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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.




This empty page was substituted for a
blank page in the original document.



Chapter

I.

II.

ITI.

Iv.

VI.

VII.

b)
TABLE OF CONTENTS

INTRODUCTION 4t vt vnneonann v ensarnanannnonnnnnss -
A. The Problem ... veeiervurnnnsnnessososnsanracnns
B. Where the Problem Arises «..i.vvsienerncarnnns
SEMANTIC INFORMATION RETRIEVAL SYSTEMS ........v.u.. .
A, Semantics ....iuiviaiaenne et a e e
B. Models ..ivevveeennresneenacanresnnns s r e
C Some Existing Question-Answering Systems .....
REPRESENTATIONS FOR SEMANTIC INFORMATION .....c..coc..
A Symbol-Manipulating Computer Languages .......
B. Word-Association Models ..... ..vuieuinnn e
C Semantics and Logic ....... f e e ear e
D The SIR Model .....hiiiiiiivinenensens chiee e
SIR TREATMENT OF RESTRICTED NATURAL LANGUAGE ........
A. Background .......... 0000 enrn e ene e ae e e
B. Input Sentence Recognition ..... e

C. Output: Formation and Importance of Responses

BEHAVIOR AND OPERATION OF SIR ... ivuvevvnnansarnasens
A. Relations and FunCtionsS ...svseeoe -venscesonas
B. Special Features ...see,ivrnoteuernnrcronsnnas
FORMALIZATION AND GENERALIZATION OF SIR ....ueevnnsn .
A. Properties and Problems of SIR ....cisvvcanasn
B. Formalism for a General System ...... e
C. Implementation of the General Question-
Answering System .....vviauncinoann Cesenas
CONCLUSTIONS + .t iiivamiensnnnns , e . eus
A Results .i.iuiuririiirieennrvennnan et
B Extensions of SIR ........4. fer s vene
C Concerning Programming .....eeeeesveseaveonsens
D. Subjects for Future EXperiments ......s.ssv..-..

BIBLIOGRAPHY ....... e et sen e a e e

Gy

42
v

113

127

127
131
136

1406



APPENDIX I: Notation ...ce.oveecnrsesssannssacsansons
II: Derivations of SIR Deduction Procedures
III: Full-Response Qutput for Figure 5 ......
FIGURE 1: Sample CONVErSation i.....isceervoisssssds
2: A%MAumuumMMH.n“““”“““
3: Sentence Recognition Rule#~iitifl.: i,
“4:° Sample Conversation™in’ Fuil-ﬁespoﬁié Mode
5: Selected Conversations seresesreenes
6: Special Features i, YR TN
TABLE a: Relational Notation ........L..f.l.;i...f..
" b: Deduction Procedures in SIR Subprogréms- ..
cy: Basic Relations of SIRT Fi.iiidi.?0%t... 7.
€2: SIR Predicates Expressed in SIRl .... .
d:  SIRUKxioms ' [.l.iL a0l 0 0L A
BIOGRAPHICAL NOTR ....... 4+ wle

97
100
108
108

Si11

169




7

Chapter I: Intyreduction. ...

A. The Problem.
This report discusses_the pppﬁié@igﬁgdevgloéing,awéomputer* which
"understands." The method of study: iu%blvea‘tﬁé construction of a

computer system having certain, cognitive Qbilixies and. exhibiting

some human-11ke conversatlonai &eh!Vidr*“ -

vos

Aol ARG .
This computer system is called "SIR" -- Semaptic. Information

Retriever. The conversatlon preheﬂteﬂ P Figs T betWeen a person
'n‘: SRR P 2 ’v‘ K
B E A TR ] %YAA v

(1dentified by 'kik ") and SIR 111ustrates some of the system s

TPRAIAL < Jng Dt g REY

capabilities. Although it is capable of "Pﬂ@@f§t§E§%38" statements

SHE T 2RI

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

certain spatial relations, SIR has no initial ‘Built~in. associations

for nouns like "John," "bgiﬁﬁ;gﬁgféfebiéﬁf“”;W f”$"“

"Understanding" is difficult.to-define.precisely.. The present

G4 A idia TiMe RIS InkMifa]

study makes the following specific assumptions and observations:
i) "Understanding" can be demonstrated by dialegwe, which requires
the participants to indicate an awareness of the meaning of their

‘a*“"fi.*?é ,:u R

subject matter. Therefore a computer should be considered able to

"understand" if it can converse intelligently, dJesy if it can remem-

ber what it is told, answer questions and maﬁe reeponses which a

R A

human observer considers reasonable.

Ees

* 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 interdsl “dnformation
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.

P R g g2y ol el

iii) The most iqportant prerequisite for the ability to "understand"

whirg T g Yoot fE 1ol

is a suitable internal representstion, or nodel for stored information.

dra TN T80 3*,',“:,\ ERRTEN

This model should be structured so that information relevant for_

LT EsL

questionvenswerins is eesily accessible. Direct ntorage of English

(,if\ SR Ee TS ’*,“J}»""JV {Bvolvros nollsm RS
text is not suitehle since the structure of ;n Bnglish statement gener-
R 37 s" L RN yiot )r* Yoo FEVOTT 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

B oDt a0 WnNE VB ez s oill PR

~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

Py I "L} ¥f Fiitin EI RN 4 B S
areas.
RIPREE P RREY] ]
. : ’{;;»_ N RN TN CRRFEE R A S Dhiveus . s .;;;“.'4
SIR is a prototype of an "understending“ machine. It demonstrates
suok i & 7P opaesla s vauid ouavo i
how these conversational and deductive ebilities can be obtained
codhs oyt Brobo o aivi PR g
through use of a auit;ble model. Leter chaptera will describe the
e EEE I E [ ot ;;aZHAA i 3- [ |78 SR
model snd the SIR progrsm, how they were develqped how they are used,
i L ; % WO s 4 Vignl rEOUIGE s

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

BEYete

of qomputer,research Some examples,ipkgoylx,@

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

TR Coallde sd dpum ghaplay oAzt ornodnes g

capac1t1es of present computers could be of great aid in scanning
RN e o cEnn i hy
scientific literature. Unfortunately, high speed search is useless‘

I

doudie giost B

unless the searcher is capable of recognizing what is being searched

R LERIAE ’ »5115,, AT LR (”J i i e
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 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

T 3 . I . }“ e TR}

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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ir-
" In order to ‘miKe a compufer serve &s 4 référence Ifbrarian, 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
que:ts iékisrréée}{\iin]g,and 1€"shéuld e ‘dbie ES SscifBe e actions

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

fHie Colarey

i ad 7 g3 b e
‘ 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

O DG,

ciD LB 3NSViIgs Sidd o .
word-to-word translations c dp‘feé wfﬁ% é’nntt) ca fysfs, re‘arrange-
safgoesbk o Lids sya slgost 11 3 1 FE 8111100 LR ST JA A PEs
ment, and context-dependent ‘Begbrtééioks, ‘have proves fnadequate for

Iad30 1 )

acﬁiijé;riég gho”od“ ‘transiafions. “the vi'tai fe !':ureifufng ”from pfesen
computer transfutfng systems “£4 e ‘aﬁﬁ‘ity SF humdss ‘tradsiatets €6
“urderstand" what they 'rédd 5 &id '1d ingudge, and tjﬁebj"é’g}% the ‘dame’
hing™ {A andther! HHE BTX Cmpitbe diEin Gl §Este aces, mike

sl colig JITu ol I oMo s Taasyoiso gt O
logical deduct’ions, ‘answer questim{s‘, and exKIb{t g other features of

toosooeiea e Phonigtehast ool il g ideas ) 75
human conversational behavior, and therefore ‘aj appears tS Have soae Such
r,ed o2 ¢[,

"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 geceptable fo & GompULer.  ..; . ... . yigel.
lVgrlods%"problem-o;ientedV compute E:» anguages | have been developed

to eage this encoding problem, Unfor% ;ely, such langua%es are

useful only when programe (“compilersf ot "Interpreters') are avail-

able to translate automatically from the pyoblem-ariented language to

the basic "order-code" of the computer. .A

oriented}languagesnareAvery r;g;d,sxegegptt,Tglggﬁeans that the problem

W i

,,,,, AlA

puter pgogfegm;ngﬁlgpguageq, Still, Peo ple are able to describe

REBT 00T DB, 1ok

these problems to each other and to asgist each qgkgx‘in,gakinglthe
IR S H A PR R ALy s DR RGOy CERDGGIIBLAOBT S DOOH LT e

problems more precise and in golving them. 1In order ‘o utilize the .

high speed and large memory capacities of gomputers while working on .

such ill- defined problems, people need som&,upeful way to. communicate

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

computer '"aware'" of facts and enable it go,"pnde;qte%d? the nature of
e - ‘ s : LT ERE TR s T VRIS TREGNTENE G PV sy

hevproblems which are described .to it. <§£R leﬁﬁ;gggfogygehgﬁ a . .

,'«;L; YD - T

computer system which captuxes some meaqure of the "megplggffof”the"

1nformation presented to 1t, and can act upon its stored body of

Wi 1B Tige s teawgman Ity
knowledge in an "1nte111gent" manner. )
) basrtdnis 03 4D adwois tu 5 ]
yiigas 3t ude i
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;03 Chapter I1l: . Semantic Information Retrigeal :Systems . .. .
SR - DOk R o I 5 SN TL I R SF U

The word "semantic'" is used in the title of this paper for two
¥easgond: Pirst, the acteal tnformsbion. extrectédsfrom text and .
stored by ‘the program ts .intemded 'to dpproximave ‘the kinguistic o«
"gemanti¢ .content™ onotmesning' of ithe imitenisl. - Second, the .compu~
ter represéntation of tnformacion usdduia 'SIR (Chaptét ILE.B) ks
dérived fromthe!" semant £¢" model: stvuétures-of formal-mathematical
-:logle. WInfermation ratrieval® refers to the. fset that-the sypstems:
disdumded operate on colldctions of statements; retrieving facts ini
response to questions. Question-answering was chosen’'bBdcause it is-
a sctaﬁght-ﬁorward contcxt tn whtch a-L1 exporimlacmvheh nhe under-

FENES AT ¥ Iy RN

fﬂs:aﬂdzngaénd conhuaﬁcaeive abilicy afca’ conpucen~r> sﬁ} :»ﬁ.
£ Sovrgmie VB are Pk e iow iy

nhd Snl uystanbueiltzes sesuknc fros tioi-ngonrneaaarchdarean:

HRE S N s aE PR Pen L0 B X0 mualtl R TS Kt QSIS R I
the aeuéy ot ehi ldﬂdnﬁ&es of ntcuvalﬂtnngutgagfand che ¢tudybo£

R P T Rl Didbw arvad in [
prevﬁouuly d¢Ve}apcd compueor progt&mning ucdhniqgal ﬂor ddlving ,,,,,,
Dol oG EVRS T B N ¥ o OB i’ ol

various specific questidnnanswertng>prcb1ensa B

R L ¢ (PSS PR VR EE E P S R R S R P T W RS T R
A. Semantics. Sro et e e WEESunI U DL T LE Ly

1" Semaritics ts-generally studied:from oneiof two viewpoints: . - .
- -pupeiand deseriptivei« Pure semantics; ds:studtedcby Carnap. (5),- ::
‘déale with -the properties of artificially genstructed formai::: -
systemsg(which may or may: neti:have analogues in the real: world), - .~
~githirespedt /to roles £4r -segtence formdtionsand-designation:of ..

formal models and trdth. values.: I shall rasthér:be eonderned 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.diseuss
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) - : - SRR SR

"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$ aepen' 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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AEHa il

SRR A
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3
2B (T b move sprecigain makidgthe [foblowing disvinction:

“woide imay “hava omesning, -but sot ‘sigatficande( uttetsiéds (pNrasesy

sentences) may have stgatflcandey bit net mesding. >-Howeved, he - states
tiatosn dnalysis 'of the ‘sigunificanc®ief @ Wioldnittorance icannot be
cotigl eted -without Lan analpeis of thd nesnings of ithNd wordd-in the. -

uttepance, ‘1 find BHf £ 14 1diat inc Uion She tween awo rd il dning -and Ut ter-

ance sigmificance a usefuldigtinctigny altivodgh the ‘teriinglogy-is

. . “pgor -ginde 'both ‘consdpis "contvimite 6y what 16 oémmiohly  cdlled

"medrtng.” : Sincé BEff doas ROt Prédaent sdny futther telplandtion or -
représentation ¢f "mesriing' s6d "' significaioe 516t ul (procead tH @
sitillar Byt more complevé discursion By UXIdema (44De: 79

Ullmann considebs: & wérd ds tkeomsmellest sigalficant wnlt with>

isoldred Medntent M mmrﬁrs«u sand Jsdwedneds “siprose :&1

Lan oaldpiers asigmen & v vardicsunt Pisd aypiagooin lo cknix 03 oldid
fwtmmmm wivich are: tmbfmihym%“; ﬁdﬁé

gines o Yliuisllsiy fo Leasd spoldsiooses (pezasz sy boms cus

‘!muwmg‘ is&\ddﬁnﬁ‘ecs Sy mwp%hﬁmw Betviden tmm

SoW R Seitelvones eedl do fsvoer moz oefdl ;3Isd aevw-n:;u R
and the sense,. which enables the one to call’ﬁp:éh&j@ﬁhﬂﬂ * Byl 7' sense"
is meant the theoght or referedde ¢/ dn ob ject 6x WasvrifEidw whidlk is
represented by the word. Note that meaning here relates wordawithl
-tholgitt “#bolit’ :ob ety not Heve Se@rt PP ow th (ob fect L E8d Bf & L Nokky
Mthought ‘asbouln vbject'’ is top vegue ad ides for computer formakigation.
Howsver ;e cmn work with a werbeliestion of ‘ /thought'; humely;. the
words: wiiich naue Jobject s and festwrds wesoel abed wi gl «lie thought.

‘vl -may. coweider the meaning of @ vord aitilcly tamée W object v

7. igldew of wbjects o be arithver the Ghving nawed or ; wirer UFLaem, xie
- mogt Comabyy thioughts pecplerhsve fw onniest ide Wil e thing wasled.

TR EASETRS & o SIS ST ST RS SRR £ O ¥ =% 7% £ ol I I R SRS S SRS TE LRy,
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In either case, in the SIR systems& We;thﬁ meaning :0f <the
word by-building up, in the computers.a dedcrintige-of the. ebject or
..class. This descriptien, itself.cowpansedof 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 a patuxal way by patticular entties in the:descrip-
tions of the objects named .in the uwtberanges-:: & .50
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
connection, Or.characteristic, and theee festuxes of a word age- - .
usually described verbally. Thus. such featuves.can he part of the.
computer s description of the.word being definedei . . - .0
"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

48 'the vosabularv.' (45) .- sy edd estdsos doiew ensn sa0 Lan
- SIR .uses an approximation to these.associative networks 8s its basic
~ data . store. RS o ST J;Qk.
Walpole "also mnotes . that somé moxd xelationshipsg o such As part to
. whole, or class: to subclass, dgtémine partial oxdexinga of laxge classes
of nouns: and ‘thus can be represanted by tree structures. »z!‘his fact:
leads toi certain mearch procedures: which are useful sin-our computer
system. . Howevex,.khe classg, of abstract -nomns (!'fictions!'), .which do
not name. any eblect in apy -specific  pensg-expexience. dg not lend. them-

selves to such oxdexing. and hence axe Omitked: 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
sremsar 4s {mpartant eince.T weubd-like cliw compscer program to el vii:
advantage ofwhatever useful informeries i wvetfable in the grammati-e:il
cal struckuneuof dts input. 3"1”‘{@ beast onedschool pf thoughtoo vty

(discussed i (3)  below) holds 4lhgt dyntact fc anelysie is an addgmee 2

'

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 precess,: since: the ultimste tust of Whbthtr @ wtatement: 1gisom"
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 amsb geimnal ly supposed: to;iguore:c v
meaning, the boundary betweemayhtmetixawnd: ssmputics is baeyes Rors:isin
examplei some dimguists classify the maidalledid'mias noams' (gig: 2
"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 considered vexy meaningfukl) Sdmmons ;o il
(38) makes:. .this distinction between functitom womds and: content words:
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 8I#.:: The frequently-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 remembex: the:meaning- of vhat: it ds. seddg-khexdfore it: [lsm o

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 intro@uce & nbbs” ofsdetailadndtatidns = o
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which obacures the real sproblem;: for the phoblencef represénting meaens
ing must be.selvad ia order ‘to:develop-a .godd vtbaislstiom scheme, At - o 7
first view Exesdenthal's LINCOS -(13) may weem like & formsl 'sypétem for = - -

describing shaiman behavior. -Actuslly tkKe LINGOS systes ¢ Wot practicali~=i ou

¥

since it adsumes fdr gusater sbilities for imductive faferenve of Puléw
and situatioms ionitie pewt of . the :veceiver -tisn s expdcted of g5 - - 3
usual langusge Student.i. .. —.onios 0 thag o B EE TS B T N VS SR L)

Another mpproach, used, for ‘example, by Kiein £19) ; 1s torfncrease -~
the numbex; land dvimils .0of catiagovies im <the ;Mlﬁi‘?ﬁtmwimlyﬁff# A VI
systems untidithe sementic, propert ive wre: gutomaticslily included, . .7 7 "
Althoughs some of theresults are promisfiyg, dti seesy’ To' we thils approaph 90
will evenimalily obbein the same Ulbinsts' syetesi bf Wikl asgoctations < '°
as can be apptbached more simply by: constliring end dépresbhtimg’ 52 !
directly the ¥meanimpgful': rodabicns batwesh' wordb. (¢ 10onsLIETL i B Thaney

B agi e

-

Quilidan (32). attempLy. Lo. Tepregent: the seamntit thotent- of worde - - »9:7
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 concerned with permissible:sword combinatioms . ... .
than with the-meanings of .individual .words.. He firdt descoibdg=a:: . 0" o
hierarchy of :sentemge types: 1) .. Ungramitical; . '2) - Crammstical but -
nonsense; 3). Semsible but .falge; &) True.  He thes argdessthat .. "1 .no

the crucial semaptic distinctiom ;liea betweenjthe grammatical deckarg< - :niz

(but may be true or false). Any pair of monadic predicataéml‘l,‘:;*&émmi PR
are said by Sommers tao have 4 sense va&hw;ﬁ(?fmz) tkf there exdgtg o 3nia
any significant gentence conjoining -them. Otherwise they have value .o 2o
~ U=N(P1 :PZ).-:' - The, U-relation is symmetrmic and ds, preserved wuhder .o
certain logical operations.on: its apguments; but it s not’ transitiwe.: oiiis
A stronger.relation Q-=vP is true if "of(what is) Py it:cande shgnifd~ [
cantly said that;it: is Q...e.gss P-Prime: mihigber, Qrguicku™:aThip = 5. 25
permits the arrangement of these 'monadic predichtes"intio:as siple 15w
tree, where all words:im the same meaning:sclass.ce.gigualls colors,sor! i v
all words describing weight, occupy: the:same medei tiiy o gusio " To i

My main objectipn: to.this werk. isidaiwhereithe important.distdnes:ui "o
tions lie:. Sommers would argue that "The idea i alwaysigreena! dis @ .
nonsense, -but ''The.yellow sky is always gréean“:;is sensible:(simce gky '
may have-celor, "The gsky is blue' and "The. sky isunet bRuel-arev: Liiirus.. oo
significant), although false. .Note:. that “Ideas :cannot:ibe:green" :
would bg;eogsidgred.,non'\sense;,.raghex;sthenimm’ne;ssbyf_;Somexssz I feelothgr:ii .5«
distinction between !nonsense'. and.'sensible but:not tvue-of :the real ~=:i: =

world" is not precise.enough to:be a basisifodr a cemputver:spepresentavign s om

of a semantic system. :SIR is concermed with-deductiong:ofcconSequences = "¢
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frodiva given “Body of §fatéménts; rathier thin ‘fudgémedts of "orverwe"

il s el I

or "sensible."
SR TIE IR AT S P S i IGLESYLAT luians Dol
In summary, many schemes have been developed in theé Ifteériture for- =
formally d&fcrfBifp “tHe -senditefc propertfid of tirgddyé " Sone of ‘these
were descriBdd d66vé: Most Gf thé dcKemés dfe vague; "dnd “dheHdugh~ 5 11"
Klein's and Quillian's, among others, are being progrw tor éoipuﬁ‘ér&,
none “gF tife predently ‘aviifdble ‘demdritic “§y¥stemé Have Vedh developed to:

the point where thiey could provide a uséfuf ‘basfs ‘fot Cbputer Muder- ' -

standing."” However, I have used somé of the ides#: £l £ £
systémi*iﬁ%%é’pfﬁg tS’Iﬁ i ?rﬁé 1&& o‘f ‘f’&ﬁf’dséﬁt‘ﬁ'fg‘ mﬁg b'y m
1“ mataan DB -,,,‘_,g ,': ; er_{
asaociaéfo&?sﬁifjmlff!y imﬁbrt‘aﬁ't f&f ‘tﬁé ih*fc‘mfﬁﬁ T%W
o355 PR ) 'Aj 1o o Soabig <c ST 9- 4'-vfg i
tion uséd lif {gHRs T B s 02 Lis e =
B. Hodéﬂs? iy ‘;;‘i V P LR RCE S S A ;f’».f"a'.) A ::;,‘.‘:f. PRSI l': R w afTe, L itets

- . . O
29 SRS &L

Theé ISIE e’féfeﬁ *use*:_if“a s‘pﬁcit’l m&’ é@i’ué‘tﬁre wﬁ‘ﬁﬂﬁ”f éaH tl‘m

ER Rt icas 3 vials TOL oemieLs LSRR
"modé} M - *ﬁaéﬁ*wam réfe-r’é tvo t:’hﬂr %f*\mn 'S’PTﬁ: m %toﬂ*bf
LIl anitrmnols B Tongies R 1
retrieve semantic 1nformtion. The purpose of this section is to explain
8 v naejviva goesd o g ‘%7("'!~- LR [

what I éeH BY the term fodei™ in génet‘&f" tnd“to’Mfﬂé “the m h:d&vr }

FE J;l; Y [ 5 éﬂé_l -
in pa?t“fful'af. 2o aefr ‘ et
lameatol o3 feal i - ! R
“5yon wil o vo £oratg o S L,

1D loved

1) Deﬁnition' The term "model" has been grossly Verwirked Jdnd s
it does HOt Wed é@%&& ’ih*y g&%‘ieﬁfly W&%fﬁfmw em} ‘Por

Leaml Iamos B PR [E2NSs S I I S vkl
purposea df ﬂ?fs Wﬁ, T pﬁé&‘ﬁﬁt t‘he f’dﬂ:&vitrg &ﬁﬂﬂ:fb& /= ‘
3 & FE Rt RO 2 95 4 HE Ty e il f

A modét: ‘fuf an %fciéffse m*Jthé“E&thﬁﬂ »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 x. Y onldinoan

.
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) Examples of wedela: . .4 o mos basy sved 1o vouswell Cogmibuete
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 4 vexbal statenent, mhich s paally Au mncoding . .
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 .farmal ;systems. . Qceasionally 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 (myntectic): system usially tonsiste! of abte ofiébJetts 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

deifiund Yo vuw oo ouoh Tsbhom g el owmipoye s fo sveles nobismaolnl oo
which are models and those which are not really representations of
a3 o oT bhalastdixs sd et M0 Tdw ooldsmoroial adld sepeoesd gwdrsinos
something else, For exemple, Newell Shaw, and Simon's problem-
g3 _J,.“ d i ~'P<,_. FE S :JJ, DI . swf o TR »Jb"!:ii“a? & O 4 r"}:'”") [ S C RO I NC
solving progrsm discussed in.ﬁii) above is truly a ggg__. in the sense
sunadrse 01 gl Jldalisn siwmmroist adY Go sane Iosal B (00 sEC
defined earlier, only insofar as it is intended to represent human ‘
v \;L Doty ol Gefbesi BEOSF E¥<H 13w o dnbomr v odone To HEBIOBVLL HE S Lol oT

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

sty et ad Slgow 30 oasfdd lobom sl poox mollsartoral benloob Jusiixe tais
merits as an independent problem-solving machine.

“Tevsh mosu svad e dnr saitewenibenol e300 Lo awisipoae i Iasd Sngigoe

Cripsy beveiaue ved Golfy g eisbow lo sbosd puoluey ovy BVide Lago

3)

~all s1s pmolsve
system one is concerned with providing a store of information, or a

estion-answering model: In designing a question-angwering
doue 1o 29 gmexs awond-leso 14T .zewssur io psouy

na Bavy Pobom ad? Yo ouwoinoxte efidf cidnes zniwsliod add Al Lozausu
mechanism for developing such a store, snd 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

e ~_C.' CaliseenA-nL ey AV Thind emon

may be a prepared data structure. In either case, it generally conteins
safneny bro emis oacdw gs e pegd oeved smpuns Ly I8Tugmol IBRLsved
information which people would normslly cownunicete to eech other in

gl he spor 4T¥ tn osaostt 03 bedslay dndeames 5086

FRAU TS RLAS T :J [

English sentences., I consider the store of information which ia the

SBIEESLAL G0 0B 3 - fdid s o ~ 2ot Isbom s 228U amSIE IS SOV ¢

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 this mf»mmm sentent: af-a mtaonratmsnmg Lami

i soinswnt o wdt G gunllon eviiin vl uc isc%fss
system s s&sre of uforma;tmn is &o ek, Lhe. Sy sEem: sOne qmmnm\ -.agide
N R e Toule wem s egad ¢ o

and mage sah;eetxve,iaferesces Srom ite:

st J
AT A . { ,_:!s.s‘“‘ :.‘PHJ

RN i BT S OTRTensLEY 5 9 BYAV L OT WSM ST

The 1nformation store of a system is a model for a set of English

R R L E liacn don sun dobide weords Los pifbom wis foadw
sentences because the information which can be extracted from the
Sl g tew B bme we oo fowoll L slgmexe o Lenio nnad

store corresponds>1n a well- defined way to, and in fact should be 1dent1-

E LD et % c1 2l svods {(JID gf bsgepuerl meiLoig gnlivios

cal to, at least some of the information available in the sentences.

