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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 space.

"~ 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-
pere with those of other systems.

The working system, SIR, is a first step tcward 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 SIRl and how they relate to the logical structure of SIR.

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

A. The Problem.
This report discusses_ the pppﬁiégigﬁgdévgldéing,4v¢omputer* which
"understands." The method of-stﬂ&y’iﬂWﬁrvea“tﬁé*constfuction of a

computer system having certain, cognig&ya Qbilixies and exhibiting

some human 11ke conversatlonaibﬁehaV1

vos

Aol ERD .
This computer system is called "SIR" -- Semantic. Information

Retriever. he conversatlon prESQnteﬂ eFigs T between a person
S AIMEIel
ST L SRR YAA vl

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

1PRASM o Inp dEA RN

capabilities. Although it is c§gqb¥g_of‘"pn@gggtg&@%gg statements

SEET 2R AN

dealing with set relations, gart-whole relatlons, ownership, and

certain spatial relations, SIR has no’ {nitial builerin associations

for nouns like "John," "P?igﬁgéﬁgféfgbiéﬁfmua:

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

GahAetlia TN SeRIE LM U

study makes the following sye;ifiq gésqmpgiqng gpd q@gervat1ons:

i) "Understanding" can be demonstrated by diaiague,;which requires
the participants to indicate an awareness of the meaning of their
subject matter. Therefore a computerM;goui;%g;&éigéidered able to
"understand" if it can converse intelligently, d.eéq £f it can remem-
ber what it is told, answer questiong and maﬁg regponses which a

R B ke

human observer considers reasonable.

TETE LY g =
HIF A< Pt

¥ 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, FTHERE ARE TWO HANDS ON EACH PERSON)

{1 UNDERSTAND)

(eaa, HOW MANY FINGERS DOES JOHN 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 JOMN HAVE Q)
[THE ABOVE SENTENCE 1S AMBIGUOUS e 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 AMBIGUOUS #= PLEASE RE-PHRASE IT)

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

(STATEMENT FORM NDT RECUGNIZED)

(ans, THE BAY 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 IMPOSSIBLE)

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

{1 UNDERSTAND)

[RX T WHAT IS THE RELATIVE POSITION OF A PERSON Q)

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

FIGURE 1: SAMPLE CONVERSATION
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ote: I am concerned here with the computer®s internsl dnformation
L—p

representation and retrieval techniques. For this purpose 1 assume
tHdE Sbatract "words'™ are the basidisighal umit.' Uhere Ls ‘e heell to
be concerned with speech recognition, sensory receptors, or other
problems involving the physit ¥ ‘Ha trire "B tHE Commutfesfon chitier
and signals.

ii) In'sddition to echqing, upon request, the fects it has been given,

a maehine which "understands" muut be eble to recognize the logical

e SR LY ]

implicationa of thooe facts. It also nuct be able to identify (from

0 )!,:

a large deta etore) facta which are relev&nt to a particular question.

SRS ‘.‘:,»a',y"c) &y = 5 e A A S ]

iii) The most inportant prerequisite for the nbility to "understand"

50 I S i o N ik L(),'n

is a suitable 1nternal representetion, or nodel for atored information.

SLR DU : SIUBBO e L J,n,z;,,‘

This model ‘should be structured so that information relevant for

I S

questionvqnswerins ia eenily acceslible. Direct etorage of English
- Piar wilpy Lmelave (BY sivwras noilamols
text is not euitahle since the atructure of ;n Bnglinh statement gener-

Fre ;“.' + i \‘)r* o lpvetrie

ally ie not a good repreoentetion of the mnaning of the otetement. On

ammanrsEa- Lag asewial oo T

the other hand podels which are direct repreaentations of certain

RARSE T < ik YEBS tra s ounl PR

~kinda of relationnl informetion usu;lly are unouited for use with other

R L s : -+
i : . JE

relations. A general-purpose "underatondinp" machine should utilize a

ERLT R T Xe B R o Tl

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

] BT b R B RS S Juw

areas.
+ % AR ERESTH ]
. Sl PERSHU et teyl lmwu. G g
IR is a prototype of an "underntending“ machine. It demonstrates
shed R s b Dheslo ad tanih o nsud lude

how theae conversational and deductive ebil;ties can be obtained

[S3E0 [ GFRE N e )

through uqe.of_a auit;ble qu%l:, Leter chaptere will describe the

;a;tu,: i 3- [ i Sy
model and the SIR progrem, how they were develqped how they are used,
o F : Fhyy W 8 [ i i rEmo iR Lk

and how they cen:he extended ﬁortfuture applicntions. ‘
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B. Where the Problem Arises. B PRI Y B B S £ RV TR T VR S IR Pt

Ihe<need for cgmputers which "unﬁerstandﬂ»arlses}ip seyexad.aregﬁ

Jr“ 4

BEY ety

of c:ompxn:er ,research Some examgles ,fpk@,oyz'-?

'1) lnformation retrieval: The high speeds and huge memory

AP Bt R 5 1 FR AN E;I;j = . x—,f;‘,

capac1t1es of present computers could be of great aid in scanning

o ,!<‘ [ I : s d gt
[FRael

scientific literature.' Unfortunately, highﬁspeed search is useless‘

daie 2 5E:

unless the searcher is capable of recognizing what is being searched

ERS AN sdrarupate g i SRl Lk " I
for, ‘and existing computer systems for information retr1eva1 use too

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

L sy - ot P i ML T
Dot vy e o Doyl Tl sl

search.

Information retrieval systems generally prov1de either document :

i pie o midprios

retrieval or fact retrieval. Document retrieval programs usually

JETae agss

depend upon ‘a human pre 3831gnment of "descriptors" to the documents.

i ] "'rax s $En RECESUEEN vy d
A user of the system may know the 1ist of descriptors but cannot know

prec1se1y what the descriptors meant—to the cataloguer.’ It is difficult

b7 A v

] Wt 8 exil TRiw
for the user to determine what the semantic interactions between the

y
Dot

“ 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

R TR i

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

£ 1 . Do o 5 &, Br 1

subJect area. This rigid representation for the data, and the corre-‘
o ? : ”f _' 4-
sponding rigid formulation of the retrieval requests, could “be pro-

duced automatically by a computer which "understsnds" statements

FRCIER

T g

3 & D K PR o

expressed in a form more natural to the human user. Further, 1f ‘the

computer could "understand" information expressed in some general

manner, specialized formal representations would be unnecessary.
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it
' In order to mike & computer serve s & Fétérence 1ibrdrian, 1t7fy
not sufficient simply to store a large volumé Of fnfgrﬂféjféﬁf’:”"‘fhé”"‘
codputer wust also have the abffﬁ:y to fi‘nd “dnd ratriev 1At SEndt ion
in responsé €6 lexibie descri”i‘\(r)e comsiads T peFener, lifi‘"';clfomfpé&un‘:el’}j
should ‘bé able ‘to ‘mod{Ey Both “‘the fnférmtion”in Ageordge “ard ‘the relt
quedts it “fs Feldtving; and 1€ shéuld Be dbie €S &eciive ft's detions
and to r‘equest cfari?yfng’ {nformation. Tﬁe mst “ugeful information o

i Nyl it S AR B SuLGE Dog
‘ retrieval system “will°pé one” ﬁ'fc‘rf can&‘coﬁvers Sefentes” users, to

e adelgeen 3% B g fr . TRPIHeTY
maké ire that Bsch ‘FEéqa esst' 1§ welTedégfned ‘akd ‘Corfecty indets€ssd."

15 D, parni dgloaioan ninddnagl s o 2.0 gfiod ptal
"~ 2) Méchanfcal tténgfatiorf? Resddrhers "In the dréd of' wechant &l

translation of natural language have been disdppointéd o ‘dfscover How

difffeult ‘theit ‘Cask T8°° PLE6E word-to-word | Feddnstacfons, ‘dnd then
word- to-word’ Cranstatioas bicodpfeé wfaf ratmat; c&T DL“fya;fs, re’arrange-

sdbgnesk ot Lids wye slgoag g ils i L 3
ment, and context-dependent JsCrié€Loks, Rave Froved tilfeqiate for

1');.:() §

achievidy §ood ‘transtations. * The viral “eatiire Bfdsing “Fon presént
computer tr&nSf‘ltfﬂg SYstems fs ke ‘aﬁﬁ‘ity of Shumsr ‘trafslatsts - o
ngiderstand” wat they fe&d {n oné ‘lddgidge, dnd el S thie damé "
et 15 st ﬁm i diten «?ﬁi“é%oﬁe" hees ) adde

......

human conversationafl Behsvior, ‘and therefore appears t6 Have some ‘such
G, sl

"understanding” bilfty. 'The nechanisms which Befp “ft to inderstan

are Iikely o "ﬁ’efp aiso o' so“fv:lnés e “ﬁ‘aﬁfcai “tranaTd€1dn pro‘frIem.

tod bewois =i FAETNEY Jas snc DOB (JI ¢l DRIn3Es” i
3) Gene gl comter aLlicatiogg During the past decade there
cranmss Udgaglifermi” na STERATIU

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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5.1 Chapter IL:: Semantic Informatiom Betrieval :Systems = = . ...
S R FE I EE IS T TR SRR TR I EL O NN M O SO

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

yeagond: ‘First, the acteal tnformsbion: extrectédsfrom ‘text and .

stored “by jthe program té imtended jta dpproximeve ‘the linguistic oc
"gemantié .content” or “mesning" iof ithe imitenial.-iSecond, the compu~
ter represéntatien of tnformation useduimSIR (Chapteéi ILFE.D) kgicc
dértved fromnilie " semant ic" model: structures-of formal: mathematical -
-legte. MIlnformatieon retrieval® refers to the:faet that the systems:
digcupeed operaté on collactions 'of statements;-reétrieving facts im,
response to questions. Question-answering was chosen Bdacause it is~

a scvaﬁght-ﬁorward contdxt tn whﬁch gL H exporimcaCMWteh nhe under -
. it Ciw irw ¥ SR Y OfEN i TR
fﬂs:aﬂdzngfénd conhuaﬁcaeive abilicy er\ﬁconpucen~r> si} coab -
il PER e o R PRR i B O IR TR
nhd Snn lyl;anbu3£lizes sesuknc £inn ti;i-ngonrneaaarchdarean:
R A s i [E55 I B EETAR TFS S ARV RC S A6 <IN §0 SN2 SO w il & QARSI I
the aeudy ot ehﬁ emdnﬁ&es of ntcuvaiﬂ;nuéuagagrand ch: ¢t6;y;;£

SEAEE TR g gl DDbw arvad vis [

prevﬁouuly dcve}apcd compucor progtamning ucdhntqgaa sor ddlving
B I EV RSN B B 3 ¢ xL i’ )

various specific questidnnanswering>prcb1ensu 2

wE o nd o e e it R N - T PP SR R s SO e
A. Semantics. R IR F-C FUEYS+F S IV I E ALY

1 Semaritics is-gemerally studied:from ond.of two viewpoints: .- -
: :pupeiand -deseriptivei« Pure semantics, ds:studkedcby:Carnap. (5),
déaly with the properttes-of artificially genstructed formal:c. -
systemg(which may or may: nothave analogues in the :real:world), - .=
- Agithritespedct /to roles £o0r -sentence ‘formdtionuand-designation:of ..

formal models ‘and trdth values.: F:shall-rachér :be eonderaed 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 ...




e . DOSERN NPQINIL CRA  E WEAR T N0 G S, et gt 2 T P T AT

Ao i

13
A BE (BFY LS move procigain waksdg thé [Boblowikg disvincuion: i

“wotids may “hdvaomemfng, -but ot ‘sigatficarnde( uttetsntds (phrasesy

sentences) may have stgatflosncsy bit et mesding. >-Héweves, he states
thatosn ‘dnalysis 'of the gignifcanchief W Wholditterasce Gannot be

conipleted ‘withour an anslpois-of thé medmindeof (thd werds in the. '

uttepdnce. 1 £iud DHf e idiat bnctiion Shetween sword ruedning -and utter-

ance sigmificance a usefuliéistinctidny labriveagh ‘the ‘Certiindlogy -1

.. spggr - #inde both ‘eonédprs ‘contvimite ty whav 18 ioemtiohly’ ¢dlléd~

meantrgt : Sincé BEEE doas AL Préseat -dny SFurther ‘eiplandtion ot -
repreésentation of Ymearbag" ‘and ' significmioe * SEEC Ul (procedd ted
simiildr but mote Gomplevd discussion By UXldems (44w .= "2

Ullmenn considebs: & word ds theosmsllese stgalificent wniv witho

isoketed ‘Mentent " mmrﬁw«u and tsdntdncds “Wipress :&1

Lon o aldodren | WHigmeD 8 Ve RIS HGE Pisd suplanotn o shnix 103 il
eutmmamtm vhtch are: ummmisywmm kgt de s ﬁdﬁé

seee To Yriaslimis no beasd spooisisorss (89245 s bos poamsi
ﬂmmmg‘* isﬂddﬁnwe« Mg mWF%hﬁMi’p‘ wt@den i m&ﬁs
Al GoitRionns vesdl lo Isnor mwz s . c415% goavissnais sxpa

‘and the sense, which enables the one to call’ﬁp:éh&j@ﬁhﬂﬂ”’_; By M sense"
ie meant the thought or refersnde €6 @n ob Feut 6¥ Waspoiseiow whidk is
represented by the word. Note that meaning here relates word e Eehe ¢
Chought “@baist -ob JEBL:: MOt ‘rece SP@ML byl thob o0t 1L EedEE 2 L Nk
Mthought ‘abouln iobfect' Ls top vegue ad ides [fo'r ‘conputer’ formakigation.
Howaver ;e cun work with & verbwliveeion of a thought'; Wmmely; ‘the
vords: wiich navie Jobjects end festuree weeced ated i vl (e thought. :

- i'veimay tonsider the meaning of @ vord alilcly lamée wn objedt vr.-

- icldew ofi b jécte e e wicher she Shing named or ; et BFLownr, Xite

 mogt Comnbn ‘theughts pucplie have i cuniest Law Wil che thing wased,

IR EAIFAUS F oL SIS S CLASdasy A Y ol
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In either case, in the SIR system:& We;thﬁ meaning :of <the
word by-building up, in the computer;.a dedcrintipn-of thie . abject or

~class., This descriptieon, itself.cowpased :of werde;.presents proper-

ties of-the described entity and names other .objects:and.classes.to

which that entity.is related... The nmeauing/af:an.ugfersuce -cas then

- be rTepresented .in a vatural way: by pattieular .enttied in the:.descrip-

tions of the objects -named .in the utberanges-:; & .5

Walpole (45) peints out simjlanly :that -a.word may be defined (i«e.,
the meaning of a word may be explained) by any:kind of assogiationy
connection, or.chavacteristic, and theee fegtures of a word aze- . .
usually described verbally. Thws.such.featuvas.gan he-part of the.
computer g description of the.word being definede. . s . - ...
"Words do nmot live.in. ieclation in-a lengwage wystem.: They enter

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

highly subjective network of assqaimkdona; mewnciations between the
names and the senses, associations based on similarity or some other

elation. .1t is8 by . thelr affects thaet these assaeistive iconnackions
make themselves felt;.... The sum total of these associative networks

s the m’" (45) £ sy oettd auideos doiaw o essn a7 Lan
* SIR .uses an approximation to these :agaociative netwoxks 8s its basic

~ data . store. S . o RIS BN St

Walpole "also notes.that some moxd relationships . such . ms part to

- whole, ox class to subclass, dgtémine .partial oxdexinga of large classes

of nouns and :thus .cBn be represanted by tree structures. »d‘hiﬁ fact:
leads to! certain :search procedures which.sare useful sin-our computer

system. - Howevex,. &he' class, of abstract wouns (!'fictions!'),.which do

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

selves to.such oxtering, and hence axe Omitird; from early wewsions.of

computer representations for semantic information.
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2). QGuammar and mesbing> ‘Thus:fer:l have dieniseed mearing (dewan-
'f"-.'ies): while 1ignening tve goampnar ¢syntan) of banguege: “Howaver ;. siis
grammar ks ‘{mportant since I weubd -Uike the cempyter program uolmuz;ii
advantage iof whatever useful informeriosiv wveikable in the grammati-en’
cal structierswof -its doput. mlw;ffw besgt oneadschool pf thoughtoo iviiv
(discussed:d® (3) dieiow): 4o ldes thgt yntact fo anlysis is e adequnte 2
sider the nature of igrammgr.:s s 1530 osec fisde 9w s D st TUOM UBYN

A "gramsanth is ususlily defined ‘&s gkt of rulelw defiming which b eu
stringa of plphabatic chargcters. sve Jsentencup' © £ the: tanguage’ and>! “o
which: are not. [ Deniviug - grasiist for @ natwrwl tangupge Lol sdl ol
empirical precess,: sinee the ultimete test of Whbthtr @ wtatement:igson’
grammatical or met issto askik patisve pesker: ~ Dotgitordal only thew <d
functions of words in sentences (their "parts of speech®). butraept 22 592!
their meanings in any sense, Chomsky (9) develops various kinds of
English: grammars.: meanpmmmm fox
a small part ef.tie:languige,:buti iss frepuepslysdmadequatdiono: Lo Dusda
Iransformaticpel grammms  schemosoars: probably Mageidte, dbut-agesvompdiaca
cated and:ddffituds:toccomplessnoratest. sm o) iy T sior oTinnXs wo: BU

Although: ayntactic protedures avsb geiminal Ly supposed: tulgnore:s o7ui
meaning, the boundary betweemsyttmctixaysnd sssgmtics is haeyes Rors:igin
examplei sonie dimguists classify the sordul]edi Vmikhs noums'' (eug: 200
"water')sds a sepkrate grampatissic group: aince: tivey! do: moth takerthei zass !
article..; Howevers:the: distinasion betamen Y1 want) meptl'. : ane: . WRRL, 5!
a stegk!; gesmsc o be.bagicaldy 8 $eMOREiL: 0B wnooz (i Ipal leivian do Lo
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- %ifh defines meaningfulness in terms: of rigidity of grsmmatical.-

structure. . Woxds which aze necessary:in s -partiewbay grasmitidal.com= °
figuratiion, such as frequent eccurrenced of "to,'% do;* Mthe," dnd:ooiess
the likes are said tq have no meanings: On the ather heaod;iwords < irivisn
which couldbe neplaced by r. large numher of abtegnatinves withimwwmre (..
given grammatical context are considered; very meaningful s ) Simbons o :ib
(38) makes..this distinction between ifunctiton wonds sand content words: 1
even more sharp, as we shall see later (ParagraphwC¢3)s drhmwve +o: -Liz
used these ideas ta the extent that only mords shich arve ramesof.
objects: or «classess or:of properties of. ohjerts ot clawsesy, appear: 32
in the internal representation:used dn SIR.::The frequertly~occurving v
"meaningless':words of: Ziff are used as. indicators of relations 5013 igns
between: other ‘meaningfal" words.appearing dnithe: same sentencles. simmsy
£See SectiomiIV. B« = . o iedit zususinse nf ebiow 1o AG0LIomn
B wepoboer U wdugos ) (ened yas frl oaanbasne viosid

geo The: intelligent; computedr haz: tovungers:incl

stand and remembex. the:mbaning-of what: it ds. 4gddgrtheréfore it: [ism «

needs dome.precise inEersRl repreésentstionsdes-sheas mesnings. . Let -

us now examine some of the formal. t”reumulqmr;ofjwu“giﬁhihn& BRI B
have been .proposed, and see whirh jdeas frombthose repvesentations: ..
might: be useful 4in a computer mest@m:mw:wa venhouod ody | uniisoa
One, way: to deal: with 'the: piwblsm of: sehantits i bauavbidrdt byluuiss
translating.ordinary language. inte & foimalisystem whdch: voudd:bel '~ 5. .
handled” syntactically (1)+ Thus far;! attekpte’ to’ fthally Sfidode ~ =) 116

all of natural English seem to introdiice a nabs  oftdetailed wdtatidnr s
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which obascures the real.problemj:for the problemcef representing méens
ing must be:.selved .ia ovder ‘tordevelaop a igodd viberis et tom scheme - A€ '« o
first view Ereudenthal's LINCOS -(13) may:weem like-a formsl ‘system for -

describing jasisan behavior. sActuslly tKe LINGOS :sysves 'ig W€ practicali~ ot

i

since it adsumes fdr greater wbilities for imductive iafevewde of Pules
and situatioms ion tlie pewt of . the veceiver tiesn <is expected (of g0 o s S
usual langusige student.i., . . .o00 Yowlag oo clswdeloun ot nnoga tudy

Another mpproaciy, used, for example, by Kiein (19}, 1is toutncreasge - -
the numbesx; and <kinils of catisgories in the ;Mm‘mmw:mxyéﬁ AR VIR
systems untid:ithe semantic, propsrt iy Ere: sutonsticElly +4nciuded,. . . T
Althoughs some of theresults are promisfiyg, U seesy To’ e thils approaptr 7o°
will evenimaily obbeim the seme Ulbinsts’ systes: bf Wil asvoctetions v '~ &
as can be apptbached mare’ simply by constliering €nd cepresehtimg = o2 iroo
directly the #meanimgful's rolabicns bavwest' wordbl (¢ CmsosIRT Cn @ TLanoy

-

Quilidan: (32): attempty. £o. Tepressnt: the Semntit Tootent- of worde - 0%~
a; sets of "concepts," which:cam be combined to repiesent the! keanings il
of phrases;and semtemces.: With thé basicipremise: that: leathingie mew:
word involves teasmyimgsits walues onla setidf:bpsich tealew he is teying o/
to buildyip a:xeperktodre .of suitablde:coordinste mluii%Saaﬁ'iﬁoﬁ?1sf-'-'ﬂi‘f—~ﬂf~“
represented by.a:set.éf vaiues which ite ganéraldy:invittive, antdtmens ' -
sional coordinates:such as iength, time, and hue. -Qallisuntalso. pérmi€s = e
definingwotds:ia terms-wfipredefinédrwords-sscyoordsnucesio My  Fdeking
is that the :rol{at1omum'wdrdime-m&'ebm&untf‘zehiwwkdicmaﬁfsﬁﬁati-‘~Eiﬁ
meaning iof ;kndividual wonds, and therefore aistmpler-appooachiwhich -:

ignores “hasic! moeaninges would .be move immedtately fruitfolk.c:-
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Sommers (42) .is more concerned with permissiblec-word .cowbinations . -
than with the-meanings -of .imdividual :.wards:. He firét descoibdg=a:: . ¢~ ¢
hierarchy of :sentemge tiypes: 1) -Ungrampatical; .  2): Grammstical but .
nonseﬁse,; 3).. Semsible but -false; &) : True. He then arguescthat .. =i .ua

the crucial semaptic distinctionm.liea between the -grammatical declara+ ol

(but may be true or false). Any pair of monadic predicntaéml‘l,':;*&éwmi Pma
are said by Sommers to have a sense Vwmfﬂﬁz) okf there exdats s iooa
any significant sentenceg conjoining them. Otherwise they have value . =
~ U=N(P,,P,). . The, U-relation ig symmetric and is preserved uhder :::
certain logical operationg:on: its arguments, but it ks not transitdaei::o:tia
A stronger relation Q=wP is true if "ofio(what is): Py it:can dbe: sibgraifdes 11
cantly said that:it:is Q...e.g.; P#Prime mihisteri: QegpuickatsThip - 5. 2s
permits the arrangement of these "monadic predichates"| dnto: @ simple oo
tree, where .all words.in the same meanimg: sclass,;e.gagualls coldrs;sor! i« &
all words describing weight, occupy: the same medei.tilv (v quoic Go

My main gbjection: to. this werk. isiiniwhereithe importantodistdnes=azo g o
tions lie:. Sommers would argue that.'"The idea dis alvaysigreent dg ool
nonsense; - but '"The.yellow sky is always.greeaY:is sensible: (since ghky -
may have-celor, "The sky fs blue" and "The. sky isunet biue' are . L =rie. ...
significant), altheugh false. Note: that “Ideas :cannot:be-green”
would bg;cogsidgred,,nozi\sense.-rathex;sthen;hm’ne;ssbyf_;Somexs..»z I feblothg::: . =
distiaction between !!nonsense'. and.'sensible but:net tyue: of :the real i =
world" is not precise enough to:be a basisifob-a computer spepyegentatvign - o om

of a semantic system. -SIR is coneemedv:wizbh:;deduecwongmﬁsem§¢(ju¢mf‘_es
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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 correspand,.in sgme wellidefined way ..

to certain features of x. qeldimoontt

4
45

b. Changes in the model represent, in some well-defined way, corre-
sponding changes in X... . | .o goad sund camorna Yo L YTeTmO £
c.. There is some distinct advantage to stydyingthe madgl.gnd ;... -

effects of changes upon it in otder to.learp about Xp Tathe® BRAAM . ... oo,

Stqdy&g‘,‘&fﬁ‘dlr;g’gty!« Gl e e mwe muccds pnomB eglasiliiet bas ozialald

x may be apy of ;a wide class of entities, such As AR Oohiechy A Starement

in English, or a mathematical concept, .

[T T " . e er ol e ) A
ahiveso Bluos voe.l? stadw Iniag sl

2) Examples.of godels: . .. . cwas basy sved 1o vouswel  Uognaduiese
i) A small-scale wind-tunnel test-sectiom.formpartyef An akrelane is.a ;..
] :

model for the actual part because aerodynamicists understand how air

flow atound the test-aection is-related . toain fhaw 9tawnd A3 2ctals; ous
airplane part (whose shape corresponds to the shape of the test-section
in a well-defined way). An obvious advantage of such a modeknig;igs,
convenient size.

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

described imthe statement. . The advantage qf the model ig.that Hfzla.y

conceptually easier for people to interpret geometric relationships

from a diagram than .from & vexbal starement, mhich b8 FRALLY R Ancoding ..
of the geometric information into a linear string of words.

et oo moadoen ortioge seoanteg i gol demIolal didnestsz uveldylen
iii) Problem solving ability in human beings has been modeled by a
compyter, program developed by Newell, Shav and 3imen(28). . The medels ...y
can be improved by modifying the program so that its external behavior
corresponds more closely to the behavior of people working onﬁg@gigﬂgqhq o
problems. The advantage of this model for hehavior 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-8Qlving. ... . roo . wad Tiehow' muss oed¥  rgoigsmiied (1

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

however, systems axg develeped :in grdex ko 3%%@':3;‘!9 ‘WQ% af, BRgnyLUYg

external (usually mathematical) relationships. these occasions one

says that statements in.the.fommal Aystem cogsespond yades. atandaxd . .
interpretation" to facts about the relationships.” The model for &u¢h a
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formal (myntectic) system usimlly tomsiste' of sbts ofiobjects which '
satisfy our intuitive notions of the "meaning" of the original relation-
ships,” yet: whoswe proper tiad: Corvesptnd th 2erteiifeataredcofrehe 2 3 ¢
syntactic statements. Thus one may study the abstract formal system

by manipulating a models wivieho hndr imtiiRive elawtifibnhcey! ' Sebinticwy oo
in mathematical logic, refers to the study of such models (6).

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

el iynld Tootee oo Fohom B oeD melizgg & T osweTy aoitiBmanini oof
which are models and those which are not really representations of
a3 Mo T hmiosidvs sd fes Ooidw oollseroial adld seng£ven 8RN0 inoc

something else, For example, Newell Shew, and Simon's problem-

Fivell oad i N U B A VI SR sw tmalleb-liow b ol abooos e

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

nnnadnsn oot i dnlisvn sETemoroint osdt 6 Zugal 1B (04 LR

defined earlier, only ingsofar as it is intended to represent human
v \;L Gegny ol pelonn 61 s E¥<H inowo dnbomr v odone to HERINBVLE HECIN SN Throndl
behavior. Otherwise the program would have to be treated just on its

sty oo ad Sluow i oanfdd fabom sl woxd onmoisswtoliel bonloob JLsoixe faie

merits as an independent problem-solving machine.

clevsh oy susil s duye maniewesbeomo!lasaD L ooawmisspor de P Iasd oaslgne

Rrpvtsy boviioauk svkd 00Idv bng eiobum do sbnid auolisv sou guisw Lago
3) estion-answering model: 1In designing a question-angwering
waln 536 PM918vE dOUE 10 59 GMEXRS njofd-Taso 24T .zeusour o Bs9un
system one is concerned with providing a store of information, or a
na bBaed Foboa 2t Fo odoicoxia el cidnes gniwsliol sdy ab use=uu
mechanism for developing guch a store, and a procedure for extracting
widr e 110 1s34edD gi boeeuoeib 2l MOYAVE LW AWEAE-ACLIRLUD WEDOR
appropriate information from that store when presented with a question.

