY & o}

LIME SUB-FUNCTEIUN USEDL IS . )
LUCATES

{PAD)

{ErS AEPLY o )

{THE LEFT-TU-RIGHT URDER IS AS FOLLOWS)
{(PENCIL (ASH-TRAY sOOK TELEPHUNE PAD} PAPER)

{THE NEXT SENTENCE IS . .)
(A TELEPHONE IS AN AUDIU-TRANSDUCER) i

(THE FUMCTION USED IS . o)

SeTR-SELECT

({GENERIC . TELEPHUNE) (GENERIC . AUDIO-TRANSDUCER)}

(THE REPLY . .}

(THE SUB-~FUNCTION USED IS . .)

Seln

(TELEPHONE AUDIO-TRANSDUCER)

(17S REPLY . .)

{1 UNDERSYANMD THE SUPEKSET RELATIUN BETWEEN AUDIU-TRANSDUCER AND TELEPHOUKE)
(I UNDERSTAND THE SUBSEF RELATION BETWEEN TELEPHONE AND AUDIU-TRANSDUCLER)

{THE WEKY SENTENCE 1S . .)
(A DIAPKHRAGH IS PART UF AN AUDIO-TRANSDUCER)

(IHE FUMCTION USED IS . .)

PARTR-SELECY

(IGENERTIC . DIAPHRAGM) [(GENERIC . AUDIU-TKANSDUCER})

{THE REPLY . .)

(FHE SUB-FUNCTION USED IS . .}

PARTR

(DEAPHRAGH AUDIO-~TRANSOULER)

UITS REPLY . .)

tI UNDERSTAND THE SUBPART-OF-EACH RELATIUN BETWEEN DIAPHRAGM ANG AUDLO-TRANSOUCLR)
{1 UNDERSTAND FHE SUPERPART—OF-EACH RELATION BETWEEN AUDIO~-TRANSOUCLR AND DIAPHRAGA)

{THE NEXT SENTENCE IS . .)
({NHENE 1S A DIAPHRAGM Q)

(THE FUNCTION USED IS . .)
WHERE=-SELECT

(IGENERIC « DIAPHRAGM} )

(THE REPLY . .}

[IHE SUM~FUNCTIUN USED IS . .)
WHEKEG

(OIAPHRAGH)

CITS REPLY . .} {
(JUST TO THE LEFT UF THE PAD) i
LJUST TO THE RIGHT OF FHE BUUK)

{SUMEWHERE TO THE LEFI OF THE FOLLOWING . . (PAPEK)})
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Biographical Note

Bertram Raphael was born in New York City on November 16, 1936. He
attended the Bronx High 8chool of Science, received a B.S. degree in Phy-
sics from Rensselaer Polytechnic Institute in 1957, and received an MuS.
degree in Applied Matheématics from Browm University in 1959.

Mr. Raphael held several scholaerships at RPI from 1953 to 1957, and
the Universal Match Poundation fellowship at Brown University im 1958.
He received an NSF honorable mention and was elected to the 8S8ociety of
Sigma Xi in 1957.

Mr. Raphael has been interested in automatic computation since 1959
and has worked in that field for RCA, Moorestown, New Jersey; for Bolt,
Beranek and Newman, Inc., Cambridge, Massachusetts; and for the RAMD Cor-
poration, Santa Monica, California, for whom he is presently a consultant.
He taught at RAND summer institutes for Heuristic Programming (1962) and
Simulation of Cognitive Processes (1963), and lectured at UCLA during the
summers 0£1963 and 1964. He has recently accepted an appointment as Af-
sistant Research Scientist at the Center for Research in Msnagement Science,
University of California at Berkeley, effective June, 1964.

His publications include:

"Multiple Scattering of Elastic Waves Involving Mode Conversion,'" with R.
Truell, AFOSR TN 59-399, Metals neuareh Laboratory, Brown University,
May, 1959.

A computer Representation for Semantic Infomtion," pn.per presented at
1963 meeting of AMICL, abstract in Mechani 1 (2), October,
1963.

"A Comparison of List-Processing Computer Languages," with D. G. Bobrow,
Comm. ACM, expected publication May, 1964.

"LISP as the Language for-an- Incremental Computer," with L. Lombardi in

'Berkeley, ed), Infomtionlntemtimls .lhynl Huuchusetts, ex-
pected publication May, 1964.

His hobbies include mountain climbing and square dance calling.
Mr. Raphael is currently a member of the Asso®ciation for Computing

Machinery, the Association for Machine Translation and Computational
Linguistics, and the American Mathematics Society.




This empty page was substituted for a
blank page in the original document.