3 Y p T 20 4P oak ysioenl vlno oesilvss bhespiish
The principal advantage of such a model is that it is easier to identify
. Pl e syl bluow wsipoig 2dy seluiodi0 SO L

and extract de31red information from the model than it would be from the
B T u«*-;:r’:&,ﬂ()'lt{ EREE ) LAH DICTER AN s TR e

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

oped which use various kinds of models. and which have achieved varying

o iz ciuienb nal rlsbom mniyewens-goldesul f

degrees of ‘success. The best known examples of such systems are dis-
I SV A faow poibivoery dilw bagusinoy <2 woo mniave

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

=Iis i

SelGTAT s andoa chmeo o £oRpe L9a0ds 8 doave galqoievsd Dol sm oo oo
my new question answeclng system is discussed in Chapter II1 of this
S e uty ot nm it mavre crode tuddl @enl onidaerrolnl o w e Tl
paper.
J : e : P winad i omo oquool . U T

' H o Rl . Diy Lt i S an
C. Some Existing Questlon-Answering Systems.
SIEe B L RN RS K siie o1 Longdouade sdsb b gn G YRR
Several computer programs have been written whoge aims and results
SIS SV Sorioawenen v isaranr Bloow -vfau*«\; Oodaw Dod vam ot

are somewhat related to those of SIR. None of these ' question-
IS S BRI F SRR i s re owil shiznos 1 LR Ty

answering" systems uses a model for storing arbitrary semantic 1nforma-'

PooimEl IR 0 ? SIOHTE m¥h SPITAVBAR-IIGI Jouup 04 TO aiwan
tion; and none of them dea1 with the same general kind of subject
LG 8 vosnpse tdt o mabBinc: foopw cwonn inee O rignid
matter as SIR. However, each of these systems has certain interesting
o Teainns wrvose e ey o owyedd zusist VMheabslsol poidse ouge”
features, some of which have influenced,the design of SIR.
St oadnopaognt e g e ttd ctderoadd-oslserolnl Lo usdooe
‘ . B
3 3 N HetiIT SoHE P gE
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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 stwiéd “Hnfemnetion (wodel) ‘consisty of & Tist<stiuctere soontataing . *
all the reélevdnt basebll ghde results arvunied sccovdiwgito a poe« is.. .
‘-Qelected ‘hierarchical format. There is noprdvision £r dutometicatly - =
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 Fui] specEFIaeionlist cprinted Jout. « Né attengt /Ls m;k SRS
respond in grammatical English. | chnaansE el Tgid
The bulk of the program is devoted to the task of translating ac=::nsxd
éue‘stion sentence iato a spec¢ifiledtion=Tisty I THIN Poquiteslosking up gl
words in a dictionary, {BERELHjing 1d1hks i Perferting Ftandat toat
cotisiste ¥t 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 ~tire sprogram; ¢.g. v Wha wedning :of Mwhe¥ g - o7
"Team % 1" - Jiee ‘the gpecialited natave of the subjedt mitter ensbles. s i

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




26 .

problems. :The model consists.-of a fixed structureof iafomakien = |
arradged &0 -facilitate the precess of filking hlauks iw-apecifications,, ..
lists. T St Tl s A n Yoo gmiasun rasapod [eas
The "Baseball" system givea, the illusion .af intelligeas hebhavior SDugL
because it can respond to a wide va;iety of English qgggtﬁoqumgms.:iﬂgéii
However, a limited amount of information about a gpeﬁgfig“?ghggqt
must be pre-arranged in a.fixed deta. gtruchure;vand ehf{; da§§mqt 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

P e e e R R T
PRI F R P Yo ¢ T

- 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: . . , oy Couo Buionh o weToonn 0 e s e as
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) : iy cdms 0o
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 sentemce-list-end,(if an appropriately makching. . .
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sensance is.found; :the ‘jmmtf:epky vhe-emtoacted frem the ootre~ si. .
spooding -aentende iu:the originalzgdepuss’ . oo e do zeomiiivo

Thiks  bea primitive spstem il sevdnal .obvigus pespects:: mny . .
invﬁemﬁgnsm & /sentiencs other than the iftwe “bmeic ;eliomedts, end: 2 -
any sentence vbichk cammot -be anslyzedy tmmoud g hithe worde 1o thed:
qmt&an et e mmly the same ‘as those :in dmmm;h
q'nestion must be answetsble on the basis of & single sestencefrém.
the scoxgus;  and stie madel for the sntitecerpes mwm ssarcived |
lineaxily €oxi ke answesr to sach gaestio:: : thp the Hdew iof w 2.1
model, which is created and extended autcdmmcically s wew isentetdes - -
arg added, and swyich serves as an intewisdiary fovmoto msslst tni @ <. o
finding atymens Lo wm ia an mseexitial: fepture pifrmn dteldds:
S‘nﬁumﬂm systen r- and: is the dwmportent: coukritlore &€ Horsolbn:
Philddp 'maordts:  "ciovs o oou cootie oo am L guqEnn 80l soTi vIliesldom

CeGETER T S 1l o0 Lepiiagn Ll iualays dyoopn v

3) >{SINTHER.!\:(38) This prograim,: written: in: tls:SOVIAL programiing
1msum £37), ci answer. & wide variety of questions’ Meet: inCormation:
S}mihds:inf a-large corpus: of aimple haturel Engliste such-as the .~ . =
wwwr Exampler i s icoswne duns so basess dshom A
inpuf; 1 'Nhat:do’ bisde eat?' .1 . 1F  ouchoicis oo nidenan 8
‘ the encyclopedis): :"Worms: ase eagen: by bdrgeil: '« vIlixeib

gutput: "Birds eat worms.”

structursl (aynkscedic): signifigemce: (dig() " the, duj do,subat)s and: 10070
content words, which:.bave semanticisignifjeance. (w’cnétm;;mcm'cut{ AL

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 ansserdtortheoqudstdowan: «f IJuum Loiizwip

This: system daesn't use -a moddl st -all; othd «temp bele corpus is Kept!’
in its original form and referred- to; wijen necessaryy through the uge &
of an indew. - Sinee the information::is ot pre-prodaeseed 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 semandde analysis, ahd they. wosrld: there be morerdntuitivel y: meaningful
A model based on such semantic relations: sewid sigpifieastlw siepdifyi:)
the question-answering procedure. SIR illustiates:ithe feasibility of i

directly storiag:aad using semantdo w€latiOmey .os . .70 2 o o 2RI

4).EL
Semantip;Anplysdog Machihe.” (21):Thisopregrim; writtea 4 the IPLsV o7 ie

(26) ipyogremping: language , -accepts:ai: inputcmny seatedceddn- Baste 75 oo

P e e ot . . . S IR ek o HITE 37 Tt SR GO e Rt
PRERECE FI S A LR T RIS NP RN S DRSS R | OANRY IU R S S SRS wTE Sl
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CioEgTHS

Engiish (30), extracts from it any Lafobmiiion Sokesring kibehtp;
and adds this information to a "fcmii;’érqf “fiéiugSi;‘ s |
input: "John, Mary's brother, went home."
gﬁfﬁgﬁf*iaiﬁé*iﬁﬂlﬂiri*xféLf“g’EL
they are represented as descendantﬂ“uf‘!“iuunun“ﬁ&déztﬁ'tkE“famtfy e

EIES>]

‘ Q‘EUIlen"!!f“of*plrenfl"w**f e.,

tree. The gremnar is sufficient to ﬁan&ie a couaidefaéle pbrtion of

o

nutural Eagiish in recognizing family reiationahipa. Altﬁough ‘the
author docs not consider’ Quecﬁion-answerlng in’ Eetlil. ft 16 clear that” "

the family relation information 1s immediately availablé in the tree

model and specific requests could be answered almost trivially.

Thiggsygtgg iiluaﬁratps thg effecpivggpga(ggug ggéei 4qg§gqu

relatiquahins vete of incqteqt, aga gﬁg@t&ga gﬁgtj;%grsa}s a - ';
' Then whatever refevant informatigp ,g”;

ma;%fm?&%?é jwes proseseed, (nto this medel, lesyingarpctisally | . ..,
nothing to be done at questiop-angweping time., W TRbed 2d haenp edd
. Unfortupately, different. forms .of "ﬂﬁtutql" mggelﬁ are needed . .
for dFexent kinds of informetion,, In e wre gemeral eystem it ... . .
é‘isht ;be possible to use the best ayailable model to weprpsent, 19@95-‘-;:; ey
#tiov«ﬁ% each pubject avea vug,g,, treeq for family velations, .. ., ..
Cartesian coordinates for spatial.relations. perbaps.just the original
cext in,areas for which there is no obvigusly hgttes reprepeatation; ., .
but that would be a confused system with tremepdoup opganizational , . .
problems. .The SIR system is based.gn s sipsle model which camtures. ., .

igome of the advantages of various specific models thle-perm;nggg P
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uniform processing procedures and permitt}ng the storage and retrieval
AT R B S S S A CUEMTGELAL TaG T dL mel DT T SRR Hn
of arbitrary facts which arise in humgn copversation.

Cmert e |

5)7 arlington'’ rogram for the ranslatlon of restr1ctg§A nglisg ]

g

R

into the potation of symbolic logic 5122 ‘ This program, written in the

COMIT (34) programming lenguage,ﬁtrgnglstes certain English riddles
into a logical fqrmiwhieh,may”then/bevtegted‘tor valldlty‘by»enetherA_ .

program, wr;tten by the same euthor which applles the Dav1§ Putnag

iR Tt

HE N RN

proof procedure (13) for statements in the propositlonal calculus
Example:
input: "If the butler was present, then the butler would have been seen,

and if the'bitler wdd seen, thefi’thd 'butldt wbild Rave bedd- questidned

1f the butler had been uestioneg the the butler would have re lied, .
én’ bl Yt 'wonld "Havé Bedd héard.” "
The butler was not heard. 1If the bu 1e£ was neither seen nor heard,

then thé Butler must hdve 'beén on duby, Hfid {# fR Butlet ‘wis oA’ duty,
then the butler must have been present. .Therefore the butler was .
questioned e AT e inaiin i
output: [[LESM] A RBN]A [NBP] 5 [PBQAANQAT WHAVQIBRI A [RSLITDNT ©
The input is typical of a type 'of probiéh which dppears in elementasy * '
logic texts. It has béen pre-edited t& pEtférm’ certdin’ctdrttidations
including removal of mbst proroufis and insefrtien of necessary mifrker *
words “ducH 'as "then." 'Thé program transldfd§ this tnput, By‘meéans of
dictionary referéncés and grammatical analysis; into the model, which”
is a §tatement in mathematicdl logic hdving the same trutHivaltie as ®~ 7%~
the origindl English statedent. “The “quéstion" fn these problems if"
understood to be, "fs'thisﬁifguﬁénthéﬁlfa‘(i;gi;”nééeSSEr{ly trud)?®, -
and the drbwer can’be obtatned by appl§ing‘establfshéd‘métﬁods‘to“Eﬁé‘"J%

logical modél.

it
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“tAd '{#t Lindsay's Kindhip system (k) ‘#bove; Darliagtonrs program:
takes advantage of a wmodél {déélly 'sniitéd ¢d eReé type 6f problem -~ o0
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 expitdsed in the proposttional Caléubusi RFwilT be dfadussed B i
Chapter VI, even a version of the quantiffcdt{oidl calculus is nor = '
suffiéfdint ‘€0 ‘formalize ‘the -convérsational abitity of SIR; & Procedural '~
langudge’is wlkso necémaary; 0 v 0 Toti il E T R

Sef tEL B
6) Bennett's mu;er program for mgg gggm,g‘ )': Th%! 9
program. writter ol itlie “COMIT Prograuiffnyg 'Feéngiuige P WY acéept *
informatiow and dnswer questfons framéd {in t*iufl m&% of ‘fiw

PIREY [ IS ot

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

inoput: DOG IS ALVAYS MAMMAL. SE
MAMMAL IS ALWAYS ANIMAL.

WHAT TS RLWAYS ANDMAL Q. ooar 0 e ToURe o ciam o
gggp_g_g ” MAMMKL ‘TS ATMAYS ANTMAL.
The input Wenterces mivt bé in one Sf five foruats (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
trensleted futo ‘the model, which hes sssociatéd with every ‘item X each '~

corresponding item Y and an identifying number for the format which set
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up the correspendence. .(The model -actually.ceogists of linear agrings
of tagged eamtries, as ig required:bythe COMIT:langusge.). Similacly . ...
there is a.small number of allowable questionrformass, each asspgiated .
with one of the ipputsformats.and xesuylting. in:a partigqular.class ef; ...
entries heing retrieved from the model,. . .. . .. ..o o o L: o o gl
-The major fegture of this system, which.is also the basic ;featurg .,
of SIR, is that the information kept in the mqdel ideptifies paxticular .,
kinds of sgmantic .relations hetween particulay words.:.Questions axe . ...
analyzed with respect ta, and answered by :xefenring te the model.fox. .,
information about, these samq relations, .Buincipal shergcomings of .4\
Bennett!s system, which I have overcome.in SIR, .includq the followingy :o:

1) Relations are identified with particular-foymats rather than,. .s:
with their intended interpretations,

2) Logical 1mp11cations based on the meanings of the relations
are ignoteds - o ocoaron o Gng nsigorq Yosspias # sonnnaf (G

Jx

3) Interactions between diffgrept Xelatiows argdgnored. . .. ...

4) 1ts string represenhation makes procaseing the model moxs ;.
difficult than necessary.

ifnu jl\f’)}&}’?
5) The user must know the form and content of the model in order

to make changes to it. Claitags PNALLTA 5T 00 .

PR Y

L A N : NP
L N S A ER G N

In summary, several computer questipnranswering @ystems .have been
developed to solve special problems or ilé%ﬁﬂ??@ﬁﬂ&&ﬁ?tﬁi;9®§&§Fies°giiﬁagg
None .of .them constitute a direct Approash, tp «ar%lémsn inrelligant. -
"understgnding behavior for the.compukexs . Alhough various forma: of:
models ave ysed in the. exisking systems,,Jiqpe. represent semantic, relam  .d

tions in an intuitive, geperal. apsd useable way. , TheSIR modet describs

[V N SEEIR AN R - BT T S OIS IR & P ST CINE- B SPE B
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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.
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Chapter III: Representa%ions for Semantic Information

psinvs g wet o abead oy aebivouwe votasfds dren e ot

U TheSTR model 1s” the colieet io% of Fata” WR1R tHE" SR Pibgtims Chh

refét to 1f the cout'se’ of qubstivh-shswerink. " 1 4s o' dyhbini S Hode15 4n

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, farn. of Albher Dumbers ., or, FAxednshs e veGE0KA; 908 #TEaY0F Bumbers, ;
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, (.
ﬁearch, or otherwise operate on arbi;gg;ggggguygquggﬂa!ghgggﬁgqggg 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 ¥
£ R

.aageuinel t Io enceiizsgmos bne snoliigiuonsb Lelipisb

0 SRR R T I o AR s R 2
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is one ‘6f the 6ld edt  syniBolumanipulating 1angusgés; ~“THe Basié dnite 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‘8laBoraté ‘programs dut ‘of sImPlér proceéases dnd té- manPpilfte
arbitrarfly complex 118t structutes,; 19U 265l Troiio Bow Loluweie el e
TEOMIT was-briginally desighéd'te:Be'd:convehient system tn 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 ’ -
extremely useful-For ‘describing pFocadares,-Biach as parsing, ‘'which opeys -
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 6f Fanctidhs, rather’thah”sequéiiecd o  tnstriicetbns

AR SIS LT R i PR T s V_L b P f(’( «4) I 245 0
* See reference (4).for.defipitions oﬁ ;sgapggcgp;iggbterms aqd mcre
detailed descriptions and comparisons of these languages.
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flS

or descriptions of: data forms,. . These functions map symbolic expressions,
into, symbelic. expressions;, the, basiciform pf, A LISE, symbalic, expression .
is a himary, txeek.shich, coniapsily be ueed to, teprasent, list. structures.
when. naaessary. . The organizatiop of LISK programs intp functions en-
ables; one. to; dascribe, glaboxate teruraive txee-gearching and list- .
stxuctyrerbutlding operations, simply. and concigaely, . Reagons for.. .. ..
chaosing, LISP as the langwage for programming SIR jipciude the folloying:.

“R Yy lfke TPL, LYSP GPIers’ sdrerdl i gni fivalit: Proframing tomo i -
‘veniences such as the use of mnemonic symbols and the automatic main-
tenances of available storage. cefaviane Isobdeawnns oo Lo

2) Un¥tke TOMET,! complex trées ard Iiot seruttrds -« whitch
frequently arise in the chosen representation for the model (see sec-
tion TP — iy e répresented L rect ol FESH duta,t | S0 ioivadi adl)

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 myafem . (’3& Wr v)w v ud bBloans ‘ro?"[):;f‘f'?‘h‘ Toior o0l (4

Eloode aoldemiotg borovin oy oy SATR T04 CeLunv o abiv oo i

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

SRR TG
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 Niak Jlebom ot oasox DN QT EYG Tty G

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-anvering WWW in the |
previgus .chepter demonatyates that wany different kinds of models 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, R
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 m@méwmmxmz

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 answers from the model. Neither job must be prohi tively
complicat ed o hime-eomSuming. ... Lives (VI wsa3qpdd sec) nzaods viia

Modél8 ‘biseld upon words' and wordsadssctut fhvd @r i bést candidaties
for meeting these requirements. gL ey Labd i a3

Words are the basic symbols in most natural languages. Certain
words, usually verbs and prepositions, denote ' Betvhedry Peal ¢
objétd. "I THEISPR Wodé] T SRITE G Woris Hiiekivelves to represdiit 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
o DEE awlod woimesnuiae-tai] o to saoliioitesh xcl {p\ SECINT 558 *

classes. caceracrn oL ety Ao (1@;“1«»!}[:"3:}3 brin jrey b3 e




Before %gfscribing the kinds of uaoclntions actually used in the

{ (%51 0¥}
SIR model,“3ét Qus congider a simpler word-association model structured

soleﬁxﬂ?y clasaaTﬁEIu|{3n T'c™) and dlaua-uzabernﬁi ("Z”[ rélatkions: "’}
%,,_ ‘‘‘‘‘ pluidey Ll 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 )
i Cileb [isd weg-sos anod
its ude in" éfﬁm """" fE]in structqred as ﬂSlIows?’ fgﬁ X ard Y be words

Grsmow} ool IR KR

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, ’0 A S ...)(lj

ing &o uhe fqllowing rule: *f?:Y if 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
god 1S 3z00%

by the criterion: a{B 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" §
wWar :~ aos i »33_‘:7

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'.




a: NOUN TREE

.‘faf :
something

I EEEN IR SRR "{ 3 Qvi'?-'ﬁ<ﬂ“?€$ar'§dw BEAANEEI RS S

rain ~ toy (:2\3\\ vehicle . .
] (human)

| T R i B SR TR b .J; Lo ot renitend ir chdiena
boat see-saw ball doll _ train animal ’ — '
e v ' ) I R ST IEEUEET IS, 2% B

Betsy Lee ‘ man child (woman)

o g

airplane (helicopter)

I T o7 - A
; HERA 4 3 B Gt .

kitten pony rabbit dJ; (:ZN\\ - (farm animal)
PESTERI ol By I-EUNE, P W, g is anbh s i FET-U AL S
I [Jerry Jack Mwaa Mother

. Y - . . Yh g HIA S M .
' l: :. RSN 1t . ' 7. G I EES AR ‘j’hb: i‘ i 11 i “

puppy Mac cow (chicken) goat pig

Jip

rooster hen
::....-."..'.,.‘...ff..*.x.;’..?..::,.‘..v._‘..-y.‘:j.‘_.x‘;i.. r'
b: VERB TREE
; oo ek
do

(move)
NPRLGT TG wEi

run jump hop fly o
H S B : ' R }Ir B 2 k
‘ eat see laugh talk,say
IR o P S S D 5 Dot B SIS PR RS I S Le PRt

n.-oo..o..o..otc.-‘o-.uo.oooaoi'-u'ohoool--..'-

CETERIT S L e s T S e B

FIGURE 2: A WORD ASSOCIATION MDDEL
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R,

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

node 2' . ) ; L .
ralYe modurvaoT ran sk Teow snd el f0FUL i.wS% Lend ahed ! : 0
diéi 3Only qnqurgsl Lbelow nodea 3 or 4 may be lub,,jects for \geEbg}bE}ww

Thi “Zodplite 'Bodel, “combosed ‘of "trek dttuctired ind sut adents ‘about
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 "déintrgFilneds® of New sdmples of tett TSNS 1A fuab 100 {5 ted ‘ThES ©
a syé’é‘ “WiLcH Uhes "thid Sodel, Fne’ piokras Woufd éi’ﬁb’fyﬂﬁgve’éo“fﬂé’eigts €3
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&hﬁﬁggfia? %ﬁgfan’:’ﬁ%&éofh{e"fﬂpdt ‘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 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
prevert fts ae tn d' gendral “shnitit1d 1A fSidation “Hh AR Wi,
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&f&€m&“f&€!’ ] 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 carefql],x §e1eq;ed agcoﬁg;,‘ng

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

‘ B Tinl L e piginno on womoa ae Cowsnony wolod soaon o o fhEE
simple and useful cross-Iink statements. This may not always be pogs%’%ﬁe,

and certainly becomes more diffjcult ag the number of relations con-..
sidered increases. . P oot

CEEETY Lm0 Il ARy

R AT S0

The model used in §IR is a word -asso¢iation Model similar in g,qxge

G

respects to.the ome just described, Hovever, the werds gre linked in, |

a general manner so that ng particular relatiqns .are mere s;ggifigapg

I i

than others. The model ig constructed, an the bagis of input ;%“5%‘}%?{%’ b
completely automatically.. Descriptions of the Jpehavior of particular .. _
relations, which roughly cor % pqp urahe Cfosﬁ-l%nk statements in tl-;e

above system, are programmed i into SI.B raclger than being part of the.

SR EEL0

model. . Section D below describes the gctual medel uged dn SIRy (s

S & GII9ET

: P - L P AP AT Y S S ey ew S A
LT e bt gmy et minow teham s fioeed Pomaeny oonttd oeas

C. Semantics .and Logic.

PR . : " e - R LI < F s
o ihaty wod o dsud ol (N alaoldodb wo rnues

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

TR v I1anebl vluon

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

sent the "mear;inge" of IIQ e St%tewt,s)gi ﬁ)nd(a;\l}‘gf%by he]r% Tt;l';T m}tﬁﬂﬂa-

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 answe;q ue tiqps

“ft)‘} 'T"()f"

Lehw 8 .ta k .a more

Diiifigd bodbro

PR RLE W R

detail?fi loolsgt ’]:081%8]:{9%618& 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

g xas it @iy

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
4 fgmos srow dioom ad o mimemmiste Anil-sents w03 auvod
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A relatfon is thue of dertsin Tndividuals 1£ and baly £F, 44 the o
model, ¥hE ordéred norile of thése indiviivaTs e i b Tetert o the -
set cofrésponding €5 the Yélatiow. For emiiple; s Hod¢l for & logkcals s
system ‘desllig Wit ite ‘atural orderidy of ‘tife fhtdpirs dight huve sy
its WedeT ohe Wet 'Of 1ibefers (66 The AMEEE 5T Had ot Vartabregys *
and ‘s et Sfiiiered pairs DE Intdfers SoriBspondiLp 1 Wi Vit Y ol
(less-thas) relatioif:is Tits Tattéy set would TOHEFn €1Y pairs (v b)
for” Mi¥lich “Intteger’ a s truly Lésy thad fhtegeér T, Ple.l, ‘For whith the <"
statemint ‘z&@q‘.,w. Lol goorLide G0 Balquaed Lo oL Dorel roan 1o
. fege setiaitic Modely wre farCiciflaYly usefuk in Yogfc for - 4
studying certafn Propertfes, surh a¥ con¥¥etency end Complutensve’,® o cus
the associated ‘Foitial wystems, THEY aFe hot’ Fenerslly Wy uséful’ os aids
in proving particule¥ theorend, Ur Uiy the’ Powdibte  fotetactdvns = °
‘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 Wiﬂﬁ.mﬁm Jn?“wﬁo: Gaom wikd oo wr omval Tad Tode e arrd
The' fden of Yepresunting: & Telatoid by ¥ skt of riered n-tuples
is a goodstarting pofnt: for & question-ihislieriny s¥ltem model, - - ! his
However, certai¥ wbdifitations are necebusry s Fidee wel sie iInterested
in conversational Bbitity fh the’ comipiter]’ the MrelEtRens™ in our - 5.2k

model should represent concepts which commoauly 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'
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relationshgnvqlved.3:§wggw:ifi“czﬂmiﬂﬁéﬁéﬁe&iﬁ@ﬁ%&ﬂ%&ﬂ&i@ﬁ:rﬁn@xiﬁa:ﬁz A
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 pewer considered in foxmal Jogic butde of pkime impor- .,
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 choigce of the description-list, organiaation for the actual yord
association model used in SIR and, desribed in Part. Dbelodar:.  iiiyio
Although some, ideas were borgoupdrfrom logical gewantic, ...

systems,: SIR. 48, not; directly dependent upon-any. formad, logical - v..q i1
mechanism. . Inefigads, the model. and the; progeams sich ubdldae 4t o ouosd
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 soreadwanced . ;. oy
system.  Such an extension is; the. subject,of Chapter; VI. .. avivne ol

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; & . ;..
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desctiptidn-1ist s¥tictire, the relutlsndlised-in 8IiR; "and the pPedise’ -
represeitatisid foP those reldttondy! “<sigmuy vilswysidin waps ve

3003 coendyl g @il @oriovsoslulTeeed of brifg bED HBL S00TIEIL0

vy "Pesepiptioniifstss  The ‘mBdel YASSIR'id Bised Ladgely dpon - -

the use df ‘deBdPipEiffi-2fdts. ‘K’ dedcripflonI¥at Y14 5a Hequdned=dE = -

pai®flof 81 enibhesVdrdd FRE Enttre TistCiy ‘EBsdtfabed Gbth s pdreiddiar
object, -PHe first '@feémefit of 'dafh pair td tRe fake Uf ldd dreribdte s"
app Bid#BYe to & ‘cYi¥s 'Sf-EByects, ‘ind 'CHE§EcEHA dEERERL J6 £ L EHe ‘padiy 17
is the value of tR&E 4ttifbute for the objeéF 8dHéribéds Pér exdmple; ©
1£'the 'object fu the Adfber 13, its desctiptibholive Bight “dontdin the
following sequence :3f ldttributes ' (undértiniedy and astot thted vilued: ="
-FUCEESSOR, W;m.ﬁﬁi"w_.“éﬁRW?.?i”” Tayblvibel oz siosiuau
The £&deth#d "3 ¥p gn odd “wilber ‘Eodtd "HRYE Ubdeft '1Adfrated -sitipty 5+ '
by EHe Fidderice ‘ot [l “drénttidtd OB, W10 [ty [Redod fated wdtugor-© 21
or fo'Vatde at ‘affipgrovided tié “dystém détfig the BHOEIEionstists ¥V
is capablé of TedognEring suchi & "Flagi™ i 8. ) VELdeldsu dretibupd. -
¢ lusd of "“CatH” might Ve 'deslribed by tHE ‘Bege; 27! vo hoiiioos
SOUND, MEW, COLOR, (BLACK, WHITE, YELLOW, BROWN); “LEdGEDNESS;'&,:¢.
Note that, since the color of cats is not unique, the value associated
with COLOR {# a ‘PHef of PosslBLE it "Eolabs. TICES48E838ut@ 4k paren-
theses ‘Hdfeatéd " tint ‘the et {ré 115¢ 6f CototE rs °# s fhigte ‘element ("
of the descripeidwstysge, -~ o e vonosduse deliwid of sowita s 3w
2 of iclgh Y1 fustrate ‘the way déscripbioniiists méy 68 ufed by Conider-
ing tHEYF Place!'tn the THL (29) programitrig’sysredly “By conventiof, -
every IPL dutha Ifst has ‘an adsociutéd dedétigtiondPEke, - THE &Priifgees’
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on IPL .descriptien-iists axe; [PL. symhels,. .and the valyesare symbols ...
which may name arbitrarily complex IPL.list structuyes.: Basic IBL...,.-
operations can add pairs to description-lists; others retrieve the
second element.of a.paix,(a valye) *;féﬁméhe;‘? degg_g;_g«g}ggggggg‘;‘ggve{* ithe

first element, (the at¢ribute) gud, the pame 9;35§9:§§!‘9<{4ﬁ§§:}1&i§&’*;wax.; nidd

An attribyte cap oply qeeur.gnce;on, any.one deaqtiption ligk, and the,
order of the.attributes gn &.descriptionzlist is.igngred.. Thus, .. ;..
descriptionilist ,qperations simulate an ageqeiative memory containing. ..
arbitrary deseriptive.information for the desexibed abject. . .., .ny -
.+ .The LISR.syptem.(23) utilizes \propertyslists" which are uged in .
much the same.ways as.IPL descriptien-lists, 19 -LISE, .the descrihed ;5
objects are individual wor@gA9§v§qgo§§gAﬁﬁu§%§9,fﬁﬁﬁxﬁg;tgggﬁgg§&§s.
LISP gsspciates with each unique atomiq . gymhol.a property~ligt, which . gy
is a deacriptionzlist.allowing the wae.of ,flags As well as akttibuter ¢
value pairs,. Althoygh origipally provided tq facilitatq the ipternal .
operatiang:of .the LISE :gystem, property- Li%éraﬂ%y; e Aearched and. ., . ;
modified by the programmer,  The.madel in $IR depends ugon the uge
of property-Lhets. g LUy Lo ¥0ATE ) AGIUL WM TEI0R

s Yo 5oL iEgd adol

BB ERPIR A FLI S P E ST A A A SRS B RV EA
-«.2)., Model, grgapization and development:  The purpase of the; .y
model ,is, to.asgist .the .qomputer in understanding and communicating . .. i,

with a person in English sentences. SIR works only with simple .