LIBGLY

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

cemeie P oraldounnA-aoiTasul po Ta ik s
may be a prepared data structure. In either case, it generally conteins
lne9y Fra el s oaodw oo irw posd evid amBuns L IsIugnon IETuved
information which people would normslly cownunicnte to each other in
s rdeaen’ waeal Fo osool HT8E %0 seodt 03 bhodsley indedmoes 508
English sentences. I consider the store of information which is the
SsmEo LAl GoosoBne 3o F3Fdn un ~ zo% Isbom s 898U 2mS3E Bte § IR VT 69 2
basis of any question-snswering system as a model for any set of
G dig crd Tenangyn smee =41 237w losbh modl To saom brn o3

English sentences which contains the same infornﬂtion. Of course,

arids sreda nrsitas ssd smedeva sesdl v dogs Jxsvowod  JATE sk reien

"information contained" refers here to the semantic content, not the
CALE . npiash sdy botawultog syed dsbia 3o esten LmLT i

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 mfsmt,um sontent’ af- @ guestionrenewening o7
i soinaantt gt Teganlzon eviiinoul iuo 7se%fsa

system s s&sre of ufema&:mn is &o m,m &Y SESR: BORE »qm&imrssq-- ’mﬂe

; ca LEaarato i TUOTOLTE WERL OBNC B T DEdng i
and make subueetlve iaferesces £rpm 1£8: pexdoTmanRess Lo Goinen v
T P RIS CYSISE NN 1 b A S - £ B~ 1 SR CaRm 0k

Lt . : s o EarTer Rl B = ¢d g({ .{ Lo u b’ ;";.,,.”f

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

B R N TP S fa N ;',‘eU,,i JERES ;'31} s {197

: sup dobde saord Los 3
sentences because the information which can be extracted from the

i

PRI T Ll AT v ESE * SO Tawald .:?-{ti wEXS re L on i pnogleane
store corresponds in a well-defined way to, and in fact should be identi-

R T % 1 oui o BUOUE hmgen Rl BIETIRG LG univios

cal to, at least some of the information available in the sentences.
. cra k21 4F pe ysiosnt vlno cssllivtse b ish

The principal advantage of such a model is that it is easier to identify

& Pl gm0 wowad sivow msipoeig ody eeluiodi0 WO T B

and extract de31red information from the model than it would be from the

it E f B

7§ e L GG'Z..{ LA UL D SRS ITENS R

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

IS

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

SIE i s iianlenb al 1lsbom prtYswens-aciiesub  (f
degrees of success. The best-known examples of such systems are dis-
s T NSO I 2w nalbivoig Addiw bagusnsy - i TR TRVE
cussed in the following section. The structure of the model used in
",J'.H SR co b ks i) F LR L0508 daue 1’31 ‘l\ s ) ot o T DA
my new question- answering system is discussed in Chapter I11 of this
MLt aet e mmee gamo cuode sudlo@end ol ey PR I S e
paper. “
¥ : Ye0n : P wivod 3 ogooqu vh. ¥ TS AT
S P ; P L fwkk S 0BTl 0h al T
C. Some Existing Questlon-Answering Systems.
SISIfUU o LT NTE A D L mAsT wiie o1 Loapdoprde adsb Doaveooig o oosd YA
Several computer programs have been written whose aims and results
i o moceennn v isatian Bloaw sigoeg Goldw Dol DAoL
are somewhat related to those of SIR. None of these "question-
Ao BRI coosne e owill Tnhizmoon i Laos ey el L

answering" systems uses a model for storing arbitrary semantic informa=

e, GGE 10 : LWL eve QR IYOVBABSIGS YLoup (08 T @l
tion; and none of them deal with the same general kind of subject
' SO L v osarme a4t malelmes forfw voompiner origni
matter as SIR. However, each of these systems has certain interesting
s R IRGT WDl shs oi osyed uniat Thogisisos fooidem oo’
features, some of which have influenced,the design of SIR.
L S S TN S P DI S e I - £ sAd - lseeoind o ysduor
‘ . B
N 5 B S L ULRE
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i}erba‘l English questions about a set of baseball :games. Enemple: cedeil
imput: 7! oW rawy ‘tdans played in 8 ‘pledes tu-JebyPts Tiioo oo el
gutput: CSMESRTR S IFOLP o uol o TTu he Lotuonss bemdgEsy ow g rgned
mh,@p@ [ . SRR SO AR S FAUE TR S - RN L
m‘?\m“‘ﬁdﬁ" S TANKERS ; TIGERS) MEDISOX, & o.oviin 2o sl v
The stwied "IaPosnation (wodel) consisty of & Tist<stiuwcture soontataingx. 11
all the rélevent basdbsll gade results arvunged sccovdiwg:ite a poes .. -
‘-Qelected hierarchical format. There is né prdvision fér ‘sutommciaatly - =
modifying this model. Each question is translated inte a specification-
1ist withthe esifed {dfordasin wiprasantiud by HLesNS. Tid idpicifica-
tion-11F¢ 8 Schdsl Weateled ‘agdinst che mModel , SN Hlaks L1 ed, and e o
entire Fiell cepec EFUCER1onID1 Nt 2printdd Tout. - Né “Nrtempt (L6 mide To ' =i
respond ia grammatical English. | S ninse ral TF
The bulk of the program is devoted to the task of translating acsigmend
auestion sentence into a speéifilichéionYisty I THIN Poquiteslosking up: il
words in a dictionary, {BeRETEjing idisks§ Perserwing Ftantat ot
cotisiste ¥ a set

analysis, resolving ambiguities i @bec. /el
of entries for each word, .such as its part of spleN;H@ther the word 1.0
18 part ‘68 m ididuy sed-its "medningl® TMdaming," wirich:omly dppedve o
for certaiis words ; Fefers to & cdsonical Hranslividnsof Stk word:

within [ENe GoREERE W6 sthe program “evg. y Ithd wedning sof Mwho* is. ~ o 7o
"Team (1% o PHEs ‘Che dpecialited natdre :of the idubpect mitter ensbbes. ' ..

simpléi wdihge Pprocedurds vé solverwhet would dthervise be very difficule:
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problems.. -The.model 'consists-of a fixed structuse of laformatien. ' .

arranged &o facilitate the precess of filking hlanks iw gpecification-;, ..

lists. SRS S TRy s A R Yoarln ae;ltaeeii

ey s o e P
1L Py FER AR MDA P S

The "Baseball" system gives.the iklugion .ef intelligens bebavior ., .

because it can respond to a wide variety of English questiom fprms. . Cugd g

However, a limited amount of information about a gpecific swbject

must be pre-arranged in a.fixed data.gtruckune;and bh,?q da}tx&mqt lend

itself ito:hievarchical ordering. - Such :a.schemeeannet bhe generalised . ..

conveniently :to handle the larger variety.af .imformation which is, ... ;:.

necessaxry :fer a truly "intelligent' syst@my . .. ;. .oiinus 0 eooie.

- P d o By ior 5
caddinsh il g FRRE TR LTINS PRI A S SIS VN O O A 1

- written. im the (LISP .programming :language, :(23)-cABGRERECHLY AREVEE . ..
certain gsimple English questions on the hesis qof & :eerpus of .simple . .. ..
English sentences. N TP

Example;‘“’ EALIN : E Lol sl gk T FELEEEE ST APt

input: (AT :SCHOOL JOHMNY MEETS :THE FBACHER). . , ... ¢ .- s ~sice up

(THE TEAGHER ms mscmW;\MSMI) e LEIEE BT m B o

- (WHERE DOES THE .TBACHER -REBAD BOOKS) . ::iiy cdus o 0v. o0 L5 aolo.
output: . (IN THE GLASSROGM). . 0 . < huoe doae
The model fox a.sentence is.a.list of up.te.five elements: . subjeetssu. .
verb, object, place, and ‘time,..-Thia model-is constracted.far.each - .. - ..
sentence in the.corpus, .and.f;o;};tzhequest;m‘;{(nhfemga rgpe¢ial;-symbol ... i
in the question-list identifies the unkmown.item)o. Fhe questdonslist .. -

is matched against each sentence-list-and,(if an appropuiastelymatching.. -
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seatance is.found; :the .carvect. reply-ig emtvacted frem the oorre~s 51
sponding -aontende ipithe .originalazedrpuss . v 2. tuo D1E Do 290mLTIO
Thiks , 8@ primitive system iti sevénal obvigus pespects: . may . s
invﬁem&ignsm a /sentiencs ather than the iftve “SbeeicY ;elenets, end: 2
any sentence vbichk cammot -be analyzedy tmmoud ¢ brithve words 1n thed:
qmt&an st e mmly the sane .as those :in {imﬁsﬁm;h
Qnestion must be answetsble on the basis uf & eingle sestencefrom .~
the coxpus; and sthe madel for the mntiteTerpes mwm ssarolved
lineaxiy: €ori ke angwer to sech geestions: tha she Hdew o 'w 2.
model, which e craated and extended autvmstically ws wew: gentemiss - .
avg added, and uhiich serves as en intsswediacy fovmto mselst dn: i o0
finding afusiens Lo &mept.d.ma is an msamitial: fepture ofirmn Lotekdd-
sﬁnﬁx Jumannitike; syxsten. r- and is the dmpmortant: contribwtdote sl > 5o Ehal
Philldp'morarite:  Tvisus o o 0o CRe s T ODAE LSUAEND SPT HGTL LIL8h . de
3) 5 {SYNTHER. ' (38) This prograis,: written: in:thes SOVIAL programiing
l‘.&ueumsﬁz&i ﬁiwm & wisle variety of questiens atent inforwation.
;:mindsxim; a-larpe: covpus: of aisple napereli English such-as the @ =
inpugs c1PNhat.do’ bisds et ?' .1 P ouehotoos ol hoeidenan 8 3
‘ & MiloTmB axes eaten: by bdrge Y o v liue b

gutput: "Birds eat worms."

The progigm clmasifiescall. vordssag:e dgi which: Rave
structursl {synkactic): signifigemce: (gigil  the, duj>do,sohag)s and: jnound
content words, which-bave samantici signifieance. (W)ﬂ:&t&ﬁﬁ?xcmiut{ SR

words are any words which have not been chosen as function words).
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Initially the corpums:(the encyeclopedid):=is.indexed withirespect toall:~
occurrences of all content wordszi:FThis! tndex:ocedpias about the Fdha ¢
amount of 'space ‘as the corpus: itself.. Whensa-guesvion:izyasked, -thé
system selacts these sermtences from theicorpus whichihave thengraatast::!
numbax! o f: .content words cia comnen with «the squestibows: Abitvispotat: oo
elaborate :grammatical analyses are used -to.determine wmivetiher :any rof “tive
selected sentences provide an answerdtorthequdstbomern: ol Jeum Lol izsip

This: syatem deesn't use a moddl at -all; thd «empbete corpus is ‘Kept
in its arigioal form and referred-to; wiyen necessaryi throughthe use: !
of an index.  Sinee: the ‘information :id sot pre+prodeseed into ‘& more o
usable form, dhe grammetical analysis: required atisthe tile the quéstion: s
is aneweret: dsrquite complex.  Recent welaited: worle by Kleinw %39% o001
indicated khat) some of:the vules: of the grammer can e developudrattow =7
matically from the corpus, and information from several sentemces gy i:il
be combined by use of syntactic methods to help answer questions.

. My .feeling is/ that: the word-rsdatdons: being develpped B thitbe : <
"dependency- grammar'' methods: can bhe dizcovered mone:mmsily by heang .o
of semandde analysis,: and they. wosrld: biere be more datwitivel y: meaningful
A model based on such semantic relations soeld significhwtl¥ sioplify>!o)
the question-answering procedure. SIR illustiates: ithed fensibility ofic«/
directly storing:aad using semantio-aidlatiomel.niov o7n i3 oo o udsainag

R A RN E AL

4)cbi

Semantip;Analysdug Machine.” (21 )z Thisopregrain; . written dn-thp IPLsV o7 ie

(26) spyogramning:language, -accepts as: inputcmny seatedcecdn Baste 15 100

:Senteade Appradser-and:Disgrasmer; aad:osq o7

[ s AP eyl D N T O e B T S I o T o = P A
D O S I LAY S . o ERRE IR Wb = i v d FEY AN -~ S [ERE R
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English (30), extracts from it any intosmation concerntnﬁ ﬁinship, i
and adds this information to a "fcmii;’%rqf W brameler C0 TN T
lnput: '"John, Mary's brother, went home."

esfe g’ v yofin-and mym sanign

they are represented as descendant%*bf‘!‘ﬁuunun‘nuﬂﬂ*tn"tkt“famtfy =

EIES>]

k Q‘EUIIEH”!!f“Uf“pranl”T*'f e.,

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

o

nutural Eagiish in recognizing family reiationahipa. Altﬁough ‘the

Ty e

author does not consider queccion-answerlng in’ Eetlil. ft 1¢’clear that’

the family relation informstion is tmmediately available in the tree ~

model and specific requests could be answered almost trivially.

Ihiggsyatgg iiluaﬁratps thg effecpivgggga(ggug ggéei 4qgggqu -
| sektic bask. Lindony d8c1ged, Ln, afvibos. thet ool femly

A.,G :U .:I:: i
vr@¥; i

relatiquahins vere of 1n;q:eqc, agé nbpergpa gﬁgt,;gqrga}s a»ifbd

V‘QgEFﬁ?ﬁggéiﬂ??g?ﬁ?ﬁﬁﬁfﬂéqfﬁfﬁz%??ﬁg“ﬂdﬁ}yq%?&Y?ﬁ?aE!ﬁfF}?ﬁ%&X~; EELEISY
n°th19égpgukﬁi§°“e ot questiop-angweping time, . . .. . o4 ) o el
| .. Unfertupately, different.forms of "naturel” models gre neqded .
f°r‘lif%§935 kinds of informaticn, In & wore general gystem, it ... . .
xigi-ghtftzemagmeftes.wef.-the best aysilable model to veprpsent infor-: .

éﬂtion«.m%s each subject area --g.g., treeq for family relations, .. ...,
Gartesian coordinates for spatial relations, perbaps just the originel
text in.arpas for which there is no obviously bgtter representytion; ., .

but that weuld be & confused syqtem with trepepdous ogganizatiqoal , . ..
problems. .The SIR system is based gu a sipsle medel which cagtuges ., .

wome of the advantages of various specific models thle-perm;nggg i
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uniform processing procedures and permitt}ng the storage and retrieval
v R e SR UL 2On YL el ST T SRRy AT
of arbitrary facts which arise in humgn copversation.

Comert i

1ationrof restrict d En 11; -

5)7 Darlington's program for the ran

adad oA 3

into the potation of sysbolic logic (12): This program, written in the
COMIT (34), programping lenguase, tranglates certain English riddics

into a logical farm which may then be tested for validgity by spother
progzam, wricten by the same guchor, vhich applies the Davig-Purnap
proof procedure (13) for statements in the propositional calculus; -
Example:

input: "If the butler was present, then the butler would have been seen,

and if Phe bitler Wi seeR, then’thd butlét’wbuld Have bedr questioned.
If the butler had been zuegtioneg,?the the butler would have reylied,
£ 2423
e

and {£'the butTer had ¢dpited; tHeh thE buttdt would Have Bedfl hédrd.” "

The butler was not heard. If the butler was neither seen nor heard,
then thé Butler mnséwhiée“ﬁéénﬂaﬁjaﬁg’,Eﬁﬁd*i?ﬁéﬁéﬁﬁuéiefIﬁﬁsESﬁ“aﬁE§;’”"‘
then the butler must have been pregent.  Therefore the butier Was, .
questioned." : T s R R A S Ko o
output: [[LSM] o TRSN] A [NBP] 5 [PDAUANQAT WHA~QIBRIA [RBLITDNT
The input is typical of a type ‘of probiém which dppears i elementasy ~
logic texts. It hds béen pré~éaited‘té“ﬁ&fféfﬁlcértainvéréfifiéaéidns
including removal of mbst’ proroufis and 1n5efEton 6f necessary mirker v U
vords “éucki‘as “then." ‘The program trangldte¥ tfis input, By fiéats of
dictionary referénces and grammatical analysis; ‘into the model, which”

is a &Patement in mathemati¢dl Iogic having the satie trubhivalue agte- e
the original English stateent. ‘Thé “quéstion” fn these probiems is"
understood to be, "fs'thistiféﬁﬁénéyéﬁlfd‘(;;gil”ﬁéiéSSEr{Iy true)?®;,
and the drdbwer can’bé obtained by aPpl?ing‘eétablféhéd'métﬁodé‘to“fﬁé‘"J¥

logical model.’
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“tAé ‘4l Lindsay's Rinship system' (&) #bove; Darliagtok’s program:
takes advamtage of & wodél 1dé¥ily 'suitedltd- vReé type 6f pPéblem i
involved ‘and advafice -kriowledge of ‘thé onfy-possible questioni - If one
considérs the possibility of questidis such as, “Whac W&E ‘the ‘ocCupas i
tion of the suspect who was questioned?,” &F ‘"Whit w#d -ddde to dhe "7
but FéF?™ > ithén the ‘domplficated prace“ ‘af"tFdndlating ‘URe lcorpas tnto
logieal ‘teriis would ‘tiot be of aity-aid ncEinding avewérs.: Only &
small paFt 6f the “information needed for *fhtéllifent Batiavior Emti
be expPedséd i the propositicnal ‘Caléubius:s AFwilT be dtadussdd diy o
Chapter V1, even a version of the quantfficdtfotil ‘calculus’fs nor = *
suf f E&0di ‘€0 ‘formalive the convérsatfounl abibity oFf '$IR; & Priocedursl >
langudge 15 aleo necesaury; 7 i : z

S YEL i i H

6) W@ s 1o o0
program, writtes ols itie ‘COMIT Progr amiting 'Fengibge ) WEIT acdept 7

informatiow and ANswer questions framéd: in c%ﬂ m&% ’o‘f"ffxe@ ‘

SO0DB
fomats. 1e
w ! oo EESREE FeE gt wnews 29

ioput: DOG 18 ALUAYS MA!‘HAL KRS

it

MAMMAL IS ALWAYS ANIMAL.
LA T LI, RODRAE Q.+ o e TRe L (o
The input Wentierices mist bé 4n one Gf five forusts (e:g., "X I3 ALWAYS
¥," X MAYBE ¥, étc.), and only oné ‘éccurfente of ‘edch foruikt may
be hed ‘trué at one time for aty one ‘frem X. Mifs input information is
transleted fnto the model, which has wssoriatéd uith 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 actwally.congigss of linear agrings
of tagged entriaes, as ig required:by;the COMIL:langusge.). Similavly . ...y
there is a.small number of allowable question-farmets, each associated . ;
with one of the ipputaformats.and xeaplting in:a partiqular.class of;, ...,
entries heging retrieved from the model,. - SuE o o gk
~The major fegture of this system, which.ls akso the basic featurg ¢
of SIR, is that the infoymation .kept inthe.mqedel-identifies paxticylaxr.
kinds of samantic relations hetween particulay words.: Questions axe . ...
analyzed with respect to, and answered by referring to the model fox.. ., ..
information about, these samq relations, .Buincipal shortcomings of .. 4
Bennett!s. system, which I have overcome.in $IR, include the followingy ;. :

1) Relations are identified with particular -foymats rather than, . .5
with their intended interpretations. \ R

2) Logical implications based on the meanings of the relations
are ignoreds . Lionpo e ey SRTEOTQ IBdLmn s s goonnad (G

3) Interactions between diffenent Telatiome arg ignored. . .. ...
4) Its string represenkation makes procaseing the model Mmoxs ; .u1.

difficult than necessary.

RS Nt T SR Y 7 Fo% |
5) The user must know the form and content of the model in order
to make changes to it. CAAMLA ANALTL ST 00 e

PR Y

In summry, several computer questipnanswering eystems .have been
developed to solve special problems or ilé“gﬂ?ﬁ@ﬁg&gﬁgtﬁlLQ@A&§Fiesgiij;QP
None .of .them constitute, a direct approash,.to «pm)eiémsn tnkelligant. -
"understanding' behavior for the compukern;.Alshough various fomma. of
models are yped in the exisging systemsy,none. represgnt gemantic, xelar, ; g

tions in an Jintuitive, gemeral. aps usqable way. , The .SIR modek describe

PMTI AT e B gns vl L B0 et anD
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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: Representaiions for Semantic Information

dednve g ouatd wresd oy sebrvetue votasds dvaen ofdd ol

" The STR model 1s” the co1leet 16W of' data” Which® ¢ §IR Pioghams Ckh
i P HdEY; " 4n

refét to if Fhe coutst’ of qubbtivh-shsvering. "1 4s 2/ 2y
the ‘enbe that new' informatish’ cah alhlt’ ditomheid’ st ti3hs B0 Lhatigeh
to the datd:” Th addition; W1E & kihanile’ od¥l; 1h Hre $eldt that the
data are organized in a struéﬁfﬁfggsgh'ﬁgﬁf}géﬁ%gégﬁfs”?he’%a%ﬁilﬁ" 5 OF thed
English sentences upon which the model is based. The purpose of this
chapter is to describe this semantic organization, which is 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-
manticrrelations. 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 (4)

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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izagion.and repressptation nacessaxy for grablempaolyings o 8ione the .. - ;
choigejofaa ar;belwanatru;atiasa&aﬂsu#ssxgssUQEaisaqxtsas atep.dn,the ..y
develogment.,of BIR,:it- seems worthewhile te.dissnss shis c1898. 98,1888
uages in gome dekadd. ., oo iosad Yo amsldety sy dibw teawsrgoig i
Bistorigaliys.the dpte used ip.gowputsrs-have been.numericals iRy,
the., §arp of  ALEDER, BUBDEES. or, FAxedmes 50,V e5505 - 998 ATTIYI 0 E  Bumhers, |
Question-answering and other areas of rgsept.computeyr regegrab Yequire; ..
the uge;ef symholic-as well as .numBuic desn, ;894 $t¢; s Srequently desir-
ablestookranmis; informasion by mesns efthasrelatiqnal SETUGENTE:88. ¢
wedl-ascthe. symbglie centent efathezﬁosagguzbs{%-meolanan;aslssiasgmugdgj
or ;! iatmpreseesing!l iooupnter languases bsve been.develaped So-handle ./ g
ﬁh"ﬁuQDCSﬂglnfr9§9l1538q§93§5-nuéﬂs5!@°§ﬂ§n§9f!0t5§eaﬁilﬁbgqe.12§!P7U0i35
ages i#:that Campulier 'wawery,spece forcdans sspuntvies vand.nab be v 1o
Presaneigngd ) storane: far - eash ekrnstuye tavedlometed Autonasically. . c iy
as it is needed; sm?busann*!yanLmstmmm@hmndﬁ!ssbﬂﬂﬂﬁmc,;«:s
a powesful At of ibea}s.fon describing BEqcensas whish 6¥estes W00 LRy ;-
search, or otherwise operate on arbitzaxygmmeunt §,98,0Y8balig dats withs
out ;heing.cousarned iWith the dpherent limitatiens; ox Rasis nymeriqal
operations af the gemputer beging . useds.. qi: yriamswyorg 1o0% msrods coo i3
1The most widely. ysed. spmbol-uangipuketing Soupelsy  languages. ke . : (.
IPh (2525 GOMET . §350 140 LESE £23).%.13ELs cnaedobnobhe i Banshall" and o,
"SAR AN 1gue st LoRSSRINSTiNG  AYSEMe dersibed in the pEONigus £heRLETHC 1

- % See reference (4) for definitions of 1is : :
detallsd debctTptions AAd eduparilons ST ENEEEItingRigeN] 2orv 1oty vos ¥
2950

.zageunnul s2ofl lo anceizsqmoo brns snoligluousb beiipisb

ST S R T I Y e A T 2 e
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is one ‘6f the 61d edt symiboTumanipulating’tangutgés; '“THe 'Basté uniita ef <’
data ubed iniIPL dr¥e’ITsE! struckured™ gomposed 'of 'IPL  symb6lss -ARCIPRICLD
program descriBes SymBol manipuldtion it d very Basic level, ' Teavdeigy!-v::
the programmer with the problems of keeping track of stérage used, i acss
symbols askigreds ete. On the dEHeF Hatid, e i8 'quite eaky! BAlIPE2EY
build up““@laBorats programs ut of ‘sImPléer précésves-dnd té-manPpllste
arbitrarfly complex 1ist structuPes; 10 =850 oo DO L GDluwei ool ien
7:COMIT!Wwas briginally desighéd'te’Be'd convenient system in whiehv =i
to proces®inatyral lafigudge,:and was ased in two!df thé §uesEion-dnswering
systems«@eéscribed' abéve, - Although"COMIT 'is'a genéeald purpowé:syfbol maaiv
.pulatién“S?stemyJiﬁfisuﬁe%t‘suitéd tozpyabiéms  invelVing. steagromdaipulsc
ation;*qué,ﬁpréﬁléﬁs)1ﬁfﬂhichﬁéﬁébéiéaﬂéan‘Bé@tépSQééhEEQ¢iﬁ*bhé3i6rﬁd¢d7
of stringd of symBola 'without-iatesdieing ttidueTeeapliedtion intd thé = .-
processing aigo¥tthms.~ Yhe: COMIT 3Fsten pRovilesiaisdinple yet -powesful ¢
formaTy sn- for -desctfbing string mifdpilaetons  Thes fdtmalism cén be
extrenely #iseful-For describing-p¥oceduatres,  sich-as-parsing, ‘whith opeye -
ate  ‘on Befitences 'of natural TéEfigHage, v 0 GIHYTIC ARIEELGIL co b s
LiSP; the' ldnguagé used in ofie of ‘the'ldbove questiontanswereesiand '
the one chosen for programming SIR,was“o¥igindlly deésighed to’'be @ fori
malism usefil’ £5¢' studying the'mathemdti€ai properttés b2 fiinctions of
symbdlic expréssions ‘as well”as-useful ih-& pradtical prograditirig bystem.
LISP ‘programs tonsist of functions; rather thafi”sequeficesCof: tnvtricetbne

ft’( ««)

¥ See reference (4) forhdefininions o; ;sgapggcgﬁaipsbserms aqd more,.
detailed descriptions and comparisons of these languages.
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LR ES

or desgriptions of: data forme,. . These functions map symbolic expressions,
into, symbelic. expressions;, tha, basic,form pf, 8 LISP, symbalic, expresgion
is @ himary, txeek shich, can.epeily be used to, reprasens, 1isk, structures,
vhen nacessary. . The organizatdop of LISE programs jntp functions enr
ables; ona. to; dascribe siaboxate trruraive fxge-gearching and, list- . .
structuycerimilding operations simply. and conclagly, . Reasons for., ., .
chaosing JISP as the langvage for Arogamming SIR jpclude the folleying:

1 Y Pl ke TPL LTSP GPfers’ sderdl 1 gni Fivatit: Profiramming Toam [
“veniences such as the use of mnemonic symbols and the automatic main-
tenances of available storage. vlaylene fsobdesmons oo lame

2) Un¥tke TOMET,! ‘Comp lex ‘tirdes aid Hwtberutttrds ' whitch
frequently arise in the chosen representation for the model (see sec-
tion ‘BY - ddif 'be Yeépreséted 1 rott By ol FESP duta, | o0 tofvaiot adld

3) 'Mie ‘TESE forhh Fréty 0¥ et cilarTy Wetl stk &0 for desuribing
the recursive tree-searching procedutzes which are an important part of
the syaten . (aea Wr Meiino od Bluoss molins bns gro fotor odl (4

Ploosde soldomiodad biaode w0 ooy AR o

In aff earTier m of SIR, mm uweﬁ as wcpnehmmww g

Y- ey
translate from English sentences into a function form better suited for

L IBY JL‘J.V i

Ltz AL O gl iveuup =dd nl beviovet J¥cite odl {(1i
Lﬁm fnput 8 &wév?ezv, ismee tm rmmew “fidticleing : mpub%iad&dtmes*
: Mo Jlebom oo soxl eviamos goivelviay o

finally chosen (see Chapter IV) could just ﬂﬁ”@éh&&&”ﬁ%~hanﬁledﬁ%ﬁMLIQP

the .problems of a hybrid system yere avoided, by convers m eyerything o
to the LISP language.

3 19 q3 an 0L
! Lo Y 2Ll T o TG
- Mord Asseciatign Models ... . sociviaigerg fan e wElooa e

The.variety of existing question-anvering ;aystemg discusged in gthe |
previgus .chepter. dempnatrates that wmeny different Jrinds of models for. ..

RTRE E ey e - .o P o e s
R R caeids sy apciosd ca rmmaongsy o3 ohuor neewiad Loogda

* See reference (4) for definitions of list-processing terms and more
detailed descriptions and comparisons of these languages. catzlo
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develop Guestion-aneweriing ‘Byst éms’ WhHAFY s WETWIF Thi Wpprowdii At
B, E gL Lnd sl el Mty pRogham? vhich ‘Sakedd < |
ately"process ‘the ‘tékt ‘fHito & Fothn' Erbi WHTHH WHdtd pitied questEoms: cativ

be answered trividlly, bit which® tiretely fphiore bhicts oF tife’ Inforatton's
in the input, "At the othér extrdiié atldiUystéhis) BHL, ¥hie SYNHER sysL'
tei, Wich sfhply'brote tie Yavw et Und PerdRirs @Vl Hbt dssary tomphits i~
ations aﬁ&ﬁ' wh qpenﬁim s mm thanehy hecoming Wie‘i( An

EER R BRSO ¢ PR SIaemenam 1o say adld as e Dives g
complex grammatical analysis. CsHRTOIR »idslteve 7, S RRfTG
I feel «that ﬁ,gmmwhm is:.capable off 4nt-ellkigant », human- g

,,,,,, L noiisinseeIqsy mueods sdi ol ewivn ol tnsn;

like behavior must ue between; wwmj@mquﬁamy@- t«hxe; ,Qa
desmmrmmﬁq; t.,he %mméwmm,ﬁm=

P B (" REVER RNt EF S SN e i D&D(;Iq };Ii,‘[}lef DBE - IRE D HY ,.6 it il
1) The model organization should be generd]l Wniigly o Ve Wwefizl o112
in a wide variety of subject areas, yet the stored information should

be specificenough Lo pe of vaal, assistange InAhe quAsticn-answering v

process.

sio L diue rezoied o lioout BOO3ME Baons s datlsad mox) visiamay:
ii) The effort involved in the question-ancwering procedure should

be dinkded betingen Lhei-joh of.ensoding dnmit: Lnke Lhe medel: and,

of retrieving answers from the model. Neither job must be prohi tively
compliont ed. o kime-QEMSURING. 1, Lives (VI weigadd cac) nuaods wiis

Modéls ‘baged upon words' and wordi, t f8ré @r & UK ‘bést ‘candidatice
for meeting these requirements. R R R EE

Words are the basic symbols in most natural languages. Certain
words, usually verbs and prepositions, denote ' Betvhedty Peal !
obJdet s, "B THESER Wodé1 1 'SRETE $6d Woribs ittty e to represdiit the

objedt's ‘or (Theked deétbréd by ‘thte Wt s > Bnd FsPecLrre Winds G addbeds 19
ations between words to represent relations between those objects or
s BEB aairst sedszoaoys-ail o snoliioitsh 1ol {p\ GESISEAT 358 K

classes, sEennL L sasrlY Yo snoefteamed Brs 2ok

NS [ R R
(52 LA I A I AN




Sllai MINRS s
Beforemgfscribing the kinds of associations actually used in the
SIR model, \réa us consider a simpier word-association model structured

solelHy clau“IfcIuli”(m 'c™) and dlau-mbernhi ("E“} relations: “—E
'i,. ,,,,, aluidey J03 TS

This mode ’ ﬁvhich was considexged early in thiWectigatiTn, has certain

: Gy

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

; " lieb [fod wea-99s snuid

its ude in” g‘fﬁ—" """" I i'.“}in structqred as f&ﬂows?i Ieﬁ X ad Y be words

Copmew) b gudeyain
whi#t denote the obj!ects or cIasses rdprelented by§ X and y, respectively.
! "':'_'i 'H,U)L' BT i ’SLUIIS

. ‘ 2
All »sucl‘{ wor?is are §arrangeq iq a tree, i.e., partially ordered, accord—
G NS B ¥t satldn

ing ito tihe fogllowing rule: *TCY if eitﬁer xCy or xéy}i Iniadditﬂon to !
sPLA {lemeos mrini) D) geb siddes yoog ol
thiq primary orﬁing, qarictus kinds of seco:r&«%? assor:iations can be
‘ gl nl sl Adosl vral i |
indicated by special additional linﬁs. Simflarly, ,’Qo#e “verbs car be
Tnay (aosiuado) wos 28M VGLaN
partially ordered. For exmple, i.f X and 1} denote the subject axid ob-

I —
ject, respectively, of a verb g in a aetitence qu » we shall orAer verbs
A T2 00N

gud
by the criterion: adp if, for all objects x and y, xyy implies xBy.