IR

T T

-sentences which consist of .wqrds which denote real oblects ar clpsses
of objgcta and words which express particybar rajationshipg betwesn, :
the ,ohjects and clasges. .Lf aue considars the objects 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 {nterpteted 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, tRE verb I§" uhiidlly 'detéraiide 4 ¥dE Pelation, THE FSrHS U
"Every X 18 4 y" detdtmings that clads ¥"14 ‘4 4dEaeC of ctdad’yl" o

fﬁjﬁhé”éoﬁ#éééfﬁé&ﬁ#eééﬁt&étéﬁiéﬁﬁ“ﬁaﬁfﬁ°oﬁié€€i§’aﬁq@elfdiﬁ”fﬂé”?
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-

e ~
<

LEN FE L S TS PR =g31;'1, ‘v-xd N B RSECES SUR RN & S0 i F SR PEET G

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 “ﬁnﬂﬁtﬂﬁ"‘of diiple sedNtendes. " kd Pdtd¥ndicdompdter

-#elational

iicawedn; <

reprgpentqtion qaa Ehen found which

oo ¢

information, secuwéd gendral éhough to: nédﬂi ‘fany oéﬁéf&ﬁiﬁds ‘of Fetwd® (¢

tions, and also had connectivity and accessibility properties which make

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

RSyl
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recqgnizing sentences which deal with the given relation by their
syntactic forms (see Chapter IV); selecting Televamt word tokems . . .
from the seatences; and adding to, modifying, or pgearchipg the model .
accarding to the results.of the recognition process. The gearch =
programg are designed ta "knoy" the peculiar properties 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 recognition forms were . .
introdyced, and existing ones modified 1f any aubisuities had heen

intxoduced; and search and response programs for the new relation
e Ci Logiivi vl ity CEDINNG T IaMES Il DSl ina o I S 5 i

were written. Search programs designed for relations already avail- .

able in the. system were modified when the old and new.relations.
"interg%ted"t . W

i The relations included in SIR were chosen becguse they demom- =
strate various aspects of the information normally conveyedvin
human conyersation. They were introduced in the following order and
for t}}eﬂrea;s\or%s Stﬁl;@d Levygend SR VAT

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

of WQ§Chigegp}eva;¢;§wareg_, S DR T R S

1) 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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A4 anaond : socrdsley leiansg na soail
different “from, it interacts strongly with the set-inclusion relation

eivlcn M guiieise Ga a3l Dete W anoldsl syt sonl bhoxotosst
.and has several common properties with it pernitting the use of common
held ovEs B S00 Tt i § é(x} PEogmevuay siyelonb; B N i 300
subroutines. ’ '
:ﬂ S R RV Sonns o xood id soldolan Tdew
c) Nuneric quantity associated with the pdtt-whole relation,
St osisubloibal modt sgeiogsm xs YA bas [H 1 Apldl e n

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

TR (\ s "} XL f A z ((”n) bk 1 4 3 s 15 foue ming
tive information which must be carried elong with re 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 ~ X {'.';trs..-ifi; )/ el 11 .\‘rbaej,"f N ‘:r) IO,
different, more natural-appearing uodel.

o

Lraew wms 0 16 nolled St B dus dO S0 VARG Lgas a1l

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

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

§osd o mOXT edeisw dabi 1 o8 3eds Proeny slagd ol aneis
("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

2

......

RS TIE TavH L Tanioas 1o »?{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

csag e ot LHLLD JUAASL ) wisg sdd goibbs wd beaslibot gl

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

el ‘R 0T . 5
releted to the described object by means of the specified relation.
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Since 1n general relations are not symmetric, relation R must be

-

Seef gt ik Sow vighetds elosisdol b omexT duersiiih

factored into two relations Rl and R2 8o that if relation R holds

Yoo vmer Ll TTwr eslirecos sy JEi9ves L Doa

between x and y (in logic terms, if (x y) € Rr), then one can say that
LCatdadn oo

¥y stands 1n relation Rl to X and x stands in the inverse relation R2
7 6300 bhodsioouga vIibinaup sinsmil oo

=

to 3 One may think of Rl and R2 as mappings from individuals into

Trencs Teoous ’1“(? rurdslar weg B Iom 24 [ ST TR

sets such that { ,y) R if and{ only in yé R1(x) and xGRZ(y) For

dnae dobilu R

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

L0 ONLoRLin ar GiI o sousdec ' 7:‘ ‘myorlyom.

<

and R2 the superset relation. Rl and R2 may be named by the symbols

savis dnchivioel o osaliToote oF nortosils zevhupsy duld Sod
SUBSET and SUPERSET. 1In general, the symbols naming Rl and R2 are used
s s ! S A S

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

¥ TR0 ea IRinY PAELy drgiael w4
if R is a symmetric relation then only one mapping, which may itself be
ot zor mod taicr o hapd dseaolilb oo wel IS
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
[N ¥ i )j A.,,, -"'i“” ot “1’3, ) 2 RS 5 );1\4‘"’$'1“3-£§
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 eaozoudts Tote

just to the right of the chair," then the attributecvalue pair (JRIGHT,
R SIS LewziEln dos edusbdo (657 sdonsh dobhdw abuow

LAMP) is added to the property ~list of CHAIR, and the inverse relation
CHUIInGE S e DR Gepunt omYoeiccansdnoge anr vd hossvouolini sl

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

LAMP; )
CRET Ll s o DR s ot ¥ Dodouestnd 30 vaomiolang o

fR holds between X and z and also between x and z, type 1 1inks
B s vl e 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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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

Deneyh T oLng oLl ownd ool EE SR Pyiw adsolaummes 1o
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
afdd fddxiv bsors sy sw L EPshos s soeonxilize ALIS esonikd Liailgod
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).

SAxsY sgnunnsd

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

9Lnde CooYwiugmon 2 odo piilidn eng mr gL coualdnd virunoly
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
G geadd u"‘f.{“ sy s fé ~r‘al ;’:’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
~obrrl v L1 Lmodave [aw avomeiismnote o olsonmee Dosoonn vomibnsdo

that in the case of'“hando" there are exactly two such parts.' "This

wi oaToinysti bo o ddulr TeverdsT BOs 0oL teIASRo a0 sl 10 tasbraaa

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

SIS EY e ifa G sl boovsd bruolopoon
an attribute is a list of items, each of which is itself a property-
vt b ivo ostln v idsita adiwosal Iieds T oyetgsris Soal
list. The first item on such sub-property-lists is the lag PLIST,
slime (31 zengya o a.ow N skt eunivel sny bas owmidouwg riaiugrll

which indicates that a‘property-list follow:. NAME is an attribute

ClaT loo Drra i wi shdpbostayabng Pl Fipa

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

R TeN S forticd &
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:
prIvrLIEL Tol pduila %R LOIBWHAET 10
(SUBPART, ((PLIST, mﬁa mun. NUMBER, 2) (PLIST, NAME, FINGER))).
-ive oA Yo owiol sdt  seey vio yiiew oy nl L¥s3ugmen Vo ghieeanety
In the interest of generality and unlfornity type-3 links are the pre-
BRI TOOd R oo LEUoiudoed e 3wna by
doninant mechanism for structuring the nodel.
W ST E SIS ey v e B de et ey gl ool s e G, s 0w bdsaang
BRI EY i 1 Yoo i i o dneion b I3 cotgssl nld
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Chapter IV: SIR Treatment of Restricted Natural La uage

cped S ot = & tuuf 3o bastepi sumer-sosido 3o 33l s
"""" 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
Tia v i . EF SRl 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
_ sdieiEian odn 1o walay odi nOosELg B £ 3ushe STIM s

dif icult problem of extracting relational information: from natural

R dy wai sd madl bluow WORATY o ERTe (30 ¢
languagae. text. o
Mit i :““".‘if“’ £ DnligD N Gyl ditd .i’.') (VV: ard’?
I am primarily interested inithe ability of a computer to store
ERMRETES £ unsbitoeg pullemoolal evizgliovesh vwlloooizgono@
and utilize relational information in order to produce intelligent
X R T EE TN O S FEVILE S TRe - ER SR ad Zeom poldRINT B 1o 93097 SRS
behavior. Although the lingU1stic problem of transforming natural
cedd o Ean ongag oo Lgmar s wod Lagelas rovaslsy ads 1sd3 iosi onizsd

language input into a usable form will have to be solved before we
<o e Yure wr o bosd g 2sd% vino Josose liowmd U

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.
GG 3 duidw to dugs cemsll Lo il B ol oooudiiiie 6o

In this chapter I shall describe briefly the background for the
i oug-due doua mo medl Jaxii oY 3ail

linguistic problem and the devices which SIR uses to bypass it, while
f; ;\ 5. .ii"(..a,\lfi(qu B .;.Gu( "Mf};) Tty o5 :";:V.;
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
T A AR (v M L avAs HMAY L TRIJY)) . TRAYGUR)
processing by computer. In virtually every case, the form of the ori-
tmugy s vdoamtedion s vdllsteosy Yo Jweyodal ooy nd
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.
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Thé' ob 42t 0F o3t 6 Ehese bystéits 15 ¢4’ {da¥Ity*¢He crawgfcdi ™™
grammatiggi g%ruégﬁééé'6f“éﬁé@geﬁfeﬁé%ﬁ“i@rjﬁaépgﬁgsﬂgf Yengdigtfc " v
analysi%fmﬁ%cﬁaﬁiéafuéfﬁﬁgiééiéﬁ,539iiﬁf&fmﬂ?foﬁﬁrétgigvif.“3ﬁﬁ§§8 MR
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”
dardsiaehiiﬁﬁ Witk 4 PPicelte 1aRgulgeoRRUR1ALM T10Y2 THUPET CRE 0B gt O
1s to determine Whelhdr a aivéh ERg11eR tdtenblle (13 4oC38Hhce dBbapEBh
about geoibtrical telationsh1pa®1h s gloud pidtude; ERULEIB OERY 1 T 1
"meaning" of'the’ Yentdncd 1i"cHitical’® 1H'fedeatlife”dued! 4°¢o" rdhes”
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
determiﬁ&ngiwhégﬁé% ihéifilﬁiia%h“gﬁ 2e{ 14 by*ih%*p?éﬁicﬁﬁ%ﬁ*ﬁ%id}”’””:""
for the given picture. ~edoae PR eviiosin

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 Félat 16841 statsment s, rather thah -k Thdbpebdene 13 Piovided:
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"picture."” 1In the NBS system,“the Pprocess. of trana;Qgigg‘gromrr" amon
English to the logical statement involyes u .38ing. 2 %gmplete phrqse- ourial
structure grammar for a fragment of English associated with picture
descriptions.. This scems like an extravagant approach, although it .
may turn.oyt to be the gpe begt cgpable of genq:a;izatiog Jin fb

present ygrajon of SIR.T am nqot comcerped with congiructing ﬁ,,ffemehwr is
logical statement of the ge}at@opq\recogp}zgd fre mgghngggl;sh sen- .

tence. .Instead, the recognitign programs directly inyeke the 8ppro:. ;. n.

priate storage ar rgtrieval prograps. to deal with, the relations . .

LER RSN LGE TGN G

recognized. I call the process of extracting relational information ,

PV L0V

from English text 'semantic paysing.”. The NB§ work deseribed above

v

points.tq.ong rathgr expensive.gpproach for obtainipe thig relatignal, . .

il RARETE

information. .

-

Goarney (8).has studied, e Tslation befyssp o8 e 898 o3 ad

form and qudgms§9%§§§-;wBsi99$nbgsbg<§4Aia§sz§§&??32,84 plso.diss o s

cuss the semantic parsing.problsm, and othe 9a§?r8%§§§§9¥i%l;“9: frrimpam”

w

doub&félxﬁhegdsx¢l?889;bxf&%P&?%ftfs§9ﬁ3Pegn£§£;fg%%%?sﬁ,lf;f??ﬁf rig

2381

gu;pris;gg, ghag tbe §imgle ;ormat-;,, .

i3 AR LG gy

mat°h1n35§32r9§9999594uiPﬁSIB’ Bnd discussed {p part B below, is ae,

TOEE T os BB IS

effective as it is.

Rt i1 v i R
A S e 3 g et Pova de sy g ihasce HIZ ooy o)
B Input Se : .
. P S ntence. Rscogpition e rodt edT tu YRt wd tnfimia e dong

SIR,s0lves the gemantic parsing pyoplep by regogpizing only a . . .
small number of sentence forms, each of which corresponds in specific
ways to particular relations. The allovable inpyt, language 1s defiped .
by a list of zules, each of which recognizes ang .Qpgrates 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 approptiate
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 consider the use of these rules in detail.
503 ic egnrualo yoininsmey »dl Jisbom o9y coad guidsmrrolnt nioctran
1) tehi edure: Shukhd: B

Grridicesy Iobi 50 nd Deilgges sodw ol arslduaed ots Inil 10r3oe
‘The. four compeneénts of a rulg are a fcggg'v a list of the vari-
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 synbols which appear

COTOADN WA BUHEY {TY9A 14s) (Y X)) {7 A BI XY

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,
fAodde noriooud oo Yo ousg ant s CTHAT TLnDREET AT dity ¥ bas ool AY
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,

MOITYY e UTAAT o owdinv o vz Lgmirde sdd al lodoyv. booosa
The applicebility tests are then applied, one to each subetring
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
o3 onaase dinT oo ’ i AY s YYOR Y syoividaduz bododner died

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
saoA 1y onnnyora oxnd (sosasigra feblapd to o umat o Teiou
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
vieg s gk grmreys wgltogd asmsd achion sad punierieito sunsInse
results of the applicability tests and communicates this list to the
cwddonr g e shu ooy 3T ShC il ocoaniiog oI asTeTer & eodoved
last part of the rule, the action 1ist.
ce TR s oEIIove sl iRl BTnoove L Ludons S0 osrmiane ad
The first element of the action list is the name of a function
iaaE Lt ol o held vl oceem oy wern A (D mor2ea2 9os) panogast
which will act on the model to perform the operation required by the
DEUI NS ERE P ¢ S SRR ) TGRSR TS S g §1- ) Jzﬂu..;.mﬂ ROTETE To o es Lo ooy eurty
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
chanrnl ogn osmsiut osasad Fo swi ol sLienes »u
certain information from the model. The remain%ng elements of the ~
OYqg uoraslian Isagros (f

action 1ist are functions which when applied to the list resulting

TLAEY & z1p alur 8 3o gigsnogmon yool odl
from the applicability tests, produce arguments for the main action
fefeinpn L3 Toozadl s Ldmemtat gl ool JEITRT YR g
function.
FkH FRETIS e = cLlnowd wd moagoos wdd gnivikacoe deibl Vachs
For example, the semantic parsing of the sentence, "(A BOY IS
Jnodsniaw w il Frrivie poyloas el ogwurret o Ladent edd s
A PERSON)" would be performed by a rule such as .
T Gomlsamee seorll salones esldaboay To sedl o adl Lubrow od
((x 1s A Y) (X Y) (ART ART) (SETR CAR CADR))
slocas sy caniae LiA ottde sy A6 budRsid 9d vivutde doinw inaiol add ol
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
sant a0y hru oufsdnos ann moswded Yy eriaelimae” B oai o wunednns 8 oo

same order. Therefore the variable X is associated with the string
agE in sl b winstanus ) oeddedw ase o3 wluay snt o ism

"A BOY" and Y with "A PERSON " "ART" is the name of a function which

IR Lol GG D Lsomadana it onl o vsbta smes oodd ol
tests whether its argument is a string of two symbols, the first of
SRR 5 Jdneriot odd o7 oasll Lowarsanes sy 23
which is an 1ndefinite article. If so, the value of "ARI" is the
nisdedoe Tiooar oL ziodd d¥ s bcliiounnl s
second symbol 1n the string. 0therw1se, the value of "ART" is "NIL."
PRI SN PR IR S T ¥ civnoe kg s oL tand o ydiirdeosclagns wdl
In this case, the same applicability test function, "ART " is used for
! W 2 Feasi o seodt te pood « ,cxd& b ',a‘ S B S

both matched substrings "A BOY" and "A PERSON." 1In both cases the

SETITH : DG IR EES et Too pod iormet byt bhioage
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ﬂJNJ;dme danees Die
results of the test are positive, so the values of “thHe two evaIu tions

s it 3 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.
toe et el omoilicegs "ooetsg e el ved yisvdY sore ins
"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
Fresais fin Upile B2 ”vr‘“ ot sl Yo swesis aslunidusg 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-

3t Po 3wl ool ol gniloogestred (Aoll aolsulomi-dsas B wshdtis 2038370
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

26 Liowr o coabdgkuny yd Ty oiam anly3a odd ol sioiIts 27 o sl
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

I T T G s g T S S, <
¥ PR i { [ SRS SR PRARYES SO I oA £ ey o witi i EEFREEE

Format ambiguity is a Programming dev1ce rather than a true ambig-

RS RIS s dsanesy UL AR bre R ST ] i
uity. It occurs when a single format (and rule) is used in order to
i ian woroebie oong bas L TRORAZY LVGEYY zaulsy sasdy Go oneill il
save space and proce851ng effort, even though several formats would
i i e dfiis g J R R Te TR st a2l VHTARY aaal

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

LA . e e o R ieT palaed o e imE 00 angIs ey crild

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

: TP
[ L IR

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

EALIRE I SN BTSN ,r,‘,‘,r',,_y's LG LT wne dgTIN ada ges o ERs

that some particular element of the set "boy" is also an element of the
SYGA vy en’t JOlIdoond ien il oaiidy tou A (AORAET (Y0 el o sin

set 'person These two types of sentences could be uniquely recog-
ooLdstuT L0t wtonzon v Foboer ol ¢heduonags s 1POEANY
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=:

AR T cooimel morwoesd deipueat sl dor wsTh soedoe ankaiouonsr sl

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
o Ervast oaal e AT e myseddo o add Lsetwos 10 LanelvouT oo Foun mohino

above interpretations, or a set-membership link, corresponding to the ,
vrodusb o ore cdesle ey eowl inevystish sdiun clliepen us wa o {0l
second interpretation. Instead, the applicability test is the "classify"

¥

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

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

Cw e fe omedey o vl oy Dendvete ad Jaum inpdw pananorr 20 Latand

-
ai.

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

the noun in the string.f The action function then used is a 'select"
E S R 8¢ sy o=aluy eds lle o ogalbueil ooar o L

type of function which resolves the format ambiguity bygexamining ‘the
so-aobtoonp Loon haox nd ol el otiav e sl i inogoln

ndicator supplied by classify“ and then invoking the correct action

OSSN T 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 wards
5 # dellgnd ot colisfemeys aveds odT :23i3f I

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,

LS I EURNNS S EI TSR i T A Tovifnsy don Bgioeid7 Caperrat ilogs wd ET R EE
SRYURLAG et Dl T AW CERGERSTY ol F0 0mc G0l Dhed w0010
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LX TS W) (X w) (CLASSIFY CLASSIFY) (SETR-SELECT (AR 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)
tX 15 Y PART CF £) (X vy Z

(Y X)JUSING CLASSIFY)

(OWN=SELECT CAR CADR))

i (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 1) [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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" e.g.,

which may mean either '"to have attached as parts'" or "to own,
"John has ten fingers'" ys. "John has three marbles.” In a case of
semantic ambiguity the "action" function is a '"resolve" type function
which once again has the task of res\olving the ambiguity and selecting
the appropriate subroutine, rather than performing any action on the

model directly. However, theﬁmggmgy canpor be: r‘egdlved on the

FIE-RWST  (YII2EAJD YRILiEAD) LY &) LY

basis of any infomt:bw waihiﬂmdm«thg qﬂgi&i%é@gnce. Instead,

CLRGOAD  WAD TIIJRCLRTRASS
CroBMC TRAR A 2A ZAM X

the ambiguity resolution depgx}d; qpontmire}hﬁsgqgtﬂgm in the model

TE OB s HAD of ShEMI
FA) adﬂ PRI TN

which were created:on fthe basis of @rm&@g,gﬁwwus sentences.

Lot w;cx cx o MT oY (00X MO AT 3RS Y YARM WD
(RAQAY  FAD  TIEJIE-LARISLGY

Section UB of this paper contam amlg gmﬂﬁﬁ*m ﬁ E‘iscussion of the

Ly X} U

PR v

processes used, and furthe'r' d&seuastbrrqggﬁmicg?‘

“éan ' be found in

S TEHTE TNY Q

SeCtion VIL.D. vl Zadl T iy x)( (r‘ii

C. Output: Formation and Impertanée afimgnuggfg

wwwwwwww ioadani ot ‘fﬂﬁ'fr'ul"‘
A% BAY 1D333<

As with the input hnguage*,» SIR ! hvb;,&s qﬁ:éaﬁgbl.ms of -natural

e FIeal EVAIZZELAT) kS )
7’ SEALS UL IY Xb (D 7 30X *F Eh

language processing in its fesponses, The response méchanism 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., &EJMRéT'%9%&°ﬂ¥Mé€1§“H&":ecognized 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
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programs which use them before being printed*le.g., the form;,"I don't
know whether*¢ is part of *%,! which:is ‘printed, afnem the **'s are
appropriately replaced, in response¢ to certeéunquegtions-about part-
whole relatioms.

One principle used in programming this system was that SIR should
always make easily;undgxstandeole»Ef?ortggofgit;—gctions, In parti-
cular, it should never fail to act on a newléuput_seutemce without
presenting a reasonable explanation for itsjfellure.f:1mp1ementing
this principle turned out to be easier than expeCted,Qfor there always
seemed to be only a small number of poéiible?reésoue for‘the failure

of any one search procedure, and thus it was onIy necessary to provide

a few response formats {and prognams &oeule,gheuga'ﬁThese responses,

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

ging. .SIR, in effect, frequently toi&‘me uhat 1t was doing wrong.
The conversation shown in Fig. 1 was produced by operat1ng in an

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
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L ULTS KEPLY o o) , ) , ,
* (> UNDERYTRND. TImE JureRsT in nmwuw&ﬁm 1A B

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

{THE FUNCTION USED IS . .) I

SETR-SELECT
LIGENERIC . BOY) {GENERIC . PERSON))

(l’ REPLY . oI . . i X
uﬁ F;ﬂucnwwc $w i o ol ad o isd wadd anae govir s g0

IBUV PERSUN)

L T ST

11 UNDERSTAND THME SUBSET RELATION BETHEEN SOV AND PERSON!

Ae WERL SEMEEMERIASLd v 0 01 IafG0R s s L oneslon g o hady
(A FINGER 1S PART UF A nAND)

TG

(THE FUNCTION USED IS . o) ‘ .
PARTR-SELECT oo i ley s Toidw
(IGENERIC « FINGER) {GENERIC . MANU))

(THE REPLY o o)

(THE. SUB-FUNCTION USED 15 . ) . . R
L7 11 Y S FENR PEosodn ESTEN TR & I 8) Gawvrsdn ol
(FINGER HAND) '

o UITS REPLY o e

1T 11 GnDERETAND YiE BuBsARTISF-GACH. O SETGERITiGER and MO LD
{1 UNDERSTAND THE SUPERPART-OF-EACH AE unm BETWEEN HAND AND nmn

S (TME-NERE SENBENCE X Te () 0T 6 O T oy Diat avwes Siendds Sk

. VEACH PERSON HAS Twl HANDS)

1y

 LTHE ABPVE SENTEMCE 15 AMSIGUOYS

_LTHE FUNCTION USED 1S . . -, . , e
o VE- - A ool coignpnlass sldrgonnoy o pod dasaain

142 - WAND) IGENERIC » PEASOND)

{THE REPLY o o)

HREH P STl d RN I P

({IHE NEXT SENTENCE IS . .)

(N&RE ARE THO HANDS UN !‘Cﬂ _’ﬁl!ﬂ“) - oy Yo FEETN R [ .
; fait EaT Ay [SECR S S5 T s AVE S i Ter AL IS

(THE FUNCTION USED lS .o

PARTRN-SELECT

LIGENERIC PEISM (2 K muon fa

(ThE KBRS L SR TR S s 1 O i S VTR

oy

i
Piis

W

th 3

RTINS GOE ASNICI re she sE or o

it

11 UNDERSTAND !nl W’t”ﬂ -G°IACM RELATION SETMEENM PERSON aND Ml
(1 REALIZE THE NUMBER RELATION BETMEEN 2 AND (PLIST NANE PERSON))

T Gt '.‘.‘l.i‘-’o" LT3 S ue Cabtn HTANE BTN A MpOR T T30 L LR

. LTHE NEXT S| E JS < o) .
Y ¥ S GDiEs Jobi EhEE; 84 D T

(InE FUNCTION USED IS . .}

”AVG-IESDLV y
wineh apbocs o o Lr Tud
1313 R!PL' o o}

{THE ABOVE SENTENCE IS mlwws
{1 WN}Y KNOH M'ﬂﬁl IQ'

o e

Gaveo cqeil wioo fom iy oo

ve sl Yo 3o

T 1 Atm 1MAS}) mns (MAS AS PARTS))
AN, PR, 10 'l Iresupetl (wsiis gl

vrp‘

{THE NEXT SENTENCE IS . .)

LIgHN |s A BgY .

I5Y W ‘(’ ’b‘a"‘zv~}f} ST
(THE FUIC'IQN USED IS . .}
SETR-SELECT

Copewede polorsatavacs il

(THE SUB-FUNCTIOMN USED (S . .}

SETRS

{JDHN BO

WEYs RED v’uw.m i1 3deyegn G fife s MEEGG
(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN JOWM AND 80Y)~

(1 UNDERSTAND THE MEMBER RELATION BETWEEN 8OY AND JOMN)

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

CETE BUNGTION SO BE LA mo deer o0 ol wEoen oo moldnonmon bhns boee

: vewourimneerioka auno 90, g T

HAVE-RESOLVE
(FINGEA (UMIQUE . JOWN))

L

SR G
tTHe WEPLY . .)
(THE ABOVE SENTENCE LS ANBIGUOUS e+ GUT 1 ASSUNE (HAS) MEANS (HAS AS PARTS))
(F Know SUPERPART-OF-EACH RELATION BETWEEN WAND AND FINGER) .

{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.)
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Chapter V: Behavior and Operatioﬂ of srg

§§ ey ;kﬂ.d

In this chapter I shali*;ivg‘ },qg gt*;xy;ggr §q§VQ§sations with

¥ i S
L he ;s v S PaAwTEE WEETAdN mRG-GG-TRAT f;e@ ;u,.«.,v,

SIR And explain the mechanisms which enable SIR to cérry on its end of
L AW RTEL
W S¥He Rl ,Qs TRt ann

a conversation., These examples can frequently best,. be giesanted with

el

the aid of logical notation, sg formal, qupg;g;;ill bﬁ bxed‘%hen

necessary. Explanations of the standard, lpg;gq; gytﬁﬁig are . given in

Appendix 1.

,,,,,,

aid in understanding the following pagebt& Howezggﬂhig,ﬁﬁbqlé be

sufficient for the reader to know the "fcn[a b]" igggcpteﬁ that the

expressions named ''a'" and "b" as arguments, Thiﬂ_ﬁunqtiqn<qt these

R LI W

the model structure or pr&nmtng com-nutsanain nnce-;ouvun@&ona

WE GBEn oA ,.» SreY War TP RdigEc

"b" as input data. The creation of a single synbok&u axpresaion

AT

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

SEOGRI WLt s iy
¥

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

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 illdstrates the.use ofi-a.different group of

relations and their associated LISD funceious in- the SIR syetem. With

RETS)

minor exceptions the examples ane cumulative, i.e., later anes freely

use functions introduced earlieq but not conversely. These conversa-

Gaie WEGHT S

tions are presented again as Appendix III in the full-response mode
which identifies theﬂfgnctlons u@ed. In Fig. 5, “the symbol Pk 1!
prefixes the input sehtéﬁeé§£751§ other remarks #re’ SIR reeponses.

The remainder‘otithieege;tdon preg59t§wd@gcrlptdons of.all the sig-
nificant functionS’mentfoned 1h Appendix III1 in the order in which

AL ¥

they are needed for the convexsations. The functions are presented in
THPNIREM T 3R

groups which correspond to the v#rious parts of Fig. 5, and which are

identified by the: prfnctpal ﬁftribute links manipulated by the functions

in the group. - . i iR

Each funcﬁionfdeacriptioﬁ‘coisists of thteé“%ifcé?‘a purggse, a
3

method, and a procedyre, The.putpose isxlubrieﬁﬁstaﬁeMEnt Gf the effect

AAAAA

the function is designed to haveé The method is an intuitive descrip~

tion of how the purpose should bé :ch;e;ed:>endyleqnsutlly*presented
in a mixture of English angd lqgicpl notation for maximum clarity.
Finally, the procedure is a descr&ption of how th¢~methbd ig imple-
o PR TR

mented, and may be considered a r?ugh f}og:ghgrgvfgbtheiactqal program,
Notice that the relational struct%re of the model 1is the key internal
feature of SIR which enables the procedures to implement the methods

SR T ABRAVADD J&‘?ESEI}}E a

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)

(eue, 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)

(een, [S A NOSTRIL PART OF A PRUFESSUR W)
YiS

{ane, IS A NOSE PART OF A NOSE G)

(ND o PART MEANS PROPER SUBPART)

(#oe, A PERSON IS A LIVING-CREATUKRE)

{I UNDERSTAND}

lese, IS A NOSTRIL PAKT OF A LEVING-CREATURE
SOMETIMES

(eow, IS A LIVING-CREATURE PART OF A NOSE Qt
(NU 4 NOSE IS SOMETIMES 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 15 JUST TU THE RIGMT OF THE BOOK}
(GO2840 IS A TELEPHONE)

1602841 IS A BOOK)

11 UNDERSTAND)

less, THE TELEPHONE 1S JUST TO THE LEFT OF THE PAD)

(502842 1S A PAD)
{1 UNOERSTAND)

(evs, IS THE PAD JUST TO THE RIGHT OF THE BUOK Q) R
ND
tose, 1S THE BOOK TO THE LEFT OF THE PAD Q) \ .
vis
(soe, THE PAD IS TO THE RIGHT OF THE TELEPMONE) -

peittur sl RS 3

({THE ABOVE STATEMENT 1S ALREADY KNOuN)

F Y e Wit

(nus, THE PAD IS 1'0 TNE LE?T Of 'INE ?Etlml -

{THE ABOVE STAI!“NY IS lmss:ue

{won, THE ASH-TRAY 1S TO THE LEFT OF INE -S0OK)::

(602843 IS A ASH-TRAY)
{1 UNDERSTAND)

(sos. THE PENCIL IS TD THE LEFT OF THE PAD)

(602044 1S A PENCIL)
{1 UNDERSTAND}

MAS el

(enag . o THE PAPER 15 TO THE RISHT OF (THE TRELEMNGHE!

1602845 1S A PAPER)
(1 UNDERSTAND)
Fzuw s oar e uEAM &
{ese, WHERE IS THE PAD Q)
(JUST FO THE ‘RIGHT OF ‘THE TIREPHONEF -~ i Bea Lt

(SONEWHERE TO THE llﬂﬂ‘ OF THE FOLLOMING . I'ENCILH

lese, WHAT IS THE POSITION OF THE PRB QF UL 360 o miab e sws o

(THE LEPP-TOSRIGHT OADER [S-KS PELEGNS) = - —uidiaiot o
[ASH-TRAY (BUOK TELEPHONE PAD) PAPEN) “‘

(TO FURTHER SPECIFY THE POSITIONS YOU MUST INDICATE WHERE THE PEMCIL (S HIIN RESPECY TO THE ASH-TRAY)

{nes, THE BOOK [S JUST TO THE RIGNT OF THE ASH-TRAY)
{1 UNDERSTAND)

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

lese, A DIAPHRAGN [S PART OF AN AUDIO-TRANSOUCER)
{1 UNDERSTAND)

(see, WHERE 1S A DIAPHRAGH G}

(JUST TO THE LEFT OF THE PAD)
(JUST TO THE RIGHT OF THE BOOK)
[SOMEWHERE TO THE LEFT OF THE FOLLOWING . - IPAPER))

FIGURE 5 (Cont.)
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Operation of functions: ‘ e v i ane
N Lever oty . B I VT4 B { VALY
a) Attributes: SUBSET, SUPERSET . .
AL O } ! H
1. setr{x;y] (oo

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- o

3
inclusion. ) | | E
R Trire owlaipa BhopTRS0E
procedurei at g Sl sipel merld

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 "SUPEBSET"“J

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

S b . 2
i ER ERSY

oA amngase

2. setrq[x,y] ;
burpose To reply as to whether an arbitrarz element of set x is ap R
element ‘6f-set'y. " B Booath ﬁxi‘ i il ac

Lold e
i v 1Y v st

A

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 ;et-inclusion

Tinks proving that x is a subset of y, i.e.,if there ekifte s’
(possibly empty) sequence of sets v,w, ... z such that L .
XC*}Q‘V&*\“\ A JRLZCYYULJ it g labom ad3 0L viioags SRR
A member of x is '"sometimes" in 3 tf° ‘tHere ‘t's “# 8R4 fn 6" eiplfcit set-ﬂ !
inclusion 1inks proving that X is a subset*of

Py E " ke iy :
EETIN LT ¥ Peaqgqd 1o owinonl Bty

kb

H P e e A JP
cabdevsdanare tes Lo et
i

prbbeau;reh FESSET {330 B LSRN PN "";f,'; (ISR ; PN

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 : -

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

b) Attributes:: M m MBER , BUEMEN TTS' coamed s soping ot asinasian O LR v

1.° setrs{x,yi

purpose: To Spec1fy in the model that x:is ’ainieﬂber“‘obf‘rfhe get y.

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

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- THe R Y2 i 1 NI TN ¥} ({*i
c. Respond "(I UNDERSTAND)'".
2. setrsq[x;y] )
ae . sty fabon o1 b ¢Iresgs oL TBROgug
purpose = To reply aa to whetﬁer X is a member of the set Yo
wise Al Eeace o n sosntt hotd ey
method: ﬁepiy "YES"‘ if the foiiin"g is?:r?xe. . ' , Wi

(Fu)[[u=xV[u 1is equivalent™ to xlIA coe :
[[there is a link indicating that u is a member of 1]\{

l@”“shesﬁ,ég 9*&195 ipdicating thet.u ip.sumember;of zia.

[any mem of set z is a member of set yl]]

o P ey T BT AW LA T TTiN G p e
i ERHOED Sy il oaulee add oo fw AMAY Tetdd

G Y

TC

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". .

Y
c. If, for any member z of the list, setrsq[z,y]-YEs. respond
"YES"

amsis 1bx3r txg ap iodiede od Sy

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

e, Othaxvige, L T98PQRd,. mswmmsmmru

A‘,~~? L Jid foxs to pisds s 2f sid ¥ioxo o lsoidn 5 %
3. set£559§&¥ f%d Thoow o kﬂ J;«dxe A T I i
1o S83%UP9E (e '}q)

purpose: To specify in the model ‘that tl{e uniq%olwnt (j,.f mx)v of
the get x. ism]&.ao*p)nfﬂ‘megt qu t;),ge 8et x. B e asmor” 2los to v

N fﬂf:'i“; o 75' Voo el
method: Create a type-3 Imk from the uni.que elemejnt of x to y which

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

CHRRYT hacgnaes vex T 8
soiris f eyt Aunsorad v i ok omasioding s &l tods vl . d
procedure : S e TARET <L, o in e
Pu%e ; = q% ifxlxktn- v ook oy moul 354 S
4’5 N L inat%’ Iy .._;‘ 2 san o, dis and
c. Otherwise ‘%?&%F ( .

4. specify[x]
purpose: To determine the unique elementdqi‘l,i&ﬂﬂy,( of the set x. ...

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




R R T A T A S S G e Lo
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procedure:

a: Get the value list of the attribute "ELEMENTS" Qfﬁﬁ

b. If there is no list, create a new symbol u, respo "(u IS A x)",
execute sgtralu;x], @nd xeturn u.se She;velus of epseifyixle. © o

c, 1f thére is just one element named on the ligt . or if. gl} ;he o
elements are equivalent, return the nsme of the firlt “element as the
value of gpecifylxl. . .. (

d. Otherwise respond "twnxcu % . - Y)sijwh3‘9¢301§6?§liﬂ‘ Q.
names of the elements, and return "NIL" as the value of specify[x]

5. setrglglxivl . . - .o iy o 6 TRIdd T

purpose: To reply.gs8 to whether the unique element; §§L’QJ: gg th et
x, 1s a member of the set Y- T .

MCOUATASRGT TY
method: Determine the element referred to and apply setrsg.
i", o 0~:
procedure
ggmgut*gcu = %PQF‘%&YLJQ] [ T - 14 PR I B - M T L
If o= NIL, terminate. L2 oen oo

¢. Execute setrsq[u;yl.

¢)* Attrtbute: EQUIV

1. equiv[x vl

purpose;, |Tq specify ia the madel hat x Aed gﬁmequtmxem,. ;
method:  Create a type-2. lipk. ,bg,tneeg X %gmghm@% gquiv&lence

M ;
T HOAR-YE-ueR2e

procedure: RSN RIS N AC ’h} 'bogaen oeiuwigio
a. Add x to the value Tist of attribute "EQUIV" of Y-
b. Add y to the value list of attribute "EQUIV" of x.
c. Respond "(I UNDERSTAND)".

sRpraesyt QFWWO . oL b
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 Checitun
cobrsion gldets oo oehradn
procedure:
a. Compute u = specify| y} Saooubnrig
P, IEu = NIL= ferminate. Cirond Yia TMaM TBISNGT REA
c. Execute equiv[x u].
RTS8 A P Senopetomp oo agilo o T{y A
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d) Attributes: owunn;nx-EAcn, POSSESS-BY-EACH

1. ownrﬁx y] _ e Co
A i 4\.: : VPR AT I 3 RN L S R S R
purpose: Tbuspééify in Ehé’madei that &vely" ﬁe&%er 6fﬁlet 1 =
some*member af setdx. ’fj j] ””dﬂévkj ﬂ’izvg,L\ ,“.24_ ) R
method: Create a type-3 1ink between x and which inéieates the e
ownership felation bEtveén“their membérﬁ’ """" P woren Y )
[ONS 244 Lo 1 oza ¢_-4 TLTAT D WS sl e Ty LT T
procedure

a. Add "(PLIST NAME y)" to the value list of attrthdte
"OWNED-BY-EACH" of x. 1
sonpyiliadd Y(PEIST NAMR%)® PoVtHe vilud® éistWofiaétrib&te -

"POSSESS-BY-EACH" of y. - e
c. Respond "(I UNDERSTAND)"
THE i E i ia AR S

2. ownrq[x,y]

purpose: To reply as to whether an arbitrarywmemﬁef of! set 2 owns
some member of set x. »zl.%ralk :v:, i

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%ﬁm!nt‘of'llcohtains‘¥”t§pb¥§ "Fink 8 x ‘following
the attribute "POSSESS-BY-EACH", respond "YES". o
d. Otherwise resppnd "(INSUFFICIENT INFORHATION)" o e

z-j “(J‘:\’J

AT P T
e) Attributes: OWNED, POSSESS
1. ownrgu[x,y] 7 o . - . 7

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

method: Create ‘& tiype~3 Tink bétwden % ‘and ¥ Whic¢h “ndtcates the ~7/1-7"
intended ownership relation.

procedure: e i A '
a. Add "(PLIST NAME x)" to the value Iitf bf attr&hute "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
ES) is & member of z] ( u)I umz Y 2CulA
[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]=
¢. Consider each set 2z such that th¢x$,}Qa&,
an element of z.
d. For each 2, construct a list ﬂ containing eveny set y for which
setrq[ z; u]=YEs.

Dnd\ "YESH
And aing hat

24 Ee,. ﬂd
;inggca%ing_z is

LRI

€. 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 Z“ani s

non-empty,
respond "'YES". : .
g. Otherwise, reapond "(InsﬁfgiciENI

e I drue oo

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

purpose: To reply as to whether the'unique element of thejﬁen X . .
1s owned by some element of the set y.. g L :
method : Ditermine that & uniqge element of;Q gxlsts ‘xhen,,the
reply is "YES"
(Jz)[[there is a 1link 1ndicat1ng that a 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% g&a& ¥ohsa aubset of gz]lH

I ST

procedure o s ey T
a. Compgte q =, ggiﬁylxl ) fhﬂgz,.
b. If u = NIL, “terminate. (e
c. -Gepexrate the. quigiduals ot whggh @
values of(t e ac&x;i,bn:ig. , o
For each , generate the sets z which w, an@’any individual
equivalent to w, is gﬁgﬂbgg,g? 2T
e. 1f, for some z, setrqlz; yf fégJ réépon#w“fﬁ ",
f. Otherwise respond "(INSUFFICIENT INFORMATION)".

reinnReJAto‘g as tyge-S'L'r;:“

3y
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f) Attributes: SUPERPART-OF-EACH, SUBPART-OF-EACH T
1. partr[x; y] v e g GF Ba le aT edriigs
purpose: To specify in t;vhe model wthat every. el% E se%,;.f, :iqi',zpart;

of some elemént of et y. s ‘
Torod a0 Feadas ante 14 e

method: Create.a type-3 1n ’Betheg;”m({ixﬂﬁlfqh’fﬁé‘i‘cété& eh‘e prt-
whole relatidn betweefi their men{‘béifs 3;3{ ' o

procedure: S S
2y Add "(PLIST NAME P to the vqlue list of attribute LR

Hi"/A’é’;i Rt K x,)‘utio tﬁe \?a‘h‘fe :f’tsé— 3{' aét’ffbtft’e“
"SUBPART-0¥- EACH );:jgf*‘ i © to L3l

e Respond

3 ‘.‘;‘z‘ s:-';n.fE I
FANDY*®: =

2 pé‘r&rq[x,y]i gotabadacy ¥ tacl s Zontannos
purf;'d'sr"‘é " To reply!t "o‘ e ’tﬁ%ﬁ— f‘l‘f s&rbfﬁra‘f% f;ﬂ

.y 3 3
part of some member W‘d'f s i
£

3€

method: No elemeng 1t Reply "YES" if - T oBnogEe
(Jw)[[there 1s ‘& %M 1%@5 %&&fﬁﬁﬂ&e ‘gn dt’bi’:tt’é*ry =

member of set x is part of some member of wiA [[i-w
[[there 1s a chain of links indicating that 'y ‘¢4 ‘flibset -
Feenoirag e - Ofw ] - o o= ny s L P
Reply ,,mms"u Jreiism i Sup - =iy sibe o1 o2t vlgs ol LB
(3w)[[there is a chain of links ﬂu&f@af’iﬂg ﬁ\a'é‘ ‘g arbitfary
member f%f set is part of s

io moldner:

[there 1650 bk ‘todtedetds: %éé"’v REEET TS o‘f p'2) S
Reply um:'if an arbit:rary el ber of {aet ig a‘ltwa,yg or SGmet s,. ot
part of '§omé ‘mémbér SF s&i '” soiba \\/

¢'zf3, ai *i Few
procé&ufg,, 1503 ,u, Jex, i ot oo

a. 1f x«y; resfoda oy BHEY B BNSRaye] S v
b. Generate those sets w which can be reached from x through T
a chain of type-3 links following the attribute "SﬂPmART-OF- EACH™ -7

c. If, for some w, setrq[y,w] = YES or c’pfé’ﬁﬂ“f““
nyEg" Ot nm SJ 138551 A0 ou it
13 thé réagonteEen ﬁa@tmmm s @ IS,
respond "SNO,Ky IS PART OF x)" or "(NO, y IS AR OF X)) 0
respective ¥y ©ow Holdw g ujw. 913 23sT553 ,*
e. Otherwise, ;‘fﬁp,ond "(INSWIER ‘.'pn& By )‘;3.":“’ o P
TOHDTTAMRGHE K] it LI E PRy
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g) Attributes: SUBPART, SUPERPART

. '1; 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. R oW n o enatd s ’ ;

1

i ’.J

procediEe: T : DR o o
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. o S
; " Redpond- T wm'mm)"

2. partrgs[ X; y]

purpose: ”JTO 3§pec‘iﬁy ‘tn“the mod‘elj ;
part &f ‘e urzfqué efetﬁeﬂf" E:3 ény‘, *of t’h”é c’e’t % .

method: Determine z, the unique element of y. Then specify that
some element of x is part of 'g

s oL dame LG
procedure: .
a. Compute z = 8 ecifyly]. -
b. rflz'w NFE, Eeritinate] ‘

ci Elsey. codpite pdr¥rgufx;e] o1 oo v et
3: partrguqlx;yl

purpose: To reply as to whether some element of set X is part of
the individual yoor ' A : PEome -
method: A member of x is a part of y if A , .
(?u)[lu*yViy f¥ equivaletit to YT 00 0 T o et
[ (Jw){[there is & link indicatiqg that &n element Uf W
“is b Subpdrt of 'ulp A3 gerie e
[{w=xV[there are’\i‘fﬁl&’ tﬁﬁ’l‘é’ﬂ.‘ﬁiﬁ‘ ﬁ\‘ae»w""fb u' etﬁr‘aet of x1V

25 ie I (R (Ehére are’ ﬂﬁ&&n&%ﬁ?g%&fi Fery el of 2
1S i “sdie .ekemens:‘ﬁf*késfa Ppe) A0 o T Vives T
[wczV{r.‘ﬁ’e?’e’afé 1 xjep’ m—’r  ‘that w‘{ﬁ‘% mb.et of 111N
4 %)[[u is an eleme ttb’f‘ oMoz 15 dTey a
‘are links Lot that g fh‘%"tif‘ﬁ&et of
v)]]]]”l]
procedure: R
a. Generate those nodes w which can bt’reibh*td or from
any node ‘edifivalént t6'y “by cﬁaln ﬁf ’tﬁé‘?j’ I’itﬂ?"‘“fbf‘l"b%‘fﬁ the 4
attribute "SUBPART." L R o
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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.. 1f, for any z and any ¥, setxqlwiz]=YR§ mm@mw

e. Othérwise, compute the list § of sets f&?‘mg@, ere i8-a
type-3 link from y, or any node equivalent to y, ollowing the
attrlbutgﬂm'l.” i ctei dpbg e sUYV3 -

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

FENE

A

purpose: To specify in the model that the uynigue, @leqent, L§ my, of -
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.

S S Codvtinanls smunioy o add Ju arravraad SIS

procedure' ‘“ s ujr P S T ST T
a. Compute v-specify[b] , and u-specify[ a]
b. If u or v = NIL, terminate. Loy
c. Execute partrgulx;v]. DY fngas '

d. Add u to the value list of attribq,te’ ECEMENTS", on 1 ‘that

member of the "SUPERPART" value list of x. Mgm £0 Y.
e. Respond " (I UNDERSTAND)".

! H
[ R AT R I A
H

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/\
oo AR Tumy u ds squiualens 6 AT o us
T . 3wlthere 1is a’'link i ing, that u 15{41:\1 akmpnt of vlA
[[y-*le [there are linl;p itgiggtt;p&,;}}a;d§3 A subset of vN
s - (3e)[lthere, are Iinks. indica Ahat 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].
. If z = NIL, ferpinate. . .
: Gepetgte thoge. nodes. w 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
saltt: equivalent to u, 8 -#: menber: of., ST |

e. stﬂumg,tmd“m*w = '

f. If, for any vefl, setrqlyiv] ~ YES," :espona "rns" :

Y . Otherwise, genarate thos¥ nciws g Which:.tam be reached from
¥ by a typeﬁ-:i 11k wtlwing the lttﬁmw ’WWM*BAGW» P
h. 1If,’ fori any g, setrg(v;ql: = YBS - pond: "YES | o

i. Otherwise relpond "(INSUFFICE!HT?I PTON). -

=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 & type»-B lin‘g betueen X and meifyiﬂg that an
element of x 16 part- of woke element: o FAT fests: typeé-l 1inke:
associating the number n with that tWB‘” liﬁhk& 2 f.i

pt*obbiuu‘ -
 Exequte pm:ﬁx,y;. SR |
b. Add' Y{NUMBER =)' te” bdth thG 1ist: whith was: adided' taer thae vq}.ue
list of attribute MSUBPART-OF-BACH' of ¥; and ¢the list°which vu add&d
to the value list of attribute "SUPERPART-OF-EACHY &F xi- & 7. ©

2 . partronu[x;y;nl

purpose;: To specify in the model that. there 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 m'eat:fe‘ vypo-l 1inks: umaciating SRR
the number n with that type+3d link. i DEE S N -

procedure:

a: Execute partrgg[x;y] < i '

“by Add ¥(NUMBER: n)"to- both the lj,Lst which wag a’dded to. the
the value: 1ist- of attribute “SUBPARTY.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! s to how maeny eiemum of“the m x sre paru
of the mdiviqlual X ' SR
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methods-. If. e LG
Gu)[[there is a link indic ting theb:anvmiemext Af A i_ﬂ m;,t aqf Yia:
[[u=x]V (Qv)[[there is a chiigy'of: ugmsmgimat
a v. i park. of:everyp pla [Iwrvd Moz Y3 von <o
{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
(F) [ [ thege: 18 & ghain ofy Hnks xtﬁimug x&%wtmfv d.ss a:
part of: mgegj}\ﬂm&gq\;m:% Brog3aT Geiwiao ;
[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 typmadlokink used in: (4
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.

N "i 983

procedure g S ) i omiisg e oo
a. Follow the procedure of partrguq[x,y] until links are found
which warrent:e: VYES! respense...Save.&.liat £ of eldyrequired. "1'1nkﬁ:,uri:i‘i’s;e
which follow:the Btigibute: "EVBP amém-erm": o amnms i
b. If no such list cap:be 1 TeRPend: v o radmun o g:sfzj.-:,ﬁ.:,.:;;??;
"(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 . Compute: B, £he product pf the swmbers- m 9hwm .t 2li
Respond "(THE ANSWER I8 ‘®}¥u:-50-[Haunnayst

[

st : PR
4 1(‘,". "J.U(i Fa i § i‘f: HFS .! TR IRY T

1) Attributes:. iEFT,.RIGHT, JLEXT,:JRIGHD: ..

1. jright[x;y]
deoriasl dnieb £ ooiawded dnil (-sg 21 oadlem

purposm Imséccity:in the mdgl ﬂtat l:gemnim ciement Ofn sgt.x 18 o
located just to the right of the unique slpment-@f:ssk:y. ' TR TS

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

g4 ei;d‘ ToooAwil o oorlow o oag bobbes

procedure: . T

a. If specify[x] or specify[y] = NIL, terminatem % ipu: s E

b. 1If there is already a type-l link from y to x following the at-
tribute "JRIGHT",:respond '(THE:ABONE-STATEMENT I8 ALREADY) WRB"HH)* 4g

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)"

2, ri&htp[nyl

purpese; . To test whether it is known that the x 1is Iocated to the |
ri@ht 9f the X' T S - T T : j_“'*”‘

method: "rilhtplx.yl" is deﬁined recﬁfh£§ely:' iy

,‘Iff f‘h'ere {s
no type-1 link from y foll vzins the attribute RIRIG nd no type-2

link from y follow gtg&gtﬁgibute R 3¥ﬁélva1ue‘6f““ igpg [x;y]"
is NIL; 1if eitheriq% ve Iinks ex sleand “tfnks to X, thg velue

isa T. Otherwise the value is 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 xhe txgefg 1ink f:gm‘g following
the attribute "RIGHT".

e. If x is a member of list f ;he yalge ia’T,_ 1f thg:e &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," respeqtfully . e e

3, . right[x;y]

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 ;s consistent gith ex1st1ng
knqwled e.; 1f sq, treate a type-2 link 1ndicatiqg ‘the poaitional ‘
relat;on, cherwige, oomplain : : .

I","‘

procedure
a. If spee1£y[x]=NlL or specifyLylﬂHIL, ;e nate.f
b. If rightp[x;y]=T, respond "(THE KﬁOVE 'SEA NE 18 ALREADY 'KNOS )"
c. If rightp[y;x]=T, 'respond "(IH; A SIAQBMENT Is, IMPQSSIBLE
OQtherwise, crgate.a tgpe-t Tink 3 ;o fall oqu§~;§e
attribute YRIGHT"; éreate a type-2 1iu ﬁro@ x toqx foIlowipé'
attribute "LEFT"; and .respond "QI u&ﬁgng :

4. Jrightseqlxiy)

purpose: To reply as to whether the x is located just to the right of
the y. R : 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.1s X cannot be juat ta ﬁhe right of;x, o:: 'tﬁher.ﬁ‘.'

SO

procedure:

a. If specify[x]=NIL or specify[y]-NIL, terminate.

b. If there is a type-1 link from y to x following ‘the “attribute
"JRIGHT", respond "YES'.

c. 1f rightply;x]=T; or if there “fs' any type-1 Tk "From 3 fqliowt
ing the attribute "JRIGHT"; or if there is any type-l link from x £81Tow-
ing the attribute "JLEFT'; then respond "NO ". N

I rightp[x,xl-Tﬂff" ' 'doés riot qxiaf e direct‘tybe-z 11 “Jf?
from 1 to. % following the “attribute ' GHT | redpond ho". e
ey m:herwise, reapond "(IN; mmﬁffoﬁ

i Do ¥

5. rightssqlx;y]
purpose: To reply as to whether the x.is located to the right of thelx:w

method: ~ Détermirie whether the links ‘in the ‘model’ indtcéee tﬁat E’is
to the right of.x, to the left of‘x, or neither. .