For intransitive verbs, the criterion is a(ﬂ 1f xa implireé‘:acﬁ‘ Mf"ig. 2
ETOAHNRY od
shows such trees for some words from a fig‘st 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. :
{awil’ \' A
Having }jined the tree of noum/ém the tree “f‘v,erbs, I must now
complete the model” by 'a'éf‘ining c,onnections between these two tﬁees. T

%I ] (s SeTt ' isF Py §

Although a formal dotation f?i' sudh cro?s-links could be defined, \for

present purposes I ahall simply give the following examples of state-

ments describing crou-ulix‘xkfa'gﬁee' (withreapectto the“ﬁeée:i‘ateiiﬁ:g“in
TR T TTATD GhOTEOW A R HHIIDIM

Fig. 2):

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




a: NOUN TREE

AT Zz‘]a
something

[

rain

FRAH S [ P L -‘I AT LR P RTOS

'ﬁ; 3 S DTN I EHE S SRR

boat

! (human)
I EEEEE SO ST TR 1 dle o i ’;":;”ir’w BRI BT ROT
see-saw ball doll train animal )

ey Y ' : l BRI S et 2 1 A A

Betsy Lee man child (woman)

g

airplane (helicopter)

kitten pony rabbit do'g Q«\ . (farm animal)
CRR RIS o 51’ s TN T T g ia frili

AN i v B
S i v Vi . ol

] Jerry Jack Mwaa Mother

puppy Mac cow (chicken) goat pig

Jip

rooster hen

: : - e TR FEFIPRE RURNRCRT S
s VERB TREE |
do
TN PRI
(move)
NIPRUOT 1o 2u1t b
run jump hop fly .
B S S . ' R }’f; I PO ER
eat see laugh talk,say

'.l..l.‘.l......ll‘....‘....l.i'-...i...lli..'.

oo TERLT L e T

FIGURE 2: A WORD ASSOCIATION MDDEL
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11) SI4RY ‘Botin Below ‘node 2 'Is a duitdble: wbjeéc ‘For “ady Verb above U7
node 2' 5 ‘ _ ; C
Y -

T R B PR TURPRLIES S SR I ST S E I SR TS 5. il D iaesT Lorin o ab=il

dié) Only jouns b below nodea 3 or 4 may be lub,,jectg for \gegbg b?}w' o
é 3 : I osvadi: i ~ELGCTS RS0 R 03 O CUPSE SIS S SR

Thi ‘Zodpiéte Bodel, “conbosed ‘of "tred trdirired dnd-stdtaént's ‘about
their possible comnections, is a representation for the‘§f3§i73f;aff‘}”12
podbtBLé evénti” I 'Sther vords, “{t tepréséhcd T compiic ér Vs -
1edgé‘of ‘¢hié worfd WE déw have ‘a Hechdilad "FoF eégfiﬁgctﬁg'"ééhérendéw
or "déintagFutness®of Rev sduples of t@dt " NI AP rnaf1dn 14 red THES
a si3€ LK Udes “thfd Shodel, "the pidgtas Would simpTy have €6 *{rigeré””

a "tﬁfé&ﬂ“jéfﬁsgécihi;%3ﬁ§e€ffo&3 fiEs “Bié ﬂggél.{‘fé fﬁ%@fd%wéuld
A1 26 nfd1 ik “tH586 ‘evdiidd vhich ac€u3f1y7hi§ 55 "Friose wﬁidh
3ust "céﬂcefvible" 6 “the” cmputer. %eaeiénK’a%Eéotﬁe"fﬁwt ‘Jfafe-
ments could ‘rien 'bé irsidred By Fé e1:1'i.31:§'“f'€3¢5L e nonet e S 886 whch wéy “®
the thread passed. Such a model would be useful in a pragnaticvsystem
such as Abelson's (7), to test the credibility of whae! ?”fs“ﬁ'f R
could idertTfy ‘sdiivédd of fed fecfial Raswlédfe by thefs chiedds, and
compate "t ié LT dBTT it tes 'of ‘the vavTodd “dddfedghs 07 Alebem to wr T
RSt dhiee Sty CHE Bilel HedéFIBEd Had JETEAET dfavBARE LR 7
prevéitfts \oe T " genéiat “sdnaite1d ‘1 fSRdaE Ton F AR ot
It is Vé"xt‘réner ‘aff#féut ¥ “Eonstiuct s “$EEul Hod FP %0F e “form "des- -
cribed, for'a “sigalfféant amount 'of (RSt for! Wit iy &° progiam
ﬁhich would add information to the model g§§§§§£1§§iif°fs‘%h€“§¥ the "
qucstilon. ‘e "‘t:“’”i’nd “e' *elations “ate Wo Sod B8 foi & “E5 Hésciibe
many usefiur’ fbuﬁiuga 5 douns 2 Bl e ‘fat Fodudttén ot % £& ‘dddiefodat
relatidns Would Wortidd Fhe 'dericravdl Whpdit S4e0SE SF cié wddél “aid ™ "

Lefsubivibet to soloud-z bousbie 1o ise noiisfsy 0 suibesg fexigol
force the cross-link statements to be mach 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 1s tfie of dertein individuals 1f and bely L6, 44 the -
model, e ordéred noisle of those indfviivels s P eTeberit v the -
set corrésponding tb the ¥elatiow. For eiddple; s model for & logkcalo o
system ‘dealsig withs ite tural orderidy of ‘the Thtéjers dighe huve &1
{ts WodeT ohe et Of AnEEgers (46 the dRERE E HOd vaidudd VarfabTegys
and a Wt SFiciered patts DF tntfers COTTERPONITHE t6 W 't ool
(less-than) relutiow:c Tiis Iattér set’ would COMERtn #1Y buirs (day b)
for: kilvlich 'Integer a jis truly Léwd thad fhtegér ¥, Ple ., For whieh ‘the' < "
statembht ‘@b e e, =5 e [du do ealguied Loowles Dore Toan i
. Fiege peniarttic modely wre farCiciilarly udefu¥ An ¥ogic for - ¢
studying certafi Propertfes, sush ¥ Con¥¥etercy and CooplEteneve,” oF < o
the associated ‘Fortial wystems. THEY aFE hot’ generslly Wy us¥ful’ o aids
in proving particul thectemd, Br WHUSPHIY thle’ Povelble' thteractditng = °
‘between var fbus! relations . The SIR wbdl ol sution Wbt be b¥tter '
suited t¢ ithese: latter problemy, Wiifehl WFe of raljor Hhiterest L devel+ "~
oping a Wion.mﬁ,m g?ﬁwﬁa: Gaos o0l Lo oo osval oo Tode e gl
The ded of Yeprésenting: & Telathoil by ¥ ibet’ of Brdered n-tuples
is a good istarting pofnt for & question-dhsleriny s¥btem model, - - * Dt
However, certai¥ wbdifiecations are: necebisry s Firee wel #ie Interested:
in conversational Bbitity fh the comipitel|’ the MrelutPens'™ {a our 2.7 [0

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

abstract methématical’ properties. - Furttibriiore)” unilike & Yogical odel,
the systiel¥hould have bullt-in provisions for detetiinihg’ restrictions)

extension#]’ or inconsistencied in’the wddel, bawed v# properties of the
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relations. involved. . Evgis ifﬂ@?;#mehmebl%iﬁm And if . oy g
aCb and bCc arg bokh dn .the madel: the syatem should ideduse that  (.iom
aCx: should. also be. in .the model (or, eguivalentlys that aGe 485 io-
trye skatement), .from the built-in knouledge that sstinclughon 48, ...
trangitive.. Finally, for -xeasops. .of computational; efficiancy, a sur . ;:
ject which. is pewer considered in fommal Jogic bukde of iphime, impox- .,
tance in g practical .computer system,. informatiom abowh melations ....:)
must, be more easily accessgible than it would Jre if Jdt consisted simply
of unordered sets of n-tuples of objects. These copsdderatigns led.... ;.
to a choice of the description-list, organization for the gctual word
association model used in SIR and, deasribad in Part, DobeloMe: - niviose
Although some, ideas were borxowadrfrom. logical gemantic: .. .:

systems,; SIR. 48 not; dixectly depepdent uponany. formal. logical - .. ..g ui
mechanism. . Inehigads the model. and the; programs shich updldae 46 ... od
were deaigned according to. informel:henristic prinoiplas of yeason- ...
ing, which I believe to be the most convenisnt .opes.for a .first, - EYTENre
experimental, system for intelligent.conversation defween machines

and human beings. - Onee a working seystem has been;deyelopeds;ones . « ..
can try to:extract from it a logical basis for a moreadvenced . . ;.. .
system. . Such an extension is; the. suhject,of Chapter: VI. s ayivne: ol

ER Rt . RS Dooten s s e By a0 $fsssunst Do Lwong

D. The IR Mpdel, - BRI S I IR e S R o1 s SRS el S ST I Y ol SIS O - ST S ALY PR
- anTRe SIR gmpdel consists of  words: asgocisted with: each other . ..
through, particular, telations.. These: Apsociations: ars. represented by . -

"degeription-list!; entries, In,this seciion I ehall discuse the; . ...
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desciiptisn-1ist®sbbuctire, the reldtlsndhsed-in 8IR; aad ‘the predise’ -
represeiitatisfid fo? tHose ‘Feldtionsdd! <slumus vilmewiidin wans v

ST Losudil s AToNrO GaciioLoaIulTeRsb 03 brisg ShE HBL 8L0TYETL90

i1y pesepiptionilistat THe ‘mBdel ¥ACSIR'id Blsed ‘Latgely upoh - -

the use df ‘deddPiptiffi-2fdts. K Jedtir1pELoh 1Y EE 714 5a *Hdquarie® ol ¢ -

pai#floP 6 entéiés [ Udnd e Entire TistUid ESsdtfdted WEth a pirtiddtar’
object. -PHE:Firkt efemett of 'dabhiipais 4 the Hade Yl ldrl dreribire st

is the value of ‘tR&E Sttrfbuté for the oBjeSf adidriNéds  Por exdmple;
1£the object {5 tHe FdEBeE W3", fts desétipt16ao11%¢ Migh “dont¥in the
followting sequence 3£ dttiibutes  (undértinedy and asfol Lited vilues: '™
-dycdESSox, ;@;m’mg;rw”umw;.gga Taphlvibal ouis eiooidu
The LRdt™tHEd "3 ¥y an odd “Hiliber ‘Eodfd HBSEbéen '1idfrated “sitipty 1=
by EHesidserice ‘ot [Ete ‘ot Ex ittt MODN, * VO iy ‘#sdodfated dtug i 7
or nEValde at alfsprovided tRe dystam dsifig thie SS¥CEPptionstists "
is capablé of Fedogntsing suck 4 "Fiag " L 6.} Valieldss dreriburd s 0
e Clasd GF "Cats” might Ve desCribed by tHe ‘prae: 2l o boliioes
SOUND, MEW, COLOR, (BLACK, WHITE, YELLOW, BROWN); “LEGGEDNESS;™d,.Y.
Note that, since the color of cats is not unique, the value associated
with COLOR 1% a PHgE o f PossSLE Gt "edLobE., (1L dEEERuE LE paren-
theses ‘1Hidfcates " Fhnt ‘thé ehtireé 1EsE of corot#fs 8 single “element (="
of the dect’r‘fﬁf‘idn‘ﬂs‘t. oo GV Lruansiawne agbigsd o of sowvoa s uddiv
Sap idan Pl Hrstrdte ‘the way déscripbiconilisty nfy ‘H€ used by “Congider-
ing tHELE pTacdei'dn the TP (29) programitrig sysréddy “By conventiof)
every IPL duta Ifet Yas an dgsoctitéd dedliptionitEst. - the &deribaces’
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on,IPLadﬁsepiptien:lietﬁ%aE%aZPLnQYQh?lﬂtmﬂﬂd,t§§r¥549§83?F9‘SKWPQ}S;@a*
which may name arbitrarily complex IPL.lisf strugtuses.- Basgic IBL. .,
operations can add pairs to description-lists; others retrieve the

Secoﬂd_Qlewgﬁcvqfiaaﬂﬁigz(94galﬁe)wﬂﬂmtheﬁde'§‘§!§199’3*'§'“ given;the

first element, (the attribute).gud;the pame of .the.main datg. list..., ..,

An attribyte Eaaq?QIXuQQQHFaQQCQi°9ﬂ§¥yﬁ9§§ﬁgegﬁ§iaﬁi°9b$§§§$i%nQthg?sq
order of. the.attributes gn a descriptionzlist is.igaered.. Thus, o5
descqingiqnaligtqeegsatiegﬁuq;m%kﬁtﬁﬁgn{éssqyket%xea@%a%rz containing. ..
arbitrary deseriptive information for the desgribed ghject, nolev sAd el
. The LISR.ayptem . (23) utilizes ‘'property=lipts" which are used din
much S@giﬁﬂmGQWQXQ>§§alagﬁd?§%§§?9§ﬂﬂi%iQES&dixgiklgg'5§E%r$%§c§£§%%?£ni
objects are individual worc,lgAgx;v'.}.ggoxﬁnﬁq‘&m%}g,': {Wi}grtmqk%s.
LISP gsspciates with each unique atemic gymhol.a REoRerey~ligt, which . -\
is a~de&9¥i2ti%9%¥i§9v%lﬁﬁﬁ?ﬁﬁe&he;“Q%“°§;§§§§53%‘5ﬂﬁlkoa§&55§5&5“ﬁﬁﬁ vd
value pairs,. Althoygh q&is?;mlglyﬁm%ds%t%f~m&4~.ﬁm the iptexnal .
operatiang :qf .the LISP. :gystem, property-liste may he searched and, 8 8l
modified by the programmer, The.model in IR depends ugen .the, uge
Of property-lists. cuien Lt s woans AL WM 0

CrEgG sdpl

Pooatr i el

4. the purpgse of ?ke(w b
model ,is, to. asqist .the .computer in ungrgggq@{pgauugégynym4cq§1ng

with a person in English sentences. SIR works ong%,@ighuJ e
sentences which consiaf %@e@qiéﬁaﬁﬁﬁﬁ%aiiﬂg%ér‘Sﬂ#:ﬂhdﬁﬁﬁﬁﬁQ?xﬁifﬁﬁe‘

of objeets and words which exprasg.Rarticykas Hationghing betuean;, ..,
the ohjests and clasges. .1f que considers the obiects and classes Vrea

TesR T
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as the individual eleéments ifi“a formal syd¥tém, “thNén thedd 'rélationswfps”
between objects and éiﬁé&&&%i%‘d&iagoai"éo"‘eﬁ&%éﬁﬁfén&‘ﬂ&f}fdﬁﬁ&f‘f B
logié (déscribed in C &bove). “Uﬁ&éfstundfﬁébfﬁe ‘mianfng® 0874 géd-To"
tence is {aterpféted is 'thé process of ‘fecogniZifig the obfécts #fi'the
sentence andl of pli¢idg them in’ 'd spedified vélabiok *Fo 68E ddbeREE. -
Thc~pfdﬁé?hrelfﬁioﬁz€64uie1isJffé&&éﬁﬂfﬁﬁdétatﬂdﬁgaf€§§€ﬁe¢€éfﬂsﬁﬁn&“f”*
prepositioiis in the geritence, and’'thé wity fn'whEcH €8 fldce tHé“sbyects’
inte thé relation 'Ls’ detérhined by the’ BStl of"tfe’ ‘gefitdnde®’ For !
example, tHE verb “if UkGally ‘decerainds 4 ¥dE°Pefation. THE form"
Every ¥ 14 d y" dététuinés tHat class ¥"1s ' sibset ot cldsd '§.”
fdi ‘the “Computér Fepresentation the “Badit obyadtd; "a8 Yert a5 thd "’

names of ‘elatfons) afe sidply wsidd.® THE idc8ided Ifiterprératton ¢
this répréseifaciin 'is ‘45 follows:  "Sufposd woed ¥ ts “kaboctiited I “ 7Y
the model with Word'y by ‘means of ‘réTd¥18R'R:" “Fnéd *En{s Fdfrebicnrs '
a statement which "means" that the object or class denoted ﬁy“ﬂjfﬁygjniw
associatdd with 'thé’ dbject ‘or ‘class’ deﬁgtgd gi Z 'By ‘mEifd '§f 'the'Tela-
tion named’ B.’ P R Crannalpd et T piTegos a0QiTAY SURTUE

“fhé procedure ‘fof devefoping thé #orm 'c¥ £RE moddl dha tiE”” T
associated storage and retrieval programs was approRiRdEety ak Fotfows: "
A §1hgré vlaeion 22 get Incluston -- was ERORen Beckiidd fi 15 an-
easy concept to recognize from English text and ‘T8 E184 5 (PabittiGelyy
Suporednt "6d the “dedtidug¥ 5¢ slifle sedceffus)® kd Pdt¥idlidompdter

relational

aoidsavaedn: <

information, secued gendral éhough to model Winy ofHéf Kifids “of Fetud ("
tions, and also had connectivity and accessibility properties which make

it useful for question-answering. Programs were then developed for
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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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ionniznl R : sooiasler Leiadsg Ga 9951l
different “from, it interacts strongly with the set-inclusion relation

eblon S maidils v N bwea 1R oenoidsl awd cinl bhorotLst
.and has several common properties with it pernitting the use of common
TR ovhs B enG a1 ‘3 {‘ (;v:_‘; PEocamminn siyul onis oy osas s i Bt
subroutines. : '
CHOniraisy wRTIVLL soenn oA 03 [d nolldsoan de v
c) Nuneric quantity associated ‘with the patt-whole relation,
capd o sisublvibal mow: sgriogem oz 2d bas L1 dnkdl v n3

since it is not a new relation but rathér conslsts of spec al descrip-

S (vseH dx boe failH G ¢ G ¢imo bas 1F 2 “g 5 ofous eing
tive information which must be carried elong with te atfbnnl informntion.
five. Jundie ont ol I8 nopisis aclaoloni-dsz od3 a2l o4 14 (sfomss

d) Set meuberuhip,”because it is closely relnted to Bet-
sinernve and o wd hamon od vam L1 bos 1M caoissler Isetequr o s tag
incluaion but requirea attention to properties of individual object
busa sre A4 Lok 14 geomon eiocgsva o4 L levspeg al JTERAENUS Los dzEUL
as well as classes.
BETL I £y 9 SEUS: IATRGE i [ERREI -3 & | viiTogox arr oo zodudiidis v
e) Left to-right spatial relationa, to see how the chosen
Theads ovsa cisrdw g s wing podd aoiselsy sixldswoye B oal A
model works for a different kind of reletion for which there is a
cwne oy Bns LV zaifgml (x)A R A6l 1yIsEensTn a2l (a homeg
different, more natural-appearing uodel.
;;‘.f'}‘ua-‘ PEE in OISR St L&D 3us dO F0 VIO MIS sty 1

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

-y

vip =m0 onan % to A odudiiiocs o sulsv ol oads

thed e oouwa eadr oD
part-whole relation, end yet frequenfly is specified by the same verb
$ooao oo omoxt oededow Amii £ 18 1Az Poowss slidd ol aneld
("to have"). It is therefore a su i%eble subject for an experiment in
sew ufll 1o slgmsre s coirade ey (o eassm vd L ta) amiwoelio
reaolving anbiguities.

B dn Lrhu osin v it slwhd L2AGTSEIeT fnldage pl e 2Arll Lesavd 3o
2o P LI RO L vondoas do Cddgiio soreode e
3) ygdel agructure' The bnsic objects in the model are the
CRDINL iien suisvestdirads et gl Uoxteds edd To 3dgir add od no

words which denote real objects and classes. If an English statement
desdsbos ceusvnt sl bew JaIAH0 to 3zli-w3xsgorg edd od hobbs ot (THAT

is interpreted by the sentence-form recognltion program as asserting
cagoadt oot L83 AL tisg sdl galbba wd beasaibar sl

that relationlk holds between objectn or classes named x and y, then

this relationship is represented by placing attribute-value peirs on

W bog ® credad osla noe o oong & neoswisd =biod HOof

the property-lists of”both x and y. Each attribute specifies a rela-
S MR GOaEeT G0 Uk R wiads Boglz o adBupshaal 2us

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

v osveseol PN agoNdg deviy b ono sivg i ie movio

s
related to the described object by means of the epecified relation.
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Since 1n general relations are not symmetric, relation R must be
i) R T R H ﬁm)i; alusiudal a0 ome 2T deroitih
factored into two relations Rl and R2 so that if relation R holds
RS HE SN o Ur 3;<7°1V‘t; TOMIGITO D {51’ e B A

between x and y (in logic terms, if (x y) € R), then one can say that
CamiiadnoTet

y stands 1n relation Rl to x and X stands in the inverse relation R2

L T hodsicongs wibinsup sivsmodl Do

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

Lé JROA 7, “na oAud noidsler weo B oIom 24 [T R TSR

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

ol Daiaass od daoe dobiu s F T

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

sdelnn oorois ol b@ oscwsoad | agbdetodmom

<

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

poven dpvlouriel Go zaiweToote oF norinsiis zeviupts dnl N
SUBSET and SUPERSET. 1In general, the symbols naming Rl and R2 are used
s st S Linvw 2h

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

R S fLidalny PRELy drgiael w4
if R is a symmetric relation then only one mapping, which may itself be
- SRSt YOS ISP S Yoo hobd dnwaolilb oo owosd Dl
named B_, is necessary; for y(-R(x) implies x€R(y) and vice-versa.
Tobom aglyses ws-letudsn 2%o0m , Jiseold L
If one and only one object can be in relation Rl to any word x,
TSR B AR TP I 14 Cioitih oadtup el o eomla axdazosay (2
then the value of attribute Rl of X can be simply the nameiof tha
TR e 4 SRS REa ".ia ;) gl de i E . il 5 )w‘,#"'ﬁ';i?-q

obJect. In this case 1 say that a type -1 link exists from x to y
S Pdnirur & wtodax.ds wi Y TLIOU e L

following (or, by means of) the attribute Rl. An example of the use
canriiogiams posviozas

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
; RN contasd adT coeegouads Tots

just to the right of the chair," then the attributecvalue pair (JRIGHT,

R cetwEsErD fms eduobdo {657 sdonabh dobhdw abuow
LAMP) is added to the property -list of CHAIR, and the inverse relation
R e I s S seueet @¥oiccausdnue ot od haooviyeini el
is indicated by adding the pair (JLEFT, CHAIR) to the property list of
k¢ sdueld 1aswlsd abfad S S BT
LAMP..
e R SRRSO A FEETE T I 1 S R R S R S AT E Eo R PISh SR N SEREPT LT RE s by
fR holds between X and z and also between x and z, type- 1 1inks
CE g R R D _}:’_ dind o Foie “.t. \x?f “rop oyl
are inadequate, since there can only be one value corresponding to a
Pdwouw £ e, Poesudiiddoc edd o By oard gl

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

& ik Jdvgﬁf EIRT R oL T RIS E L s B by 3]
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a list o bject names insteed of jest e sihgle object-name.1 In parti-

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

SECHL T LOE dudgs il wn3 auel SIS I Tt adsoalaugmmos a0 Ll
by relation R. For example, in the’ set incluuion relation we mny iearn
Teyudos o cors vldnnnes s atod c{uwn zmmdeve I8 At GopanLynnn
independently that every boy is a person, every girl 1s a person, and
a3 A3 Hsors wus o sw oL Isbow s poeaxylidg AIS soni Lallgnd
every MIT-student is a person. The value of the attribute SUBSET on tﬁ
foverna ool aguileansodn: Iepodl ibrenYIs Lo g ldowg 3L i30iD
property~list of PERSON would then be tbe iist (BOY, GIRL, MIT-STUDENT).

st sanuxnst

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

sinde Co o ysdugmoy 7 do piilids eng my o beurouSdInl virangily
Occesionally descriptive information pertinent to a particular
Jgogiliodul soauporg ot veova gl gmPtseevodal lespobdslsy xiviis Los
occurrence of a relation must be represented in addition to the
Iswuden guimsolzansis Lo muidory ol joyosl ads tiL Lacivadsd
basic fact that the relation exists. For example, "A person has two
W wxoded D2 slow w0 s susd Jliw muoY sldesg ool dp PR
hands" implies not only thet a hand is part of every person, %ut also
~9drl g T avogoldomiot el nlsosmee Leaormme vombodo
that in the case of "hande" there are exactly two such parts. This
2D oaTolnasdl brs sesddols TBve st SIS go. dedaseuiged w3 1o insbuaeg
relation can be hendled by using txge-3 linkl, where the value of
CInEg g las gon il boovsd bausseroo
an attribute is a list of items, eec of which is 1tse1f a property-
Tt b ipnd sl wilsiva adiwagald iisda T owesgsns ajdl o al
list. The first item on such sub-property-lists is the lag PLIST,
alis (31 gangyea o G A0 duiithe ronivel sad bas oomdoug oFiaiugell
which indicates that a property-liet follcw:. NAME is an ettribute
YT tun brio la wioLh & rereabvig jir FRiya

on each sub-propetty-list whose type—l ‘value is ‘the princfﬁal object

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

[BIS RS RNE ‘&‘ ,: i“‘;
two hands" and also "A finger is part of a person,' the property-list
no ook asod asd dovranas rany peodIll o asd dweg st ol
of PERSON would contain the attribute-value pair:
DAL IEL Tol (ide il IBYWHIEST 10 97

(SUBPART, ((PLIST, tm&: HAND, NUMBER,' 7y (PLYST, NAME, FINGER))).

“ive s Yo oariul sl P 2= - RPREA V SFRTAT) JJ“L':.M r ol e S J LT L1 n S IR fzﬂiggOJ(,gv
In the interest of generality and uulfornity type-3 links are the pre-

giomt o Mmool oW SEBE 0D ARERE = ST ST & s ST SEE N S A SR SF e 4

doninant mechanism for structuring the nodel.
P O A TP ES L TR ST S T I PR R TS I SRR I Lo ST R RS R YA EUENE S SR o STR e
fode i i Yooy f ok dosnron af I3 cetgesl ol
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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.