[ i

procedure: . o v IR
If specifyfx]=NIL or speCffy[yT'NIL, térhinate :

1f rightp[x;y}=T, respond "YES". 7
. 1If rightply;x]=T, respond ™No".: —~ = ‘= . s
. Otherwise, respond "(INSUFEICIENT INFORMATIdR)wf o

A0 oD

6. wheres[x] R TE ANTEI

purpose: To determine the locations of those oEjeCts whfch have if
been positioned with respect to the unique elemert ‘of ‘the ‘get X

method: Reply with the information provided by each podftfdﬁafffink
associated with x. L
procedure:

a. If specify[x]=NIL, terminate.

b. Compute u = the valde of the type-l link ‘from’ x following thq
attribute "JLEFT"; v = the value of ‘the typehl iiﬁk “from X following’thé
attribute "JRIGHT"; £ = the value of the type-2 fink f£rém x “following
the attribute "LEFT"; and m = the value of the type-2 link fromx
following the attribute "RIGHT". . ce

c.  If U, ¥, g_ apd,g aLl dq ngt eﬂise,,respbnﬂ‘"(ﬂo POBITIUN IS

oy

d. ‘1f u  does not exist ‘g0 to step £, T

e. Reapond "(JUST TO THE RIGHT QF THE u)"; and go to the next qtgp

f. If v does not exist, §0 to step h. ’ e

g. Respond, "(JUST TO THE LEFT OF THE v)“,fand go to ‘the mext step.

h. If  does not exist, go to step j. _

i. Respond, "(SOMEWHERE TO THE RIGHT OF THE FOLLOWING.. .QR)", and
go to the next step. )

j. If m does not exist, terminatée. ’ ’ o

K. Respond, "(SOMEWHERE TO THE LEFT OF THE FOLLOWING . . m)".

-4




83

;7‘;' 16cgtesix] I R P RET I B Cadn s D asescd cnann ey
purpose: To determine the location of the unique element of set X with
respect to as | pany other ijects as goqlihle.}j‘ﬁ‘ o ;
method: CMfst‘ruct 'a didgram of t‘he reft-to-fight‘ Ui‘d r 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 5 npﬁ,-qz’deﬂ can §d¥ g“tf, make an
appropriate comment ,

prn::c.e!mitf'ﬂ%"ch o
a., If specify[x]*NIL, terminate.

b. Set t e épitipl dgggy (%F'"( , ;f

c. “the va’*f*ue}(p the *ﬁl g—l‘,’” ;i,“ﬁk fgllpwih‘g ‘the
attributg " IGHI? - u éxtfsts or ':lﬁ, i3 dlrga 80 to step f.
3;%11: u jﬁs’t‘q to tte TIght ‘gf‘g“ _g;,ﬁ; f : "(‘;#ggright after

X in & aublist of g. 011 -
e. Replace g by the kesuit of axecutkng thf% p;opedurg stgrting i
from step ¢, wi cing the ar umept and
" the current val 2’7 o%f 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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which has positional links. Then find the locations of Eﬂqsﬁe_:glgje;gs
which have been positioned with respect to u. TemmEn o

S s Do . e ) ¥

-75‘3 B ',

procedure' G i te rr o

a. If x has any posit:ional 1inks, i e., "'1f the attributes
"JRIGHT",. "JLEF‘I!‘, "R;[GHT% a;u;) 1,51(1;' of _r, are not ,.911 misaing, .
execute viher;eslx] DA . e i

344

) L;,«. IS : (,;‘,

If lﬂ(‘
(3“)[ Ithege L&' a ;SEQLLQ;}CG %

3 ) :t,'
r@&‘;u W n&‘*th’b

[u hae at “'Ie:st one positions Ifndkdl r, =
then execute: wheres[u]
c. If the hypotheses of step b.hold for the attribute "sunsy;
execute wheres[u). A e e
d. If

P Fe¥rsiis i 3]

oy

[w hamL at leaat one P ,s} t!:l‘oqg‘l },ixg‘lg;lj] }»-’?1 z niox
then execui:g w’here ,w:]* " v e e :

;oehereind respdtid (b RELAT] (15 Ko

. r irorg
= -2 H
i
.
A .
- i
3
it . i
i
]
Ty
' % RS
A 24k
& ¥ AR
[P P PN )
L EREW L
s S §71 4 T SACILG
1 o B Az?f,_;('i

fe - B I P P N
SR D i Aoy Do L RLSIaU an Deeid R PINTE I BT M
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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. ree s
eaidedudy 4}

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
ERNEE N IATIM g 4k LETEY T Ea SUTHGL L BRA Ol MRS TEID ZWOSA el

& ﬁnﬁ.’ A et

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
B Y L R P TS BRI T ¥ IO s owe JUGLoIAME L1 Lo 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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b. RESOLVING AMBIGUITIES

(sae, JOHN 1S A PERSON)

(1 UNDERSTAND)

(mun, DICK IS A PERSON)

(1 UNDERSTAND)

(sne, A CHAIN [S PART OF A BICYCLE)

{1 UNDERSTAND)

{oes, THE PUWER-SAM HAS A CHAIN)

(THE ABOVE SENTENCE IS AMBIGUUUS ee BUT 1 ASSUME (HAS) MEANS (HAS AS PARTS))
{,02840 IS A POWER-SAW)

{1 UNDERSTAND)

(eee, JUHN OWNS A CHAIN)

(I UNDERSTAND)
[T T DICK HAS A CHAIN)
[THE ABOVE SENTENCE IS AMBIGUOUS »e BUT [ ASSUME (MAS) MEANS {UWNS))

(1 UNDERSTAND)

(sne. THE CUCKOU-CLUCK HAS A CHAIN)

(THE ABOVE SENTENCE IS AMBIGUOUS s« PLEASE RE-PHRASE IT)

FIGURE 6 (Cont.)



c. STREAMLINING LINKAGES

{nne, JUHN IS A PERSON)

{1 UNDERSTAND)

(sne, JOHN 15 A TECH-MAN]

{f UNDERSTAND)

(see, JUHMN IS A BOY)

(I UNDERSTAND)

(ane, JOHN 1S5 A STUODENT)

(I UNDERSTAND)

(wes JOHN IS A BRIGHT-PERSON)

(1 UNDERSTAND)

{ess, EVERY 80Y IS A PERSON)

(I UNDERSTAND)

(oens, EVERY TECH-MAN [S A PERSUN)

(I UNDERSTAND)

(ene, EVERY TECH-MAN IS A BRIGHT-PERSUN)

{1 UNDERSTAND)

(swa, EVERY TECH-MAN IS A STUDENT)

{1 UNDERSTAND)

(see, EVERY BRIGHT-PERSON IS A PERSON)

{1 UNDERSTAND)

(nes, 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}

(1 FORGET THE MEMBER-ELEMENTS RELATIONS BETWELN PERSON ANU JOHN)

{1 FORGEY THE MEMBER—ELEMENTS RELATIONS BETWEEN STUDENT AND JUHN)

(1 FORGET THE MEMBER—~ELEMENTS RELATIONS BETWEEN BRIGHT-PERSUN AND JUHN)
{1 FORGET THE SET-INCLUSION RELATION BETWEEN PERSON AND TECH-MAN)

(i FORGET THE SET-INCLUSION RELATION BETWEEN HRIGHT~PERSON AND TECH-MAN)
(1 FORGET THE SET—INCLUSION RELATION BETWEEN PERSON AND STUDENT)

END OF EVALQUOTE, VALUE IS ..

NIL

FIGURE 6 (Cont.)
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require it to identify those instances in which speoitic 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
B Tl &t ‘)" :fi'i:-. :

to be parts of something."'

2) Let N be the proposition, “either z is known to be owned by '

s
4

something, ‘or z is an element of some set whose elements are known
to be owned by something." | .
3) 1If ry\abﬁ,“aséﬁﬁe‘"haéﬁ'ﬁéans'"héé‘ésgpQQESJ""y”‘“”
If‘eaP/gﬁ; essume "hes"dmesns‘"owns ":: s
If'vP/\ewN, give up and ask for re-phrasing.‘r
4) Let P' be the prop081tion,‘%} - o |
(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 1u €V aCHIAE wVxCull]- Y

5) Let N' be the prop081tion,

I

(3“)[[[2 is known t0 be owned by‘u]V[z ig an element of‘ some‘
set whose elements are known to be owned bY the elements of u]]/“\wv -
(3")[[“€WV“CW1AIXE wWxcwin., o

6) 1 P/\NN" aSsume "has" means)"has aslpsrts;" R

If ﬂ'P'/\N', assume "has" means "owns,"

Otherwise, give up and ask for re-phrasing.
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These criteria are simple, yet they are sufficient to enable the

SRETE NN I AN ; PREE-T20Y s €30 S50 }a"‘;rw s STy
program to make quite reasonable decisions about the intended pur-pp
L LTS IR TR SVRNE S i b o A tp LB AR
pose in various sentences of the ambiguous word "has." Of course,

an oL Re fHain G RESTEBERSE M1

the program can be fooled into makingumistahes, esg., in case the

T

S SN

sentence, "Dick has a chain," had been presented before the sentence

b o e
ST a3 G . c;;";.c PR <

""John owns a chain," in the above dialogue, however, a human being

I P SE

exposed to a new word in a similar situation would make a similar

BRI RN A Y

I I Z._ g T
error. The point here is that it 1is feasible to automatically
ELTIE s BUTIWRGA meclir thg oMot Yo RS w HE DT S S PR
resolve ambiguities in sentence meaning by referring to the descrip-
At Ingsmes 4 LI R

tions of the words in the sentence -- descriptions which can autq-

) o £
SR Vs IS IR [T, N ! qGoas

matically be created through proper prior exposure to unambiguous .

f;(rf‘_;,i‘.-l Sl : g e E A e L

sentences.

[ ’{, B RS

c) Streamlining linkaggs A11 question-answering (model-

h
PR S AN RN SO ¥ i

gsearching) functions which involve references to set inclusion or

ERE R R E 2

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 B ' - _
xCY/\yCzasz and S R
aéx/\nyéaey ;

otherwise the functions would not be able to make full use of the

R RS PR Bt g
usually limited information available in the form of explicit links.
R BT T Coed omvedrd al )it
On the other hand, since the functions involved will be "aware" of

these theorems, then the set of questions which can be answered is

il ey dm s a0t Te N T
independent of the presence or absence of explicit 1inks which provide
f . ’ i e .

the information to the right of the ";?", provided the information to

the left of the """ is available, o e

S vt e oA 0 T TR F - PR Py
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The "STREAMLINE" opérotion:stdrto'ﬁifﬂ:éﬁ; o%jeotvx wgiohﬁis its
argument, and considers all objectu linkcd to x, directly or indirectly,
‘thtough set- inclusion or aet-meabetnhip. ‘al explicit linké”ﬁﬁong these
objects which can oilo'be“dedﬁbe&*by“ﬂit“bf the above known theorems are
deleted. A response of théﬁfoéﬁ'ﬁ(frfbiziﬁiiﬁthékT;iﬁéfﬁgfaﬁ}Eﬁiﬁfidﬁk
BETWEEN y AND z)" indicates that whatever links wete crented by ‘some i
sentence of a form similar to “(EVERI z IS A y)" ore being deleted,
and the space they occupied 1: being mnde available for other use.

In the above exaaiﬁi'e.‘th’e STRRAMLINE oﬁéi-it"“ion“déi'ééea more than

‘‘‘‘‘‘

half the existing links,'at no reduction in the question-answering

power of the system. However, the time required to obtain answers

to certain questions was significantly incieaaéd

vl oo [T Tt
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Chapter VI: Formalization and Generalization of SIR

The present version of the SIR system not only demonstrates the
possibility of designing a computer which "understands'; it also points
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
the best forms ofi1nf6fmétibn”téﬁféseﬁfitibihdﬁd*fhe”be%t’stbréie‘an67
retrieval protedures. “As an experimental’ devite,”$IR must be easily "
ameniable to changes in its tructire and iodes of dperation. The -
programmer must be able5to”leérh’fhélﬁbgf’ﬁi%fﬁi’iﬁtéiﬁréﬁifibﬁs of
relational statements and the most useful responses the system shoald” -
make. ‘Thisfléarhing“takesmplaCéihﬁzhé‘friési3byiﬁéaﬁé;df“§§“§gg‘i%
changes to the progrém, different intérprétations and”diffeésent response

modes. These progtam thanges are easlest’ td make’ if the program con- -

sists of many separate subprogrims 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 atkward &nd more diffitult €5 geheralize 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 spproached by successive approximations. A oddie
controlled systew cannot” be designéd at’ the outset: For the  followlag '
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 ‘E‘kioﬁhi’i&’*t?ﬁiy“%bi‘iﬁnﬁﬁﬁciﬁgei"ﬁﬁﬂﬁﬁ Erangfert
control of them to the model. o

- - - [ T
i1 Fine wouh LYY der il

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 tRe évers¥l systad°Nave bBén Provéd ‘Fdasibles "

c. Thé probieém of Row'toe exprey8 ¥ontralting infotmation wHich we -1 ="
wish to add to the model, '*e'".'_g.', how best to describe search and

deduction-procedires | mubt BB 853V8d A156% WEPh EHaUproblens of T ¢ ¢
representing and util;zipg that information onge it is in the model.

¥ k] ¥

Formalisme for désciibing sueR cedtrlprééedited ive ddster to '~
devise after some experience has been gained in the use of gi,a;:ilag
procedures:’ Phis expéridnce; IRUEEPAT 14 8Hd7°£8°8dvetop EHrough "
experimentation with the progr ortion of simplified semantic
informat ton retrﬁevaf"‘ﬁié%%%f?f Dla wob beal a2l L vy

 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

drilgad ol L iesaodelds ooilzoh ot

rather than in the model,
Altheugh ‘SR ‘s ‘spproschiing tts PiMie in ‘dwefilfess; expettenced *
with the system Has Brought tié €6 tite gornt Wiere T ‘catl ‘Confidencly ' -
propose an improved; ‘generdlized ystem’ ’ “PHé syited Popimed i 7
sections & and C below keeps the ‘now proven déscriptfon-Iist organiza-
tion for the‘model; it incresses the var ity of date to'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~;.
fiedimgghgd1£orﬁexperiggptingjwithLth&}gggggt;yefaxggedﬂreﬁ,Oﬁxthe-:wn

system.

.1l;n;qxder to: geagribe 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 Qggribqtg liaks. »_}i

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 £8miliar 1nfii;ﬁ;cé:" ;nd "ﬁ" for Sﬂt-inelunxon "
and set-membership, respectively, although fuastmngl .not;éion, n
8.8 "eQuiv[x y]," is used for all ofhéf"f§11t$ons.1 Alae, the S
usual symbols of mathematical logic, which are defined in Appendix I,
will be .used below when convenient.

A relation "holds" for specified arguments;. ji.e., a relstion -
with specified .arguments (called.a prediceta) is "tzwe,” if and oaly ...
if any reasonable English interpratatian .of. the xelational statement
is a true English statement. An English interpretation .should be
considered "reasonable" only if the natural.lsnguage .processing part
of the system would translate it into.the giwen; relationsl statement.
A relation with gpecified objects as .argyments claearly.is true if the -
objects are linked in the model by the attributes: which correspond.to ..
the relation. However, frequeatly such a.predicate .is "tzue' even .

when its arguments are pot directly linked, .In awch. cases the txuth. .




R

Relation Attribute on Attribute on Typical English = =~
~ property-list property-list ipterpretation .
;;:ozfl x ? HE bf’ & y i it ? - Lt

{’ey Lo L I S 4t i £ ‘i:ii! "! ip': woEhnw o xf‘is ar,i.

e‘ifﬁi‘le;‘y]:: EQUIV C - Rty R e ’”ir. and’ x name the same
) ob)ect.:

R NI 2= bop

ownglx;y]  ONED-BY-EAGH POSSESS-BY-EAGH Eyery y owns an X.

own[x;y] ~ OWNED POSSESS . y owns an x.

T L g O P I |

paptg[;;{;y] SUPERPQRT-OF-EACH SUBPART-OFE@CH _An x 1s part of a y.,
partix;yl ~ SUFERPART SUPPART . . .. . Anzlspartofy,

right(x;y) LEFT _ RIGAT . Tgefﬁ is to the right
i8d S IR T e G ey

jright[x;y] JLEPT '~ Cerket’ U 7777 thé & 1s just o thé
| i : . ..., Eisht of the y.

~ Table a:. RELATIONAL BOTATION

a

of the predicate can be det:ermmed mdirectly from other infomation

available in the model or in the Program, PIRIEE

SIR contains o se?ﬁfﬁﬁe;%ubpf?ﬁrﬁwpfgr.dfsefa%véns;?trutbf~f9fz
each relation in the aystem.; Thegg arethg su?y:,;oggamsrespon;ible for
answering "yes-ozf‘-:np_" questions. For example, the answer, tothe
questign, ls the chelr to the right of the tablel’ would be fosnd By
4. subprogram called "rightq” vhich deals with the truth of the "right,

relation. 'Chair'" and "table'" would be the inputs to the "rightq"
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program, which would then search the model and make an appropriate

Tesponsg,.. - ..

nt;y,ggg{egch relatiou

Y i

and so a separate program was wnit&gptfor each relag$%§{2§The detailed,

operation of these subprograms was described in Chapter V. Ngw;ygghggﬁ

N

AT CTE 0 Y

common features 5%¢tﬁeseﬁéﬁ§§r3§?3ﬁ§ﬁw'Such conmon Features could

~~_‘, Wz

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 ’

is to express the procedures in sugheg,way that theirTQgeEatLgnexgggkj
I e - EEE A ) FaLE A e TN P L piang

eaaily'ﬁe3g3m§3redjhﬁd 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

cipet Sapiieg oreiy wd opL cinsiboig oo R

procedures are conveniently expressible in the fitst-order predicate .

BTN R Lol FT R Yo IS B B E R DT

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

it ows Blosw Uialoe s sl re degk i3 az zrgdo odd 2 cgisaoun
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 blpesy Veidant bpes Vuiedd Lo dsiag
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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 3eprqgsa$:§ha=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.Bolyy the use af sitenwis dehietivo pmredures 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. :

v e o R ey bl .- Ve g
Relation being tested Deductiom Procedures” - 17 % i law o

c . K oL y{C] St {7} _-: U SR S P T
2. x=y3 xCy
3. equivixiy}=> xCy

[o

€ be QUEXAKCYDABY - i1 0 oDy tiEee
equiv C 556,70 o TFlhequiv] R dquiv]) LS lequtv]) i

owng ‘ 8. ~ommg{a;x} - IR RS RS L R
9. owng[x; y]AZCy=>0wn8[x 2] -
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]

g omaw aimmnyinla sl CEIET G

o
%

partg 13. ~partg[x x]
S lae partgltus WA RCY epeseg x5 gy

part 15. part{x;ylAxCe parelzoy] 1o owmimeny
16. part[x;yl Apartg(z;x] = part(z,y]
\ '17.”‘?@1‘:3{)&0'3*/\“26?*%3‘ pﬂﬁk*ﬁk‘ Fohe
. e : L35 TeEe G 2B 1D
right, jright 18. right[x,y]=>~right[y,x]
R o 19, - Jletight) i o SATSRRIE SRt RTINSl SRS
20, Jrightfxyl 2 etghtixiyl -
21, fragiveis; yhRowee ijﬂghc{x,{v?}“ St
22, jright] x;¥] Asfy ssejeiglre{ey) e oL onanxs
23. right[x,y]/\ right[y,z]:: ~jright[x z]

shmoanrg S0 dnoanb avl Tais a.ij”‘ IS o1 I

: . L RS b, st GEELT T
Table bi' MGT.EON mm W m mmm

s
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Thus far I have been discussing only.thosé programe which: siswer

"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 General Sysgem, - - 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 .
fyeseotsnb! question®s - 0 noioa a0 g ane teist 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 RIS IS

1) Ingwiac 1 Two zelations Fittecest" i, dn.dfder €o test .

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 Tablé by we may say that:these y@latious 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. 'Other: imteractions.. =~ .. ..o <nigman 1o aanl s Cor
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-dernot: aliow for adl thesdeguitivelysnecessaxy 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: part;: p’irtgi:‘i'OMIWrxéiaj ahd;_ﬁ_{_; b wmban, ban L ioh 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
below:wilil :xelmhum the need for expldsiély:=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-*

- . o
.1~j,v.i-~ : . ,tl,:?‘.' 2l ,5-.:;;;..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 ita cor;esponding

English question. Further, if a sentence 1; "grna“iiﬁjSIki then the
answer to its corresponding‘questicn’ia “yad:” ”Thaae_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

w (Wa€nlRlal] <4t (Yaeiy[Géx SRIGTT
(aaex)[nla]1¢5¢fg£3?%M2P3§§4¥319&3 al o bBursrgeolit o oson apflay gios

&

st

T g S dwted %

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 predicate is- & lipk- ﬁed 8561 ouo ulz o

11) The strings V'Gv and " "'v =v, ere v, and” v2 éfe ;n;ibﬁjéét-

naweq or yariaples,. ax8. Ligk, Préqicﬁée o je; b Com- bacds
iii) An e—quantification of a iink-pre icate is a link-predicate.

Lipk-pregicates way be.used to. ‘Tepresent west ;of the xekatigns which
are represented by attribute links in the present version of SIR.

o Araell-formed-fotmula (wff) is defined recutgi;;fy.as follows.;:

i) . A lipkrprgdicate ds . a wif. . _
ii) Any propositionaf function of wif's
8,

fw 1
111) Any.€-quantification of g wif. is.a,

taddygd oo Troen rleslora
s a wif.

i
gﬁ’h 0 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 -quan E n of some string contain-
ing that occurrence.

caeact wigby v Dol oo nr basagnalbooer b il

£ ]

... An_ghbie ggﬁggg EEE =qg a.wif, whiqh cqntaips¢ggactly_one frge
Variﬂblgu . ST ey b ; Pl

A sentence =df a wff which contains no free variqgiggjlﬂr ;

b.k“LogiEéi‘SySEénzé;“

interact;pns between basic rglatgons.
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P Aty séhbendd 1n STRY vdi Bé CranéSradd Tty w-Fedtencd fn #Ne 1
stanida¥d’ #{rdeiBider predibite 'datdatdi Pené guint1Fscdttondi cadewtus')
BY 'But€ing edch €24aantibt 1hto 1 UM o Y dse of tHe
eqidtivhs (1)) dhdSPhen omteeing eHdongisw \A1¥>¢he dsitai dedadtion -
| procedutéd ot the qlantifiedeiondn Culctius ate deeeptatte dudae- ¥
tion pibcedurds 16 BIR1.' Theréfore, dhy thibiel pPovabla- (kbhstRl
ax 16887 En’ bhé quantirivat 1oasi  baldd1BE" 1873180 & Lhebrém BE!SIRY
i.6., it is & "true" bdKtendé oF SIND;Cprevidbd’ "EMUECaveinserted”
intd 411 qhanif1bdss Y@éaiﬂi€§8§b‘f"@ﬁe %énﬂ ot the- eﬁri‘éﬁt ﬁbéel {

»7:’! MR R J‘* s Pl

f ther wotds, 8131 1s“r d €ib e ?g the qndntificational»calculus.

k 5 Fe O Io s o R0 S TR
This reducibility provides” ¢é” éiiia et hoaw el ﬁm‘w&m mms of
quantificational calculus, such &§° Q&%&m&:&em&% hﬂ%aiioﬁ

CtREtuE Al Dldutt B U7 ot brioVing Whethed sihtiives 3t s1Rl dre! ;

th, Qrems. However, we peed different, more Jcli.x‘eo:ﬁt methodn for testing
' eI BT Al L

tﬁe “l:i“uth df ﬁﬁi r#ﬁt:u;a{tﬁé‘: ﬁi&ﬁgaﬂﬁw ﬁé?eﬂidﬁ‘ M ;rﬁtm
testing methods ubt’ e ity ctibiited %{f M%wpmwm my bk 0
stitute the babit' qabstibn- arswer b Linenivit oFthe ge?semma
sémantic information retrieval system..” f!b%ver icih’ﬂ"l First

deaci'ibé a wtﬁﬁy meiﬁal ;%ﬁﬂ*fm nithokd’ iﬁf’id‘!‘t ﬁeﬁbhbtratés

""" kA suivod
that a aeuswf ‘Procedire éiri,h‘tﬁ ‘fdf‘ﬁﬁ&ing "fﬂﬁﬁ:wg—" %:f sm ;"-';?

sentences with respect to particular SIRY WMber. ‘A ore: efﬂbi:éht
heuristic approach will be described in paragreph C.2 below.

The SIR1 model is quite similar to the WM WSEEL o7 It cotists of
4 Efinite filaibey U object wkifed; ach of which s ' by a
fidite 118t of attribute-value patrd. Mach wreribitdtay neme 'dh =
* dbfectipreditcate Wirich 'ts true BF the Hékcfbed JBIECE; OF Lt Wey B

a link which rélates the described object to another object. This

FR g




("anbutes- In Section G.I shall deacyibe the nature o

t{iv) Let o,, o ,.;.,vo be the hames of the oéjects deacribed in the

lattern abject .is mamed .in the.valye .Gorregpgnding e the.given attri-
£ 8IR1 attributes .

H ERSN

more pregisely.. For.present,gurposes it is. E??F%ﬁ,&ﬁ%ﬁx‘%i?g agsyme.. 5*‘935

SIRL.mpdel can bszggxprsséed;,;}‘ﬂ»;?e@e ,a"!'ﬁ): hgs_fé??ﬂ;!fsys 43 &ﬁ%&!.es&%%&ce-
.. A2SIR1l sentence ig.conaidered 'trye!' if the gentence can be ..
deduced:from the SIR1l axioms:apd the informetion. jn. tpg §;Rl,moge1.

A decision progeduxe for this dedycsion follows: . . .-

T 2

i) ;.Eex each attribute in the model,. m;iggﬁshe Smifgm;em;e which
expresses the same thing.

H -
I e R I 0 £ & 4

11) Let A = the conjunction of all 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 §.is.the sentence being tested. .. . . ... ... ... .. .

RS

PLED

:i)i)m.l?utﬂ pll £-quantifiers in (2) into the ?'6 foxm, by using equations
h :

D R

oliin Doagr J’:'fi:

model,, Wnateq 454 40,42), b, TARMGIng, ach §FIRG of,

the form (VveH)[R[v]] R where v s any varia s any pteaica“te

possibly depending on v, w dnike, copdupstion. ST
Rlo ]/\R[ozj/\.../\

and by. replicing, shch. string, q? th@ form. . (iwewmgll with ghe dis-

junction

: R 91],*\(&92} V.,.V%{o ]«,, tEe Lnodn o der poldneriad

SGA L L dame.

. V)., - Test, the resulting expression, P» tP“’Fﬁ“H”? 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 mye}, Mq%gmeqi-gredicate 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. - Theit putpbabs”are to describe thése - '
properties of the objﬁct“wﬁieﬁ’céhﬁdtjeﬁ%&iy’Seiexpressed,glﬁ”EEiih“Ti

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 "=" is also treated as_a basic relation because identlty is

rovd i
Lrnaagea /“'i B

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\efi‘W”i
"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 in 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




. . P
. o Ea e T ., Fa. e . B e T I : ]
FERE R SR ST S N G RS R R POy i »» BREETS nb.« e oo SROCEER S IS R W I

Predicate - - Stand J ; erpretation

2 add ni ogverdo sn v poiigas

:;eyﬁlb"'f S X is a member 6f the set 1

compommEres L il solbuty sdd ol sids GEGEY
X=y ’ Either X and’ Y are identical or they are two

; RAReS, fqr the. ﬁml?b«?‘f% e AL LI T
ownb[x;y] . né«isﬂmﬁifbyxm 0L TATe canonlomalay

partb[x{'x] iaoTRI é’iﬁ pgrt Df Ftop o s vem etanly A AR

N

rightb [1}5,¥] Toeliraeah i is "!:o”-‘ ;b‘eq;r}ghgi *g'ifx" Voo DATS e o
jri&h,ltklx’;y] N S " :5‘_ 13 5“’?}", t9’~:§h:e’ r‘i.’g,b'g o,f:-x‘(‘ i B s LUEEE I S SV TR
single[x] .., (iJGMQJ?§¥z§4\¥9‘§)i£§§§!$;g11 fan iy

¢! nterpretatiom as exactiy one meﬁiﬁér )

IS R S R s TToldnlos "?'3“’“ Zresd it

s RTINS e 3 Iable ‘:1‘ rBQSI.C Ww QF §IF]'1' SRR T TOU I B

ARRARASREE R EL LS A AR LR A S AC A ST LS E A LR A S LA AR LR i

Siideen wr oo Lopod seieve dwainol boal o swan 00 wrLdngl Uomers v
xCy (Yaex)laeyl """ 7 7
VR I TR ST TR O TR S P R R L ] S o .

Xey ‘ XEy
equiv[x”y]' WHAGTT 2 x==y
ownglx;yl (vsm@aex)[ownﬂa,alf

tanls

own[x;y] R Gaex)[ownbla,y] SR

S ELY et b e

partglx;yl Nrsey)taaex)‘tpartsta B3

eda
v

SR Lot suad s o2l iy
part[x;y] Gaex)lpart‘b[a,yﬁ § e

sl o noe oy 2teead cofd gmgds o Tdatt sl onodgeiloig ol
right [x;y] (3aex) (3pey) [rightbla;plIA singléTx] Asinglelyl]

jrightt;y]l © 0 Qaen) @peddticighibialpiinel

caREsT0TG Ao

_Table c,:: “§IR/PREDICATRS ENPRERSKROYNORTRY: i) (o

Syl L e e s an Rlpeae godde seiomedaas il poeLrl

ie?xj As%nalétyl

L
el EI NS
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2iv oy e el 9
fewer basic symbols and they ghow Wpee wwkmm@m&s&e@w
SIR counterparts. T5E Fesmne

Py Mg [va 19 (M3 v ) (M3 v )
The SIR1 link-predicate corresponding to "partg(x;yl]" in Ta’ole (:2
tovivwelisy el 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) (Joex) [ partbla;B]] A (Vaex) (Apey) [ 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] " an "single[y] " to describe the lpecial natare
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)" =41 (/ xEM) (WyBOTPI x5 ¥] =¥ Bl yael] < o oo oo

P_is asymmetric:
I(P) =df (vxen)(VyeM)[P[x,y1=>~P[y,x1]

REF BN LIRS T

P is reflexive. ‘
~@(PY =af: (v k€M) [P{x;x3]
P is setsmonreflexivets - coop ATT Jaeen Sl Donn o nois i
) &(P) =df (Vxeu)f-waex)(aaes)[r[a B]l L
P is transitive. - - | _ T “ ’ _’
T(B): =dE. (w6 M) IE YD (W e @O Pl i ARy i Bx el 700 ¢ 7
Ps is uniquely linked: = o ik
u(p) —fif (VxéH) (Vyei)[P[x,y]—‘:)(VaGH)[ [av‘yas) ~P[x,a] ] ,\[af‘x==)~P[a,y]]]] ,

Notice that these properties will be expressed by ordinary SIRl sentences

I T u)x’; AR~ ]0?’}54_-"“_,_3; ol o mmei sl DL e

when the bound variable "P" is replaced by the name of a SIRl relation.

Fuey oo roaioassn tonld oady vovoonei 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-llstsLoprartibufar objects.; i: tableéb.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} theB;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"

R S S PRI P S R craE mennd .';v_;,H R RS CE Rt ) G

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"between "similar" relations ‘

I i } RS Y Y mg’f-‘t"hf:‘ ifi.'; e 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 5t AT M e s

et 1nteraction), somewhat obscured by a statement

relation (a type

Yann omn .

of the interaction between the similar "psrt" ; 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
(= built into the: leglthl: Fystlmi s - < & oo

SR R > TodnEuoBl 2 aodd e sty S

(ownb) cf. no. 8 and 13, Table b. These are "experimental"

(parth) = ' - axioms, which bh&ﬂ% De: drbpped: froi’ the wystes 1f
too mny exceptions turn up.
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" interact ions between:t mbwﬁﬁ_ﬁ_
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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 ?leriéhtb) Finally,
no. 20. and 23 of Table b. are true_type "d",ipteractions, and coxrei

sponding axioms are neeessary in SIRI»..( [ e

Let me now make this discussion more precise. The deductive

" aystems of SIR ard. STIRL axe bpv@ bassd o0 the @anuﬂcmom;" .

calculus. The only dlfference between them is that the SIR deduction

procedures, in Table b., are .a description of the operation principles

of an existing computer program. SIR1 is a formeally developed system

which may eventually contribute to the spec1fi<ﬁt10n for a computer'
program. If the SIRl system with.its short lipt of axioms &iﬁh}?;?ﬁ)

"yes-or-no" question-answerer as the

is already as effective a
programs descrlbed by the SiR g;pqg@u;es 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%the intormation avail-
able in the rules of Table b. To prove that this is indeed the
case, I have shown that SIRl,sentences[éongespgnding to each of

the rules of table b. are theorems in SIRl. The method used was

to reduce the SIRL-axiqma and ;ﬁntences to ;he quantlficational

calculus and then to prove the theorems by Subordinate Proof Deriva-

tions (Appendix I). The deteils: #re givep;in Appendix II.

v) €-quantifiers: The most obvious difference between SIR1
and the quantificational calculus is the occurrence in SIRl 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, €-quantifiers are viluablé because they irdicate the °
intehded ‘intétpretation’ 61 SIRL sentéhces to-ile tser or téader: Finally,

€-quantifiers are important for thé computét “ifiplementatidn of SIRI)

37

They are indicators which relate the formal :‘s"i)?vgt‘e)élﬁf:o“ii"hfffﬂﬁwira‘f moddl

gearch~procedures. Details of a proposed implementation scheme are

”””” k] i

presented in Section €. 77 v UTrodnomEEmes R togun ol

C. Implementation of the Genersl QuestibhZAnswering Sybtém.

HAEEOT

G rge o e Gl crre o ok s Taco add m0g i, vl Ro IR e D Do
A démantic information reérievziqsys%ém whiéh can be as éffective

as STR and yet have the uniformity dnd Fénerd1ity of ehé §Im1“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 b -0 d ¥ 4 E N L Rt RIS R N L i

(RIS 3w

iii) a programmigg’ langﬁﬁg e fon‘:s speéifying queitionia(niweringpro;ceﬁix}:res
which are more complex than truth-testing..

EOOLANTTANE o s b To A
In pdditien,, these components mugt be designed ro work rogether
to form a compact, efficient system, A detailed depeription of each of
these comppnents of the proposed system will follow shortly. = ;
A, program to trapslate natural or restricted English into formel
relational terms, and a program to annex new relational information to

the model, are also pecessary components of any sementic, guestian-

enewering eystem. The jetfer annexing program s strajght-forward end

all the basic mechanisps are already syailable i{n SIR. Epglish tranala-
tion is a linguistic problem whose detailed study is beyond the scogpe

of this paper. The trivial format-matching solution (Chapter IV) may be
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used until something better,becomeeyeyaéleb}e:; In any case, I shall =
assume the availability of some mechaniem for accepting 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 formal system imyolved, the axioms
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

RIS

model can ob;ain all, the information about an object, such as how it is
i, 8t ,:w.i, L

‘related to other objects, simply‘by refetring to’ ihe 6bjECt 1tse1f

The SIRl axioms of Table d. all describe either proyerties of SIRl 7

basic relations or interactions between basic relations. Theée
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’3iﬂlﬁoﬁiigieé”tﬁ3”efépEft§¥Iisté 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 o
to modify its model “without’ any reprogteﬁming Eeing necessary. otjé%i-x”‘
predicates define sdditional 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
rathet have to be "known™ by thé prograw.. S B
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” fibw decide’ how to represent Felationsl information’ in the STRL

3 3 : - g SN NS -
R S Y g el PNV Tt

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” is not' tlear whith hands” shoul# e’ patts’ Gf whichipersonsi’
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-lis;‘wgp;d contain spegi@} ;;g;;pq;gs_whose vglug5 
were the basic relation involved and tbe,s;g;ngfofﬁwg-quynpgfig;s e
which produce the link-predicate from that bgsic relation. A4n additignal
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-RE?diﬁ?ng,Bﬁyt?éﬁii; bé,»w

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 themselves property-lists which describe .
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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 proposifional calculus -- has a simple decision procedure
(46) which makggfany‘g}te;nativergpprpgghxgégm‘ygggﬁﬂ,?Ejmggp deal with

a more complicated problem domain than that of LT. It is conc;ery,gfx_(?‘dw_iT

with 2 domain centaining a possibly large, although finite, number of

i

objects, relations, and axioms. Also, the objects.and relgtions as
well as the axioms may be changed from problem !:%-RF?‘%?P-; , Bpwever,

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 qggﬂdgiqusqgg,g;gg}e

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. If 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 SIRl1. 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
theé axioms and link-predicates which are next-most-closely related to
the sentence.
Repeat steps ii) and 1ii) 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) (M=) Plx;y] =2 (¥x) (Ay) Plx;y]
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Therefore TP could not, for example, perform the derivations of
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 mpd%1~19*°rderf¥9g£££EE£3§PP¥?P¥}§FQ;”?9?993e33
let us define a "question.type' as a.class.of gyestions 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 previousiqectiona 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 guestion,."What is the relative
~position of x?" it is determined that y is to the right of x and alsq
., 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 soqtetimes" .angvers.to queqtiongq?f
the "yes-or-no' type. The existence of separate programs for each
relation in SIR permitted the consideration of special jgroperties 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 must be "insufficient
information.” Although a "no' answer .cannot be obtained bx '.E’? e

- directly, we can build into TP the ability to make.a negatiye reply .
if it determines that the sentence ~S is vaable, but; no gepera} L
change to TP can agcout for special properties of individual relations.
However, this flexibility of SIR is. recovered in the. gepexalized .
system, without relinquishing any of the uniformity gnd generality .
of the SIR]. formalisu. and the TP program, by the use of simple pro-..
cedures written in. the LI§P-plus-TP spegcificstion lepsyasge, For .
exauple, the procedure for answering the question, Uls am x.a 31" ..

might be as follows:
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if (Waex)[oey] then YES; B
else if (Vaex)[~aey]l then NO;
else if Vaey)[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

i : T K €«

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 SECAT D

i 1T H

A. Results. T
CRIFTLNL G el GE e
1) Question-answering effectiveness: Chapfer I described how AR

INTTAMACHY D S¥L LT ns EEIE
question-answering behavior is a measure of a computer system s abil-
lva-u‘v Sy Lvor

1ty to "understand " SIR represents "meanings" in the form of a word-
i i N S R B S T 771" R CUIS ST T B SO S 19
association, property-llst model As a result SIR is more general more
arer S

powerful, and, Judging from ltS conversational abillty, more‘"intelli-

Dorsllgead 81 P LTl adnd
gent" than any other ex1st1ng question-answering system. With respect
o ;‘ F AR I 3 O 2y
to the fundamental problems of the other systems discussed in Chapter I1:
. Lonamimslont I5i3 el sund dricyg ool
i3

S s SR ERERS TN

a) SIR is not limited to a rigid prepared data structure and corres-
ponding: programs with specific,abu;lt-ing ad hoc 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 s ing F N 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,permitging. the storage of
any relational information.

! KR

PR 1_n£1u E

e) The SIR system is not restricted to testing the universal truth of
a complete statement,. yegardless of the meanipgs.ef its.composents,. as
is Darlington s program. Rather, SIR procedures can be devised to ans-

wer any.form of quegtion, emd the gpswers.are, baged 08:SIR %) ewrTent:p,
"knowledge" as determined by word associations in the model.
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£) Although conceptually similar to Benmett's word telation system)
SIR represents a vast improvement in that its list-structure model
permits’h dfrect representation For arbithary word relatibs;" the

system centaing programs for bandling several differen relations and
their {nterdctions; afid both input forumts and’ yrbgrhd$15§ic mhy‘et#fly

be modified S e

 SIR provides a framework for reason-

sbly pacural comunication becveen people and computsrs. Althovgh
somewhat stilted, both the input and the response langusges used by
SIR are sugfictencly plose to natural English to be eastly underscood
by an uptrained humas. The input format recognition proress pped {n
SIR (Section IV, B) illustrates how far one may go toward fg&g%;g;ﬁﬂéf;:u
ing" matural language, in the sepse of recognizing word associations,
witheut refexepce to grammatical, strycture. . OF course, Such a scheme
cannof be generalized to cover any large portipn of a natural language.
It was used here sjmply as a device to get past F&Ew%nQﬂF&Phﬁﬁg;fn% {gﬁe
the problems of representation and retrieval. However, this format
matching propess can easily be expanded to handle any sufficlently,
enall poztion of snglish. HEAZSEE

Even in fra present primitive state the process ix not excessively
restrictive to the untrained user. lyiehgsp?‘Psegegcieze;em%aehe,uie; L
could be mstructed to present in complete English sentences simple
fadﬁg_end questions, and not Feiuse any sengeeeeiLy{tbﬁqueSQipegexr
clauses, adjectives, Qoniﬂnctipqsirg;:qggggs.“hxpese‘geﬁgenceshgay'eerphy
about clags relations, partrwhole relations (pessibly involving pumbers).
possessiqpe,wend 1efFﬂF°':iSh§£QFde¥iQ§”F9l“Fi°F3ﬂ jWheq ueed,in,e
time-sharing envizonaent (11) in shich each sentence receives an imedi-

ate responge, the system would have the effect of a '"teaching machine"
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%

in training jts user to restrict hignpe(lf to: rgc{pgnimb}e._ ,s.gn}engg, drig

I53 r“a‘.u.ﬁ oo SR ]

forms. After ;al few trial ;:una the pxogrmgx sa@,ilxs add ng new, - ,,

b—’ P
bt

sent&nce forms whir-’h Erequer ch@!i@? of L

success for the next user. If this training process is too slb&;“fﬁéh*

new user could study sample conversations from previous tests, or re-

¥ L‘

fer to an outline of available Formats, befbi!*cumpostng”nzw~statements
St A SRR T B ST A ST b Pt B £ Lol 5= 0 B BRI T a e S TR S SI0- PR I 3
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 ro corrgéibnding increase in time required -
wnd o woen sodszlestll 0 UL e usTy JIC

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?;”

Foldti EEonitign g ey ot ITign woial wvay guvos o Dondligsoan od Junnes
as lohg as one can anticipate the classes of ieﬁponsei and ‘frame each

----- Clonnlvol nowg o vigsids oo Dear o wow gi
class in"a su{table ‘format. ‘
MRS s 8

3) ‘The model: An important featire of SIR 1§ the flexibility of

the property-list structure of the model. Independénf’or relatedlfacts’“

Pyl odnpen gl o et s Sdede avg ShE il JfLEndg 837 f i
can automatically be added to or extracted from the sys%%ﬁ} and the same

CoDverl LT terny i R O g R ¢

ot et R R R E T E I S R LT
data may be expressed in more than one way.

Several existing computer systems, ¢.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

R P 1S e - S PR S -3 SR AT S
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explicit part-whole link from FINGER to“JOMN; of f£ (b) there ated: '’

A

links By means of which the retrtéval pBOgiamg dn: 46dace! Phat d finger
i# part-of a person and John is a'persn; or i {E) tH¥Ps &rée links by ™ °
meéans of which the retrieval prégrams dan deddce’tHEt & Finger is part

of a hand, and a Hand is part of-Johh; etc: “til’ad8ition, the system
can automatically translate from one’repiesefitdt¥ofi"to ‘aother Having '~
some advantages. E.g., the "st¥eimltre® ‘op@rifion dedcribéd in Seécefon®

V.B, téduces storage space requiretientd By feflovidg reédifidancy tn' the -

g

ron

representation, without making any chénges“in-the #yaten!
The property-list model‘turns dut'fo’have’ad¥natdfiés ‘even when'an-
other ‘form of model“seems more natirdl:” Fof examplé’ TePt<to~right”® “"*
spacial relations 'seem most edsilty repréSentéd by 'a Y¥inda¥ ofdartng$ f
i.e., ™x 15 to'the teft of 2?'dd&ldiﬁe33836f§d“5yb3f53fﬁ§igmiﬁéﬁé ' EESEE
Y in a left-to-right list. However, incomplete information can célie ¢

trouble for such s model. If tt 1§ kitowh ‘thaf “'x '¥s €0 the feft GF”
i

Mg 5]

y" and "z is to“the Beft'of 'y, the Piidar drdefing’systet camot ¢ 7
uniquely model the velative posttictis 68 X, 'y, ard’z!® fhe propérty~ '« "’
116€ system; on the other Hard, Fépresdits exs¥ety the félations dhitén
are known; and the ‘limear ordering 6f the obfactd Cail Be ‘deduced from
the property-list model, as 1§ dome tfi $TH by the “*locate¥ gunéttons T

fans o

the' datd ‘ts sitficfently complete. - 717 7 acousini

B R CU N S SO S Y]

 gtate: The processing fimé per statement ‘for the $IR

system with'a standard LISP configuration dn‘én TAM 7694 cofipater -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 of relations. .which.were.intrgduced, ae described, in Section,. .
III.B, i ordexr to.investigpte khe.yarious.featyres and possibilitigs. . .
of the madel. Theag.relations do ugt necesgarily-hear any.otber use- -
ful or logical relatiogships. to.eagh Qther...: oo ..oonso o6 ontess v
-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. i

seopgmors L ruvosnll Ldeald ddgireoos-ial oo ¢

The scope of the present sygtem indicates that it would be feasible

to use the SIR model and.present program organization in.a practical .
information retrigval sygtem for 4n IBM.2030 size computer, previded . .,
the syatem involved g reasonably small mymber of relations whoge intex:
actigns.are clearly wnderatood. QOme.posaible application.is-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

. T:(;r;,;; g PR GO eSs R 00 HRHRE S B T i
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5) Questiom-answering detailsi “The followlng pointsd’, although ob=

vious in hindsight, did not becothe’ appatent: until:the’ prégram wis |

2ITA

flit‘l?‘ﬂéll dml@p’ed‘: i . T REL ST

a)' ‘A question-answering system cannot give definite’ negitive replies” °
without special information about the completeness and consistency of
its data. -The fact thet BIR does not’have such ‘{nfoimition actounts
for frequent ococurrences of the "INSUFFICIENT XN?ORHATION" response in
places where a clearcut "NO" would be preferred. @By o

b) If'% stands in relation R to'y, then a dne<way link, e.g., from x
to y through attribute Rl on . the property list of x, may be sufficient
for most question-answering app&iéﬁtibur ‘Nowever, ih the course of
expanding the system the reverse link, from‘x to x through attribute
R2 on thé y- propérty-1ist, may be mnﬁh mote ' coh¥entant Toatlow for -
any eventuality in a general system both links should be provided from
the start: Twosway links also provide:the dccessibility needed to exs’-
periment with various tree-searehing prqcedu;es )

¢) It is frequently possible for search procedures, even when unsuccess-
ful, to'provide extremely useful informitioh to thié-uder or’ progranmet~

by specifying why they were unsucceasful. This point is discussed fur-
ther ‘i ‘Seetion I¥.C. : ; D T T A e T E S S O% (ot

B.  Extensions of SIR.

1) Adding relationg: Two majot'Obsfaéiés;'in;additibnito’édﬁputéf

memory sirze, stand in the way of extending a 'SYR-likeé ‘systém by adding -
new relations and their associated programs: ¢a) the problem of inters
action between a new relation and thésé- diready i thé systém; ‘requir-
ing modifications throughout the system’ far eveH wihor additicns: and
(b) the problem of the time required ¥6- seatch ' thrdugh’ tyees of ‘werds =
linked by relatiotis. THis time appatently ust grow exponentially as
the number of relations increases. -

The problem of interactions cén best be overcome by feplacing SIR .
with & generalized system. As discussed ¥ii Chapte¥ VI, this change

would greatly reduce the interaction problem and simplify the introduction
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of new relations,  In additiom, the Pfg§¥§§§wﬁg&}ﬂiQFQbQP%X;BﬁjSig“ifi'
cantly smaller in the generalized.system.. Not. only would:all. 'yes-or-. .
no'' type question-answering programs be replaced by & single, 'theorems
ptovingﬁ program; in addition, the. pzncedu;e»spee4£icgtipn lpnguage of. .
the generalized sy&teq would result 1n more ;;ompag.t » as, well‘as more '.
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;ponentially growj.ng, epace 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.concerned with tree-stryctyred data.can.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 tempoxal. relatigns. .The search gpace affected by a newqrer .,
lation is really. just the .gpace of jgtexacting relatioms; :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-

Wb

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

% I 5

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,

F e CREN S

"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 oad VREDLY e :

ii) The same object, which has on its property list the attribute -
"MODIFIERS" with assogciated value " (LITTLE, RED)."
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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‘

TSI T v

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

x£:~~ It . 03 LR

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

- { I PR SR 5

treatment of binary relations. E. g., the n-ary relation R can be

‘.m»,»‘ T

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 -
»...A<x1, xz..l.., xn, 1) Rn[x ], |
where the value of the attribute _i on the property list of _1 would be

j 1’ j+1’

the ordered sequence¢ix
the trinary relation established by the statement, "John gave a book to

.;.,)x'> More specifically,
, e SRR
Jim" could be factored into the three relations "GIVER " "GIVEN," and
| "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
P"me' o prOperty l;ltst' ' Qn.ce again, the mcticahty and ,efﬁciency 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.

Otie ‘approach to the "advice-taker" is to develop programs which
can produce other programs in accordarice with simple fnstructions.

Such program writing programs could ‘be an dutgrowth of current work on

AR e

éomp iéf'léﬁgﬁégé‘"CGﬁﬁifetéf“:if'théJihﬁﬁf‘Eﬁd 6ﬁféd¥{fbrms are suffi-
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

ot

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 ’

specify ahd ontrol theoren-proving, ki mpdel sentching procedires for

Fyan e o e

the program,
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After: the above two approaches to ap "understquing" gﬁch'

been developed independently, they Equ14~P$,§¥q;hQQ4§9§ ) 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-

¢ i

structions which had been placed in its model.

ltimately the "intelligent" machine will have fo be able to ?3;

g

stract from the inéermetéqn 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?¢-FPFCQPt,fﬁrﬁfﬁiPEN??S,?9&9¢9$V9y¥ﬂf%£$&%9 systeme (20,41) a8, ...

well as the generalizations of SIR described above.. .
e . o il g Hia D0 RO T a0 BERIRLE (

P A S U RS EC R AL I S B ) i R
C. Concerning Programming. . S sip o (5
1) Value o Many Qf the results and conclnsions o
written after the development of a large chPuﬁerlpr_gigg such esiglk
frequently appear as if they could have beenyestablished}wlthoutvtheA o
SED TG TR s s s lgan 0 Te Do r T e na NG a FDpOTT S5 v ornd e
tedious effort of Progremming This 1s rerely true, and(in fact mew

systems which are described as, complete "except for the prggramming

FEsY e R RIS Ry

usually require fundamental modificatipns if and whep they are trenslated

LRSI A T

into opereting programs. The reasons fqr the importanqe of actgally writ-

G iang

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 cﬁé%ie "gﬁa‘éonoiiieht “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

T L Ry A e i 0 3 T ek i TS TR S e s Y
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completed "debugged" programmed system usually turns out to be a compro-
mise betveen the system. as it was eriginally apecified, s simpler:system ..
which was more feasible to actually construct, and a more elaborate sys-
tem vwhose new features wexe kbgught.of:during the.p¥egrawming 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 ''exseptipm pyinciple’  and. gesglutign of amhiguitées;
arose from the design of the basic question-answerer, and the specifica-

tions . for the generalized syskem.of Chaptes VI.sre basad;lazgely.on proper-
ties of the final, working SIR system.

el

c) The programming process frequently turns up insights which might not
otherwise be discovered (see for example.pazagzaph:A.above). TR

d) Finally, the resulting pregram provides at the seme.time.a demenstre-..
tion of the feasibility of the ideas upon which it is based, a measure

of the practjcality,of the :gystem in temms of time snd:spage.reguizements,)
and an experimental device for testing var1ations in the original speci-

fica;]«onsh [P MR . oL [ (AR o PETR R RoTh i I NE EETEIY ¢ SURNN S UE S o I RO I
= ST R 8T Unw R sine.s Bul
. 2) 1 Auniform: tree Linkage and search:

Proqédurmwwl.-:d .9implify codimg and allow the progvammer .fo coneentrate . .
on the mare important preblems of pragram orgenization.and search strate- .
gies. .Sugh.astandard nepresentation would heve tq be-flexiblecenqugh-te.::
handle the most complicated cases. In SIR, the.unifomn use qf.only typer::
3 links or, all property~lists and only type-L1 limks om;all .sub=property--.
lists would probably achieve the desired result..iAm.sltermative, some- ..
what more complicated.(but more economiggl.of stevage}way te -achieve the -
same regult of freeing the programmer {rom comeepn for -detaila..would be ..
to allow sevaral kinds-of linkages to be used vhexever.they were baet; .
suited (§.§.» typerl,-2, and -3 linka), butirequive alk vetrieval .pven.
grams to be able to recognize the type of & link.and tyeat each one . ....--
ampumoprigtely. . oo o m v sennTe 0 Taaanol

., Lf this alterpative of allowing the use. of sexaral .types of link-

ages were. uged. in the generalized system, the mature @f the lindd ' o
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L

appropriate for particular relations could be stored in the model on the

LU T ) t’,v - PO 3540 2 ,‘j,: 1__(‘, I3 :?H'\:?"
propertyﬁlists 6£ the relations. In BHIS wﬁy the* tyﬁé»idenﬂifi&&tiéﬁ ;
' B qr*..m_ Sh D SlUIane yiom gsw oo opdw

would be remuy avauabie ‘o the retﬂewx pregram et e

RN

HERERE ¥ SR MR AT T L EY L R T b hg
3)9“‘r‘“ramman ‘tfee= se‘rch In order o hhndIéJsome of the ress
IR £ B SOIG L TN S ) : [RRFTE S ot e R sl eIt 3301

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

Simmaestasrg gl

TR i

arguments pennitted the de!ign éf%progﬁms préviding & ﬁbﬁetfﬁl ‘abttity

to sﬁecifyeeomplex seareh proeedures For examﬁldlﬂonéoof the most”ﬁég- ¢

I L AU OIS A il T i ’Jl"f‘

ful funcaioﬁs was ufind[start- 1ink~ testP, R aheré “Qtart“‘dAnJBe 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-to each word reachable from "3fzrt™ abeng ithe RiNd GE path speci-
fied by "liak:" If the value of "vest™ applied t6 A 'wotd £s thé- speetab s
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 whicli satisfied the test -and theé 'séccesdful ‘path) L ey
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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st

complete set of general network-tracing foﬁctioﬁéuliﬂeuﬁgiﬁd:"’"Sochre

set of functions could be the basis for a language which makes programming

SO *. ‘
tree- and network-searching systems much simpler tﬁﬁn 1t Ts now Such a

vladgudge‘might thus contribute to research 1ﬁltﬁe;drea;‘ofbpdtt3rh recogni-

tion, game-playing (36), and network analysis as well as sementics and in-
f ) "Y - 4 i
formation retrieval. Note that the success or failure of an applicatxon '

LGl

of the function "£ind" depends only on the connectiv1ty of the network

the ordermin:ﬁﬁicﬁ nodes>are genereted énd.teeted,'andutherefore tﬁem

efficiency of the SYStem for various kinds of networks, must be ‘decided

in adVane and buiit into the definit{oﬁwof'the'fdﬁctfon.

:145 bgrOgram siggiification" The'“proceddree"Upre;eﬁted.in’section
.JLvmlch were described as'"rough flow charts" for.the retrieval programs,
g
may ‘seem unnecessarily compllcated This is true for the follow1ng reasons:
- - far i 1 O B S VERRRE R A
a) Each procedure was written as .an explanat1on of how a partlcular pro-
gram operates, and .the place of these programe in:the over~all.pragram ...
structure was de-emphasized to avoid confusion. There is must more hier-
archical gtructure and use of common subroutines. in.the actual SIRpro- .
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 Rmow, I eould cer-
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 start
programping the generalized system pf ;Ghapten VI oo osarun

c) . Unfortunately, many of the "simple" remsoning precedures .the proguam .
must go through really are complicated It was surprising ‘to me how many
possible routes one may talge ‘to deduce a simple fact .like "A.is pagt of
B "
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D. Subjects for Future Experiments.
R R B T S S S S 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-

Gty v : v v L3 oty gty Adnlin 9o ing

cantly reduced search effort would be a valuable contribution to the

P cife R FVE e fiais kel Jivrn boeam e SN S I

practicality of SIR-like systems In seeking a path between two nodes,
: g VR i st d i RS EY g NG TG

i1t

for example, one might compare the procedure of moving one ply from each ‘

ard oo o 5" FAATIREN T

end, alternately, and looking for a common node, with the procedure of
: s e iar g LA 5‘1 FRTRRT R s GEPE RN O eb N ot | B Rt

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
SR LS il £5 4

it also introduces matching problemsin order to recognize success, and

DA KR :

makes it more difficult to discover the complete successful path Which

i . i [ ICIER T FIEC 9 3T KRR

of the various procedures iﬂ "best" will depend on the size of the networks,

CEY i Ty L i = e : ,,J,Ai

._1

the relfat Ve frequency of f‘suee‘ess Ehe* "werage Péngth' ‘df »’su’cces'sful paths

Gy HBW LT

<y 'n I P . e A (3 I

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-

TACT(

tidular problem area.