53
A recent papét by BoBréw (3) sirveys varibds HppEodcHey ahd cata-
logues exl13ting éomputds ﬁrgﬁiiﬁsaﬁﬁi{ aufﬂﬁf?féafl§hﬁ§§8é frglysh oot

cqus b cidiw btoroaos Yrlio P Ro dem@saI B G0l wein ig i foo e

text. T s e
Thé' 0By 48E of mo8t o Ehese systéis 1 ¢4 {daeity” ¢fe crawstcdl
grammatiggi g%ruégﬁféé'6f“éﬁé@geﬁfeﬁé%ﬁ“i@rjﬁaépgﬁgsﬂgf Tfngﬁiaffcﬁ*”' R

analysi%,liécﬁaﬁié&f“ffdﬁ%la@ioﬁ,“éf {n€8¢mdbTotirécfievaY. “LadgE -
dictionafies 6t pitta df Gpeett and grambiticat Fulldd dre geterafty " --27!
employed !/ &nd” sud1ly 'ho t3RE14ErA¥ ISR 1S Flven 07 he Hdanthigd ¢dn -7
any acceptaﬁié‘éenié of” thi' Yeth” "mednt gy “4¢ LHé wordd dtd°phruses
involyegiiemis A lenos alot woidao 35 do sessetg sdy (lsn I bes iggoswl
A 2E8dAt" e ¢opELsn L5 the work at eHe Na¥1dhdl Baread of Heahs ' 7
dards' adaiidg” %1’3!’1”3 BEiathite 1aRgullga iR 1A {16%: "RELETLRECoB et 0T
is to deFermind whebhdr a piven EnglisR’stdtehbte (1) 4oCdtdce dusePtiBh
about geohibtrical Fllacisondhipd®ih" v’ givel pleture; - ERULEROELERE " 7 2
"meaning" of’the' defitdhcd 14" cFit{cal?® THa {Pavedtie Bed  {4°¢0° 2™ ”
late the iﬁiiisﬁyseﬂféﬁé%;iﬁ%%”a”iégiéaij%fi%ﬁﬁﬁngd13333@iﬁ§hg%8mééfiéé“ch
predicates, 284 thifi'to test”the ¥iuth b8 tnd°1ogieal sratenent 5o 1717
determifing whather the raldtisns®spetifi®d by the’ pha‘icsii?eifﬁ%id o tow
for the given picture. cwd 32 2B 2viios i
In the SIR search and retrieval programs I am concerned with a
problem similar to that of the picture languagh'®id¥R1%e:”~famely, =
translating Feon’ ERFTLSR to'a Felatiomhl btut edrbiit’ dhd” theh detori i
mining how the rel2¥isial dtatenbic afkects: PHE mod¥i’ iiRwbget; v Llem
the SR hodelis & data® btitdlire attomneically AT Up' ol th¥ biils o€ -7
input Filal 15841 statémentd, rathet thah- an Thdbpebittenc 1y prvided
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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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24 e bemnn ool osd FnnlgediBVS 00190 9n9dd o vas Gu o osuioev 90

cular form of English sentence. Each sentence presented to SIR is

s drn ocig bos sldndiueon peysoldiron al o gaiviaduos sdt IV g

tested by each rule in the list, The first rule applicable to the
i ety s rowogmos wsieve 943 peziwrensl huiooisy x5l

sentence determines the action taken by the system and immediately
a3 o sabl ooy covoo swmen hag o eaz2o3 yiplideoilqge ol fo z23ioecn

invokes a program to perform the action. I1f no rule is applicable,
ciudl Mmobtos™ sds (wluvy od3 Yo dueg d4md
the sentence is ignored, except that the system makes an appropriate
doiduand 8 lo ol sat ool A2 il onciton sdd 1o dnamela et
response (see Section C). A new rule may be added to the system, and
adt vd isriopey aollsocge s miolievg o3 Izbom edld no Yoo Lliw doldw
thus the class of recognizable sentences may be enlarged, by executing
srofdsl e asluditrig o seddsde Jesy ool s vliaun ieonotass daifgad
the LISP function "addrule[x]" where x is the rule to be added. Let
JORUING NG @il de ospinfds pastres 1o sapydeltxs sd3 zpaisdosds vo o ebiod
us consdider the use of these rules in detail. '
T, i ;éﬁﬁi?ﬂi 2T Ldebom i poat goidsorrolnol niodren

- x -
5§13 14

fizmslo &
tchi

giridivesy ¥2i{ ool oni bedtlggs oodw giidw dartltuand oYa Fnil 10P30s
“The four compenents of a gg;g are a fogg!t, a list of the vari-
nolios alem ol Yoo nivsmurIs Soukorg (e3esd viiiideoilgge o943 woxi
ables appearing in the format, a list of applicability tests, and an
Laoiiomst
"action" list specifying the actions to be taken if the sentence satis-
2T ¥0d AY" (someranz e ko goieysy olsgemez odl olgmexs xod
fies all the tests, The format is simply a string of symbols which may
5050 8 Vd Lomy vlff‘\, ad biuow ”/ dozadT A

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

L AN AAT ETHEY {TYA 1As) (Y X)) {0 A ZI X))

in the format which ahould be treated as variables. All other symbols
L YOG AYY woanuan Lot Drmiz besbok o2l Y{7 A BT X7 dewuol oY

in the format are constants. The first step in trying to apply a rule
ody L drod ndosccnar 7 tae 217 aimsltancs odd sausosd T(HMORE Y A

to a sentence is a "similarity test" between the sentence and the for-
srririe sdn nriw hasnrseses ol £ osldelusv sl evoloxsdT  Lusbru sawsa

mat of the rule to see whether the constants in the format all appear,
rndite moerdeoud oo Yoo ownn oand w0 TiA HOR8AT AT fddtw Y Las o A
in the same order, in the sentence. If they don't, the rule is rejected.
Joossnedowdn edodwmra owld Do osnivie & el duwmausyys il vtedsorde gdeod

1f the sentence is similar to the format, the variables in the format
Ty e TTEAT b oeuley 4t om 310 Lslabtus euxiniisbol oan nd dotidw
are indentified with their correaponding substrings in the sentence.

YOITEY =3 UTAAT Ta o wiav o) prwrsiiIl Lgmirde odi gl Jodmve broosa
The applicability tests are then applied, one to each subatring
107 -baes ab U THAY (morvoaor o) yEibiidasilgas smea sds (wesd 2t ol
matched by a variable. Each of these tests is the evaluation of a
@ oneawen Aindon St AT was WOE AU symiussdue bedodips diod

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
S AL fg oonanyora San¥ ssauinsa e blapd o amot Teiou
symbol "NIL" the substring is considered unsuitable and the entire
LS D E terid oadl dwilo ey ol ooduT dions owa LD3and
rule is reJected OtherwiSe, the system composes a list of the
vloge vl g gemoy s ot owd d9MeT aclon il sen it suisInse
results of the applicability tests and communicates this list to the
'Jh;.x, RO £ R TR TR BT S 7 Al il - S gD asTTe Ty A sodovnl
last part of the rule, the action 1ist.
ceo 0L siam waTove o iedy dmuowr L LUEOnS D a1 e e wd
The first element of the action list is the name of a function
crine e sl G beble ad o o doy wmnr A (D moi2oed SoR) 2unogest
which will act on the model to perform the operation required by the
SippTreoases v st wd e mhonsiner sidesiaygovaet To gaoio e auid
English sentence: create a link, test whether ‘a particular relation
R ! DR Bt "lulsioabh s donsi Y2 i
holds by checking the existence of certain chains of links,or extract
cirninl gl o asiut wadad do swa ol Slenes s
certain information from the model. The remain%ng elemengs of the
OYqg uorasd tagron (4

action list are functions which when applied to the list resulting
LY Zeioulos o21s slur s 1o grosnogmon yuol T

N S LT T ozailos cdmaen ol ool geootangis
function.
- BT w L rud s ooeloon wfdd uwmbvilusas Jeil ”51-1;
For example, the semantic parsing of the sentence, '"(A BOY 1s
S g 2l den o g i Aoy feas mtogwmaedt o Leseat edy s el
A PERSON)" would be performed by a rule such as .
REERR B 2 Wom LGy E el Pooiges esidal ey Do gkl ooay Cubrrow od
((X IS A Y) (X Y) (ART ART) (SETR CAR CADR))
clocme easiae LEA o ideiey 26 budnsid od wivotde doinw snamiel adl oal
The format "(X IS A Y)" is indeed similar to the sentence "(A BOY IS
breron v lenn Giogeds ewil oudl L pinoianou wln 2850l 947 sl
A PERSON)" because the constants "IS" and "A" appear in both in the
cant ony brn oumsinse sns acuvdsd Thasd worizelimee” 5ol cadnme 8 G
same order. Therefore the variable X is associated with the string
L EELOYS i vl ot munataius i1 aeddedw s9e ol wiuy s0t 1o I8
"A BOY“ and Y with "A PERSON." "ART" is the name of a function which
HEEE e S Lo gt 1 Lsonadase oidtomioo vsomo smen oad al
testa whether its argument is a string of two symbols; the first of
ER R & 5oLgmertot odd oo ousild wdosoarmsanes ity 1
which is an 1ndefinite article. If so, the value of "ARI" is the
nisiedus wriononesxton clocdd dYisw boiiiauonl ous
second symbol 1n the string. 0therw1se, the value of "ART" is "NIL."
P FRRNE VY BV S B e R R ¥ o SO SR IS T T T Js,z_[\buu,.;;;: gV
In this case, the same applicability test function, "ART " is used for
: iy 3 S osme il te, pinod Luldel 6 e e ais

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

S ; ‘ DiocIrammmiin wlt toogod fsmet by b
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PEL -’LdﬂA A BN baw

results of the test are positive, so the values of “the two evaluations

’ Taa {1 Esiem O P 5 ’355“3:“1"{‘:\ Inarios
of "ART" are "BOY" and "PERSON," respectively. The system then composes

salopo g bs2er ol {siut Grey dsmicl alg e BEUDLNO HU
the list of these values "(BOYr ‘PERSON)", and proceeds to the "action
Bloow = onatel Ieisvse dgoods sors o ryolls goraassorg bas sosgs ovse
1ist. Here "SETR” is the SIR function which creates links indicating
sn el omebdos Doy rupot oY wabmodsh lovpiog o) yiseasoeng ud
the existence of a set- inclusion relation between its two arguments.
dma et 2011 ey "oorisg e el vod yasvdU o conos jne
"CAR" and "CADR" are functions which obtain the arguments for nSETRY
Yt Faoae Tmoerug B oal ovod AT 9lidw Yenoatsq' I1se edy aif bobuioni
by extracting the first and second elements, respectively, from the
T dreareain fib UEle B2 ”wré“ e w6l Yo Ysrwnsis aslunilusg smoe dsdl

valuéflist " (BOYy PERSON)." After this final function "getr [BOY;

~geear vlaupiau sd Bived zaoeerasg Yo aagvd owy sesdl V.oosng
PERS@N]" is executed. the model will contain the relationi.information

cratard Moy s o2l ox 8T bos Ty s a2l oz vrovi” .e3smyci oonid R Jﬂsin

which the rule extracted from the Sentence, "(A BOY IS A PERSON).'

SR TP IS AVE ST E L oo g et = .t edi to dsmyci sigriz & zozu HIZ
The recognition scheme does not” distinguish between declarative sen-
witosv i onidw wao od sogneu soivsme: noldos' oidd sswrol aldd guiclss
tences and questions° they each have their own formats and corres-
add Po 30wl odd or ogrniloaosgestiod (Aall oolsuloni-dsa B wsnlls 20738970
ponding action fuctions. 0f course, the effects of the action functions
o3 o7 wilbuogeeised ,dnrl gldescdnum-tes & 10 en0lIsisIqISIO svuds

for questions are usually quite defferent from the effects of declara-

¥iieasntst L el tasd viilicasilgge oA3 obessdenl  Laoclisdvrausdol ononon

tive-sentence functioms. All action functionn, as well as applicability

arf s g anoarbal ono asliorud Goidos sdi o3 asimeastd dobdw ol donuld
tests, are programs which must be provided to the systeém: along with

en Diow oy s osddsiusy vd O Oodam galuiz el ol eividis and G0 BTLIsG
each new rule.
S IR i oroline odl 10 ¥ R B srunn oy
Fig. 3 is a listing of all the rules includeg in the present ver-
gl criuzidink fnmroel a3 esviocest dsldw polizaut io sqyd

sion of SIR. The symboI"Q“ is to be read as a question-mark. The

aGi3ve soetryy sid goidoval aedd bus "ylieesis' vd bsiliqque zczsnibni

significance of the "classify" fanction: is explained in paragraph 2
Janf fuoidue £ 25

below.
dokeh oo L thgobuaw sitoumes io dedd el oeesd pnilesysial otanm &
SLfe vt o symisssg od2 ol wub 2l noliss bailssb al yilugldas o3
2) Ambiguities. The above translation from English sentence to
haliplsbesywr ymiew vo buvjioaal ad Jonnsd (Iiuvgidme ns doud .beviewvil
action function can work only if a desired action is uniquely deter-
Towviad eyt dsn wind ALD i bodmemslqmi osigmsxs ol lalremuoel

mined by each format. Tﬁis 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

EOTLACUEGSE T e (RTINS PRSP S AR SR T I NS S TS D R
Format ambiguity is a programming device rather than a true ambig-
SRTINE s dsegesTt TLUAUBESYY bee TYOIY o T )
uity. It occurs when a single format (and rule) is used in order to
e i woroahnsaong bas L HORERS LVGEYY zsulsy sasdy Go oneil i
save space and proce851ng effort, even though several formats would
SE eifida we 5 R R Te TR st a2t THTIRY o ,

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

TG T Gaccwiad Gobdn it polsnilriednes 500 9D 0w il

sentence "Every boy is a person” specifies that the set "boy" 1s
AR EEBEAU NS ok "f““ (:;‘f”lW arniio ﬂi"" 2 N3 20

1ncluded in the set "person;" while "The boy is a person" specifies

. 4 . - a5 . o . e
PP GIYLL bR ey e zoamn b Byrouae Lo ds¥ihoodsy wosi ERe

that some particular element of the set "boy" is also an element of the
SV D wen dollomel ol oabidy EosiA GOZAAY (Y0ET el gia

set person. These two types of sentences could be uniquely recog-
i oL ds et Lo arcngos iiw lobow st (heduoags sy IVTEANY

Ptow w3
IR g

nized by the formats, "Every x is a y" and "The x is a X S Instead

gl (Eoaeings 502 mott DhInsyiws ol an ”era

SIR uses a single format of the form, "z is a yi" 1In the rule con&: .
- o roab o voowend deippaaiosih dor usth swedoe aciiiouoony wad

e

o

taining this format, the "action" function cannot be one which directly
ST ginorol owo aisdl sverd foss vedd  apoldssis DS 200a%

creates either a set- inclusion link, corres nding to the first of the
sucedldo A csetwpon YO LenolIoud e Foun i

PoAeT T oty s Foke

it s w vl G

above interpretations, or a set-membership link, corresponding to the p
Ctodesb o pe doalla sds emwl igewstieb aRiun wllpuets 918 - l2 {0l
second interpretation. Instead, the applicability test is the "classify"

vvvvv ¥

doosiigas oo Gho L ofnlduatun oobdon LIA 0 Lanoidocas? L ant iruz-oovi

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

{ oo medey o ariy oF bmolvetg o¢ Yaum doldw awnagoors a0 L2Tn0d

ai.

nature of the article in the string matched by variable z, as well %s
S B I e

L

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

cowsiurny =aluy sy Ylo So ogalueil o2 ¢ £

type of function which resolves the format ambiguity by examining ‘the

sa-aortiony boon hEod nd % odmva il onid o gois

3

{3520 STE R AN s oes nielyr aF auktong? "“vitazsln' ods partn L

1ndicator supplied by "classify" and then invoking the correct action
as a subroutine.
A more interesting case is that of semantic ambiguity, in which

the ambiguity in desired action is due to the meanings of the words

frpen e iland moe? oorisiensys aveds odT S REERyi STV N N
involved, Such an ambiguity cannot be resolved by using more- -detailed
giah Beiny @b 501006 bevizeb s Y1 wino ofvow nsy meblonsd molgos
formats. The example implemented in SIR involves the verb "to have,
SRERNE RV RIS S RS tovifasy don sl oeid capmrrad does wd Bk

oyt finne T Tapaw cenoeant o 1o 0gG 9ol Dhed 8 a0
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tX 1S w) (X w) (CLASSIFY CLASSIFY) (SE
trs X G (X (DECOMPOSE ) (SETRW~SELECT

(X OWNS Y) (X Y} (CLASSIFY CLASSIFY) (Ow
(O0ES X CWN Y Q) (X Y) (CLASSIFY CLASSIFY)

[HOw MANY Y DOES X OWN Q)
tX 15 Y PART CF 2)
(PARTR-SELECT

(Y X)JUSING CLASS
X vy 21t
CAR  CADDR1)

TR-SELECT <CAR CADR))
CAAR  CDAR})
N-SELECT CADR CAR))

(OWN=SELECT CADR CAR}}
IFY) (OWN=SELECT CAR CADR))

(CLASSTFY A= CLASSIFY)

(X HAS AS A PART ONE Y! (X Y1 (CLASSIFY IDEN-1
{PARTRN-SELECT CAR CADR)}
(THERE ARE Y ON X} (Y X) (NUM=Y CLASSIFY) {PARTRN-SELECT CADR CaRy)
(THERE I> CONE Y CON X! ty x) {IDEN1 CLASSIFY)
(PARTRN=-SELECT CADR CAR))
(15 X PART CF Y Q) (X v) (LLAMBDA  (J)  (CLASSIFY (ALAST J))
CLASSIFY) (PARTRQ~SELECT CAR CADR!)
(HOW MANY Y ARE TH ON X @) (Y TH X) (SING THERE= CLASSIFY)

(PARTRNQ-SELECT CAR CADDR))

(42N MANY Y ARE PARTS OF X Q1 (Y X} (SING CLASSIFY)
{PARTRNG-SELECT CAR CADR)} -
(X HAS Y (X Y3 (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 CADR)))
(X IS JudT T2 THE RIGRT OF Y (x ) CLASSIFY CLASSIFY)
(JRIGHT-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 YI x Yy CCLASSIFY CLASSIFY)
(RIGHT-STLECT CADR (AR} )
(15 X JuST TO THE RIGHT OF Y @) tx Y) (CLASSIFY CLASSIFY)
(JRIGHTL-SELECT  CAR  CADR) i
(ls X JuST TQ THE LEFT OF Y Q) oYy (CLASSIFY CLASSIFY)
(JRIGHTG=SELECT  CADR  CaAR) )
t1a X TC THE RIGHT CF Y G) X ) {CLASSIFY CLASSIFY!
(RUGHTI-SELECT CAR CADR) ]
(I3 X TO THE LEFT OF ¥ Q) {Xx Y (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 CaDdR))

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




61

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 illetrates tha,u#e ofi-a.different group of

relations and their associated LISD functiony in- the SIR SYStem. With
minor exceptions the examples ane cumulgtiyg, ;hgﬁ,dlgterngnes freely
use functions introduced earlieq but not conversely. These conversa~

See nESET RS X

tions are presented again as Appendix III in the full-response mode
which identifies the functions uaed. In Fig. 5, “the symboi Vkedede 1
prefixes the input sentenceS}Lala other remarks #re’ SIR responses.

The remainder'or.this ge;tdon preg§9t§wd@gcr;gt;9ns of.all the sig-
nificant functionS’mentfoned ih Appendix III in the order in which

oAl b

they are needed for the convexsations. The functions are presented in
TR S 'gjﬁ BT

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

identified by theﬁprfnctpal”ﬁftribute links manipulated by the functions

. i AR
in rE i

in the group. o ":Q,,;wm,, § (eriraaE
Each function description’ coésists of three parts ‘a purggse, a

method, and a proceduyre,. . The., guﬁgose isxlubrieﬁﬁstaﬁemEnt Gf the effect

AAAAA

the function is designed to haveé The method is an 1ntuitive descrip-~

\ﬂ,%lim»& & £0 TASDLTE ¥

tion of how the purpose should b& achieved, and is usuﬁily*presented

in a mixture of English and lqgicpl notation for maximum clar;ty.

Finally, the procedure is a descrkption of how uhenaethod is imple-

s

mented, and may be considered a r?ugh f}?ﬂ:ﬁﬁﬁf&,?§@§h%¢ACt“al program.

Notice that the relational struct%re of the model 1s the key internal

feature of SIR which enables the procedures to implement the methods
ayon T ABRAVADS é’ﬁg e Rt

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.)



(t UNDERSTAND)

{(sne,

(1 UNDERSTAND}

XX

(T UNDERSTAND)

{ene,

(T UNDERSTAND)

f. PART-WHOLE, GENERAL (ese, A YAN-DYKE

A NOSE IS PART OF A PERSON)

A NOSTRIL IS A PART UF A NUSE)

g. PART-WHOLE, SPECIFIC

{1 UNDERSTAND)

(ens A VAN-DYKE IS A BEARD)

{1 UNDERSTAND)

(sen, IS A BEARD PART DF FERREN Q)
s

A PROFESSOR IS A TEACHER)
(sne, A CRT IS A DISPLAY-DEVICE)

A TEACHER IS A PERSUN)

(602840 IS

[S A NOSTRIL PART OF A PRUFESSUR W)

(1 UNDERSTAND)

{ons, A CRT IS PART OF THE PDP-1)

A POP-1)

{1 UNDERSTAND)

IS PART UF FERREN)

YLs (ens, SAM IS THE PDP-1)
{1 UNDERSTAND)
[RE TN IS A NOSE PART OF A NOSE 4)
(NO + PART MEANS PROPLR SUBPART) (ean, A SCREEN IS PART OF EVERY DISPLAY-DEVICE}
{1 UNDERSTAND)
(#oe, A PERSON IS A LIVING-CREATUKE}
{I UNDEKRSTAND) (ene, IS A SCREEN PART OF SAM Q)
YeS
{ese, IS A NOSTRIL PAKT OF A LEIVING-CREATURE &)
. PART UF A BEAINIK)
SOMETIMES (2an A BEARD IS
(1 UNDERSTAND}
(sme, IS A LIVING-CREATURE PART OF A NOSE Qlf(wee, EVERY COFFEE-HOUSE-CUSTOMER IS A BEATNIK)

(NU s NOSE IS SOMETIMES PART OF LIVING-CREATURE} ] (1 UNDERSTAND)

{nos,

YES

FIGURE 5 (Cont.)

{1 UNDERSTAND)

IS A BEARD PART OF BULZ Q)

(ses BUZZ 1S A COFFEE-HOUSE-CUSTUMEK)



h. NUMBER

(ass, A BOY 1S A PERSUN}
{1 UNDERSTAND)
(ena, JOHN 1S A BOY)

([ UNDERSTAND}

(sea, A FINGER [S PART QF A MAND)

(1 UNUERSTANO)

(ees, HOW MANY FINGERS DOES JOHN HAVE Q)

[THE ABDVE SENTENCE 1S AMBIGUGUS se BUT I ASSUME [HAS) MEANS (HAS AS PARTS))
(1 DON®T KNOW WHETHER FINGER IS PART OF JOHN!

(nee, THERE IS OUNE HAND ON EACH ARM)

{1 UNDERSTAND)

(ese, THERE ARE TwO ARMS ON A PERSON)

(I UNDERSTAND)

(von, HOW MANY FINGERS DOES JOWN HAVE Q)

(THE ABOVE SENTENCE IS AMBIGUOUS ®® BUT 1 ASSUME (HAS) MEANS (HAS AS ¢ARTS)H)

({HOW MANY FINGER PER HAND Q)}

[E 21 A HAND HAS 9 FINGERS)

(THE ABOVE SENTENCE IS AMBIGUOUS ee BUT [ ASSUME [HAS) MEANS (HAS A5 PARTS))
LI UNDERSTAND}

(esa, HOW MANY FINGERS DOES JOHN HAVE Q}

(THE ABOVE SENTENCE IS AMBIGUUUS =+ BUT I ASSUME (MAS) MEANS (HAS AS PARTS))
{THE ANSMWER [S 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 e
B TS A GRS S C AN URTRNE T S A o B A
R R Souer ey e puley mrtd { TEL
a) Attributes: SUBSET, SUPERSET . .
Ad L o R } } i
1. setr[x;yl] Lo

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

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

. 2p gt hgos

procedure‘ # E DS SR N S 2 S

a. Add"(PLIS!‘RAﬂE x)“ to the valué 118t of httribute "SUBSET"
of y.

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

c. Respoad-" (1 UNDERSTANDY® -0

o BTSN . i¥3
i R RN

2., setrq[x,y]
S ) 2R T PR O i : s
purpose To reply as to whether _an arbitrarz element of set x is an R
element ‘6f-get'y. " : FO O CE

<4 N
ol T "\ LY v witt

A

method: A member of\x~i§ c@nbfdeted to "be i ‘e nBé?*&f 'y £ ¢he sets

x and y are identical; or if there is a chain of explicit ;etfinclusion

Tinks proving that x is a subset of y, i.e.,if there éitf&b‘i

(possibly empty) sequence of sets v,w, ... z such that . .
AT VRGO p HPR By P LoD Lt deli [Sbom o3 ni o viitaye S -

A member of x is "sometimes" in § ff°tHere* i'g g “¥RdPn 6" eiplfcit set-"

inclusion 1inks proving that x is a subset of . , . ;
Ao I RIS SV IET L : 11 AT L'SQYj EAE S R
" . - I -k - el D L Y T F;u“
prbbea_‘rre}. AR ie G ’r";fv‘,’ ARG .».’3{{ BOE L 1 devuduan e s L E

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

b. 1If there is a path from x to y through type~-3 Iinks following
the attribute "SUPERSET",respond "YES". o

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

d. Otherwise, respond "(INSUFFIM?%&W-M e

b) Attributews: MEMBER, FLEMENTS Bupiny ot agbarsiab 0T et iy

1. setrs{x,yi B

purpose: To SPec1fy in the model that x:is ’afn{eﬁber“o"f”fhé seét 1 coe

v ¢ e i e i 0

method: Create a type-3 -1ink ‘betwdén Qchﬂﬂﬁzhﬁﬁféﬁmiﬁﬂiéhfes set*
membersghip.
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-

procedure: cenmoidogut Lo T o asn!

a. Add "(PLIST NAME y)" to the value list of attribute "MEMBER"
of x.

b. Add "(PLIST NAME x)" to the value list of attribute "ELEMENTS"
Of y. THeH Adije L beonns SIS SN A (ﬁ

c. Respond "(I UNDERSTAND)".

2. setrsq[x;y] )

Tan fobom o6 of viissqe oL (sBgogrug

purpose:” T;)? reply as to whetiier X is a member of the set Y-

method: Roply "ES™ 18 the toiiing P e B
(3u)[u=xVI[u is equivalent “to x]IA . : :
[[there is8 a link indicating that u is a member of 1]\{
[@&Jmhesa,ég  #:3ipk ipdfcating Lhat.y se, eumember;of zin

Iany member of set r is a member of set yl]l]] ¢ to

B3OUNgG

CESHICEAIES FITA R ey -1 te it oaulen ady oo Y OMAY TelJ0T

procedure

a. Make a list of the items connected ;e X:by.8 typendolink
following the attribute '"MEMBER'.

b. If y is on the list, respond "YES". et ian

c. If, for any member z of the list, setrsq[z,y]-YES, respond
"YES" i odterie o i aseqiig
ﬁepeat steps ‘S éhé‘éﬁéﬁr( ’z.’gwrir;:h 3x r:placed by nnh igem . rsenls
equivalent* to x (if any) until a "YES" response is made.”

eh‘chWHe L T98PQud . mswmmsmm Yo uo
i ~~? Ji') Ivks to pisds s 20 srsdi Yoo E- RS TR

3. “tﬁszfs’é# '*ad Bi.o.e. v in dusdep s omloxg o J86
T . tio J.)n’*)pfa l

purpose: To specify in the model ‘that tl{e uniq%clwnt (
the get X, ism]&.ao*p)nfghmegt 29f .the set x. At Umend dsmor n

+ e .Fv-f e
1

method: Create a type-3 Imk from the uni.que elemejnt of x to z which
indicates set-membership. If x has more than one elmnt, do not, 88k Hp:

any link. JURRYY baognen (Vs 1 LB
o iwa Dot mdns D Deagy T odgooral vy ad X omasd tiag s &i S .d
procedure: T ) y ch wdt
2 1 JqUEE N = 200 GLEyLxls 1
b NIL, t inat%g 1T e

c. Otherwise l%%ﬁﬁ; I,"
4. specify[x]

purpose: To determine the unique element,.if.-.g8ny, of the set X.. .1, 4

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

which One quld w%tei fa’,l,ur:e-qi i Geada el ard s oglowT D e a7 BTG
*See pat.t, gc), f.% m,exalwg,igp,qu ';Madmr Dowge o wen ediun




w60 ¥ g
i A

A
i e e T wpes a0 e . -
el s - e ERRTE B

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 setrglu;xl, end return u.ss $he;velus.of epseifyixle. :

c. 1f thére is jist one element named on the ligt,.eriif. gl} ;he L
elements are equivalent, return the name of the firlt “element as the
value of gpesifylxl. . .

d. ‘Otherwise respond "WHICK % v Y)mwhsmaai%hli-t qf
names of the elements, and return "NIL" as the value of specify[x]

5. setrglglx;yl

ta
=
7
3
5

purpose: To reply.3s to whether the upique elememts ﬁ&m: of. the\'set

X, is a2 member of the set y. LG AL
vy ATARNGH ;5. IY Loeogee?
method: Determine the element referred to and apply setrsq.
i‘, o Ty i
procedure:
a. )ggmgqucu’al %qufigy[*]' PR D TE R RE I 14 S I B AT I MR t, L
b. If U = NIL, terminate. R T R Y S

c. Execute setrsq{u;y].

&7 Aikctoite] Haviy
1. equiV[x y} I f\‘éi;";_;“»_:) AT iR ; ‘)":* SYETS SGE LT i
Y oawil oo

purpose: Tq specify in the madal ghat % aad g, mwmm :
method:  Create a type-2. lipk ,bﬁyweeaa %zmm@mam squiv&lence

HEERER-AP I THOAR-YE-LRRE

procedure: " '7}‘ﬂ1 fﬁi}‘ Lbrogasy Urivis,
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)".

sprast QAWWO ol ol b
2. equivl[x;y]
purpose: To specify in the model that x is equiv«lent to the'unique
element of the set y. . . . . . v iabes wdi gl vlisoge o Gyt
method: Determine the elen@nt ;efernaﬂwgp.equapglxﬂagggx i
““$ 1 ':';)‘J ({i A R ~J»‘.";J—”'\‘j S
procedure:
a. Compute u = sPeCifY[y} Cwoopbmiruia
“Be, Xfu = NiL= terminate. L ond U MR TEINYT BEA
c. Execute equiv[x u].