2) Linkage structure:  The optimin tumber “6f ‘expPiectt Tinks nééded

shouPd ﬁé inVestfgate& Gne ﬁdght expebf:a ﬁradeéo££$here bbfween space

);u Lisa

[
.43

"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.




1
gxplicit links save time only wher“théy provide €oribdt-andWerss otHorkie
they use time by requiring sputions Pars’Of the'detwork t8 be~suurdhedi>

Which redundant links to weed out, as well as which search procedure to

ugé, dépends oh’the’chatdtterisitics of thE tddel and’ §uddtidis®in 4 par-
tiﬁhﬁé?“ﬁﬁpiféaf&bn?hﬁﬂ”ﬁﬁ;tﬁﬁéédéteiginiféﬁyaé§3§§§§¢ﬁf§£i5§i”wa Getiv i

" fnother StTuctoting problem t67be tondllered 18" that 0f ebndistercy”
At pF¥sent SR tries to”tedt the conelvtendy’BF' ahdh”IRpuc Bdntenkes WL’
the’ infothiatibn 1t alreddy has stored’Betdri’ hdding® the hew telationdoés
thE hode1! “Tt wight”Bé'mbre efficibnt’ b b11nMty Abceptleadn inpat’ ©7°
“gentefice Indepenidently, and then chelk the ¢brdidtenly bt the mbddel’ from-
time to: time’] 8ay bbthedn’ input ' Béntendes > Hemptuiingt” 11 problems =

odeur’ " this"protedure’ woutd g1ve 1ated ifformatlonseqial’ précedbibe = i

=G Rl e P oty v S, s v i Doanluel s sved gdabaolonavay
piica{tions. k { b erdfie, SRS HEN 50T S L ES TN SVEBO 221 PR FOES T

LEY Py . . g R ] P AR t R Nt tre A
wree® TR e e Do et oty Dy Yoo aessoya oas s (B8R anived

Uy pmbiguley o Yanpuage: A ByAtel” siul 15 thSTR” couldS be' heediad

a basid foF & EtUdy et°andiguity 1A langhage’ TR SAmp1sdgiven abtve In
sect1oh’ f.Bshows how 1R cati tebolve ah ahbBIFdobs’ Wotl® heWhitig? 6" the”
basis df refated wotd meanififs.’ SimliaFly dddphded’ ve¥idoh S sIR might
ings (or, more precisely, the contents of the propert$+413t8y9of’ thbic °
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 kaowledge 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

Lo | S . PP S . ¢ P P R S | | R T S
I T R TRIPES BRIt £ ST Do Coee , Fnt e oF adinrl dmabaguhoes gl riiW

-ing #)n;Simulagigp:, The. behavior of SIR.in suswering gquegtions and re-
solving ambigyities syggests that, the. progzam, yndgratands. the peanings” .
of .the voxds in its.model. The information §IR aspecissss;yith s werd
by.meayns,of, the. propexty-ligt of the word is anglagous.to the-informe- .,
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
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Appendix I: Notatiom

A?’;._; ,Bas.ijc §wb¢l§s H FE R ," " B S ' L if

The purpose of thls section is to present some of the formal
TR A B I TR I N $1 ¢ .5t

1ogica1 termiﬁology uned in sthi,a pdpgxp !n ﬁbejfoueﬂni iist; tHe

use of variqus;symbels will be explgimed -by weanacof definttionsyl .L&

examples, Qr ststements of interpretation. . ...

P A e - e - PR S : e e e
i Lk PEETRI R S N j AR e I L F T o
- B s {r
M' ST ' TR 2 * IR I
s peliogm . el . e . .-~ DATECR RIS
&

ces and so forth.

AsBaCs see oy, ueta-&ymbql&gtan@j.gg for any logical fbrﬂlla&u ORI s 1
© ~pV=p & o the propositiopal oonnectives.. .i. S0

~A not A; A s Talse. ~ i'fn
AAB A and B (are both true).

AVB SO MR A:stB‘Qrv:%fiff;z:,mc:(} 21 e JATEGT T k4
‘A®B 7 "K Tmplies B. c 3
ASB A if and only if B.

XoYak&s. o2+, . Variabless, .naugs; of spkpown objepts oF sets. unn.c .80
QoByYs o aen: .eonstants;. muﬁrmw ahjects or geba.i:
aéx Q is a member of the set x.

o XQY e 0 8oty X 18, contalned in: set. - Poominogwd” oo T caued WRE
aéx (@ x]; ;@ is, ot mx}ﬁ;m&m Ko oo Gas
x=y X and y are the same object or set.
T s6h mignts 2b i
Yo uniyersal ‘quﬁ.@n* mhnl. . A
(vx) universal quantifieriac: oM pied Lo Ly

1 - it

(W'x)A A is true for all values of x.
3. ... .2 exiptemtisl guentifier;symbols: :
T@x) 77 7 existential guaptifier.qq . .cn L bx

(Ix)A there exists an x such that A is true.
(qu 1.0 j-}dag urerdexeg 93;59;3§b919bd§§5&1md TR '&‘mih.':,?l i
< Gafp ;- She:e¥dered; pair of-Shaiobieess paded. oy i c iy G
- adf equals by definition; is defined to be. .:{ ¢i ..%. ¥

V.

. , : ; Qe i - ) f.“p
Lo wm Ol B3 ol TR0 L0 - e e L

B. ‘Subordinate Proof Derivation. T

Iz %!Suqu:d#nq{;a -R¥eef" is.a method for.preving lLogisai-deductionsiifi the-

fi:sq prder p:aéieaﬁe -eakoulys .('the quﬁﬁ:uutmal Cﬂlcﬂlul")w “Hhe . (=
‘ T Yo, LaD brns ognaitoi .':? W

formulation outlined here(is due to’Pﬁpf Hartle% Rogersa Jr. t; s
bore iamenand Goo o LS T eo ks et laninet o8

simiier to the sy;tem of "general” iﬁfeténé&“ dés&fiﬁed by*ﬂuPPES‘féﬁ)

e il L rume by FECSEY
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ition:- Subordinate Proof De"rfvation of a formula 'B from b finite,
pousd:bly empty, set of formulas & i .
an arfangement of ‘férmut as’ a‘ndmlong ¥rackets ‘dat fy}ing the éoi’:%itiona'

3

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 ﬁ?eJtdiva’t‘iion, I'ine‘ ip ca‘iled aq
ancestor of line £ if j <.£ and line j occurs inside no 1ong brackets
other than, those containing line_gf_ e

';',’a'J[La) Paprnl ool

3) GiVeh i I'thes of a derivation, the

la A (without a new long bracket) if
1) A is a known true theorem, . o ot
i) A" 1% imp‘ii“ed in the px:qpozjf:j. 1 R us

formulas in aficestor lines %o the ;?f CP

ey r wl"*"fi'u’«z
bé' obtained from a, ia s 9,;‘ 1ine
0y TR 'axjé(ﬂ q% HENEatat i
R 18 fodf) (?"‘ J, ‘-i.?r

D&fi‘hitiéns. Let A be any tbrmula; afd’: e ’;‘ixd | be terma, .
v AE =df the formula obtaine% from A %y Bubstl uting ‘For every’ free
ence of @ in A, .s for eyery u; o It wit ,

_ scope ofF Quzﬁtiifieric%xtainin ’Cx_‘ o PERSFEETE 'lff%)n? Mp hip she
.~ US =df Universal Specification, by which ({a)g\ becomes A . e
UG =dF'Bniversal Ghnersldzationd ¥y whith *° s‘ (V& S iy
ES =df Existential Specification, by which (3a % °‘
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

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 lines‘ 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:_ Derivat:ions ,of SIK D&duc,t;}on},?poc,edul‘.es

tated i Table b. g 450

HHAE

. Each of the 23 deduction Procedor,q L
theogep} of ;tyh_e‘ vaIRld_,fo;xjpal_,. :s);g}t_,_em. ;[,'he pgoofs, g‘resent»ed below, JUE T

generally consist of four mtatements: .

s 3t FERECEE R S S PR VA W B B3
ST T U T R Tt b R SR K0 o) S M S PRI Y TR N A PR G L
1) “The SIR deduction procedure, a8 gtated in fable b.,

ii) A corresponding SIRL wff; obtqlined t:hroju&ggl use. of the cor;ee- [ —
sponﬂences of TaMe ¢, R

vl Gt .:":’Eiz Parre R

T

.v,,f
iii) The quantificational calculus statement o'bi:ained from the
formula in ii) by eliminating Lquanpifierg as qescr,i,qu iﬁ qg ;sipp\ /e

iv) The outline of a Subordinate Proof D‘erivati.pn ‘for t:he stace-
ment in 111). - These p‘roofs arp i"z)utli “"a 1n the senge - -
occasionally seyeral stéps are copbin( 1nto one, line nt herp
used as meta-symbi‘)‘ls to ‘Bta nd’ ,ﬁsfi’ g ex& g,gsI ons? an&i ierggg
rules of inferetite such as "modes’ n‘eus'ﬁtare‘”ujsgé when’ con@“enien
However, enough detaiL and expl ation is esented so, t:hat compl

formal -rsPD“s cap g‘aa‘ily be’ 203 i'p‘c} des r?Q ’g‘;‘? F«'{'ﬁ A

’i‘l‘le axioms of SIRi, a8’ given in’ Table d.,anﬁ 1(:8

iy

9

Wil P

definitionsi, are i;;trodu,ceg ;Lnt,e q:m Sp};oxpinp,tg ,P,;oofs a;J"l;gue"

theorems, vhqnever mes:ﬂssary, Un;txerggl ggpntiﬁc-etibnﬂpver all

free variables in the 1nit;Lal and fin&l a;at.anents in the follovd.ng
proofs is assumed. e e ne i SRR

In somé cases; f.herproofs of SAIR»IJ.&educt'ibnﬂ procedures: follow . .. 02

imediu:ely from’ SIRI axim or: definitionn, 80- thae *"SPB'b" cawés o i

»\u,. el Lr . oo . EORI En L I

unnecelalry- : : B S S S EE N T S P T T PSS S L
1) J(C) ' i RN RSN L N S SIS R SO SN S A
XCy,\yCza}ng S . SR : L eewdT L h s e I L 3

Mz) [aéx:baéyl/\ (va) [a€y=)a€z] => (Va) [a€x=)a621

\,./.L\-

PiCY L,
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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 =3 (v a) [afx=aey]

X=y

~(va) [aex 3aEy]

(3a) ~[aex=aky] 2
~[BEx=>Bé€y] ES3
Bexa ~BEY
BEy 12-1,5
~BEy 5
. v o) [a€xad afy]

1.=8. ged.

O ~Nou W=
e« s & o » s =

3) equivix;y)l=xCy

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.



©11150
6) (R(equiv) ATt SOl R ,’ 3 ..L
TN A A vaflE At | i
e axiom. 534 ; (33 .
e Lt
<38 5 1 D
7) J(equiv) - va;c’*xm‘ 1 :t
J(: axiom. RIS B . i
8) ~ownglx;x] .
~(waex) 3B€x) [ownbla;p)) TR DR =X A
(ownb) axiom. 1 .
[ R e T
=i
9) ownglx;yla zCy=povnglx;z] [A0e sl (v T
T s LR }
(FPEy) (Gr6) [ownb[0381] A (W) [y 1 Mz)@afx)tl‘giib’f&wn ;
(v B [BEy # (3a) [ax Aownb[a; 8] 11 A (w @) [0z Batéy] RO
=p(wB)[B€z =(Ia) [aéxAownbla;B]]] L Q;ﬂa , j) ‘ 5

1. | (vB)IBEy 2@a) [afxaownbla;B]l]] A (v @) [a€zmpaty] :

2. | yey=mp@a) [ac€xAownbla;y]] Us1

3. | YEzmpvEYy Usl

4. | €z (30) [c€x A 0ownbla;v]] L 3,2

5. | (wB)B€z=p(3x) [@€x Aownb[a;B]]] ‘x’_”’“"“‘"%““‘ﬁéa
1.=»5. qed.

SRS CEah ) L N

[ SO 1

10) ownglx;ylaA xCz=ownglz;y] o .

(wB€y) Qaéx) [ownbla;B)] A (v a€x) [aleﬁ(vﬂf)’)gafz)[}&wnb[{x el,] o

(vB) [BEy=2(3a) [a€x Aownba;Bl]] A(Va) [aéxpacz] .
= (wB) [Bey () [@€z A ownb{a;B8] 1] agf‘whae( SUIN

1. [(wB)[B€y @) [afx A ownbla;BI1] A (W) [aEx o= <1 v iy o
2. | y&¥=>3a) [agxA ownbla;y]] . REAS i/ SN
3. 1rw . )"'_’ d . a
4. | | (30) [oex aownbla;y]] bop A£G
5. Héx Aownb [p;y] ES4

6. MEX DUEZ USl

7. 1€z Aownb[u;y] b

8. | |L(3a)[a€z Aownbla;y]] ERENES | Y 3

9. | 378, e
10. | (wB)[Bey=>(3) [€x Aownbile;pl]] U6y -

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] }

Gifziafxmwnb{a Ao loexmpots] e

P

3. pexws S v
4, afzxmb{a y] I A
5. Idszownb{a;y]] v RS
£

.

12) - ownglx;yl A z€y pown(x;z]
(pey) @aex) [ownbla;B1] A 26y sp(ofx) [owmblazzl] . -

Tradd g Vs o5

(¥8) (Bey (Qa) [a€x pownble; p]]Azgy%Qa:){afgmmp[a,a]J s

(wp)ipe w) [afoowana’ﬁJ ln 26y,
z€y W' s2ll e T B
QG)[MXAOVDMG,Z]] . 1,2

1-#3. qed,

13) o wnartglx,x]

~(\§! %) (38€x) [partbla;s]]
ﬁ(p‘ cﬁtrb) ’ axiom.

P

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

15) part[x.y]Aszappm[z*ﬂ e s v E e

(Sae':t)[partb[a,yl],\ Q#afx) [a?z]aaeagaimrth[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]




132
(Fo€x) [partblasyl] A (v BEx) (Ga€z) [pareblasp) l Feidnearipantbloawl), (1
Fa) [afoPa“b[a’yHt ]#MF(*%@PQ%<%WAW%M o) (30
,y

=2@a) [aé’z Apart
{¢i2ldnvo as¥n ) Yoz 23 LV} A Ly roldomwo A 030} (0E
1. [Qo) [afx;u{)art!]) a.YTTA (V BS [%é (id) fd z,\part‘b&i ﬁ]]dﬁ on
2. fYexapartbly;y Psyoes ] (ow) afivoldowoa 230 ) Lg
3. | vemw (3a) [a€z A partblasy]] P ¢ (v;a?cmwo 5 § %
b. (af})laez,\ partb[a,y]] T “% "
6. prED) [Lyse ddnon o <3e &

7. partb[u;v]Apartb[v;ylépartb[u;y]

8. |uez apartblu;yl bap

5.2°7 "
9. L3a)la€ez A partbla;y]] EG8
1.9, qed.

[ornlowoe w33 advixlomwe (81

Dlasdddirn ! Godtre s A 1 §inida ¢ b
17) partg[x;y],\zsyayp'art’rxi'z Do Aentll AR S

(vBEy) (3061{) [parti)’fra ’Bf]‘h\} @y'gij&}‘ x[pﬂi‘ﬂ:[ﬂ Q]/T w3 (ORS¢ a (8]

= 3 e Yy i
Proof is the same as proof of (12)‘%1& L%ﬁnjhwﬁm/\ :)é" ¥ :‘ii i i

Sel {is; D]dnw( Axﬁw} (OF)
«9p .EI(::.i

Lemma 1: (v a)(VB)(Vx)[single[x]A aéxBex=pa=p]

1. [single[x] A a€x A b€Ex T
2. | @a)la€x A (v B) [BEx2p=a]] 1) aée. o Single "
3. |v€x A (VB)I[BEX=B=Y] figrotdrreg] (2385 (x o
4. |a€x=pa=y L L o o J(du %
5. a=y 1,‘;“

6. |b€x b=y ‘ : us3

7. |b=y

g: ;’::)8. E?:;xlaqus‘e"-‘{:)x;\‘».5{f:fri§23111x2f1-'5’7(45i

(7 e B N 2 e Apghe LARCE APEXRIEBL ;0% 0)da00) Gace BB )

(&4 ; L] N b LI Lol IS £y : P ]
LAdesg” wd beoslasy Mdaws dibw (23 Yo Jonsg oan smes 903 20 tesyd

18) right[x;y]=»~right[y;x]

(3a€x) (3p€y) [rightbla;B]] A single[x] A o vieieeea (2
=~[(ay)(B x)[rightb[a,p]],\ ,mg 1y Aﬁfgsl?fﬂ“ Ciwiiag (@

" (3a) [afx A Q@B) [BEyA i lg&xtxbjfjj ) ]R’sst)nglﬁé j;\x, nsl)efy‘] v oldasrg} (e3ob)
NRIEEC %M@Wﬁmww aP Rl A SASLE LKL | 100ve

| S oo me by ke e [P | -
A ‘3‘.‘»1;1{:2%i&f‘»ajdj.itbgi’Alk{“.‘i!j‘"k}‘{ Ll
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1. [Qay[aex A (38)[Bey arightbla;B]1]1] Asinglelx) As*ihglelyi
2. |vex A(3B)[Bey arightbly;pl] o U . ESl
3. |neyarightblysp) R SIS - S
4. 3a) [cey A(aﬂﬂaex&righ’fbta M’!T R
5. | | weya (aﬁ),[#cx Arightb{w,bl] - L ES4
6. | Mx/\r;[gh‘t‘s{ RS S ESS
7. singlelx} Avfx’,\wx:s'v"k S R R ¥S-Lem. 1
8. Y=\ , 1,2,6,7
9. | | .singlely] o u€y AwEy=mu=w R s ‘YSiLem.l
10. |} S R A T X & T2
11. ] I'fightbin;w] S /3;8 10,12
12. 1}« (rightd) e E LR Ax{on -
13. “tightb{N\;w]=p ~rightblw;A] R sz
14, | | “rightbfw;\] o 'f“g“‘l",_;?;*_lg
15. | L¥ightblw;A] SETERE A N A
16, |~4, A o o Y
17. *’[4. A singlely] Asmgle[x]] B Co SR 160

1. -‘-# 17 qed.

19) <r(right) R

(Faex) (Ipey) [rightbta Bll A(?aéy)(?ﬂfz)[rightb[a,ﬂll,\ single[x}
Asingle[y] o' Bin‘gle{‘zj
H(I0EX) Bez)’(tigbt‘b[a,alg\ single[x]ﬁsingle‘{’ﬂ RS

3a) [aex A(:'lg)iﬂfy arightblo;p1]1s ﬁ&i!deyA(W)fﬁz /srizht’oltx ﬂ]]}
Asinglelx) A singlely ,\single[z ‘ I
@) [0€x A B) [BEzArightbo;B]]) Asinglelx] asinsglelz)

1. [ @a)laex /\GB)IBGy/\ughtb[a B]}JAHG)(C!(YA(?F)IBI'QAHBMBI@&}]]
Asinglefy]

2 YEXAGB)[ﬂeyAnshtblv,ﬂ] L . _Esi

3. | ey arightbly;ul’ .

4o |wey Miﬁ)lﬂfzmightb[w,ﬂ}l | e B8

5. | N6y A rightblw;p S T e B T e

6. | single[y}a uGYA wey B p=w o , US-Lem. 1
7. |pu=w ? IR I TN/
8 rightb[y;w] 3,7,12
9. | & (rightb) Axiom
10. {rightb[y;w] 5 rightb[w;A] #rxghtb[y,u ) _ .. Uus9

11.. | héz A Tightbly;A] s 8,5,10
12. | {38)[Bez arightbly;B]] L L E,G”
13. |vex aAl2. ' B R 0 o
14. _ﬁa) faex A (Jﬁ)lﬂszrlghtb[a B]]] 4 L, E613

15. l.p14, s ai SRR S R SN

1. Asmgle[x] Asmgle[z]:;»lh ,\sin,gle[xl ,\single[z])f_f qed. 715




20) Jright[x,yl?r,}gbt[g,y]

@ xl) (3B€y) [jrightbla;p]] Asxngle[x] As&nﬁiely]

=:’(Bctéx)(!BEy)[rigl’!tb[oz B]]Asigalelx,}Ajs;ngg{yJ R
r3Lc )
(3(15 Ietex A@B) [BEy Ajrightbla;p]]] Asingéie[xj Asi g e } 3 ; !
.. =@a) [oex A@B) [Bey arightbla;Bl]] A sipglelx] A 8! nsiéiyi‘ L
1., (39&)[oexA(BB)[BHAJrishtb[a,B]]] R T UL TN
2:-,=,Y€x,,\(aa)lﬁeyz\jnghtb[v,ﬂl] o T ESY
3: M}'«Ajrightb[‘(’u] R S ES ‘ T
4. | O x) (W y) [jrightblx; Y]#rizhtb[x,y]] ... Axiom
5. | jrightbly;ul rightb[y;u] e s . US4
6. | p€y;arightbly;ul ‘ - VY-
7. | (3B)[Bey arightbly;p]] S, Ee8
8. |YéxAT. T 2,,_7? ’
9. L(3g) [aex A (3B) [BEy ATightbla;B]]] s minoa ot e a EGR
10. 1.=%9. T &
1. A single[x] 5 single[y]=99. A single[x] 5 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 the

assertion, 'the z is et the O 8. latter eé mpr re-
tation can be expressed difect in’n!;% ”Sﬁ‘l?f(orgi{giﬂ:y%

Therefore tﬁgi SJ.%J.F@J !%( z‘%}dybwr&s‘;’b@dhﬁ”un 1s

(30€x) (IBEY) THr 1 el 511 n singlel sé}“,;'smgié‘t I Stheteld]’

o AKX
4 ’“{qéoﬁ% agg‘ﬂezﬁ rightbfa,ﬂ’ﬂ A singleﬁcjl Asinzielz\Jl

(SOL) Iaex A@B)[Bey A jrightbla;Bll] Asinglelx’],\ sfflg;e[ﬂ /\ slﬁglelz] i
4 (v a) [oez =ady]
.~ @) laex A (3B)[Bez A jrightbla; am ,\sing*‘le’[ JAsj.ngleTzH

P(;o;of_» \;gs in the proof of (22) below. SR A RN

L F RV T

s T T I PO R
i VO R IS

22), jright[x,y] A z#x=>~jright[z,y] T o /

As disoussed in the above note, the appropriate ‘Sﬁﬁ statenrent is ‘

(Gaex) GBes rightha;p]) » singlelx] hdibgtlyl stvitdlsf = 10
A(Vaezf) X] : r“_“”\_ ‘ . e ‘“.(; e .
=~ (Gaed) (aBey) [ fr1ahbb (o1 w singlelals singlety]”

N ¢
TR A ad

2 R
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Qo) [aex A (3BY[BEY A jrightb[a 3 ] 1,( siﬁ‘g&{x} Abingie [yl ﬁﬂiﬂg&éfz] Ce
A (x&)[aez Pofx
3ol A?aﬁafﬁﬁmhﬂgﬁmwm A slileta): ,\mgaum :

L[ Qo) laex A(“:!#ﬁﬁ?‘/g J:%sffﬁﬁ*ﬂ‘ﬂ »:siﬁéwtﬂ mgiém .
2.{ Aex BEy A tbIN; E
3. m ﬁﬁ%‘ ﬁ# b TN Iy ?"‘ A 2
b4, ightb) . b SRR ;fj- Axiom
5.} ;riiﬁfﬁ%Mﬁ(Vﬂiiamwmiﬁtheal3‘0 CHEF s el Lo g
AN =~ h blawll], i US4
6. &Faylilomw ﬁ‘ Xiai} Maﬁ\.‘ ﬁgﬂ&‘{a ’mﬂi‘ P - A
7.1 83 ngle[z] /\Si - i fgnia 1;’v : o (
8. [ (3a) [oex AGBHMzAjrizhtbta pHIFLI 7 i ‘
9.0 [ lvex A@B)[BEz Ajrightbly;pl] o - ESB Lo
10. éwf[“ezz\jrishtbf\',ul TERRERE LR
1.0V singlelx] M€x A YEX=pY=h o : UBiL 1.1
12,1 1 y=n EEE el A ragn g,
1331 ] hez »uky ver i C
14, ff‘ S - LT
5.4 °1-1 uZﬁ 4T3 -
6. 11 : 3;&{12
17, . fuk
18.} 1" umw = ~jrightbin;ul nocysh |
19.] 1 " ~jrightbiA;ul ] SRR ¥ i
© 2077 Lirigheb Nl AR AR T 0hag, 100
21" 9B - et a s
P22, 172 [8. Asingle(x] A single(z]] aEAE 2 T REEEEE 381 7 ¢l
2.5‘;. “7 ( e, , S
2%, §‘,"LJE'Efi.hg*le[z:} asinglelx] A (&) [a€z =pox] ‘ ’ aine g e
25.] 1 TGQa) [aez A(aﬂ)[ﬁey/\jrightb[a,ﬁl 1 B '-"“ V
26.] |, Ja€z A (3B)[PEy A jrightbla;pl) .
27. “bey xjrightbla;b] PR Es ¢ fEGZEu
28. singlely] A bey Awéy Hb=w ﬂs‘ﬂrem 1
29, =W 1,27,3,28
30, d€z Dadx Us24
31, [a=r
32. L:‘éx 26,30
33, ex 2,31,12
34, afh
35. afA=d ~ jrightbla;w] USs6
36. ~sjrightbla;w] 34,35
37. jrightbla;w] 26,29,12
38. ~25,
39. ___~[25.,\ singlefz] ,\single[y]] 38,2451
40.] 24.=39.
41.] [7=22.1, [24~939.]] 23,40
42, 1 2 [[7.=922.]A024.=39.]]
43. [1.=9[7.>22. Al ={24.939.1] 42
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a. SET-INCLUSION

(THE NEXT SENTENCE IS . .}
(EVERY KEYPUNCH-QPERATOR IS A GIRL}

(THE FUMCTION USED IS . .} .
SETR-SELECT -
((GENERIC . KEVPUNCH-OPERATUR) [GENERIC . GIRL)) v

(THE REPLY . .) b

(THE SUB-FUNCTION USED IS . o) :

SETR

{KEYPUNCH-UPERATOR GIRL)

(ITS REPLY o ) 3

(1 UNDERSTAMD THE SUPERSET RELATION SETWEEN GIAL AND KEYPUNCW-DRERATOR)
{1 UNDERSTAND THE SUBSET RELATION BETWEEN KEVPUNCH-OPERATOR AND GIRL)

(THE NEXT SENTENCE 1S . .) ]
(ANY GIRU IS AN EXANPLE OF A PERSON) -

(THE FUNCTION USED IS . .)

SETR-SELECT

((GENERIC: o GIRL) (GENERIC . PERSONI)

(THE REPLY o «)

[THE SUB—FUNCTION USED IS . .)