4

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 {s "WESY {f there is a Tink indicating tﬁ‘at x owné g
member of x or of some subset of x;or if
(32)[[y is a member of z] AGQu)[[u=eY zCulA
T 3%!‘t:here s a 1{nk imd c%tf:ng: aYE every qemﬁer of set u
owns a member of set x]]1

procedure:

a. 1If there is a 1link indicating an x is owned’?yfxg;teaiond "YES"

b. Consider each set z for which therg 1 N
y owns a member of z. 1f, for any z, setrqlz; ;X]=

c. Consider each set 2z such that thgng}ga@x'
an element of z. h ‘

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

e. Compute m = the list of all. se?ﬁ juch. tp t there is a type-3
link from X toyv following the attribute ' 2@ L

f. If, for some 2z, the intersection of Z“ani s non-empty,
respond '"'YES".

g. Otherwisé, reapond "(msﬁﬁgfmm’f

TR S PR e St I

3. gswnrsgq[x,yl ‘\ - e e

purpose: To reply as to whether the'unique element of thejﬁez X . .
is owned by some element of the sat y.. P ‘
method : Ditermine that & uniqge eiqment Qf;Q qxists 7¥hen,,the
reply is "YES"
(Jz)[ [ there is a 1link 1ndicat1ng that & memher Qf se§ § is owned by;%a
(F)[[v=2V [v is equivalent to z] A=
(F@)[[there is a link 1ndicating that y is an element ofjgk\

[there are 1inkgﬂmmdi;atgﬁﬁ thaf | (%ﬁ A, gubset of gﬂlll

sk, J»;,s

procedure o s e T

a. Compgte q = ﬁﬁiﬁ?{xj :LﬁQz,, )

.b. If u = NIL, terminate. e,
arate the. quigidua;sgﬁ whggh are Iinkej to

values of(t'e'ac&x;i,bm, " R

For each w,'génerate the sets z which w, anj any iﬁdividual

equivalent to w, is 4 meubex AL, 2T
e. 1f, for some z, setrql z; yf fégJ réépon#w“fﬁg"

f. Otherwise respond !"(INSUFFICIENT INFORMATION)".
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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

[ partrgu[va y] o L N
purpose: ‘TS speci:fy ¥n t‘he model 5hac sdtné element df set % is a
part of° Ehé fndiifi’dtsal; - o g ) o N
method: Create & type-3 link between x and x which Pindfﬂcﬁ‘te‘s the’““:"" :
appropriafe par‘t %ote rel’at’fon. S AT AR

proceddre: R - . : :
a. Add "(PLts'r mm x)" €6 “tive VaTde uéﬂt ~brf a‘ttr’ﬂnfte
"SUBPART" of y.
b. Add "(PLIST NAME y)" to the value list of attribute
"SUPERPART" of x.

medpong ‘“’(‘f WA’NB)" oab e et e | SR ;A sy e C ey
FeretinioL ol e T
2. partrgs[x y] _
. ;oLi o TSI UL S PR LV S O : v .
purpose: ”To %pec‘iﬁy ‘in “the mod‘el‘ ‘t’titt “goie erémmf of %ét x is j e
part of “fe urzfqué efetﬁeﬂf" k: 4 ﬁny‘ wf t’h’é c’e’t % R Chrbedodd
B U5 DG PR cor

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

. Fiwies N felly 3
TR I A

procedure: .
a. Compute z = 8 ecifyly]. N
b. Ptz iw NFE; ¥ednindte’ ‘

ci Elsey. comphite partrigulx *ﬁ
3: partrguq[x;yl

purpose: To reply as to whether some element of set x is part of
the individual yooo CoeeE s s .
method: A member of x is a part of y if L , .
(?u)[lu*y’V{B {8 equivalett to YFIA U0 0 0 o R
- [@w{[there is a link indicatiqg that an element vqf_ W
g h Bubpdrt of ‘il ay g
, [[w=xV [ there are’\i‘fi\kt’ thi‘ﬁ‘éfrﬁ’ﬁ‘ ﬁfa&&“‘fb a' e&b‘aet of x1V
ATSte (Y] [Ehére lard Tink iUt 1 tifat ey ul et of z
ot IS Hidg “pdite akem&n&‘ﬁf*xésfa e A0 0 VACEERE
[wcz\tiéﬁ’e?"e’ ardi 11 Hnﬁ*i‘  ‘thut w‘fﬁ‘% Nboet of z]]11N
4 g’)[[u is an eleme tb’f‘  omoz 1Y 23sq
L ‘are Lini&s i that g fh“’t"tiﬁﬁret of
v)]]]]}lll

,w

procedure: R

a. Generate those nodes w which can bt ’reiﬂﬁd o‘r‘ from
any node ‘eqifivalént tﬁ’f‘ “by £y cﬁaln ﬁf ’tﬁé’-?j’ Iitﬂ&‘f‘fbfﬁé‘ﬂg the .
attribute "SUBPART." A IGRAEEE LI S
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b. If, for any w, setrq[w;x]-YES;_ré§;63d "YES'",

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

I’fi fo:; ARy Z . @I&d (anY M, 8¢ ‘I‘ll. "‘é%% H‘Q@“f"!ga' S B P

e. Othérwise, compute the list § of sets f&;ﬁm;gg \ere is-a
type-3 link from y, or any node equivalent to y, ollowing the
attribute /'MEMBER". . ... stad Anli C-s

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

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

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

4. part‘r_s&{x;‘y] v R T sy;»__; GMALE T ,q~;5 "~ e

]

FENE

IR S

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

method: Identify the unique elements u and v of sets \':':‘ and 1, "
respectively. Specify that scme. elﬂqﬂng gﬁup%tﬁ As ,wt of the :‘io;t':s,‘?.

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

S vty . Coartarl s suoiou o sdl n arroavrssad Tl Sl

procedure. ) : e Wi e e pen
a. Compute v=specify[b], and u-specify[ a]
b. If u or v = NIL, terminate. Ry
c. Execute partrgulx;v]. Dl fogas "

d. Add u to the value list of attribq,tg' EEMENTS", on t ‘that

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

k3 1 S
[ PNCAR S S R SR
{ B

5. partregqlx;yl]

purpose: To reply as to whether the uniqué clement of set X, gp pgg‘t
of some element of set y.

LY 30

method: The answer is "'YES" if therser exig;g a gp;gga elegent 5 of;

set x and if . e inei et
(Bw)[[there is a link indicating that . smn&gg ;Lp pan: oT wl/\
s A3 lumey u 18 eguivalent telAL. L ..
.. (Bv)ltherr 1s a link ir i,ng,-::m:: ig{nm akmpnt of vIA

[[y=vIV [there are links indicating thak y is & subset of v

#i o - Ga)llthare, are Iinks indicatipng that every, Boow

‘ is part of some gIAllveqlV. ...
- [thexre ate links 1ndicati.—ng, that » ga,g cguhlat. pf _ql]]]]]l

{
P *.

procedure:
a. Compute z = specify[x].
b.  If z = NIk, -erpinate. . . .
: Geperate thoge nodes. ¥ which %T;e ;;pa‘chei fmmgs, by a Gt e
type—3 1ink following the attribute "SUPERPART". e
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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




8"

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:iqetﬁhgr.h‘ V

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 Tiiic ‘From 3 fqliowt
ing the attribute "JRIGHT"; or if there is any type-1l link from x f61r0w~
ing the attribute "JLEFT'; then respond "NO ". _

1t rightp[x,yl =T ] ’éqé’s not’ éifsf 8 d%;:cf ty‘pe-z Ii “
from y to. X followirng ‘the ‘attrib ute 'R GHI"; “réspond ' , e P
%. O%hewise, reapond '*(mmﬁmmw R

5. rightssq[x,y]

i Do ¥

purpose: To reply as to whether the x..is located to the right of the_z

[ i

method: Determine whether the links ‘in the ‘model’ indtcéee tﬁat E’is
to the right of.x, to the left of‘x, or neicher. o

procedure: . o SRR
If specifyfx]=NIL or speci%y[yT-NIL, térhinate :

1f rightp[x;y}=T, respond "YES'.
. If rightply;x]=T, respond oM 0 e e s o
. _Otherwise, respond "(INSUFEICIENT mromnoh)

A0 oD

6. wheres[x] T RS A

purpose: To determine the locations of ‘those oEjectﬁ which have
been positioned with respect to the unique element of ‘the ‘set x.

method: Reply with the information provided by each podftfdﬁefffink
agssociated with x. o
procedure:

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

b. Compute u = the valde of the type-l link ‘from’ x following the
attribute "JLEFT"; v = thé value of ‘the fyﬁe&l iink “from - X following” thé‘
attribute "JRIGHT"; £ = the value of the type-2 fink frém i x “following
the attribute "LEFT"; and m = the value of the type-2 link from x , )
following the attribute "RIGHT". . s

c.  If U, ¥, 4 a;ud B all’ dq nm; eﬂist', resp*orr& ‘"(NO PGS’ITION Is

o

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

e. Reqpond "(JUST TO “THE RIGHT QF THE u)"{ and go to the next qtep

£. If v does not exist, go to step he )

g. Respond, "(JUST TO THE LEFT OF THE )", and’ go to “thie mext step.

h. If 2 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, terminate. T oo

K. Respond "(SOMEWHERE TO THE LEFT OF THE FOLLOWING . . m)".
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‘»7‘:' ; 10/C8t'e381'x] DO A K L Py
purpose: To determine the location of the unique element of set X with
respect to as ma%y othgr ijects as gcqlihle.}j‘ﬁ‘ .
method: ConktruCt 'd diagram of ﬁhe Ief%-to-fighf'ﬁgaﬂr of objects by
searching through all chains of positional 1inks atsrting “from 3} and’”
proceeding recyrsively. frthe diagram liat, with gf
jects known 't ‘He adj¢Ceﬁ% %éfinﬁi?ﬁ' fggiﬁ ““ﬁ ﬁé £tlonﬂ
links from x exist or if q.npfl~qf eiiﬁé’can ﬁ&, make an
appropriate comment ,

prn::ce!\dtf'ﬂ%'“"C o o
a. If specify[x]=NIL, terminate.
b. Set t e initipl diagram -
c. dp 'the véfgé ﬁ? gptﬂ @ﬁk ‘,“‘ 1pwiﬁg‘the
attributg ; IGﬁ?" » u e}iqta ‘:iﬁr Y fa, B0 to step f.
%Prt u jﬁﬁfqto ite rfﬁht of X } '“#gmight after

X in a aublist of g o
i 3L B
e. Replace g by the kesuit of axecutkng thf% p;opedurg stgrting i
from step ¢, wi gf g} cing the ar umep; and
" the current val QJ& fuaa}% d ?g&'&}f%lﬁ k! 31 ek &
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 lipk frem x following the
attribute "RIGHT". If no £ exists, go to step £.
j« For each mé€L: If m is already im the curvent g, ignore it;
if 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 repgat step
e with the current value of m replacing x. When all méfl have been
treated go to step -
k., If rightp[v,m]=T, ingert 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 g and continye as in step j. Otherwise, respond - : L
'"{THE LEFT-TO-RIGHT ORDER IS)

(TO FURTHER SPECIFY THE POSITIONS YOU MUST INDICATE WHERE THE m I8
WITH RESPECT TO THE v)".
1, Perform operations analogous to i, j, and k for the attribute
"LEFT" of X
m. If the current g="(x)", respond "(NO RELATIVE POSITION IN KNOWN)".
n. Otherwise respond, '(THE LEFT~TO-RIGHT ORDER I8) g".

8, wheregl[x]

purpose: To determine the locations of those objects which have been
positioned with respect to some element of set x.

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 cjh_qsﬁe,_gl‘gje;gs
which have been positioned with respect to u. T :

R T AR

procedure" ' G it e e
a. If x has any posit:ional 1inks, i e., " 1f the attributes
"JRIGHT", "JLEFT", "R;[GHT",, ;' 1,51(1;' of _r, are not ,.911 miui,n.g,'
execute viheteslxl
If ',~ m(i
(3“)[[:?:&3& L& a iseqme;y:e %

0y

: 1 Lowi . }q‘vt rib
% W%%z

[u has at “'Ieut one positions Ifndkdl r, =

then execute- wheres[u]

c. If the hypotheses of step b.hold for the attribute "suns;r e

execute wheres[u]. A R S i
d. If

‘ Gu)[[thare is a

Qv

G2 i adrat

& OO

sequence of Linkp"%c 0 olin
'-or-gacm! fn@ g 'x"'f'o % ? HE

' ’he.re s a sequence of l:f 1

< 13 s

Yerom iy to gl ;

2

g mi ®

[w has at leaat one positional link]1l, . . -
then execu’tg g&g’ezte fy:]. IS ~“J_r ’J) P
«b:hei»‘wi e respond ‘*(NO RELAT) ) (15 RS

T Trone
- -2 i
1
-
- .
,
IS . i
[
]
Ty
I %G R
3Pk
& ¥ ¥l
HE P e &
[ P R A P
a [ srid moaioysdst ol SRR
i : pagpeot : 3*?&'(;

f.o o . PRI U S . P4y
SROolo D oal MLentd 10 . 5140 an Do R PINTE I BT M
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B. Special Features,
This section discusses the sample conversations for Fig. 6 which

i{llustrate three special fgg&g&gﬁwggqéﬂg SIR system. The first two -~

the exception principle and regolving ambiguities r- illustrate how

(ST PR 1 S

SIR can be used to simulate various aspects of hu-nn linguistic behavior.

THSIRIR A B SUEam Dl as naasi arevd

The third feature -- streamlining -~ demonstrate#of¢-“wday in which SIR

ZHELT SIS £

can automatically modify its model structure in qgge; to save computer

memory space. pess b En e

sidkdutt s

a) Exception principle: General informgtien,about..''all the elements"

[SVL 2 R

of a set is considered to apply to particular elements only in the absence

(Yi 3 &1 ¥EFaer

of more specific information about those elements?” "Thts it is not

FEARLFES SRIM PAE BLY

necessarily contradictory to learn, qhg;mgggquL;,grgwlqnd animals" and

GEAT 2RI LT

yet "a whale is a mammal which always liyes in water." .In the program,

this idea is..implemented by always.refexxiag: i.maies&teé information

{GRATZ R2UN

to the property-list of the indiwidullaeoihatn‘d-hefora«looking at the

L A G L L LI D.osaTa BRA <l GIWIIRIL SWORA el
descriptions of sets to which the individual belongs.

Iehic LG LD SMaORIE THER w0

The justification .fer. &hiaudcpnr:uxasﬁuun bh'mnoacxeeption prin-

ciples of Aristotelian logic is thaSuthtskpncccdenne of. cpecific
B SAN L a sBe Tenvr S AR IO s owe JUGLoIAME &1 wadd ua e
facts over background knowledge seems to be the wly people operate,
tu JVAM UL a0 IRy TR

and I wish the..computex . ba‘cannun#ancemutthlpequg A n&kurally as

T Redn A
possible,
The present program does not experience the uncomfortable feeling
people frequently get when they must face facts like "a whale is a
IRV AAIN398 8 IgUON
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)

(ean, THERE ARE TwO HANDS ON A PERSON)

{1 UNDERSTAND!}

{eee, A BOY IS A PERSON}

(I UNDERSTAND]

[RALN TOM IS A BOY)

(f UNDERSTAND)

[enw, DICK 1S A BOY)

(1 UNDERSTAND)

[N HARRY IS A ©sQY)

{1 UNDERSTAND])

(nne, TOM HAS NINE FINGERS)
(THE ABUVE SENTENCE 1S AMBIGUUUS =s BUT I ASSUME
(1 UNUERSTAND)

{eee, DICK HAS ONE HAND)

(THE ABUVE SENTENCE IS AMBIGUUUS e= BUT 1 ASSUME
{1 UNDERSTAND)

{aea, HOW MANY FINGERS DOES TOM HAVE G}

(THL ABOVE SENTENCE 1S AMBIGUOUS ss BUT 1 ASSUME
(THE ANSWER 1S 9)

(een, HOW MANY FINGERS DOES DICK HAVE Q)
[THE ABOVE SENTENCE [S AMBIGUOUS ee BUT I ASSUME
(THE ANSWER IS S)

(vue, HOW MANY FINGERS DOES HARRY HAVE Q)
(THE ABOVE SENTENCE IS AMBIGUOUS #e BUT I ASSUME
(THE ANSWER IS 10}

(soa, HOW MANY FINGERS DOES JOE HAVE &)

{THE ABOVE SENTENCE IS AMBIGUOUS e« BUT [ ASSUME
{1 UON®T KNOW WHETHER FINGER IS PART OF 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)

(I UNDERSTAND)

(wen, DICK IS A PERSON)

(1 UNDERSTAND)

(one, A CHAIN IS PART OF A BICYCLE)

{1 UNDERSTAND)

{one, THE PUWER-SAW HAS A CHAIN)

(THE ABOVE SENTENCE IS AMBIGUUUS es BUT I ASSUME (HAS) MEANS (HAS AS PARTS))
{02840 IS A POWER-SAW)

{1 UNDERSTAND)

(eee, JUHN UMNS & CHAIN)

{1 UNDERSTAND)
(woe, DICK HAS A CHAIN)
[THE ABOVE SENTENCE 1S AMBIGUOUS ae BUT | ASSUME (MAS) MEANS [UWNS))

(1 UNDERSTAND)

(ene, THE CUCKOG-CLUCK HAS A CHAIN)

(THE ABOVE SENTENCE 1S AMBIGUOUS se PLEASE RE-PHRASE IT)

FIGURE 6 (Cont.)



c. STREAMLINING LINKAGES

{sne, JUHN IS A PERSQON)

{1 UNDERSTAND)

(sne, JOHN 1S A TECH-MAN}
{I UNDERSTAND}
(sen, JUHMN 1S A BOY)

[l UNDERSTAND)

(saw, JOMN 1S A STUQENT)

(I UNDERSTAND)

(ves JOHN IS

>

BRIGHF-PERSON)

{1 UNDERSTAND)

{ese, EVERY BUY IS A PERSON)

(I UNDERSTAND)

(ons, EVERY TECH-MAN IS A PERSUN)

(] UNDERSTAND)

(sae, EVERY TECH-MAN IS A BRIGHT~PERSUN)

{1 UNDERSTAND)

(swa, EVERY TECH-MAN IS A STUDENT)

{1 UNDERSTAND)

(een, EVERY BRIGHT-PERSON IS A PERSON)
{1 UNDERSTAND)
(nee, EVERY STUDENT IS A BRIGHT-PERSON)

(I UNDERSTAND)

(sae, 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}

I FORGET THE MEMBER-ELEMENTS RELATIONS BETWELN PERSON AND JOHN)

I FORGEY THE MEMBER-ELEMENTS RELATIONS BETWEEN STUDENT AND JOHN)

I FORGET THE MEMBER~ELEMENTS RELATIONS BETWEEN BRIGHT-PERSUN AND JUHN)
L FORGET THE SET-INCLUSION RELATION BETWEEN PERSON AND TECH-MAN)

I FORGET THE SET-INCLUSION RELATION BETWEEN BRIGHT~PERSON AND TECH-MAN)
I FORGET THE SET-INCLUSION RELATION BETWEEN PERSON AND STUDENT)

END OF EVALQUOTE, VALUE IS ..
NIL

FIGURE 6 (Cont.)
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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

: ERETE SEY S BRI ; i PEs Edin Ao LIS AL il PrLUD Y
program to make quite reasonable decisions about the intended pur-,p,
. SRSl B SR SV T LR R 3 top e i
pose in various sentences of the ambiguous word "has." Of course,

SEGIDLE Lo fHagn Op STSBERE BTSN

the program can be fooled into makingumistakes, e,&., in case the

PRES S :.‘ E

sentence, "Dick has a chain," had _been presented before the sentence
PR L 3 aoin o ma oy PR L ¢ e

"John owns a chain," in the above diaiogue, however, a human being_

J:-,‘

exposed to a new word in a similar situation would make a similar
PR B j__ Tea TR s .“(;‘."-’,z I ;.}i."’\ -

error. The point here is that it is feasible to automatically ‘

. -~ . £ <
e S O Ao T - RSN ERE AT} AR PREG T a 1A el P

resolve ambiguities in sentence meaning by referring to the descrip-

tridames Rt

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

£ 5 f
eyl o e Goas

matically be created through proper prior exposure to unambiguous .

RS Saon L D T R

sentences.

A 5oy

c) Streamlining linkages All question-answering (model-
TURRB Lk

searching) functions which involve references to set inclusion or

[N E TP E 2

set-membership relations must "know" about the basic properties of

those relations, i. gx, those functions must have built into them the
ability to apply theorems like _ '"
ST T Ui e a . naomd
XCY/\ yCz:xC[z and
aé X/\nyéaéy ;

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

S «5',)':2 ari% ol
usually limited information available in the form of explicit links.
[T RSP Cod v w AR RN

On the other hand, since the functions involved will be "aware" of

ﬁ =

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

i f s ,,..3 s f A A, ! A R
independent of the presence or absence of explicit 1inks which provide
B 3 ™l e .

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

the left of the "g " is available.

T T T S S

‘

S T e e
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The "STREAMLINE" operation starta with the object X which is its
argument, and considers all objectu linked to x, directly or indirectly,
‘thtouzh set-inclusion or aet~meabetnhip. All explicit linké”ﬁﬁong these
objects which can also be deduced“ty“uitwa the above known theorems are
deleted. A responne of the form "(I FORGET THE SET INCLUSION RELAIION
BETWEEN y AND z)" indicates that whatever iinks wete creeted by ‘some i
sentence of a form similar to “(EVERY z IS A y)" are being deleted,
and the space they occupied ia being nnde aveilable for other use.

In the above exampie, the STREAMLINE operation deleted more then o

‘‘‘‘‘‘

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

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

to certain questions was significantly incieeaed

e R U IR Tt




92
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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information.

s os . "

1)’ Program érganization: The present compitér implementation of

SIR is''én interdependent collection of specially dékigned subprogtams.
Each different information storage ot retrieval operation is' controlled-
by a different subprogram.

“Such a diffive program structure has a certain advantage for pro-
duciiig early results with a new expetimental system.  SIR was pri-
marily developed as an experimental veh1¢lé thrbugh which one may learn
the best forms ofi1nf6fmétibn”téﬁfésaﬁfitibﬁhdﬁd*fhe”be%t’stbréie‘an67 k
retrieval protedures. “As an éxper&méﬁiirfaeéiéi,*SiETﬁust‘bé"éasil?‘”;f
amenable to changes in its structure ‘and iodes of operation. The - '
programmer must be able to learn the most useful ifiterpretations of '~
relational statements and the most useful responses the system ghoald’ -
make. ‘Thisfléarhing“takeswplaCéihﬁzhé‘{riési3byiﬁéaﬁ§;df“§§“§gg“}
changes to the program, different intérpretations and”diffeéiént response

modes. These program chahges are caglest’ té make  1f the program con-

sists of many separate subprograms without much overall stricture. =
" As such a system’grows more complitatéd, each change in"a sub-"'
program may afféct mdte of the other subprograms. The #ttuctare < %

becomes moré awkward #nd more difficult ¢ generalize’as its size
experimentatich. (SIR 1s presently closé to Phis point of dimihishing
returns.)’ ' ‘

However, by the time this barrier 14 reached many fruitful résdlts:

may have beén aéfaiﬁéd;"’ég hoc féatﬁréé?ﬁﬁybeSIEEcé:15E6;éeneréii
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principles. Desirable features may be discovered, and uniform methods
may emerge for handling problems which originally seemed quite different
from each other. 1In‘particular, my experiences in developing SIR to
its present state have enabled me to specify the more uniform, more

general, more powerful system proposed in Sections B and C below.

2) The model: The model is a flexible body of data whose con-
tent and organization are crucial factors in SIR's learning and question-
answering abilities. SIR's "knowledge' is derived from two sources:
facts represented in the model, and procedures embodied in the program.
Basic procedures in the program provide for automatic revision of
the model, if necessary, whenever new information is presented to the
system. No such automatic procedures exist for revising the program
itself.

The greater the variety of information which can be stored in
the model, the more flexible the resulting system is; the more
specific requirements and restrictions which are built into the pro-
gram, the more rigid and less general the overall system is. It
seems desirable, then, to store in the model a great variety of infor-
mation, including facts about objects, relations, and the operation
of the program itself. The program would then consist simply of
storage procedures which would modify the model, and retrieval pro-
cedures whose actions would be controlled by data in the model. The
user could then simply ''tell” the system how to change its retrieval

procedures, whenever such changes are desired.

Such a flexible system, whose program is "driven" by the model,

is an ultimate objective of this research. Unfortunately, this
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objective must be approached by successive appréximitions. A modei-
controlled system cannot’be destgned at’the-outset: Foi‘the following '
reasons:

a.. In order to store all the significant, controlling information in
the model, we must first discover whet constitutes the significant
information-in a bessatic’ intbimation SENETRaET SpiEsa . -After devel-
oping any workable program-plus-model system we are in & better
pogition td ‘i‘&iaﬁhi’i&’*ti‘ﬁ‘ty"%&i‘iﬁnﬁﬁﬂﬁ&gei"ﬁﬁﬂ”% ¢ransfer
contrel of them to the model. o :

ER S

Vo Sanf mouhuEtan Feo il :

b. The value and efficiency of the system depends upon the structure
of the 'medel; and’the“mafiér in’whidh thé progesiafid iodel "Interact: '~
One should limit the complexity of the model until the organization
of the model afid of ‘tRe evera¥l systad°Mave bién proved ‘Fdasibles w i "

¢c. Thé proebleém of how'te express OVgHtrg1EtHg IALSPAC EOA GHICh we - osl
wish to add to the model, e.g., how best to describe search and
deductlon-proeedires | hulit” BB 85578d A154¢ WEPh EHaSproblEME of T - ¢
representing and util}zg,pg ;hat”i_ngomgioq onge it _is in the model.
Formsfiams far désceibing saih codtré?’pr6cedvid ‘ite ddsier o'
devise after some experience has been gained in the use of similar

i :

procedures’ " This ‘expiridnce fRURHIRS 14 Iﬁfﬁi:’?saé&’veﬁéﬁ*iéﬁf&ﬁgﬁj"’
experimentation with the progr ortion of gimplified semgntic |
informatten rekrieva EK”WI'}:F Pin wov P v oy

@iy el

. Ip SER‘the Woddl céhstdts only of 'degctiptions '0f obYectsand
of classes. The number, kind, and inté¥§r@fdt¥on GE tHe desériptars- ke
(attributés) in the model 'is detérminéd By thé progredii The 'information
about hew ‘the meani@s of cortafnlattr tbited “dre ‘vélatdd ‘toedch dther -

drriged o& L momsinde deilieh o countof

rather than in theé model.
Although ‘STR 'fs “approsctitng ts PWLe-in dwefulfeéss ‘expertenee”
with the ‘system Has Brought wé £6 tied Point Wiere T lcart ‘Confidently = -
propose an improved, generstiFed ‘syutem MM ayiten Propored -
sections B and O below keeps the ‘now prover déscriptfon-Tist orgamiza-
tion for the model; it ‘iricresses the vartetyiof datd £o'be stored -

in the ‘sicdel; it transfeérs ‘some’ of the ‘fiformatisn ‘abodt’ the attributes -
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from the program to the model; apnd it provides:the.user with a simplim;.,

fiedi methed for experimenting with tbgjlgmgtvye-sa{mdw%@ ofi the .o

system.

question—answerigg behqyior; hps been, pqi;j,;ai}gd gpd jhwl 1:;,93:; be
BT ¥ I B o

improved, I must first introduce some notation. As described in

Section III Dc3, each relation 1n the S;ngnggqiiseﬂ dyﬁdic :elation fﬁ

and hence j.s represented 1n the mog.el bg tvp gggrihqtg liuks. ¥ } »

Table a. Sives the correspondence. be::weep rg}atiou ;names and attri,q

bute names, and n typical Engliﬂh ingenretagiqa £0r eack; talation.,

Note that I use the £amiliar 1n£i,:§;s;'j¢," ﬁnd "Q" for set-inelunion

and set-me.mbership, respectively, althqugh fqutiqggl notiéion,

i

E.&.> "equivix;yl," is used for all ofhér xglnt;.ons. Alae, the

usual symbols of mathematical logic, which are _defined in.Appendix I,

will be .used below when convenient.

- A relation "holds" for specified arguments; i.e., a relstion .

with specified .axguments (called.a predicate) is 'trume," if and only ...

if any reasonable English interpratatien.of.the relstional statement

is a true English statement. An English interpretation.should be -

considered 'reasonable" only if the natural-langusge processing part

of the system would translate it .into; the given relatiqnml statemsnt.

A relation with fi1;3;;}g=_,f::1.,{{15-;-.:11._nl;gjects a8 Aargumentq claarly . is tzue if the

objects are linked in the model by the attributes: which correspond.to - ..

the relation. However, frequently such a -pxadicate is ''true' even . ..

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




Relation

s b AR S o

Attribute on

~ property-list

Attribute on

_proper, -list
‘bf{r il

Typical English’' =
_}nte;grgggtﬁgnﬁ;_

GOPIETE

o

xEy
L€y

equtvlx; ¥

ownglx;yl

awn[x;yl,_j;ﬂ

partg(x;y]

part[x;x]

rightlx;yl

Jright[xiy]

a

S
. S

OWNED-BY-EACH

i

surnm}g'r-or-mcn SUBPART-OF-EACH,
. SUPERPART =

LEFT

L ST P

. Table a:

?“sufsﬁf~wﬁ

. - POSSESS-BY-RAGH

 POSSESS_

Remr

)

% gnd’ Y’ name the seme

Uliject.:

Eyery y owns an X.
(&, O¥ne_an X-
. An x 1s part of a y.,

. Anx 1s part of 3.

The x is to. the right
of the y.”

thé % '1s just to thé
»535§Fw§§wf§eal'

RELATIONAL NOTATION

of the predicate can be determlned 1ndirect1y from other infotmation

Clid it L

available in the model or in the program. -

SIR contains a segprqge‘gubpygggagufgrwdg;e;min;ng‘ﬂqruthfwfgrt
each relation in the aystem.‘ Thegg are the gugygogggmq“ggsgpng}plerfgr

answering "yes-or-no" questions.i

For example, the answer, to the
question, "is the chair to the right of the table?" would be found by
8 subprogram called "rightq" which deals with the truth of the "right?

relation. 'Chair" and '"table'" would be the inputs to the "rightq"




&%}

program, which would then search the model and make an appropriate

responsg,. . .

depend ntly,@p;{egch relation ,

Y i

truth of relations h
and 80 a separate program was writ&eprfor each relagign* .The detailgd?

operation of these subprograms wasggﬁgfribed in Chapter V., N?V;yﬁ?yﬁﬁu

consider how to géneralize the system, the time has come to look for

s ooy wpae Vg e T HWBE TR E AT TE 0 AR EITRG
common features of these subprograms. Such common Teatures could

- :‘TS'

I 2EEER0T A0 RS
serve as the basis for a simpler, more unified program structure.