SETR )

(LIRL PERSGND

LITS REPLY 5y o)

(E UNDERSEAND THE SUPLRSET KELATIUN BETWEEN PERSON AND GIRL)
T mwntustnno THE SUBSET BCLATION BETWEEN GIAL AND PEASENM)

? NEXT SENTENCE IS . )
l KEVH’CN—D’(KAY&( A PEASON 4}

‘H! ‘FUNC& USED IS % o} . ; N

StMO—SELEC ] - Sk
TVGEmER LC . EVNM;H-MRAHH! Wa&uc . le" 0 :

{I'H! REPLY L L)

A THE SUB-BUBCTION USED! IS - =]

S&ﬂlﬂ E

1 xaynmcn-«niﬂuon uusmu
ALTS REPLY & .&
WES

UTHe NEXT SENTENCE IS . )
TiS_A PERSONM A PERSON Q) . U [PV

{THE FUNCTION USED 15 . .}

SLTRAU-SELECY

((GEMERIC . PERSON) (GENERIC . PERSON})
(THE REPLY . o)

(The SUB~FUNCTIUN USED IS . .}

SETRY

{PERSON PERSON)

{ITS REPLY « )

YES

(THE NEXT SENTENCE 1S . .}
{IS A PERSON A GIRL Q)

{THE FUNCTION USED IS . ) :'
SETRG-SELECY
((GENERIC . PERSON) (LENERIC . GIAL)) -
(THE REPLY . .}

({THE SUB-FUNCTION USED IS . o}
St TRG

{PERSUN GIRL)

{1TS REPLY . .}

SOMETINES

({THE NEXT SENTENCE 1S5 o o)
(IS A MONKEY A KEYPUNCH-GPERATOR )

(THE FUNCTION USED IS . o)

St TRG-SELECT

‘«‘"ﬁi.;c « MONKEY) [GENERIC . KEYPUNCH-OPERATOR ) §
TATHE REPLY . o) :
(THE_SUB~FUNCTION USED §$ . o) - .° 7

SETRQ - .
(MOMKEY KEYPUNCH-OPERATORY - . . e
ARPSIREPLY o o) S
(INSQFFICIENT’INFORHAftOI)

APPENDIX II: FULL-RESPONSE OUTPUT FOR FIGURE 5
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{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 o) ,
SETRQ-SELECT . :
{LUNIQUE . mak) lsﬂ:ut « COMPUTER}) S -

wd

(THE REPLY . &%)

cmsu-wl un:s..)‘ . - .
SETRSQ 0!! o o fii

1nax leill
(ITS REPLY . »’
YES

“
“
%

s

s»,~

LTHE 8OV IS Ai msrum

1THE FUNCTION USED IS . o)~
SETR-SELECT

(ISPECIFIC . BOY) (GENERIC . MIT-STUDENT))

(THE REPLY . .)

(TWt SUB—FUNCTION USED IS . .)

SETRSL

(80Y KIT=-STUDENT)

LI7S REPLY . .)

1602040 IS a4 8OV)

(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN GO2040 ANO BUY)

{1 UNGERSTAND THE MEMBER RELATION BETWEEN BOY AND GO2840)

(1 UMDERSTAND THE ELEMENTS RELATION BETMEEN GO2840 AND MIT-STUDENT)
(I UNDERSTAND THE WEMBER RELATION BETHEEN MIT-STUDENT ANU GO2840)

(THE NEXT s:dgh& is 2o 0T B

(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 B
(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 MEXT 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

m&v&umr" T :
Lo 1S A uvi :

LFHE SUNCTION UREO 15 .- o) . ’ 5
SETR-SELECT T . . ;
CluNBauE . M uatuc .
(F9g WEPLY
nncrmuncn%n wseo 1S .
SETRE .

57

“2‘?«.“" *z::*w:,.,'m,"

®
&
5

mixtn u‘hr‘tt& ‘ls vy
lu*gae lotl mw—rmon m n

(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))




{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 13

LIACK ﬁﬂ'&l o L

(175 BEMLY. 4 o) -

Ui UNDERST THEELEMENTS NELATION BETWEEN JACK AND DOPE)
(1 UNDERST. ln!».n&na“« GELATION BRTWEEN DOPE AND JACK)

N

(Ine WERT ﬁmsui [T
(Jo 15 J@K)

IWFWV

SETESECECE z

i ONNI gpnlaut-. JACK)) »

(THRERSY . -

{THE SWNQCUDN USED l; s o)

fw& & f" . . 5 -
& - i "

tiss l&‘

1 uﬁ; g:! 6 lv n an ,‘u EEQ qu ANDLIACK)

ll ATIUN 8cT Een uu. va.mmp

mlty ; T
SEWR GC‘J ’ :
[§0 ) ma u.:uealc w;n -
(THEREPLY . .

(THE SUI-FU“CYIDN USED IS . )
SETNSQ

(J0iN DOPE)

{ITS REPLY .« o}

YE&s§

A

{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):. -

«mca\ﬂucuon usER ;s . o)
s&v $LEC

. Jomn fuecw(c o MAN})
ﬂmmtnu g o)
éwﬁwrmnw JIQEO 15 . &)
(JONE WaNY .
uts.auu )
ST fuE gQuiv ueuv ON BETWEEN JOHN AND (G254U)
H lann THE f‘nv RELATION BETWEEN 020840 AND JOHN)

:x

(IHE WENT SENTENC KS o o)
s WIAIQ? ‘\

mﬁ FUNCTIEN USED IS « o)

. §C
. tlu :nc » MAN) t‘tusalc . GOPEY)

PLY o o)
Tiow mo 15 . .

gﬁﬂs mgum ueruem JIM AND MAN)
% &R &&LANON uetmn MAN AND JIM)

ime“n'ut‘senvmc& 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



I1H03dS ‘dIHSUINMO ®

{THE NEXT SENTENCE IS .. )
(ALFRED OWNS A LOG-LOG-DECITRIG)

(THe FUNCTLON USED 1S . o)
oMN-SELECT

{{GRMEREC, o LOG-LOG-DECITRIG) {UNIQUE . ALFRED))
(o BEPLY o

it suu-mucnon USED IS . .}

LW“C ITIIG ALFRED)

( uno me POSSESS RELATION BETMEEN LOG-LOG-DECITRIG AND ALFRED)
FANO. THE OWNED RELATION BETWEEN ALFREU AND LOG-LOG-DECITRIG)

(UHE NENT SENTENCE is. .
1A LOG-LOG-DECKTRIG IS A suok-auu)

u‘n: §v g USED 1S . o)

s SEANG: . .

(%Gq'ﬁl ;. n.oe—mc—oer_nmcl {GENERIC « SLIDE-RULE})

[ L1

J‘.& suo-rvn(:nan uUSED IS . .}

stTa

{LOG-LOG-DECETRIG SLIDE-RULE)

1EYS REPLY . o)

(1 ‘WMOENSTAND THE SUPERSET RELATION METWEEN SLIDE-RULE AND LOG-LOG-DECITRIG)
u UNOERSITAND THE SUBSET RELAVION BETWEEN LOG-LOG-DECITRIG AND SLIDE-RULE)

ltnfﬁwg'MR! 18, )
(DDES ALFRED OWN A S4IDE-RULE u)
(INE PUREEION USED 1S . .)

Cung-SELECTY
(IGENERIC . SLIBE-I\M.!) (UNIWE - M.FIEDH
CTME 1

cmmﬂwvﬁbu.a

m.Mt KEPaE0)
r&v ot

(3.0 3 -, NCE 1S - o)

lmlmwglﬁ—smsm OWNS A SLIDE-RULE)

(R ie Pl 1AL 'UM‘)’!‘ PR

oune§::=§:'°”

({GEMERIC . SLIDE-RULE) (GENERIC . zmmeeum—swomn)

LTHE REPLY o L) .
ﬂl R R S e w \‘Wm':s I3 U .
{ SUSDERR'E" Ensmesn ING-STUDENT)
(SRR LA

o

s.ﬂ

(mt nwr 'untzugg Is . .n .
(VERWON ‘TE A" TECH-MAN)

{THE mnammeu 18 . N

SETR-SECREY

(IUNIQUE . VEANON) {GENERIC . TECH-MAN))

{THE REPLY . .)

(THE SUB~FUNCTIUN USED IS . .)

SETRS

(VERNON TECH-MAN)}

tITS REPLY . .}

(1 UNDERSTAND THE ELEMENTS RELATION BleEEN VERNON ANG TECH-MAN}
{1 UNDERSTAND THE MEMBER RELATION BETWEEN TECH-MAN AND VERNON]

'

CTme “HEXT SENTENCE IS . .)
(A TeCH-MAN |S AN ENGINEER ING-STUDENT)

t¥ue FUNC!luu USED 1S . o)

Se¥R-SECECY ©

(tGENFREIC o TECH-MAN) (GENERIC o ENGINEERING-STUDENT))
HINE WEPLY o)

IIHE suu—Fuucllun USED IS . o)

lreuu‘nan ENG INEEX ING-S TUDENT)
(LTS REPLY o o)

LE UNDERSTAND THE SUPEASET RELATION BEIWELN ENGINEERING~STUDENT AND TECH~MAN)
€ty WERS!‘ND THE SUBSET RELATION BETWEEN TECH-MAN AND ENGINEERING-STUDENT)

ITHE NERY SENTENCE 1S . L)
IMS YEANDN Qw4 SLIGE-RULE 3)

'v;'m NSED 15 . o)

1]

o »lu-lll.il {UNIQUE « VYERNODN))
A

5L 3 ult SENTENCE (S . .)
004 MEENGCIMEERTNG-STUDENT OWN THE LOG-LOG-UECITRIG )

- um~:wﬁﬂm vile 18 . o

u!’uun“. tw-lu-ucnnn (GERERIC . ENGINEERING-STUUENT) |

"‘H TeIekRieLy

VA SRR IR 0sé 1S . .)

QWA
\: *W‘““ FRGIREER N6~ 5 TUDENT)
|Mm13&mmﬂnlm
AELATION BETMEEN GO2060 AND LOG-LOC-DECITRIG)
4 ur&l‘ “& L%ﬂ%\mnm BETWEEN LOG-LUG-DECITRIL AND GO2ua0)
| 3 «nﬂntﬁm INPORRAT EUN)

"

LT Y CSEWTENGE S . )

i uinn :s A TECH-NAN)

Pt

smmm uun 1s . o
HIESICINI ¥

HIUNIUUE . Auum 1GENERIC . TECH-MANS)
H ml Wn¥

msmﬂm VUSED IS . .}

SETAS

(ALFRED TECH-MAN)

CE STAND I'NE ?sgg.s-pv-ucn RELATION BETWEEN SLIDE-KRULE AND ENGINEENING-S VOENTH (1TSS REPLY . .}
[ 8Y~EACH RELATION BETWEEN ENGINEERING-STUDENT AND SLIDE~RULE)

AT OUMDERSTAND THE ELEMENTS RELATION WETWELN ALFRED AND TECH-MAN)
wmm THE MEMOER MELATION BETMEEN TECH-MAN ANU ALFRED)

e
i

1"&‘ nin s!uleuc: T
uuu au UM INEERINGESTUBENT DUN' FPHE LOG-LOG-DECITRIG W)

|l“‘f“'l“~‘"“$‘ﬂ 1S'. o)
OmNy-SELECT
{ESRECIFIC & LOL~LUG-DECTTAEG! (GEWERIC o EWGINEERING-STUDENT))

B UTHEREPLY o L)

LTHE SUB-FUNCTIUN USED IS . o)
OwNRSGQ

(LUG~LDG-DECITRIG ENGINEER ING-STUDENT)
LTS REPLY . .1}

Y&$S

L S R b




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!



{THE MEXT SENVENCE [S . .
(A VAN-DYKE [$S PART OF FERI(EM)

{The FUNCTION USED IS . .)

PARFA-SELECT

({GENERIC o VAN-DYKE) [UNTQUE . FERREN)). et tsar e
(THE REPLY . .} o J R T
LTnk SUB-FUNCTION USED IS . .}

PARTRGU . R N A
{VAN-DYKE FERREN} i '
LITS REPLY . ) - .
(1 UNDERSTAND THE SUSPART IQLAIIU uutaa vuo-mnun !l“l'“ N
(1 UNDERSTAND THE SUPERPART RELATION SETUEEN FERREN AND YAN-DYKE)

{TNE NEXT SENTENCE IS . o)
{A VAN-DYKE 1S A BEARD)

LTHE FUNCTION USED IS . o)
SETR-SELECT e
(1GEMCRIC . VAN-OYKE] (GENENIC - BEARD)) I

%5"?2 w;u 2 ticq GRED K§.+ od . .o i e
sete

(VAN-OYRE SEARD}
(175 nEPLY . o) “
(1 UNDERSTAND THE SUPERSET RELATION nﬂmﬁum m
(4 UNDERSTAND ThE SUBSET RELATION I‘Iﬂiﬂ MM AND .!Mtol

2 LW P

(THE MEXT SENTEMCE IS . .} R T T AR PP
LiS A SEARD PARY OF FERREN U} .

{THE FUNCTION USED IS . .}
PARTRQ~SELECT

LIGENERIC lillllh EUNIQUE o FERREN))
(ThE REPLY . o)

UInE SUB-FUNCTION USED IS « .}

PARTRGUQ

{BEARD FERREN)} : P
LTS REPLY o )
YES o Cin R —n e

{THE NEXT SENTENCE IS . o)
{A LRT IS A DISPLAY-DEVICE)

Line FUNETION USED AS o), ot RS
- P : CREEG Raae
| w&% & cn"v’k &tﬂf N vlsnﬂ-n?n‘ct‘n h e

™ smnw USED IS . 4}

SETh - o
(CKF OISPLAY-DEVICE) ) et
C1TS REPLY o o) o
(5 UNDERSTAND THE SUPERSET AELATION BETREEN viveL

{1 UNOERSTAND IiE SUBSET AFLATION SRINEEN WMW

(THE NEXT SENTENCE IS . o) :
(A CRT S 'PART OF THE POP-1) . LR

(IWE FUNCTION USED §S o o) . L.
PARTRSELRCT ' !
CHeeNERIT . um TsPELiFIC L iw-m
{THE REPLY . o)

{Tre SUB-FUNCTION USED IS . .)
PARTRGS

(CRT POP-1}

(ETS REPLY . .)

(602840 IS A POP-1)

(i 1t SRl
it

(1 UNDERSTAND THE SUBPARY RELATION
(1 UNDERSTAND THE SUPERPART RELATION

1THE NEXT SENTENCE 1S . .)
(SAR IS THE POP-1)

L{THE FUNCTION USED IS . .} e s
SETR~SELECT

(ITS REPLY o .}
(L UMDERSTAND THE EQUIV RELATION BETMEEN w (iw"heﬁim
(1 UNBERSTAND THE EQUIV RELATION BETNEEN GO2040. AN, SANL .




{THE NEXT SENTENCE IS . )
[A SCHREEN 1S PART UF EVERY UISPLAY-UDEVICE)

(ITHE FUNCTIUN USED IS .« <)

PARIR-SELECT

{{GENERIC . SCREEN) (GENEKIC o DISPLAY-DEVICE})
(THE REPLY . .}

{THE SUB—FUNCTION USED IS . .)

PARTR

(SCKELN 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 BETWEEN OISPLAY-0FVICE AND SCHEEN)

{THE NEXT SENTENCE IS . )
(15 A SCREEN PART OF SAM 4)

(THE FUNCTIUN USED IS « o)
PARTHU=SELECT

({OeNCRIC . SCREENI (UNIQUE . SAM))
(THE REPLY o o)

(THE SUB-FUNCTIUN USED IS . <)
PAKTRGUQ

(SCREEN SAM)

(LIS REPLY o o)

Ys

(THE NEXT SENTENCE IS « .}
(A BEARD IS PART OF A BEATNIK)

(THt FUNCTION USED IS .« )

PARTK=-SELECT

((GENERIC . BEARD) (GENERIC . BEATNIK))

(THE KEPLY o )

{Tre SUB-FUNCTION USEU IS . .)

PARIR

[UEARU BEATNIK)

(ITS REPLY o .)

(1 UNDERSTAND THE SUBPAKT-OF~BACH KELATION BETwEEN BEARD AND BEATNIK)
(1 UNDERSTAND THE SUPERPART-OF-EACH RELATION BLTWEEN bEATNIK AND BEAKU)

ITHE NEXT SENTENCE IS . .)
(EVERY COFFEE-HOUSE-CUSTOMER IS A HtATNIK)

(fht FUNCTION USED IS . .}

SETK-SELECT

({GENERIC . COFFEE-HOUSE-CUSTOMER) (GENtRI1C + SEATINIK))

(THE REPLY . .}

(THE SUB-FUNCTIUN USED IS . <}

SETK

(COFFEE~HOUSE~CUSTOMER BEATNIK)

(ITS REPLY . .)

{I UNDERSTAND THE SUPERSET RELATJUN BETWEEN BLAINIK AND CUFFECL-HUUSE-LUSTUMEXR]
(1 UNDERSTAND THE SUBSET RELATION BETWEEN COFFEE-HOUSE-CUSTUMER AND BEATNIK}

(THE NEXT SENTENCE 1S .« .}
(BUZZ IS A COFFEE-HOUSE-CUSTOMER)

{FHE FUNCTION USED IS . )

SETR-SELECT

(CUNIQUE - BUZZ) (GENERIC . COFFEE-HOUSE-CUSTOMER))
{THE REPLY . .}

{THE SUB~FUNCTION USED IS . )

SETRS

(BUZZ COFFEE-HOUSE-CUSTOMER}

(ETS REPLY o )

(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 . .}
(IS A BEARD PART UF BUZILZ Q)

{THE FUNCTION USED IS . <)
PARTRQ-SELECT

{{GENERIC . BEARD) (UNIQUE . BUIZ))
(THE REPLY o .)

(FHE SUB-FUNCTION USED IS . .)
PARTRGUQ

{BEARD BUZZ)

(ITS REPLY . o)

Yes

g. PART-WHOLE, SPECIFIC (Cont.)



© LTHE FUNCT Lo D)
, PARTA-SELELY
| (IGEMERTC o F
S UTHE REPLY .

ty

(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)

UTHE NEXT
(JOHN IS &

iﬁni 15 4 0}

'i cenintc . sov))
(THE REPLY . )

gnﬁsm-m i USER, 450« o)
(J0HN BOY)

(ITS REPLY . .I

e uuoustm ﬁilﬁlls RELATION ﬂz!lﬁﬂl JOHN AND B0Y)
+ 11 UMNDERST,

MBER MI.ALIN IEI“HC 20V m JONNY

(THE NEXT |
(A FINGEN ]

{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 @)

LTHE FUNCTION USED TS . ).

HAVE-RESOL VE

(FINGER wnxm o Jaw

(THE REPLY o

(THE ABOVE sénunct IS ARMIGUOUS *» BUT I ASSUME (HAS) MEANS [HAS AS PARTS))
(1 DONeT KNOW \Mﬂnﬂ FINGER L5 PAKT 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 UNGERSTAND THE SUBPART-DF-EACH RELATION BETWEEN HAND AND ARM)
(t Klllllt TRE WUMBER RELATLOW BETWEEN 1 AND (PLIST NAM: HAND))

(THE m:n sut&_nce 15 . o)
L THERE ' ARE-$40 ARMS 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) ;
THE: mnmwsw 15 .80,
HAVE S

(F Ik PMQQ% 5 OO
(THE (RBPLY '

EH'( %W‘c“

S e &\‘u 1 ASSUME (HAS) MEANS (HAS AS PARTSH)
11 Ko v LATION SBETWEEN HANG AMU FINGER)

nmmw

(THE MERT BENSENDE 1S . .1
“* mm%vﬂﬁﬂs»

{YHE FURCTION USED IS o )
mmuw g

Py Ne A h

BRI -"k‘
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. suzen. 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




(THE NEXT SENTENCE 1S5 . )
(THE TELEPHONE LIS JUST I'D THE RIGHT OF THE BOUK)

{THE FUMCTION USED 1S . .}

JRIGHT-SELECT

{{SPECIFIC . I‘ELI:PNDNE) (SPECIFIC . 800K))
(THE REPLY . .

A(IHE SUP'F}‘NCIIQN USED 1S . o)

o iotm ‘ '
{ REPLY

B '&N ‘fs i {‘Etevml

Y S AMD THE ELEMENTS RELATION BETWEEN LUZ284C AND TELEPHONE)
13 AND THE MEMBER RELATION BETWEEN TELEPHONE AND GO284u)

tcozes sonN) .
. % ?}: TOR ' CLERENTS RELATION BETWEEN GO2641 ANG BOOK)

THE MEMBER RELATION BETWEEN BUOX ANU 602841)
Ell.llt THE JRIGHT RELATION DETWEEN TELEPHUNE AND BOOK)

u 1&;»1;;5;*.4&&: MELATION LTNEEN HOOK Aber TELEPHONE)-

‘..n ATBN R L Tl E R TS B

o H 'MEXY SEMVENCE IS . o)
TELEPHONE 1S JUST TO FHE LEFT OF THE PAD)

. b ;mngn USED 1S . )
L0 %c « 800} (SPECIEIC . TELEPHUNE))

. S‘% -Mviou USED IS . o)

o 'égg“ i 5:01 '

{1 UMDERSTAND lnE ELEIE'I’S AELATION BETMEEN GU2842 AND PAD)

(VN NELATLON SE SHEEN PAD AND CO2842)
; lm DEEWEEN: PAD: AND TELEPHONE)
K JLEF' REIJHIH BETWEEN TELEPHONE AND PAU}

NOILISOd LHOY-01-1437

uﬁ”mﬁ’i&:o 50

-1 mcl !. PaD} (SPECIFIC . BOOK)}

o i ey L o)
. m“ﬁ“s&kuw USED IS . o)

(PAD BOONX )
oy ;ﬂm‘Jq-{ ehih‘)lﬁr" LN
E " A T

har, gl bR st £

vt t"tue NEXT SENYTENCE 1S . o)
s, p,g BP0K..TQ,THE AEFT OF THE PAD Q)

“;é&f&f@ WHEED 18-0 o)

&Ewl, RAD) LSPECIFIC . BOOK))

. o)
_ ”‘(& PFUACTION USED IS .« o)
Mo )y
LITS REPLY . o)
YES

il

s

UMM WEAT SENJENCE 1S o o)
V’ﬂk PAD IS TD N‘E Klbﬂl jt14 Yﬁt TE‘.M’M&I

- TYHE Hmcnm usso [S . ) . : s
riGHT-SeLECY |

TESPECIFIC o PAD) (SPECIFIC . VELEPHONE))

1Tk REPLY . o)

R 3 wu»ruu,;nou USED iS5 . .)

RIGHT

{PAD TELEY

(ITS REPLY§ ‘

CrRe AbdvE* sn EMENT 1S ALREADY KNUWNI

- vk ne XY SEMTERCE 1S . .0 ‘ :
trie Mi u“m eh oF tug FELEPHUNE ) v

rHE rm&rim ussb R

R A

lleI-SELEC

((SPECIFIC . TELEPHONE) (SPECIFIC . PAD))
(THE REPLY o o)

R m—ﬂnt.nnu USED IS + <)

T WEORE

(TELEPHONE PAD]

ms«\uu VST

© CURME. NBOVE SPATEMENT 1S IMPUSSIBLE)

wmg’j& rgm 435 2 APIS TN . C
‘3?5?; Crp vl “’Ské LEEY Uk gk BUB).
fum*mknou YSED IS . o)

t'l
) ) USPECIFIC . ASH-TRAY))
PERT T ﬁ’!:m e
{Ine SUR-FUNCTIQN USER, 1f o, ).
[ o3 TR
(175 REFPLY , .}
1602043 1§ A

PRt

wnﬁe‘w ssmuce 1S » o}
14 HRPPEIRAL ¥5 TGE THE LEFT OF THE PAD)

VETETWUMCYL Ui USED” IS *

WG SELRLT
(ISPECIFIC . PAD) (SPECIFIC . PENCIL))
ITHE REPLY . ":

APRUIPENGER p %o oot TR T ‘ AR
REPEHAEMY M) 0 e

1GUEOR4 1S A PENCIL)

(8- GAOERSYAND TAE ELERENTS RELATION BETREEN GOZuée AM) PENCIL)

oo (4 HRBERSTAND THE MEMRER RELATION B IWEEN PENCIL AND GO2B44)

1 UNDEASFANS  PHE "RIGHT RELATIUN BETKEEN PAD ab PENCEL)
(1 UNDERSTAMD THE LEFY igunun BETWEEN PENCIL AND PAL)

TR L

A FY TN




(u0D) NOLLISOd L1HDIH-OL-1431 1

{THE NEXT SENTENCE IS . .}
{Trt PAPER IS5 TO THE RIGHT OF YHE 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 BETWEEN PAPER AND G02845)
{1 UNDERSTAND THE RIGHT RELATION BETWEEN PAPER AND TELEPHONE)

(1 UNDERSTAND THE LEFT RELATION BETWEEN TELEPHONE 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 . .}

{ITS REPLY . o)
{JUST TO THE RIGHT OF THE TELEPHONE)
(SONEWNERE TO TRE RIGHT OF THE FOLLOWING . . (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 . .}

tine LEFT-TO-RIGHT OADER IS AS FOLLOWS)
(ASH~TRAY (800K TELEPHONE PAD) PAPER)

[THE NEXT SENVENCE (S . .}
{WHAT [S THE POSITIUN UF THE PAU 4}

(THE FUNCTION USED IS . .)
LOC~SELECT !
T{SPECIFIC . PAG))

(THE REPLY & o}

UIME SUB-FUNCTEIUN USED IS . )
LUCATES

{PAD)

{ErS AEPLY o )

{THE LEFT-TU-RIGHT URDER IS AS FOLLOWS)
{PENCIL (ASH-TRAY 800K TELEPHUNE PAD)} PAPER)

{THE NEXT SENTENCE IS . .)
(A TELEPHONE IS AN AUDIU~TRANSOUCER)

(THE FUMCTION USED IS . .)

SeTR-SELECT

{{GENERIC . TELEPHUNE) [GENERIC . AUDIO-TRANSDUCER)}

(THE REPLY . .}

(THE SUB~FUNCTION USED IS . )

Seln

(TELEPHONE AUDIO-TRANSDUCER)

(17S REPLY . .)

{1 UNDERSYAMD THE SUPEKSET RELATIUN BETWEEN AUDIU-TRANSDUCER AND TELEPHONE)
(I UNDERSTAND THE SUBSEF RELATION BETWEEN TELEPHONE AND AUDIU-TRANSDULER)

{THE WEKY SENTENCE 1S . .)
(A DIAPHRAGH IS PART UF AN AUDIO-TRANSDUCER)

(ITHE FUMCTION USED IS . .)

PARTR-SELECY

{(GENERIC . DIAPHRAGM) [(GENERIC . AUDIU-TKANSDUCER})

{THE REPLY . .)

(FHE SUB—FUNCTION USED IS . .}

PARTR

(DEAPHRAGH AUDIO~FRANSOULCER)

UITS REPLY . .)

TI UNDERSTAND THE SUBPART-OF-EACH RELATIUN BETWEEN LIAPHRAGM ANG AUDIG-TRANSDULER)
{1 UMOERSTAND FHE SUPERPART-OF-EACH RELATION BETWEEN AUDIO-TRANSOUCLR AND D1APHRAGH)

(TO FURTHER SPECIFY THE PUSITIONS YOU MUST INDICATE WHERE THE PENCIL IS oITH RESPECT Tu ¥k ASn-TRAY)

(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 ASH-TRAY)

LITS REPLY . .)

(1 REALIZE THE JRIGHT RELATION BETWEEN BOOK AND ASH-TRAY)
(1 REALIZE THE JLEFT RELATIUN SETWEEN ASH-TRAY AND BOUK)

{THE NEXT SENTENCE IS . .)
({NHENE 1S A DIAPHRAGM Q)

(THE FUNCTION USED IS . .)
WHERE-SELECT

{IGENERIC o DIAPHRAGM})

{THE REPLY . .}

[IHE SUB-FUNCTIUN USED IS . .)
WHEREG

(DIAPHRAGH)

{ITS REPLY . .}

(JUST TO THE LEFT OUF THE PAD)
{JUST YO THE RIGHT OF FnE BUUK)
{SUMEWHERE TO THE LEFT 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 Mechanical Trans 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 Conputer," with L. Lombardi in

'Berkeley, ed), Infomtionlntemtimls | ynl 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.
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