:1

e R U T st URAYTTE A -0 50
Indeed, such®common featureés have Been” fo nﬁj andl%he§ are exploited

RO

in the general system to be described in Sections B aad G below. R

’—?J{J

;'élheﬁfirétfét§p”i5 trying to si&%i%%y the truth-teagiﬁé prbcedures ’
iapto%expreas:the pr@cedures in QF&ELngay that their?ggegatigpggcggij
eaaily'ﬁeiggmpare&jaﬁd understood. In practice each of the truth-
testing subprograms operates by searching the model, looking for
certain combinations o¥“§é%}iﬁué2fii%ﬁé?ﬁ Ho@e%éngsince 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

sepriieg s rely g goL caincibuto oy Yo

procedures are conveniently expressible in the fitst-order predicate
’L‘-f ‘1“ r} v,v ey -

calculus (the "quantificational calculus").

snd g iU aromiany Lo 1G4 RLIRCUOLUS SlsuegRE £ wltis oy, 412
Frequently the truth of a predicate depends upon the Fact that.
Ml QRSN GT BmL i anng il SnT o L sEndl mwiave sd3 g0 ol ds e 0ss
the relation involved has a special property, e.g., transitivity.

fe T

These properties SF relations” ‘may convenientis vy he described by "definif

IR AR S R S L e B T TS S R B8 8 3 ad 2rgds o4 277 cvinanoup
tiOn" statementa in whlch a bound variaﬁlé stands for the name of some’

uhﬁ&éciii%a(relatioﬁi “These’ aefinitiooéizre squly reéi;tiob’ wﬁicﬁ

1 i ) £
fg oo blpew Teidaz’t bae YVsiodd sy asian
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will hecoms urdinary quantificatiaaal caleulus statcuegta'uhan~thc
bound varilhkes are ropllcad hy ,arttcuhar releuiouangyan‘ e |

The prope:tﬁn: étfined‘belau are usefu&-iar desnﬂih&ngfsona of the
sm ntacimz ”

Symoetry: of (P) ~df CWx)(W/¥)BIxiy] Pi.:z;’z‘s]‘]p N

Reflexivity: & (P) =df (\VWx){P{x;xll

Transitivity: J(P) =df (Vx)(vsz}(\lg){?[x,y]/\?(y,z]=> Plx;z]}

The following logical aenzeueeayhoid:ghtouzhout SIR and represent
basic properties of the "equiv' relation: -

(% B0V ) Oy Y OF ) [ Bl x5 y) A aquidvix;z) s B 2; ¥ e

(VP)(VX)(Vy)(VZ)[P[x,yIAWM&N# !{x*a]]

Table b. lists predicpte ca&cu@qa,aga;gmenun corresponding to the
deduction procedurea &ctﬁllxy uaad ﬁn ehpnﬁln gqbprograms for truth-.
testing. These statements were thained by studying the SIR aub-
programs, and they accuxsiely 3eprqgsa$sﬁha=opgtation of thoge sub-
programs except ﬁar<tha fOQIQWing. BRI L Sih

a. All quantiflaga runse aver»onuy shn‘iiadtg universe of objects,
classes, and relations represented in the m0¢elp

b. Each subprogram containa built in‘mgchiai&uﬁ for searchxng the
model in the course af trying te apply ane of the deduction procedures,
The linkage structure of .ghe 'modal allows -the pupgrams to make direct,
exhaustive sﬁarﬁhgafﬁhieagh jusn thq gp&qvqnt gn;tiens of the madel.

c. When alternatlve deductxon procedures are available for testing 1
predicate, each subprogram specifies the order im whig¢h the procedures
gshould be attempted. As is illuatrated by the "Exception Principle”
(Section V.Bol)e i une of sitemmes dedustion paredures may result
in different answers to a question. This wmeans that, from a purely
predicate~calculus point of view, the deduction groaeduxea tegethe: o
with the ‘information gtnred in the model may fomm | , FE
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 fat I have beed discussing oﬁi;«:t;;;e%p;évg;;me;wb&e’h}} siiowet
ityeg-or-no" questions. More complex questions,.sunch ds ''Where iscthe .
table?" snd "How. many fingers dess John hsve?¥, vequife different:
questionsafiswering procedures. ~JIR ¢ontiind-an additional subpfogras.
for sath-6f thése tomplen question fovms.-Thesd dubprograms willibe .
discussed Further: in Paregraph:C.3: Dedowy i ool i ¢

e e s
B Formalism for a General Syseem; . - - =D

‘@iven & suigadle foidial vystem; d sepuvate: trughstesting: saliprogiem
fot adch relation im the SER: systemcWolild:not: e Avciéssdry,  Insteed;:
8 single “proofiprocedure’ progrem Ebuldosewvéi foroanvhetingiald . .
fyeseotsnd! questibn®s . 0 nodova sl snerelesn o Lo \

The deduction procedures ef:Tabie bi:evulld beiused as sheiakioms:
of such a foriiwd sybtem:  Howevsr, thersgudy of:these:Vaxioms! hes. ..
suggbstdd sh uitesnative sybtém whith:dd mode tensile; smove ihtudtively
meaningful, and easier to extehds toriew welakdoneg: This algernative. .

~formal-system is-the subject bf ghds sewtdoni. 110
1)  Ingeiag 1 Two relations: Pintesast" if; dn.dtder ¢o best .

the trath of a pruﬂl‘u;e involvihg: one: ofithe: #elatdons, 1t jis uecebsary

First vo tést the truth:of Soméipreditatecdwyolvifg tbe sthersi::Whens.

- eVéE BHO oY ote’ relations. appehiiin thd sume dedustdotwbiocedore o

statembat 1 Tablé by we may- 3y that:these y@lations imtedacts .
Intéricriols ithay. be clessified:tiformally asifollomss - oo L.

a. Interactiocus bdexweeh thed or:C:relation and: bome other: relatdon..

bi IhcéPadtious : bervweun rielitione whowe mbanipgh ade wimilar ti:each.

other. (This "similarity" will be defined more precisely in Section 2
below.)

A R AR AR S R T £ S T g 2R e Y e SR
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c. Interactions which arise principally because of some peculiarity
of :onerof the-retations imvolved.  =oizayserl soeo wund 1 oasl g0

d.Z?Ochenvinteraetﬁona.faaff.wfug ciamos rred eaaliason Cor
iucerattionsAarpﬁof.ihtezdsnﬁbecan;a ﬁh.y:CTEQﬁemtheH§i§glstfw:ﬁsj
obstacle’to generalizing-thaiS8IR.systeém..:Whenever-a-newv.redstion is -
added to:the systemy:the:progrsmmer must:idenkify ell.the-relations-
in the system which interact with: Zhe.pewgreistion; and-medify the ... :
system to allow for the interactions. With the present system, this
means modifying each of the questidnnnwarm:nubp:oa:manmehtedér
~with:the:interacting relations. Thiaafagnidnbiezfaptazrauminca&ask
accounts’: for the: fact that-the’deduction:sghemes:in;the present. - -
versioniof:SIR-dernot: aliow:foriadl thesdoguitivelyosecessexyy inter-
actions between relations in the system. For exampde;-if SIR-ds . -
told:that.dn x: ib part ok every y.addTthat:g:oWnsce;ys;: 1t camhot
deduce:ithatoz:oWwns-anixi- To.perfoym, thisvand similer deductions ... .
SIR:would. haverto:Yknow’ about:additdenal:inteyectious smong the: . ..

relations: paxt;: p’irtg%:‘i'OMIWrxéiaj abdoGls v wniza, Lo lon e

Almost all the interactdoms-acedunted for in-the:present. eystem: snd
in the deduction procedures of Table b. are of type "a," "b," or "c,"
actording toithe.above classifitationischeme;.t.e:snthey: involve(the
v+ yelations€ or Cy-relations:whose-meapings-axe similsr;or relatiens.. .
withidndividaal pecgliat properties:qThe; formal ipystemito:be deseribed
be1ow=vzﬂ~1:xeliétihnt&:khn need for expliedély-consideringogny.interections
of these three types.: Once a.mew:-Zelation.ds,properiy.desgribed. .- .
according to siwmple, iatuitive:rules)spby:type "8,V Hbgllox e .|
interactions: between it and . other.relatdons iwill.aptometically be:

atcnun&ed £or by the 1ngtcal sysﬁon.p Alﬁhnnzh‘sthncq(zypc "d"a ﬁnterd

e VN
.;J,v.)u; i 4 !4,;7» 2l ,sz,,.;..j P o
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actions may still exigt;.they will'be’eaqutq*Qeéggikaééﬁdimbdiﬁyf7
For example, a single simple statement will'be auffitient to make
the system "aware" of the interaction between ?gftggbo%gfgnéwgwner-

[

ship relations illustrated in the ﬁfé@ib&ﬂqﬁiEAQtiihﬁ;"W“‘*“"'

‘foimél‘sysfem caIIEdA"SIRI"Ato‘be'prdﬁbiéd”hefe“ﬁillihbhsilt of:
defin#ciénsgof certain terms, i§¢1“4*9§7??*P'v“ﬁiéﬁié?ﬁffiﬁégf??iﬂ&?
of_éyéﬁq}s;f’é'standhtd Lnterpfetgtion'fbr:thg?ﬁyékézé;ifﬁgdfégf,
logical method fqrfégte:m;giqg'yhg:her,cg;;gip}sgyﬁgggrgq;Lgd
Ysentences" of SIRL are Vstggj"f:Tﬁe*sggn§§1§a§¢;“Qfgggéféfsgépvigi
chat 411 "yes-or-no" questions vhich Can be aniversd by 818, and &

great many which cannat, are expressible ds deritencés in SIRL; I g.,

the standard interpretation oﬁ‘aafo:malwggnpgggg_%a its coryesponding

English question. Further, if a sentence 1s Ptrub"’ {n 8IR1, then the
' : . te LTI L e :

snawer to its corresponding question’ ih "yes:" ”Iﬁéééfﬁéiﬂfs"ﬁill be
illustrated by examples below. A c¢ggu§§i1iﬁ?tg§§nféti¢ﬁ’of;s:k;
will be discussed in Section C of thig chapter.
a. Definitions:

basic object =df any object which iz déacribed ia’the model and

which has the following property: No object described in the model
may be related to a basic object by being a member or a subset of it.

basic relation =df a symbol which nanes\a,relpc;qpswhongAargu—
ments myst all be basic objects. R ‘ -

variable =df a symbol used ih piacé'of’fﬁe”ﬁéﬁeféfmidhé unsgpeci-
fied object described in the model. The atandard inxgrgrgta;;on.of

the rname of an object is, of course, the object ttEelf.

basic predicate =df a basic relation written ds a function of the
names of basic objects or of variables which stand for the naswes 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: a;mbgls "{ 1Y, éy& Y. or " (Qv, évzg "

where v is any variable and v, is any variable, &ny object namé, or

the, sveéial -sysbel. ™" whish sfande ,£0x Swpdel .o These §-gpencifiers

are related in the first-order pred cate calculus as follows:

(1 (Ya¥olrlal] =it (Vodhitaex Sriaf] *
GaEx)[R[a] ] ‘zgdfggaﬁn)LQSxABIQ}l al o bBoyavgzmolil osos aniey oing

&

T T P UL ‘!{j

IR LT Sirt FEUAE

where (WVoeM) and (3q€M) are the usual universal and existential
quantifiers of mathematical logic, respectively, except for an explicit

remindgr: thal} .tbey.ragge over opl ;he tg.upiverse of,ebjegts -
descrig i ;24 gan&' ? YyEataiint ¥§ £ éit ‘usually

contains at .least . one ocpurrence. gf the. By?kqlﬁngm?Pg its, , 8T BYments .

Y He-ggggggé gatign of g string 1s the.styi "Q{§] where, Q .
is anze -quantifier. The first variéfale ﬁg Q is gislen called’ bouna .
by the €rquantificatiop of S,fox all its ogcurremges, in Q. apd A8,
including occurgénceg as the seconﬁxsafiaz fe gf gﬁﬁer é-quantifiers.

i

mrsagh Pyl t

A linkﬁpredicate is defined recursively{as iows:
1., A,basic predicate is-a.link- ﬁed 8681 o ui2

ii) The strings V'Gv i and” v =v, ere v, and” v, are ;n§ibﬁjéét-
names, or yaziahles,.ars. Lipk vréqicsge ., b Uog bocts
iii) An e—quantification of a iink-pre icate is a link-predicate.

Ligkrpregicates may be used to represent mpst,of the xelatigns which
are represented by attribute links in the present version of SIR.

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

i) .. 4 lipk-predicate ds.a wEf. . . _ ..
ii) Any propositionaf function of wff's
8.

fw i
111) Apy €rquantifieation of a.wif 1s.a,

waddygt ool el
s a wif.

i
gﬁ’n e Yo i YILwWEGn

;An,occurrence of a.variable in a wff is, }ed free if the .. .. .
ific

occurrence is not bound’ by an é-quan E n of some string contain-
ing that occurrence.

e e owicty L ool oeo oo baoagnzib oo bl

A sentence =df a wff which contains no free varigbles. .. ..

... Anp_gble 953259 égg =qg a.wif. whiqh cqntaips¢ggactly_one frge
variablg-3 o : it bia

b.k“LogiEéi‘SySEéﬁ;};“

tlon, describe proper;ies‘of individuai basig rgiationﬁland snegify

mtyp?:"d”'4n;eractionﬁ-betwsen_Peaigxre}§£&°98~;x
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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
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latter gbject is mamed .in the.velue Goryespgnding Lo Khe.givgn attri-

(s butes-. In Section C.I shall. desqtibe .the .o a;g:e”ogfslxl attributes

SIRLl.model can be expregsed, #R&?‘?ﬂ ,;»E&.Js hgs_fﬁ??‘a!fsys 4] ?{;s’.}&}, gent szzce .
. A»SIR1 sentence is.cona idergd . '::;:?g":' I theﬁ!fng?nggx can. be s
deduced: from the. SIR1 axioms:apd; the informetion. in th g 8 ;31,mog,e1 2z

A decisiop: proceduse for;this dedyction follows: «. . .-

EEEER R

1) . .Eex each attribute in the model, wrife tbe SIRI, sentence which

expresses the same thing.

. F
) z.:luJJ_«

11) Let A = the conjunction of all the- se'm:ences feundini) and of

al}““ thg(ﬁ%;,l y}g&' Conﬁidﬁ&l‘}h@ ?Pﬁseé‘semuv o v LDl fd i anno oy naild
2 A s

where §.is.the sentence being tested. .. . . ... ... ‘... -

[ R S

PLED

?)i) cPut, pll €-quantifiers in, (2). into. the J€M' form by using eguations
h ,

iv) Let o s o ,.’..,: o be the namea of t:he o{:jects 3eacribed~i

model, Wnateq ., b TN’@ ch, str, of.
the form (va)[k%%?]?”whqge v }:!;é'?%’:r%’a e 1:: any piﬁ%ica“te

possibly depending on v, v t:hg Jnite, conJunetion viomnioann
Rlo ]AR[ozj/\---/\
ejmd :bi' repldcing, edch, string. 0? th@ form. (GveM)[RIy]]. with, she disr.
unction

i R[ olly'&“oz; v‘?»"M'%{ onn]“" e Lean i G L Geamiad DM s

P REEFSSHIATE

.¥).- - Test.the resulting expression hy, s tP“’Fﬁ“H”? f%x he. .
y

propositional calculus, e.g., by truth-table anh sis. § is true

with sespect ‘to the, model, and the g j*g\ ding to S shoul
be answered "YES," if and only if this 1 expression is a %heoremfl

of the propositfonsl celculugs, . ;. ,; Ivwg 0F 1L8gE0TY YW nudaelinae

JefiJ

b Agnausss o Boditssach s liw o cingotaos DvRs anhd

. 1) 'Qbject-ppedinates: . As defiped Myeﬁ A% dalgiqu-gredicate is
a SIRL wif which contains exactly ong fxme yerisble. . If that frae
variable is replaged by an object-name, the objeqtrpredicate becomes a

TS e ievere o e Bt b o Vi by ey Ml e idend pie afe f
PR RS S S RIS AVEEE SR B sdiwneah art Letpioy giobdw dntl g
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SIR! sentence. The standard inte:pretation of an object-predicate .

applied to an object in the SIRI model is that the sentence obtained by

replacing the free vafiable in thg,?ﬁﬁﬁlFate by the object-name is a
true sentence. This resulffhg”@entﬁﬁte'ﬂ&y‘%ﬂ%ﬁ be used as an addi-
tional axiom in any SIRl logical -deffictidt’’ ptocedure. »
Object-predicates may be placed dh thdiptbperty-list of apy ~ °°
object in the SIR1 model. - Théit putpbies” are te describe thege = 7
properties of the objﬁct“wﬁiéﬁ’céhﬁdﬁjeﬁ%&iy’Beiexpressed,ilﬁ”EEiié*73

ii) Basic relations: The "¢'" relation occupies a special place

in SIRL because of it Eﬁnﬁ@éﬁiﬁﬁ5§i%ﬂa€§quhniiTi%?&, and is treated
in the formalism as if it were & basit reélatioh. The identity

relation "=" is also treated as a basic relation because identity is .

cooonoaged ATe PR ESE

a useful feature to have in a logical syepem eﬁsed on the t:luant:ile.rv:a_\f
tional calculus, The SIR relation"equiv" wasjg;mply an equivalence .
relation used to identify when different objeeffnames referre@ltejtbeh
same object. In SIR1 it,;eAsgffée;?egﬂgefsggéyge the functiey\gfi‘W”i
"equiv" under the "=" sign; i.e., :ttl{?_j,gﬁs—?}_‘??}:}_j%ftement "x=y" is |
considered to be true if;gitpeg ;;eyggxheregggfésame symbol,{ee N
if "equiv[x;y]" is a true‘ér;dingée}Qe;§?5§§R;?°del' o
The predicetes in Table .8 show the basic relations and the N
object predicate needed by SIRl in oxder to deal with all the rela-_?

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
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ES0 ST A GRS NN 0 RS SRR s PoLdnbista oo SROREERNE B RN s Y

Predicate o ’ Standard ;r_erpretation

it S oardy gl oavspdo s o suiigas
X€y x is a member of ‘the set y.

Tl e 0 vl ERS affld ol oo SEGe

x=y ' " Either . x Cand y are identical or they ate two

. hames, fgr the. same. object.,. g
ownb[x;y] . &isomeslbyx
partblx;yl . ... X A8.PAFE OF Mo oio o v oseenii o, o
rightblx;y]. .., ..., & is ;%é&&%&}&h&aﬁﬁzlu:;;-r.,:u:;»:-: AT e
singlelx].. ., Gﬂeﬁ)&%*ﬁf(%@ﬂﬁ AR )00

interpretation° 8 exactiy one meﬁﬁer )y

o T ; - PEA . ~‘«.‘, - p - P ¥ oo I
[ P PR Ry STEICE ISR SN U PR ; '“&"""’“ Sl RsL LI

S T P Iﬁble CI‘ "Béslc Ww QF §IF]-1, RS TN Tl SR

ISR F E L AR R A S LR R R EE AT R R EE R R F R A R E R LR S LR R X

Baleeyd oy b 0 omol oo

"SIﬁJP}éaiéizé e SIRl Exgression
¢2,¢;J\“ IETI I I D (va:éi)'idzy]tizﬂf); i

H . Ly PSR | . [R N R - .
R e N O Ganipe i 0 i n0 RS S S

xey ' xXey

L wesar O Gin gLl Cntary ow

e&uiV[é;;ingi3% £4ﬁuQi=y*
ownglx;yl (vsm@aex)[ownﬂa,alf

rnigia e

own[x;yl R (3aex)[ownbla,y] Lk

TR STR SR EEYs B oS S PR AU T TRt

partglx;yl * 7 7 (Wpey) Gaex) partbia;fll’
part[x;y] Gousx)Iparti‘:[&iyﬁi ¢ svxd e el v
rianelxiyl 7 e ey (ighes {aip] | Asingletx A singlely]
jriéhé[x,YI IR (iaEx) (335?5[Jrigﬁtﬂta,p] »ng

seasTaoTg Hid

[Table ,: “G1R’PREDICATRS  EKPARESKDOVNSTRY S

Lo LD Lne e s e aa Rlpoae doddw solometoas a8l oowie

'ieixj/\sgnalétyl

L
s ] EI0 N S T
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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): =88 (W xEM) (W sBOTRI x5 y] =y Bl ygael - o1 Do e

P is asymmetric:
I(P) =df (vxeu)(wemtrlx,y1=>~r[y,x11

P is reflexive. o o

~@(P) =df: (v k€M) [Px;x}] ¢

P is set-nohreflexivets .- -oop ATE R Y S I S
) &(P) =df (Vxeu)f-waex)(aaes)[r[a B]l L

P is transitive.“ l - | B “ ’ _’

of (P):=df- (Vﬂﬂ)iﬂfm\ﬂwﬂ%%ﬂ?{?,ﬂm{x;@l] N

P> {s wniquely linked: - o ik

U(®) —fif (VxéH) (Vyei)[P[x,y]—":)(VO(H)[ [av‘yv) ~P[x,a] ],\[af‘x==)~1’[a,y]]]] ,

Notice that these properties will be expressed by ordinary SIRl sentences

e gavE ooy ER 1‘7"’}5)."‘;-..3& ol o mmiuntl DUGL e

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

Fuey I vmalassu oI add vuounoeils
Table d.1s a list of a11 the axioms)necessary to grve SIRI at lea?t
x RV EIS N S VR S R eEsYgeT aldedsor 3
the question-answering ability of the SIﬁ?deduction procedures in
Gmdss iboNgednil 4 %5 BRSNS DT 0
Table h, except for the "axioms" derivldjzromji;ject predicates on
Pae iy Yy ¥ ye iy ft._¢‘i’i—;{"1>‘?;'71
the property-llsts of particufar objects. in Tableﬁb. deduction pro—
e iyrmlrdni’ o suwn Fleovg RIS

cedures no. 1 4 9 11 14, and 15 all represent interactions with the

B i Cemod o ekl -~ Tl oy afl
"e" or "C:" relations, i.e., type "a" interactions. Corresponding
. B B w PRy [T R e BV 0 e ST EVS R
axioms are not needed in ?IRI because ;f thegnay "c:" is defined
Coo pidene el raclilang piaad s
(see Table c2) and the way €- Q%??tifierfﬂafewéfed.q Table b',noj }%{%}
and 17 are 1nteractions‘between "aimilar" relations, i e;, type "b" .
Lk ISV 15 B PO b dmen haog cnr annToed (B Yo
1nteractions. "Similar" relations are those which are defined in
M u‘ ot o S TR T S ER B RS SRS I < R Lo
terms of a SLngle ba81c relationrin §IR1.V Additionallaxioms are not
f ket by ,k{, AN
needed because infmnatmn abouty inta‘actions"between "similar" relations ‘ |
T VT REL L e Y Chgtige R Tl st b 1

are implicit in their definitions as 1ink—predicates. Procedure no. 16

(59 g A f oo s
is really a statement of the tranaitivity of the basic part-whole

RS R R AR SRR N

relation (a type e 1nteraction), somewhat obacured by a statement

Sana amo 1

of the ‘interaction between the similar "part" ;‘H” artg refations
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Fmy - - oo :This fact-that Me s an equivélende: relation is
(=) not strictly necessary in the axioms, since it is
J(= built into the: logithl: systlmi:: 2t ©o i ooy
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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,becQ@egiayaélgb}?:‘ In any case, I shall
assume the availability of some mechaniem for accepting new {nformation .
in & form convenient to the human user, and then }pggrg@ng,gor§§§p?nqig&ﬁ‘J

relational information into the model.

1) The model: As discussed in section A.2 abovgeiqngfobjecgiyg?Qﬁyf“
this research is to find ways of using information stored in the model
to control the operation of the system; slnce that information caqﬂh?}
modified mpet easily. Simce.the operation of any theprem-proving program
is "controlled" by the axioms of the formal system inyolved, the axioms
for SIR1 should be stored in the model. e . .

The SIR ‘model consists of objects and associated property—llsts
The advantage of thls model structure i3 that’ the>%fogram using the

model can obtain all, the information about an object, such as how it is
i R T t

‘related to other objécts, simply by refetring to’ ihe'bbjECt 1tse1f

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

basic relations or interactions between’ basic relations.‘ Theéé

axioms should be stored, then, on the ptéﬁé%f§ili§t§ﬁ%fifﬁéjbﬁhic :
relations which they affect. TIn this wﬁ?ﬁfﬁéktﬁéé%@ﬁibfoviﬁg*bfbgraﬁ“"
will be able to find relevant akioﬁs’ﬁiﬂlﬁoﬁiigiﬁé”tﬁé”ﬁfépéft§¥fisté s
of the basic relations it is concerned With, ‘and’ tHe human aseér or
programmer will be able to modify tﬁé7hxioﬁ{é%fyﬁ§s"fei11ng“‘thé system {
to modify its model, without any reprogrhﬁming being’ necessary. oﬁjé%é-d“‘
predicates'définetgﬂ&ifionhi axidmﬁéwﬁibﬁha§b1§7tsﬁiafzicufgf}objéé%él;%?ﬁu
Therefore, they should be storédabﬁéthe‘%?obéit&ili%E%MSfJfﬁé 6bjéét§4' -

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 €-quantifiers of which it is composed,
would be undiscoverable except py_megns:pf_sgmg t?bke:LQQkfﬁ?;°F.95h§Fx@
decoding procedure. B

I propose that, corresponding to the attribute-links of SIR, SIRL

should use descriptions of the 1inkfprgdigg;q§:inyg}ygd._zrpg 5&££$£&£&;i

on the property-list of an object should itself be a property-list.
This subproperty-list would contain special ;;g;;pq;gs_whose values
were the basic relatiom involved and tbe,s;g;ngfofﬁwg-quynpgfig;s e
which. produce the link-predicate from ;h§t<h§§ic}rg;ggiggﬁn An additional
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§ ;ecogpizggvbngbe ;quﬁn;‘q
program and based on an available basic relation ;s:;qg;esegggple.

The names of object-predi;at§§3£§9g1gppe apqpbg;:&indrpf;apsnﬁpuggﬂ;:
which may appear on SIRl{proper:yil}spgguiIbgropjgggr?rgQicg;eg quq;gjuﬁ
themselves by SIRL objects whose“groggxgyﬁlipygfggn;a;p,theixlq?ﬁip;v e
tions as SIRl wff's. In this way ijqgt-pggdiggpgsrpgytgggiiy bé_,,$.

défined or applied to new objects.

In summary, the basic objects inlgggkﬁ;g;_mpdpl arey;hg,ygrdﬁkv,;13 
which denote: individuals, classes, basic relationms, gnd object- . ..
predicates. A property-list is associated with each basic object. =

Attributes in the descriptions of individuals and classes are either the.

names of object-predicates, or themselyeﬁhgrppeggy-Ligtg_which 4gqqy§bqﬁ
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link-predicates. If lists describing link-prediéatés,'fhe“valﬁes
ebfrespohding:to those attributes give the other objects associated with
the described object through the describéd link-predicate. 'The property-
lists of basic relations contain the axioms which specify properties

of ‘the described relations. The propérty-1ists of object-predicates
contain the definitions of the object-predicates in'terms of SIRL

wEf's.

2) The Theorem-prover: In paragraph B2 ‘sbove’ 1 presented a

‘décision procedure for testing thé truth of any’ STR1" sentence with
respedtﬁtb a’ given SIRI model. Unfortunmately, that procedure is imptrac-
tical since it rEquIrés‘the“enumefatiaﬁ c‘n‘.’*"’e"ir’e"r‘f,f‘i:i!‘fﬁfh!.*i:t:‘f'‘i‘:uu“i“ervtar''}*"‘1"!.'n‘k"'é
" in the model, and the consideration of every ktiown fogfcal truth in

the course of each truth-test. 'Clearly these procedures would in-
volve an inordinate amount of time. AT@G}VT:hﬁvzxébﬁﬁfto great’ lengths
‘to develop a model structure which enables the' sydtem to save time by -
having ihformation organized and accegsible tr a conveénient way; the |
above-mentioned decision procedure cémplétéf§‘ignoréﬁyfﬁé“StrECtﬁfé‘ﬁf
the model.

Instead of an impractical decision procedure, I propose tHat SIRL
use a heuristic Theorem-Proving program (MTPYY for ity trithttesting.
TP will start its truth-testing with the most Yelevant ‘axioms' and
model 1linkages, introducing additional facts only wher needed. 'The
model stricture will dictate what comstitutes “most Yelevant;™ as will
" be explained below. |
“ The best example‘of‘a-heuristic‘thééféﬁ-pruving:pwogramiinsNewellf

and Siton's "Logic Theorist" (LT) (27), a program whick proves theorems
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in the propositional calculus. Since TP will be modeled somewhat after
LI, let us consider the general, behavior of LT. LT must, be .glven a ,l»i?t
of true theorems or axioms, and a statement (the, !'problem') whose proof
is desired. The system tries to prove the test-statement by showing

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 ;t;hﬂe

list of theorems. LT has several methods -- the principal ones called

chaining, detachment, and rep La,‘c%nt;-,? for creating statements if;om
which the problem statement can be:?é#??%é’se??ng?jéﬁéﬁéé;Bs;"f%lﬁiﬁﬁF"
fheorems from the, theorem list. LT also contains special devices for
keeping track of subrproblems. and keeping out of 'loops." .

LT was designed largely as a model of the behayior of naive students’

of logic, and is reaspnable successful as such. It has not been a

ot

very effective theorem-prover, partly becagse its methods and selec-
tion heuristics are not. powerful emough, and partly hecause the problem
domain -- the propesitional calculus -- has a simple decision procedure
(46) which makggfany‘g}te;nativergpprpgghﬁgégm‘ygggﬁﬂ,?Ejmggp deal with
a more complicated problem domain than that of LT. It is concerned
with 4 domain containing a possibly large, although finite, number of

objects, relations, and axioms. Also, the objects.and relations as

PSRRI

well as the axioms may be changed from preblem to problem. However,

the actual proofs of SIRL sentences by TR will, on the aversge, be .
shorter and simpler than typical LT prpofs. After all, TP parallels
the human mechanisms for recalling facts in memory and dgiqgt:sgpe;é}g!ﬁg‘gg.e

reasoning, not fox, solving formal mathematical problems. Development
of elshorate logical ability in a computer must gome after the achieve-
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ment of our present goal: a mechanism for simple, human-1like 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 1is 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 ii) 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. SIR1l 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
SIR1 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, (Waex)[Pla]l] is true of the model if
P[p] is true of the model, for every objectp such that pex 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 strill with us in SIR1. This
means that the use of different sets of 'truths" extracted from the
model may lead to different answers to the same question. The solution
to this problem is simply to be very careful in building and expanding
the list of "truths' used by TP. I believe the iteration described in
a. above is adequate, since it introduces the most closely related
facts first. However, some experimentation in this area, once a

working TP system is developed, will certainly be of interest.

In summary, an English question should be answered "yes' by the
generalized semantic information retrieval system if and only if TP
can prove the truth, with respect to the model, of the SIRl sentence
which corresponds to the question. TP attempts to prove the truth of
sentences by going through the following steps:

i) Test whether the sentence is immediately implied by direct links
in the model.

ii) Create a list of the axioms and link-predicates in the model which
are most closely related to the sentence. Attempt to deduce the truth
of the sentence from this list of truths, using both logical transfor-

mation methods such as those of LT, and model-dependent methods such
as elimination of €-quantifiers.

iii) After a reasonable amount of effort, add to the list of truths
thé axioms and link-predicates which are next-most-closely related to
the sentence.
Repeat steps i1i) and i1ii) 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

(Fy) (W) Plx;5y] 2 (¥x) Ay) PIx3y]
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Therefore TP could not, for example, perform the derivations of
Appendix.II which relate SIR and SIRl.  The.problem,TP does attack .
is that of selecting relevant information from a large (although
£inite) store in order to comstruct.proofs efficieptly. . Of. course,.

a similar program: for quantificationg]l deduction would be a welcome

addition teo TP.. ..

3) Gowplex question-snswering: :Some of the questions which SIR

can answer require the.system tg perform more elgborate. infosmation
‘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?" muat. be. computed by searching end manipulating
the data stored ip. the model. in order.to greate. sppyopriate. regponses,
let us define g "question type" as a.class of guestions whose
answers are found by following the same cg@putgt{pne%}prpcegure,ﬁ:1:‘
Questions of the game type generally differ from each other by referring
to different objects in the model; those object-names are inputs:to the |
eqpiutééiaaai ptoc;dﬁig" In the previous‘qections we have considered the
spectal type of all "yes-ar-no" guestions In.SIR, this clsps of
questions was consldered to be made up of manyw&{fférent question
types == One for each SIR relation --»and thexe wss a8 cotresponding
multiplicity of computational procedures. In SIR1, the computetionaI
procedure for all "yes-or-no" questlons is simply TP. Houever; TPM* |

requires as an input not just the names of objects, but rather the

complete SIRl sentence which corresponds to the question.‘

Unfortunately, no other SIR question types can be combined easily

for a more general system. Each question type requires a different
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procedure £or searching through the network of links, idemtifying
usefil tnformation when it is found, and mamipulating theé information
€6 prodice the afiswer. Computer Programiing ‘fangdages are well
suited Fot specifying compitatiosal procedures, ard for reasoms described
in Section ITI.A, the LISP language was quite convenient for specifying
the compléx quédtion-answering ‘procedures of STR. Wowever, ds one
attempts to enlarge and generalize SIR ft beeomes ‘obvicus that these
proytams should be miéde easier to write and easier to understand
whétéver possiblé. The full generatity of LISP must be kept avatlable,
§incé new question types may require, inm the “answéttng prosess, unanti-
éipaEedfkiﬁas'of‘aaéa‘ﬁant§u1ac1aﬁ; Sut the devicés described below
may be useéd to stmprify the construttion of ‘quest {on<answering’ programs.

" ¥4'L18P, the flow of control within a program’is ndrfially deter-
mined by §§ééiallfﬁnétionsvca11ed’"pﬁédﬁéﬁtéé.""‘fﬁé E1SP system: -
“evaluateés éach predicate aéédrdiﬁg"td‘ﬁuiit;in or separately provided
evaluation §rbéé&ﬁfes; and choosés the fiext dﬁerafiéﬁ”td“pérfbrmea“‘
_accordiﬁé to whethet the value of the predicate ig “I" or "NIL"
(corresponding to "true" or "false"). The SIR1 procedure=specifidation
langiage should be similar to LISP, but should alBo allow the dse of
““an additional class of predicates: nameély, statéménts whose LISy
values are "I" if a particular SIRl gentence 13 true with respect -
to the model, and "NIL"™ otherwise. The procedure for evaluating
these additional predicates would be just the procedute ordinarily
used By SIR £6r determining the trath of SIRY séntences; namely TP
Thus the full power of the SIR “yes-ot-no" type of quéstionsanswering

procedure could automatically be used within the procedure for

Rl
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answering a more complex type of question,  Suppose that in the, gourse

of the procedure for answering the question, 'What is the relative

' position of x?" it is determined that y is to the right of x a and alsq

FLe S ¥

.., that a.z is to.the right of x. The procedure coyld then contain the,

T e S

;.fi . {a

if (aaez)[ngntbia,xlz\uzhtb[y,a]l sm qus;.?se BB

where A and B are .locatio

,,,,

the procedure. The procedure writer neqd not cg%%idgr how to anQWe:

. the question, "Is & gz between x and y7" for TP will do that for him.

. As a_special gpplication of this method for progedure-writing, let
us consider how to obtain "no' .ox soqletimes" angvers.to queqtionsq?f
the "yes-or-no! type. The existence of sepatate programe for each
relation in SIR permitted the considerstion of special properties of the
relation in determining an apg;op;iete ;gply. 1n_our, genergliged .
system, TP can reply."yes" if the SIEL. sentence § corresponding to the
quegtion is provable; otherwise the reply must be "insufficient . .

information." Although a "no' answer canmot be obtained by TP

t \“’ ST

- directly, we can build into TP the. ability to‘mqlsg.,aageggg}gg”;ggl‘xn‘}

if it determines that the sentence ~/S is vaable, but; no general

change to TP can accoupt for special properties of }9#%-9}{9%55?;9%,208-
However, this flexibility of SIR isi::gcgyegggl ;,i_n,_;t:}_}efi kge;yi\.a:a_}).j%.ge¢‘:}:‘;I_= feu
system, without relinquishing eny of the uniformity end generality .
of the SIR1.formalism and the TP program, by the use of simple pro- .
cedures written in. the LI§P-plus-TP spgcification. langysge. For .

exemple, the progedure for answering the question, 'ls ap x.a yi" .

might be as follows:
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if (Waex)[oey] then YES; R
else if (W aex)[~aey] then NO;
else if3 (\/aey)[aex] then SOMETIHES .
else (INSBFFICIENT INFORMATION) “

There remalns the problem of implehenting the Specification langoage
on a computer. When TP is available, it will be a srmple matter to
deeign an 1nterpreter which would route control between TP and the LISP
1nterpreter. Whether a compiler for these procedures is feasible
t7depends on many factors, including the Precise form of the TP system.Ab.
The point here is that implementation of this procedure—Specification
language, @ key part of the generalized semantic question~answerer,
is Eea*%ible a’t’ tﬁe preeeat state’ of tﬁ*e“ progtmmg art.

K. o

In Summary, a simple formalism has been presented which adds to

¥

LISP tﬁe*ttdth“tés'tin‘g“ pwer of 'n’.‘ ﬁrls» pi%ce&uma‘éetiﬂvation
language, together with the SIRl formalism, a eorre@ponding word~ o
associatioﬁ*moﬂel structore, and thé Tf“trutﬁdtesfint progrﬂm eouﬂﬁié
tute” the basis for-a "%enerylizéa“ ee&thtihuinfo%&afion rétrieval systén.
On the b331s of information gleaned from the development of SIR, I have
been able to describe this “gen%ralize&”'sys%em %hidh has all the

quest ﬁoni-eﬁsweting abiuty of:  STR ahd' hedepth & mue’h Ia'rger elaséJof'-'“'

N

questions. More importantly, new relations can be added to the
"generalizéﬁ" System aﬁd the axioms of its g—tobf iroceﬁuref can be

modified without a&i‘y reprograhming, md ﬁumiommweﬁing vroceéures

can be introduced and modified much more easily than they can be in SIR.
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Chapter VII: Conclusions

(BAY creriy " "»»',:->"L‘;.‘ 7
i IR !
A. Results.
SRIETLO n =y gia
1) Question-answering effectiveness. Chapfer I descr1bed ho%'"""”
TITTAMHCGHY D Twa I sas P

question-answering behavior is a measure of a computer system s ablr-"“"
l \y o m . oy

1ty to "understand."‘ SIR represents "meanings" in the form of anﬁord-

3 i Y R T DA SYV4 17 R SN ST VR 19!
association, property-llst model As a result SIR is more general more

e

poﬁerful, end Judglng from 1ts conversational abillty, more‘"intelli-

S LS
iz

T llgniGd B SE TN L i

gent'" than any other ex1st1ng question-answering system. With respect

;e - - l
N AATTE S ]

to the fundamental problems of the other systems-discussed in Chapter I1:

AN an s lant :.-Sii.}' 2l winwd v (PRI 7t
DI i
s

< BT Gl

a) SIR is not limited to a rigld prepared data structure and corres-
ponding: programs with specific, built-in, ad hoc definitions of;!'mean-,
ings" as is the "Baseball' program. Rather, it c onstructs its data
structure as information is presented to it, and 1nterprets "meanings"
from "learned" word associations.

il mngl mmlo g .
o SIR is not restricted to the sentence- by-sentence matching of

Phillips! "QuestiopAgsvering Rousine L. Ingtead,, the: SIR:madel pror i1
vides access to relevant stored facts in a direct, natural way.

RENEVEE &1

c) SIR, unlike SNYTHEX d0es not requlre grammatlcal analyses which
become more detajled and more complicated, as the,system expands;:, 1o~ .
stead, question-answering is based on semantic relationships, and the

program structure cem be simplified while-enlasgineg the.scope;of.the,
system in the manner descrlbed in Chapter VI

P x

{n,uix S b |g)

d) The SIR model is not tailored for a single concept 11ke thehfamil§>
relationships of SAB-SAM. - Howevex,. the  propertyx}liss: stavstyre, of the
model can easily be used to represent various special-purpose models and

thus. take advantage of their benefits, while, permitying. the gtorage- of, .
any relational information.

: FXE. l_ngz,r E RE

e) The SIR system is not restricted to testlng the universal truth of
a complete statement,. Fegardless of the meanings;ef its. components,., 28
is Darlington s program. Rather, SIR procedures can be devised to ans-
wer any form of quegtion, and the, gnswerswqrgwpfqgé #R: SR 84 cyrxent: ., .
"knowledge" as determined by word associations in the model.

vl pory Bfin Dooocbowdns T
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£) Although conceptually similar to’ "Bennett's word telation’ syttem,

SIR represents a vast improvement in that its list-structure model
permits’h dfrect reprewentation For' Qrbithary Word relatibds;’ the'

system containg programs for handling several differen relations and
their interactions; afd botH input formmts ‘ahd’ ;srbgrm{’t é\lc nﬁy edsily "
be modified

7). Somunication langusge: STR provides a frameyork for ressons
ably natursl commnication betyeen people and compaters. ALLICUER . .
somevhat stilted, both the input and the response languages used by
&1 a??.?@#f%?i@ﬂtlY;f%@ﬁ?*Ev;99t9£91~%9§}iﬁbﬁ§9;?sx%ﬁ?i}?pﬂPd€F?€9°de,,
by an untrained humaa. The input format recognition process uped in
SIR (Section IV, B) illustrates how far one may go toward f9?§95§Fg347v“y
ing" matural language, in the sepse of recognizing word assoclations.
witheut referemce to 855mwéﬁicalhﬁtrﬁc?yse<=:Of:cevtﬁgﬁwzﬁshgﬁzﬁshﬁﬁs*,
cannof be gemeralized to cover any large portipn of a matural language.
It was used here sjmply as a device to get past ;&ep}pgthphgﬁeienéﬂggei
the problems of representation and retrieval. However, this format
matching, progess can easily be expanded to handle eny suffictentiy,
small portion of Engllsh | -

~ Even in 1ts _present primitive state the process is not excessively ‘
restrictive to the untrained user. W}thyspg:p;eeepc:eye;eml”;he,uﬁe;b' -
could be imstructed to present in complete English sentences simple

I
-

facts and questions, and not to use any sentences with subordinate

clauses, adjectives, conjunctions, or commas. These sentences may be
wp o : - R S R R ST RS 5 I I S A T 6
about class relations, part-whole relations (possibly involving mumbers),
possessions, and left-to-right ordering relations. When used in a

time-sharing environment (11) in which each sentence receives an immedi-

ate response, the system would have the effect of a "teaching machine"
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in traiping its user to restriet himpq}f.;o rgqunigqb}e sentence .. (s
i<

LER IR U¢‘1 9 fx A

forms. After ;al few trial ;:una the pIOgrmgx i;ag;,lxs add Pny new - ,,

STR i

Chance

]

sen;ggg.g_ f."-}??“?, whip‘h frequgntly a;ige,, t:hus 1ngpq;

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

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

It L‘

fer to an outline of available Formhts, befbi!*cumpostng”nEW"statements

TEEEEES G GE bty e hael pen U IBD L TE0 T uTiu ey g dade
to SIR. These processes are much simpler than lLearning a "prograﬁming"

b

languagé.‘ZAwsorfgdlf{Ef16?:fﬁfﬁhtﬁiaﬁﬁﬁﬁoggyébpﬁigf&%gfééybih&fﬁrff;ﬁ“m'

-

tests in tﬁé‘matching procedure would allcw the ‘sddition 'of many ‘more °
formats to the system with 1o corrggéhnding increase in time required
sa% o won sadpalegkllo o 0H CU L e sunT; I

for recognition.
At the output end, the system demonstrates that "fntelligent'™ re-
L R L RN N VR UL ) il U IR TENTIeaTEg S O3 wegnt oy ool

sponsés are frequently possible without ‘an elaborate generative grammar,

COTE Eroiiimn o SO ITEGL il vy gayon o3 bon i lpasasn cd dannen
as lohg as one can anticipate the classes of responses and frame each

...... clownlvel nowg vigsids oo Dearr mon 5
class in a Su{table ‘format. ‘
TS e I

3) 'The model: An important featiré of SIR s the Flexibility of

] 5 bansi %;.: (IR S T o5 ! s SAE
the property-list structure of the model. Indepen&én?“OQ related‘facts

filied:

can automatically be added to or extracted‘ffom the system, and the' same

Cobenpmr e oo CA L BE

o et BT TR DSECS SRR S AN N R LI
data may be expressed in more than one way.

Several existing computer systems, d.g. airlihe reservation sys-
tems, pergii d§héﬁiéifaé€ﬁs£br§§e"aﬁd”f&fifﬁ%iﬁ?ﬁEﬁ&béiﬁf; they deépend
upon:thé;GSé:bf fiiéd;”unique‘fééiébeﬁkéé¥§ﬁi“?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

the statement, "A’flﬁgéraié‘par%xbfiﬁghﬁ"‘ihviihzf¥fﬁ(ﬁ5-fﬁete??§ﬁ;§

et S R A PR She ey o
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explicit part-whole link from FENGER ‘o JOMN; of ££7(b) there are’ '’

P

links‘By‘mééﬂsiof1@hich:thé?ret?ié#hlqpﬁﬁéiiﬁiﬁéin<G&ﬁﬁ&ijfﬁafﬁ& tinger
i# pat of a person and John is a’persuni or'if (&) théte sré links by  ©
méans of which the retrieval prégréms éan deddcE bHEE 3 Finger ‘1% part

of a hand, -and“a hand is part of*Jéhﬁtggggf;3iﬁ?ad&féf6ﬁ§qtﬁé'syéééi‘ SR
can automatically translate from one’repfesefitdt?of’to smother Having: freo
some advanéages. E:f., the "stfeamltre® 'oparifion dederibéd in Sectfon'’

V.B, téduces storage space requiréients BY Fefoving redifidancy tn' the -

e

representation, without making any chirnges “in-the “¥yatem”
The propérty-list fiodel turns dut'to haVe’ ad¥natdiies ‘even When'an-
other 'form of model seems more natursl:’ Fot ekEmpYE “YePt-to~right® "
spacial'felatioﬁ?ﬁééeﬁ‘moét”eééify“teﬁiéeénéédEﬁyidwﬁfﬁéaggéfdéffﬁﬁf ;
i.e,» ™x i8 to'the teft of _yg"c’a&ra'?—ts'e‘a&&sféd%ybaféafﬁgig’ffaﬁéx& dpionn
y in a left-to-right list. However, incomplete information can calise ™ *

trouble ‘for such s model. Tf 't i kitewdi thaf x '¥s €0 the feft of7
|

Az

zz' a.nd "z 'is ‘to~the left'of Jz,ﬂ )thef‘fﬂégf“@tdé?iﬁé‘sfstéﬁ é’érmo't Al

[

uniquely model the relative posttioa 6f R;y,and’z!® The propercy-"~ "
115€ system; on the other Nand, Fepredéfits exa€tly ‘the rélationy dhitéh
are known; and the 'limear ordering 4f the obféctd“eatl Be ‘ddduced from
the‘pfopértyvlisé*mb&el;”ak is doﬁe*fﬁstﬁfbyﬁeﬁedﬁﬁoégégw f&ﬁéﬁfoﬁ§sffT?

2 % et T vty v feesod

the datd ‘s sitficfently complete. - P L B P TR

TR TT LR o S S B Lt

' 4) - Present dtate: The processiy timé per statement ‘for tHe $IR

system with'a standard LISP configuration on‘am TR 7094 ‘cofipater wwith
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, took ahout 6 minutes of .gawputer time, The SIB.gystem, .,
with all the relstions, processing Progrems. and.lgnguage formaks, dez ...
scribed in this paper, utilizes almost. the.full.capacity.of the gomputex.
any particular practical questionzanswerisg prohlem.:.It consists.of a ..
collegtion of relatiaons. which.were.intxgduced, a8 described in Section,,
IIL B, im order to.inveatigate. the yarious featyses and posaibilities. . .
of the madel. Thesg.relations do ugt.necessayily-heax any.other use- :
ful or logical relatiogships to eagh @ther.. ... ....0o-0 o nteas oo
-.Although cramped. for memory space, the present gystem has been.

successfyl.in.the sense that {t.has demqpatgated.the ugefulness of the, .
word assocaition property-list model, and;if has guggested.the .more, . ...
general system degqribed in Chapter VI which.extends.the yses of the .

same model,

. S, e TS . Pl b gy v ey . :
sooigrrnairs L ruv ool Cteg b ddgiroos SR B

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

to use the IR model aund .present pregram.organization ipy.a practical . -
information, retrigval sygtem for qan IMM.1030.size .computer, provided . ..
the ssyatem involved a.ressonably gmall nymber af relations whoge intex: .
actions.are clearly wunderataod. QOme.pogaible application.is.a res ... -
trieval system which has heen. preposed.at;the BAND cerporstian fay . dn- .-
formation abouﬁ documents in Soviet CYb?§5ﬁ§£&%b(%32n1?3§§!535¥!t§9n5h§d3

users will be interested in indirect relationships and implications, as

Sl 0 TE DR R s e a0 TRG0E BUW QN ORNar
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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 mev. relations. In addition, the progreme would,probably. be signifi-
cantly smaller in the generalized. system.. Not only, would:all "yes-exr- .
no'' type question-answering programs be replaced by a single, "theorem:
ptovingﬁ program; in addition, the. pzncedu:e»specificgtipn lpnguage of .
the generalized syateq would result 1n moxe gompagt, as,wellyas moxg “
readable, progrems | B T o .

The other ob;tgcle to. the. expansion. Qf a semantic. 1nfo;mntion N
trieval system,is the same obstacle vb;ch ppcuxai;p,pieggams fpr ;gpo;em
proving, game playing, and othex axeaa of axticifical in&el;igenae ~~'3;
the problem'of searching through an e;popep;ially growing space ¢f
possible solutions. Here there is no basic tranaformation that can be B
masie to avoid the. mtbm&tical f&ct tbat ;he number of posuble inter— ,;3
connections between elements is an exponential function of the number )
of elements involved: "This means that in SIR, the time required to
search for certain relational links increases very yapidly 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 gearch effort. which have .been suggested in
other. areas copcerned.with treg-stxyctured data.can.be applied here. . -

‘In the first place, relations .geem to be divided .into. independ- .
ent (non-interacting) grqups;.g.8.. epstial relations are quite inde- .
pendent of tewpoyal. relatigns. The search space .affiected by a .mew rer
lation is really. just the .ppace of.igteracting relatioms; :which may be .
a very small subset of the total space gf.xelations. : The.axioms.oef the.
generalized system can bg used to ideutify. the groups .of interactimng re-

lations.  Secondly, the, existence of two-way links permits:the search. .
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for ‘a:path ‘between two points in the data structure to: pnoceed ‘from

5 Vo

either end (whichever is 11ke1y to produce a more efficient search),

Ty

or possibly from both ends simultaneously toward an unknown common

IR : L

point Finally, semantic information in the model might be useful in

< TITY 5

suggesting 1ntermed1ate points to use as "stepping stones" in a larger

'

tree search, thus greatly reduc1ng the search effort I believe that
SR ty

the use of these and similar heuristic devices, along with expected in-

Wb

creases in eomputer speed and memory size and the introductlon of parallel
processing computer hardware, will make a large-scale semantic informa-

tion retrieval system practieal.

2) Adjectives gng nvgrx relations' All the relations in the pres-

ent system are binary relations The model can be extended to hnndle ;
arbitrary n-ary relations as follows-

i 3
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

[ S N

interpreted as a unary operator. In handling adJectives, the following

4 5! B W R ';‘EV,'

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,

AT P CTrg

"little red schoolhouse" could be represented in the model in any of the
st L N ( 5 1_'(14;

following ways:

. r.;-‘

i) An object which is an element of the set "SCHOOLHOUSE " and which
has on its propaevty list the flags " L Woaigd VREDLY oo

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

‘X’ S

ey L L g e 2 s
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iii) ‘Phe same object;, sthich has:on its property list the. attribute-
value pairs "(SIZE LITTLE)" and "(COLOR RED)."
R e N D S o oamadr s LE oy . - Sy
The second representation is equivalent to the first but avoids the
need for unary operators; The third representation contains the most

(i LE TR .y . . RNt

1nformation and is most consistent with the present form of the SIR

PRERIR RS SRS T R

model but has the disadvantage that it requires the use of a dictionary
to establish appropriate claSSLfications of adJectives The "best"‘”
o e

representation to use would have to be determined by experimentation

Fli~ e : o - e

and would depend upon the organization of the information retrieval

programs which use the model

b. Trinary (e.g., those involving transitive verbs)'and higher

order relations could be represented in various ways analogous to the

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

s g H ; ‘.YA cren R . : : P S

factored 1nto n relations Rl R2 ey Rn, such that

.'f(»,» [

(xl, Xps wves x)gR if and only if

(xz,..., x ) Rl[x ]A<xl, x3,..., xr?ﬂ R2[x ]A:

»...A<x1, xz...., n1> Rn[x], | |
where the value of the attribute ;i on the property list of _1 would be

the ordered sequence X, .y x More 8 ecifically,
P

*y- -1’ x_1+1’

the trinary relation established by the statement, "John gave a book to

Jim" could be factored into the three relations "GIVER " "GIVEN," andu‘
| "GETTER " The propety list of "JOHN" would have the pair "(GIVER, ’
V(BOOK, JIM))," the prOperty list describing "BOOK" would contain

"GIVEN (JOHN JIM))," and "(GETTER, (JOHN, BOOK))" would be placed on

5 f e i

"JIM' " property ligt" ane ;gain; the;pmaoticality and afficiency of
such:a representation can only be discavered byrdeueioping and sxperi-

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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coempleted "debugged" programmed system usually turns out to be a compro-
mise betwegn the systew. as it was originally apecified,:s simpler system .
which was more feasible to actually construct, and a more elaborate sys-
tem whose new features wexe thqught.of:during the.pregrawming ;precess.. .
This resulting system is frequently as useful and certainly more reliable
than the originally specified system, and in addition it may suggest the
design of even more advanced systems. With SIR, for example, methods for
implementing the “exceptipn principle’ and. gesplutign of smbiguities,
arose from the design of the basic question-answerer, and the specifica-

tions . for the geperalized system .of Ghaptesr Vi.sre:basgd;lazgely.qn propex~
ties of the final, working SIR system.

B

c) The programming process frequently turns up insights which might not
otherwise be discovered (see for example.pazagzaphiA. gbove). SRR

d) Finally, the resulting pregram provides at the same time 3 demenstra-.
tion of the feasibility of the ideas upon which it is based, a measure

of the. -Practicality of the gystem jin teyms of time snd:space.requizements,)
and an experimental device for testing variations in the original speci-

ficaﬁlonSg P T TN Sl pene TRRDY ey e o FENETE SRR ¢ S VR OGO
e SR - Foana . nl oy R [ TS T ;.'L-in B

2} - Aounifowm tree Linkage.and search.;

progedure would .simplify coding and allow'the progvemwer .to conmeentrate .

on the mare important, problems of program organisation:and search strate- .
gies. Such.a standard nepresentation would bave to be:-flexiblecenough-to.::
handle the most camplicated cases. .In SIR, the .unifomn use of.only typer.:-
3 lipks or all property-lists and only type-=lL limks om;all subzpreperty-..
lists would probably achieve the desired regult.. Am.altermative, asome- - -.
what ;moxe complicated.(but moze ecomomicgl.af steyage) way te-achieve .the .
same regult of freeing the programmer {rom comeepn for -detaila..would he ..
to aJ.Low .sevaral kinds - of linkages to be used vhexever they were beat.
suited (g.8.» typerl,-2, and -3 linka), but-requive all vetrievel .gxer.
grams to be able to:recognize the type of & Link.and tyest each ope ... ;..
gaproprigtely. . ..o ot e il L paan ol

., It this alterpative of allowing the use.of sevaral .types .of link-

ages were used in the generalized system, the rmature &f e Jddinlke v :
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appropriate for particular relations could be stored in the model on the

. ERERP RN i i R e MEOR T G H S NS i SIS
property‘-lists 6f the relations. In Eh1S w&y the* ty‘ﬁé*idenﬂifi’é&tiéﬁ :
: ! S ‘{l*..m_ T 9 9lurane DM 88w o g

would be réédily avai}.able ‘go the rett‘ieﬂi pregrm R i e
. RAEE M R SN E T G dEve Tallapent gl
_.:; . i i : il oo
HSASPREEES 111 AR RN ACSINS R : o R W R T i 5 kg igan
3)’“‘r‘“tamm£n t?ee-se‘rch In ‘order o hhndIéJsome 6f the paea i

I R S A 1o s CH A I g 2oend st e poizsho9d¥ acrt osnoy

trféval processés I 'had to" develep gome gené?at Ere&*éraéing f?ndtib?s
2 ATE unisyng | len TR I € o I S

The facility in the LISP language for defining functions of functional

SlmaksT ot gl

TR }

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

to sﬁeciEyJeomplex seareh proeedures For examﬁldiaonéoof the most“ﬁég-

, + .
LTI EE —‘_ e S{O I

E R U PO L SR I S
ful ftmcaiaﬁs was ‘*find[start- 1i:nk~ t:est]‘, L wheré “Qtar:ﬁ‘dawﬁe any
EREE IR wrtapat o taT o oabusl dnipealregoo o v)m:.

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‘tuen-te-each word reachable Ffrom "SEave™ abeng ithe RiNd GF Path speci-
fied by "tliak." If .the valiue of "tvest" applied te &' wopd Es thé speebdl
symboL "NIL /' the Seareh -eontinues; othérwise “the vilue &6f ™Eind”® Cand ~
the ‘result-of the search) -is $ust the value '6f "test, ™ Phis resdPt may” "
contain the word which satisfied the teést -andi theé sécddaiful path) £ &Lyt
the list of words witich Fimk "stapt" to the selectdd word i the desired
way. Note that sthe funetion "find" can be cadcaded, i.e.; Meest's 'da be' '
another -applicatian of "*£ind" itself. ‘Big., S testing wiethér every *¢
is part ‘of ‘some B, we hay wish to test WHétHef ‘theve fﬁfé“Eﬁaéé’thﬁﬁﬁ S
that every A 'is a u and'every u ie part of oul ’B. ' ‘This test 'fs carfted
out stmply Wy eiecuting theé following (Function (given i TSP metw<’ U-:ifuw
language ‘notation); and testing whethen ‘F't#' valie 18 MNIL® or oty ~ »7iesr
£ind[A; SUPERSET; A[[u][find [u; SUPERPART-OF-EACH; A[[vk[v=8}F 8FFFF.
If @ uniform ‘reprégentation (as deseribed in paragtaph 2 dbove) had
been used throughout IR, :then it would have been daey ¥b devdlop a - i
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¥

complete set of general network-tracing fﬁﬁéfiéﬁéuliﬂéuﬁgiﬁéf"’"éuch“Q

gset of functions could be the bagis for a language which makes programming
tree~ ahd'nétwork-éearching syéteﬁs much siﬁplerxfﬁgﬁﬁfgﬁ§ibégafi S&ch a

'iaﬁguag;:might thus contribute to ;eséaréﬁiiﬁ}tﬁétéfeaghgzipéféérﬁJféésgni-
tion, é;mezélhying'(QG), and network anaiyéié as wéilﬂgéﬁgémhﬁgzéérand in-

3 -+

S E T OE N I R T ST TR I R T R R
formation retrieval. Note that the success or failure of an application
MRS EE O

of the functionm ﬂfind“xdebends ohiy;6n tﬁéJcéﬁﬁ;étivit§ of the metwork;

: (TR ts ST (S e mn v : B3N S SR T S
the order in which nodes are generated and tested, and therefore the

\£fiviency of the system for various kinds of networks, must be decided

LI Lo S S ISERT: SSts B ALV B R
in advance and built into the definition of the function.

4) Program simplification: The "procedures" presented in section

3 o

L

V;A,ﬁﬁichdwéfé’deséffﬁédiés'"rdugh fiow‘ghar

ts" for the retrieval programs,
v . o O S 3H R A Gareny ad oty w3 T A
may seem unnecessarily complicated. This is true for the following reasons:

i

B wrn et e o Comael U e @errarhoe T Rl iThY e i
a) Each procedure was written as .an explamation of how a articular pro-
gram operates, and the place of these programs, in:the -over-all .pragras ...
structure was de-emphasized to avoid confusion. There is must more hier-
archical structure and use of common  subrgutines. in the sctual SIR gro- .

gram than is indicated in those pfcceduresm

b) As with most programming tasks, many possible simplifications occur

to the programmer as after thoughts. If I started over ®ew, I eawld cers .
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
pragramming the generalized system.of Ghaptem VI. . ... . . oaib.

c) . Unfortunately, many of the "simple", reasoning pregedures Lhe proguam. -
must go through really are complicated. It was surprising ‘to me how many
possible routes one may take to deduce A simple. fact Jdikey "A-is papt of
B." ' o
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D. SubJects for Future Experiments.

' - ~ - . N P
S [RTEE T I E S O T AT A A R . G D

1) Search procedures° The relative merits of different tree-
ISR N L aria ITsE i BE LY S SV RS R
searching procedures should be 1nvestigated, since any device which signifi-

R s T FA ERcER R PR i tiduim sy ing

cantly reduced search effort would be a valuable contribution to the
LA e 247 LE e UgvaieIsmn Ll ,i".ni'f")x i %" SIS I
practicality of SIR-like systems In seeking a path between two nodes,

g VR i s det LYY NG ey

[SL 82 -

for example, one might compare the procedure of moving one ply from each ‘

sl e o »:i' “1-' R kRS Fae 114

end, alternately, and looking for a common node with the procedure of
: R R S LA j‘! ORI e A S R A I

continually branching out from one node, searching for the other. Even )
Pl Codmgm A g U SEREEEE

this latter procedure can be performed in either a "breadth first" or a

(R T R S I A B F G tlrun g i1

more naturally recursive "depth first'" manner. While the first procedure

mentioned above cuts the effective depth of a successful search in half,

SRR T A staoitiau 2T - it A

it also introduces matching problemsin order to recognize successﬁ and
R T Tt T . SRR VTN I sYew 07t ALY

makes it more difficult to discover the complete successful path Which

i i g S Y DIES P IREI SN AN

of the various procedures iﬂ "best" will depend on the size of the networks,
PR SIS TR S T L I D S S Ly AT LT Tt =

the relfst‘we frequency ef f’suée‘ess the "Werége Péngth' ‘df »’s&cces’sful paths ;

A ’1"“10 SBW LT T

BN el A R AN

etc. Therefore the Hest way to- determint<the ﬂoéﬁ“efficfenf meﬂhods is

UEEHEEsTel X B TS T ks HEE ety [ S

to experiment on an operating system, preferably with respect to a par-

AHENLHIGTQ

tidular problem area.

Yis i [ Sl el h e Sr D Bdi nTiesn T

2) Linkage structure: Tie eptimum fiumber “6f ‘expPliett Tinks nééded !

shouPd ﬁé inVestigate& Gne ndght expebt—a trhde*bff“here befween spscei”

PoeAB vl Peas o

and tiﬁé tiei, th‘ﬂ: ‘a rémoval of fe&xh‘d’i‘tft ’Tinks‘ £6¢ in’éténce by °

[
.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.




W1
guplicit '1inks save time’ ofily whien‘théy ‘provide Eortétt-andterd; othéiwide
they use time by re&ﬂit?hé\sﬁhfiéﬁs’ﬁﬁriﬁdgg the ' HEtwoRk tDTbe~ sunrdhéd s

Which redundant links to weed out, as well as which search procedure to

7

use), dépehids 6ﬁ3tﬁeééﬁh§ﬁéf€risifiés‘Bf:fﬁ&”ﬁgﬁefﬁgnd:ﬂﬁiiib"“ “in'H par-
t1ewt1 ot applidation’ and" st be: deveiiined by eapestientation: 1 C

 Hnobhi Stiuctating problem tb7be Gonailiered 18V thdt B cbndtstedcy"
At ﬁ%@ﬁ%&%%SIﬁjt}leé“fﬁﬁééﬁf the‘c%ﬁsiﬁiegiyi%'Eéié§323§§t*géniﬁnﬁﬂgﬁ§tﬁ“
Chb” nfetht 1B Tt already'hds storedl Betdrd’ hdatagsthE” hew reladiondots
e modbl] “TE HiBhE-Bé'moré effieidat’ s’ biindty dcept'edeh inpdt’ wris
“gentefice indeperidently, and then chétk the ebhsfatenty oF the mbdel’ from-
cine fo time ) bay bbthebn 1nput’ Béntenkes s bepipLE1 Mg 1 problens’

Sdeur” this  protedure’ would g1ve  1atet” ihformatlbnseqbal” Priécedénte = il

with earlier inputs, which might bé’ 7 pre2eFrad® atihhgbneits For Bome: dp<>

-t ogp Bou L 7 ooerr ot ' I SN % i e o f et 4»(}"‘ oo By oo Y
piica{tions. E { L erdf i, SRS oGn b s VRO Bl SRR

L&Y RO Lo . g e Y e e ] P U S - N |
w0y o e Do wemmere o el Drosism OO @e9dud ods o (BE) anived

a basid' £O¥ &'Btudy et° aiblEalty 14" angidae’ HheoUkdump1edgiven*abbve"Ih
sectibh ¥.8shows houw $IR edn tesolve an E&Biﬁﬁaﬁﬁﬁ%oiﬁsﬁe%ﬁiﬁﬁ o6 kne’ ©
pasis’ oF refatsd word deanifgs.’ Simi1aE1y W ddpdhded’ o] ok YFSIR might
be able"to resblve’ sibifious” sent¥acs beFbELRTY bu'the babis ot che idah
ings (or, more precisely, the comtents of the propert?iii%{§390¥viﬁéﬁﬂ}?
words in the sentence. Thus the system could be as effective as people
in recognizing the structural difference between sentences like,

"Bring me the bottle of milk which is sour," and

"Bring me the bottle of milk which is cracked."
Such a study might contribute to our knowledge of the use of language

and how people resolve ambiguities. It could investigate how much:
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giye peqple kroyble, such as ”?hng9533§1¥49§3P&9¥§fﬁg51 soosml Ry vl

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
3LBIYARL 50 Rl A o D WENER THeas a3 BLa0ipz oo Jngloroynals L3R 1A
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Appendix I: Notationm
A‘. ) Bas.i,c SWMLS. o . T ," s N ' LiE
The purpose of thlS section 1s to present some of the formal

Bp v A0 o il (BE

logical termiﬁolosy uled in sthi,a pdpgx,- !n &bejfoueﬂn& list, :tHe

use of variqus:symbels will be esplgimed by meanscof-definftiensy; .LC

exauples, qr statements of interpretatien. . .. . S

Pl
i3
v

: M :‘ R | L . BRI ‘mm et ;
e and so forth.

A,B.C, ,;,T” uetarsymbq;sﬂgtanging for ange legical fbrnula&r‘ee EH
TaV=P & o the propositional nonnsctives. . 1. o

~A ﬁ K "A {8 False.” ‘7".‘1
AAB A and B (are both true).
AVB oo ALeE B Ok Botha i ey L 11 Los SATEGT P R 1
"ADB T K implies B. Tt
AG®B A i1f and only if B.

XoYa%s ..., ‘Variablegs,. . nanes; of ypknown, pbiepts or sets. sun.o L 8L
ApByYs s onr _eenstanta;. names, of Farticowlar ohjects or sebs.i-d
a€x g 1s a member of the set X.

st ’xg y‘j aerg v setqi is M% m ”t x"! T e M Lmons 8 0L
aéx (@ x]; ;@ is, npt: @ m;)@;m&m Xe o QAR
x=y x and y are the same object or set.
W:'ﬂ‘&i“f' i f[é"‘?i ot i Tt IE
Yo uniyersal am:,zfd.@n* mhnl. g
(vx) universal quantifierisc: ..M

i

(Vx)A A is true for all values of X.
; 3 oot 3G : e&ifgmi‘l m;fiﬁrjmlai e T onemo . S
@Ry vt existential gpaptifier,. 3G o5 7 L BEGodd ol v O
(Ix)A there exists an x such that A is true
{asBiys. vro } .88, yRaydered ses,of Sheaebieckounaived.” . <ot L0
< Qe P -She: exdared; pair of-sharobleess naded. o i . o
- =df equals by definition; is defined to be, . i

L‘:'

- o~ .
B U R i PP ¢
R NI R L E R Ly puL v i S . ERASEEFT R LR

B. iSﬁﬁeraiﬁate ﬁrOEEﬁﬁeriéatiGn.‘l” R T R R 7

_j;QSubgrdgnete%ggqgf?“i-aa_mgthed fogenre!iq;'bqgiebloﬁeduétiontiiﬁ the~

fixstrorder pradicate ealoulus ("the QuEntificationdl calctilus')y ' <Phe. o
CAIDUYLH aD Lo gninod JWLW

formulation outlined here is due to Prof Hartle% Rogersa Jr r‘tp ,

- 3 LS ~~\

'
l\.",'t 1:,~<;-'njx I,, L o L J)x e
el 2 s e .

7 ,’E)?\j ‘»:‘4
similar to the system of "general” iﬁfeténé&“ dés&tibed by*ﬂupPES‘féﬁ)

- : e - “\
. Lt . . e L L "5 oo - . ooy £ PR FPTR “ . A \ PR
RS S E . O S G L e ke L N *a [ EEN SN PR S S o b $
SR L PREI i ¢ o i ~ t.‘ R

L e e e 1 gt
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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.




TSN S Te YD

. Appendix II: Derivations of SIR Peduction Procedures

PR ¥ iR SN S Y )

‘Each of the 23 deduction procédyres ‘Tisted in Table b. "
theqrem of the SIRL formal system. , The proofs, pressnted below, |

generally consmt of fou.r m:atemem:s

£38

i) ~The SIR deduction pro 1edure*, as gtated in Tahle b. e e
ii) A corresponding SIRl wff; °:-bt§11‘%e;§-,»q“2?3“£.8§‘- bqrs‘_g[o.‘:‘ thg co;;,gcg-;;,
sponﬂences of‘fabie ¢, IR

7t »xije« et .:"ﬁii Frere R

e
iii) The quantificational calculus statement o'bi:ained from the’
formula in 11) by eliminating Lquan{;ifierg asg qescr,i,bed iﬁ s,c ;sipp.\ (e
VILB. C ) . 4 .

iv) The outline of a Subordinate Proof D‘erivati.pn ‘for t:he sta;e-f

ment in 111). - These ptoofs arp ii'a)utling:a' 1n the senge that . T

occasionally seyeral stéps are copbin 1nto one, linc numtez:p

used as mcta-symbi‘)‘ls to Btand’ ,ﬁsp{t ? a{éxgrggs ons? g;@
; G

rules of inferehce such as 'modes’ ponens aré”ujsg‘efa when convenien

However, enough detail and expl ation is presented so that ¢ 1p 4
formal "SPD"s can g‘aa‘ily be’ cog i'p‘c} rﬁgdes rgg ’Q‘W «'{'ﬁ A

'i‘l‘ne axioms of SIRI, a8’ given in Table d.,anﬁ 1(:81‘

definitionsi, are introdu,ceg ;Lnt,q q:c Sp};oxpinntg ,P;oofs agj"l;gue"

o

theorems vhgnever mes:cssary, Un;.yerggl g;ppntificetibndpwer all

e

free variables in the 1nit;(,al and fin&l a;atanents in fthe follovﬂ.ng

NI L PR A . . U 57 SR VS SERECN SR S S
proofs. is assmned- IS B SR VTS ;

In somé cases; cherprooﬁ of 3.'{3;&,@““'1“_ precedures: follow.:. ;.. o>

imediately from’ SIRI axim our definitionn, 80~ thae *"SPD'b" are- Rt

gnsl nne D TR Eouodiva s T ool -

unneceuary. : : B L O TR RN A AT S S ST SR S
1) J(o) : R R I S T B T S
XCYAyCZ#XCB Ll . N g R DRI S S AR SRS IS 1'?»3

Na) [a€x=>a€y]/\ (va) [a€y=)a€z] = (Va) [aexﬁaéﬂ

\,./.L\-

PirY T,
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1. [(Va)laex Saey] A (V) [aeyDacz]

2. | Bex=>Péy US1l (by US in line 1)

3. | pey>pez Usl

4, Bex

5. [Béy 4,2

6. Béz 5,3

7. | BeEx>Bez

8. | (Vo) [aex > akz] UG7
1.2 8. qed.

2) x=y3xCYy
x=y = (v a€x) [afy]
x=y = () [afx=0€y]

x=y

~(va) [aex 20€y]

Ba) ~[aexzaty] 2
~[BEx>BEY] ES3
BeéxaA ~BEY
BEy 12-1,5
~BEy 5
. o) [aéxapafy]

1.=8. qged.

O~V W
e s & e » s s

3) equivix;yl=xCy

x=y (v afx) [afy] same as 2).

4) afxAxCy=0€y
a€x A (v B€x) [BEy]l=>a€y
a€x A(VB) [B€Ex=>BEY ] €y
1. [Gex A(w B) [BExBEY]
?.3 EMX:}O&E}I Usl

agy 1,3
1.*3. qed.

(=) axiom.



R e R S P A 2 o S R e

6) (R(equiv) o
SRR R .
Q@es) st

v o

o NEY 3 3
S I I I

7) 4 (equiv) | PRGNS
it v aanliayY U8
N .. ‘(mur‘li

J(:) ax1mﬂ- NI LB

8) ~ownglx;x] LT

~(\a€x) (3B€x) [ownb[a;B] ] M L kA
(ownb) axiom.

9) ownglx;yl A zCy=powng[x;z] it‘:,{?ﬂ*# T RS S

- L3 g e don oy |
(IBEy) (Ja€x) [ownb[a; 8] ] A (wakz) [afy] = (v BE2) gqx)gg@,{ag’n ;

NE I el O & 4 { .:.‘
() [B€y # (3a) [0€x Aownbla;B] 1 I A (w @) [a€z Ba€y) “”f g ﬁ

(v B) [B€z =(3a) [afx Aownb[a;B]]] =

HSRE IS TN f;;n‘;)__ 5
L. [ (vB)[BEy >@Q0) [afx pownbla;B1]] A G @) [a€zmpaey] - 0 2%
2. | ve¥y=@Ea) [a€xAownbla;y]] Usl
Z. YEz Y€y us1
5

Yéz=b (3a) [afx A ownb[a;y]] - Ty S
(v B) [B€2 =) (32) [€x Aownb[a;B]]] ARG S

1.=»5. qed. .
S s (e ) e v

10)  ownglx;yl A xCz=downglz;y] -

(WBE€y) Qa€x) [ownb[a;B]] A (v afx) [a€z] = (v BGY){SJKGQQ)V[;%@!;(%;P ,lg]/; Ay
(vB) [BEy (3a) [aex Aownb[a;B]1] A (V) [a€xp z) n
>(wB8) [Bey Q) [0€z A ownbia;8]1] ag LUt ()

[(7B)[B€y 3(Ea) [€x g owmb s B11] A (w ) [ x BN i1} Vool
Yé&¥ = 3a) [a€x A ownb[a;v] ] . Totust | o
ey SRS I
(3a) [c€x Aownb[a;y] ] A
Héx Aownb[p;y] ES4

HEX Duéz USsl

1€z Aownb[u;y] 6

| (3a) [a€z A ownb[a;v]] EERRES 1 3
3.8, e

- L(vwB)[Bey =>(3) [a€x Aownbler;p]]] uey -
1.10. qed.

COWONON P WN -
¢ o ®» e s e ®

-
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11)  ownlxsyTA xCedsduntz;y]  Jor T e e e T
(Fax) [ownb [a;y 1T R GewyTode ) Goteytowdbtegl] A
(3a) [a€x Aowx}bla, x] A (va) [a&q»a(:] sp,giauct’rm owqb Ia.y] ]

(3% [oex sownbla; Y”A(Va) [afx#ale O e
BEX AownblB;y] R PR 4

B
e%Kownbiﬂ 3y)
Idfz,\ovmb{a yll TP -\

P

12)  ownglx;yla z€y pown{x;z]
(W pe€y) Jafx) [ownbla; Bllazww(iafx)loumblasz]} .

vl VRN

(v8) 186y F(0) [ofx pownblo; leAzgy%gagtacMmp[a,aJJ

(B 1By = )[GfoowanwﬁJ]/\z(y L

LA s s vz e 5 gy
Ga)[acx,\ownb[a,z]] ) 1.2

1'#30 QEd.

13) o ~ Rargg[x,x]

v ony) (38€x) [partba;p]] R e
H(pdrtb) axiom. LA

P

14)  pareglxiy] oz Cypparcglass] el
7 B€Y) @agx) [partblo;BTF A (WeREY foibiy) ob (v ) Qi) fpareh: ﬁam f

P-roof is the same as proef of (9), with "ownb" replaced by "partb."

PeglaAniaecsey sos gl
3,:.i w0 A ;;;f; AT T AR F Pt SRR
15) part[x,y]Asz*pa‘x‘t[z*ﬂ AT A NG ol

(Jo€x) [partbla; yl]A Q#afx)[a&]aaeagaimrth[g.?]) ;N e A el
Proof is ‘tiie ume as' prooE of (11Y v‘ftﬁ‘gwﬁ%do*éd'%y ‘“pkttb.

16)  partix;y]a partglz;x]=ppart{z;y]
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(Faex) [partbla;y1] A (¥ BEx) (Ja€z) [pareblosllppidnenripastblosyll (1
3a) [afoPa“b[a’yHt ]#MF(*%@FQ%<WWAWJ o) devin ] (x99
,y

2@3Ea) [afz Apart
{¢.2oldnwo axdn ) Yo XA LV} A Ly ioldmec A 230} {08

1. [Qo) [aexM{:arﬂ]a a.yTIA (V BS [{ié »@a) fd zApart‘bf& ﬁ]]dﬁ o

2. | vyex apartbly;y L3 o] (0w A f ol diwo o B8 | L
3. | vemad () [a€z A partbla;y]] L T [v: ﬁanwo Bt | § .8
4. | (ap) €z A partbla;y]] N 528 § .t
5. “&Apartb[usvl {Y;&L S !
6. rtp) flv:otdown A ?%fg ! .E

7. partb[u;v] Apartbly;y]l=partb{u;yl She.

8. |uez Apartblpu;yl 5.2s7

9. |(3a) [a€z A partbla;y]] EG8
1.9, qed.

Lbap

[anlowoe w3z alvixlomwe (84

s oldrre e Yokl e s Al 18i0)dn CE) (v
17) partg[x;y]/\zsyayp'art’rxi'z £ ARl Gowo e (o

(VBey) Gaex) [parthis, BT e S pabeb ey ©> (rB & el

3 QB & 38 (( o
Proof is the same as proof of (12)‘%1& L%wjhwﬁm/\ ;)é,, ¥ :ii : i
<! [is; D]dnw( Axﬁiﬂ (o)
8p .E{:.i

Lemma 1: (v Q)(VB)(V x)[single[x]A CéxaBexsdba=p]

1. [single[x]) Aa€x A b€x Ccximitsgon (1
2. | Qa)laex A(vB)[péxp=a]] 1, dé¥.o single
3. | YEx A (Y B) [BEx=2p=] fia;oldrasg] (x388) u- I

4. la€xma=y L L ‘ %
5. |a=y 1 4

6. |b€x b=y ‘ : Us3

7. |b=y

5. Le= s lgaanae D s o brde B3 e

9. 1.8,

(7 A 80 O L SARBIRIAAKE APENROEB) ) Y 0) 510} v 8 B )
Vediesg wd Leoslasy Vdawe” dibw L {2) Yo douvg ae smes 253 20 teoyd
18) right[x;yl=b~right[y;x]

(3a€x) (IB€y) [rightbla;B]] A single[x] A s DT
=~[(ay)(B x)[rightb[a,p”,\ singlely A&fs’sl?fkf‘ cixitnag (2

LG [afoGB)[BeyAr o CD s B TTT A s Lo oY g ety 1470 mad G3ob)
WMW*;M}M@@*M APRAIAMBBISIEL ; 102

P R SUTE TR SR RN | e
SRS S S B »:_‘53 IR ALY ] TR LN
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1. [Ga)[oex A(38)[pey arightbla;pll] Asinslelx} Asihzlelyi '

2. EXA(S&)[BGYArlghtblY,NJ . o . Esl
3. us‘_YArishth*v,u AT DOt o B82S
4. Fa) [cey A(aﬂﬂﬁf%&rish’fbta ﬂ” S

5. | |weya (38)[Bex, Arightb{w,bl] , , ES4

6. | {nex arightsiusk}’ , ; ESS
7. siagle{x?,\vfx’,\wx:sv"k - ¥S-Lem.1
8. Y=A 1,256, 7
9. | | singlely] o HEY AWEYD =W ‘ySilem.l
10. | |p=w Sqidis,9
11. ,“rightb{x w] /3;8 10,12
12. 11ad (rightt) = “ Aglom
13. ‘~rightb{>\ w]=p ~rightblw;A] usiz
14, | | “rightblw;A] o 11,13
15. | Lrightblw;N] R IR T
16. Ml._’ o “ o N “ WAs
17. "’[4. A singlely] Asmgle[x]] e A 16-

1. -‘-# 17 qed.

19) Jr(right) o

(Faex) 3p€y) [righ;b[a,B] ! /\(aaéy) (?sz) {rightb[a,B} 1 A single[x}
Asingle[y) A'single{z)
H(I0Ex) ﬁez)ftigbt‘h[a,ﬂl A sin‘gle[x] ﬁsingle‘fz] SonnE e e

3a) [aex A(Jg) [B€y arightbla;pl ] ] @f{aﬁyﬁ(ﬁ){ﬁm "‘Aright‘b{bz ﬂ] ] ] N
Asingle{x] A sihgle[yf Asinglel ﬁ s
=»@E2) [aé'x,\ (3@){%34\ rightb(a,ﬂl 1] Asingle!x,] Asulgle[z}

1. [ Qo) loex /\GB)IPG?/\r.lghtb[a B]]JAW(WYA@FJIWQArighE‘bIa‘ﬂ]]]
Asinglefy]

2 EXAGB)[ﬂEYAnshtblv,B] ... | Esl

3 btyf\rightb{v,u‘i om0 ESE

4o wey M!P)[ﬂGZArightblw,B}] , T o Bs)

5. | Mey A rightblw;p) T N ) 11

6. | single(yl A Héy Aw€yHu=w o , US-Lem. 1

7. |p=w ? S 19 3N %

8 rightb[y;w] 3,7,12

9, | & (rightb) Axiom

10. | rightbly;w] o rightblw;A] #rlghtb[y,h] ) _ .. Uus9

11.. | h€z A rightb[y;A] SRR LR - P 19 11 4

12. | (3B) [Bez arightbly;B]] - o EGIL

13. |yex al2. | B -

14. _ﬁa)[a(x/\(Jﬁ)[ﬂGzArlghtb[a 3]]] R . . EG13

15. l.=l4., : : \ i
1. ,\smgle[x] Asmgle[z]:;»lh ,\sin,gle[xl /\single[z];_j “qed. 715




20) jrightlxsyl=prightlxy) . o
(3(1{!) (3Bey) [jrightbla;pl) As:.ngle[x] As&né‘lely]
=>(Jaex) (ABey) [rightbla;pl] asipalelx] A jsi,ng;f{ys

T3
(aa§let€x/\(33)[BEy Adrightbla;B]]] A sthglelil A sLpg1 % !
.. #@a) [aex A(3B) [BEy ATightbla; Bl11] A mipgle{x] A sin iﬂﬂ‘
L.} (39&)[oexA(BB)lﬂsyAJrishtb[a,B]]] T I
2;-.,=Y€x,A(BB)[BEYAjrlghtb[Y,B]] o ",,ESI
3. [ ueyjrightbly;u] .., . ES
4. | O x) (W y) [jrightblx; y]#rizhtb[x,y]] LT e om
5. | Jrightbly;u] prightbiysul e US4
6. | p€y:arightbly;ul ‘ o T L B
7. [ (3B)[B€y arightbly;p]] S, Ece
8. |véxal. ‘ 2,0
9. __(ag)[ae'xA(BB)[BEYArightb[a;ﬁ]]] Cals iieoa e BGB
10. 1.29. AR s
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 eﬁﬂlvaleht to the

assertion, ‘“the z is pot the . 8. latter é‘km,er re-
tation can be expressed’ ditect inl‘ttl%j ”Sﬁ‘l?fiérmag%fﬁby .

S S i 0

Therefore the a
(3a€x) &ch)ﬁ;sfﬁbta ;B11'A singleli] Asiagié‘tyi ' Singtel3]
L uAalEaE
= Gggf g}iﬂ% rightbta,lﬂi /\ single ﬁijl A ‘Singielzhl

GOL) Iaex A@B)[Bey A jrightbla;Bll] Asinglelx’],\ sfhg,le[ﬂ /\ siﬁglelz] i
@\(V @) [z =ady]
==>~{ @a)laex A (3B)[BEz A jrightbla; B]j] Asing“le‘[ ] Asj.ngleTzlﬂ

»}" {) A c Y !

P{roof 15 in the proof of (22) below.
c T

e 57 I I O
D% T a3l

22), jright[x,y]/\z#x=>~jright[z,y] T DR

As diseussed in the above note, the appropriate ‘Sﬁﬁ statenrent is

(20€x) (3BesH jrightblos ] » singlelx] psinglelyl's singldfe]™ * }
A(V aezf) x] e bt Tarrn ot el nlgmin a0l '*’; -
=>~[ (3aez) (3pey) [ § righ’t‘b'[d;BI‘f ~ s‘i‘ngleTz'] A singlety] TERENN

T
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@) [aex A (3B) [y o Jrightbles ﬂlI‘ﬁsfiﬁiﬁﬁc}%biﬁuﬁtyl"‘fésiﬁé&éiz] S
A(E&)[aez Jofx]
3o loen /&9&) (B A e 1RRELIIITI B Bl L83 K plng S lyE

1] GQa)laex A(“i#)iﬁy‘»g J;’%sﬂfﬁﬁ* SBHYK sﬁfﬁﬂﬂ N biﬁ%iétﬂ
2.0 Nex Bey A tbik; , :
3. ws? eﬁ-ﬁi gg?ﬁ N P SIEEESTRUNCE S PR SIS 1
b4, ﬁightb . LEGiE s L j Len S Axiom
5.1 rig fﬁ%‘iw}*é(vm’[iaﬁuw»ngh%{wa}3’ﬂ {5585 A wada Loy b
Ala#n =~ h blasw}l], . US4 .
6. (Layflotw ﬁ\ Xia‘?} k{aﬁ\.’ gﬁiﬂ@,’mﬂi‘ R
7.0 [singlelz] ,\si s 'f"m AR AN
8. "1 (Fo) [oex /\GB)[’EZ Ajri&htbia pIIJLi T A A T B
9. f’;;if vex A (3B) [B€z Ajrightbly;Bl] o "ESE ¢+ T
10.{ | ]uez Airigheblysul BETREEER T ESYY
1. 1ol singlelx] N€x A YEX=PY=A i o1
12,214 v S 112,911
130} luez auty ver
15‘ :?-’)3 :, “-ZL R S A 1
16.] T} Lrey 33
17. . ,\,,‘lJ. . i »
18. . |"usw =m»~jrightbir;ul s
19.0 1] ~jrightblh;ul wHesd X7 i
-o20 7 Lirightb N ud S e R 1Was,12-
21.] 7] ga’ﬁ”‘. _ L o
w22, 1~ (8. /\single[x] Asinglelz]] dEAg AR g PR T
o231 152, R
S Angle[z] psinglelx] A (o) [a€z pox] R AIE R B I
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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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(FHL 4EXT SENTENCE IS . o)
{EVERY FIREMAN OWNS A PAIR-OF-RED-SUSPENDERS)

(THe FUNCTION USED IS . .}

OwN=-SELECT

({GENERIC . PAIR-OF~-RED-SUSPENDERS) (GENERIC . FIKEMAN)}

[THE REPLY . )

{THE SUB-FUNCTION USED IS . .}

UwNK

{PAIR-OF-REU-SUSPENDERS FIREMAN)

(1TS REPLY o« o)

{1 UNDERSIAND THE PUSSESS-BY-EACH KELATION BETWEEN PAIR-UF-REU-SUSPENDERS AND FIRtMAN)
(1 UNDERSTAND THE UWNED-BY-EACH RELATION BETWEEN FIREMAN AND PAIR-0OF-RED-SUSPENDERS)

(FHE NEXT SENTENCE IS o o)
(DOES A PAIR-OF-RED-SUSPENDERS OWN A PALR-UF-RED-SUSPENDERS Q)

{THE FUNCTION USED IS . .}

UnWNU-SELECT

LIGENERIC o PAIR-OF-RED-SUSPENDERS) (GENERIC . PAIR-OF~RED-SUSPENDERS})
{THE REPLY . .}

{THE SUB-FUNCTION USED IS . .)

UmNKQ

(PAIR-OF-RED-SUSPENDERS PAIR-UF-RED~SUSPENDERS)

CiTS REPLY . .}

(WU ## THEY ARE THE SAME)

{THE NEXF SENTENCE IS . .)
(DUES A DUCTOR UWN A PAIR-UF-RED-SUSPENDERS Q}

{THE FUNCTIUN USED IS « .}

OnNW=SELECT

{{GLNERIC o PAIR~OF-RED-SUSPENDERS) (GENERIC . DOCTDR))
(THE HEPLY . .)

(THt SUB-FUNCTION USED IS .« .)

URNRY

(PAIR-OF-RED-SUSPENDEKS DOCTORI

(1S REPLY + .}
CINSUFFICIENT INFORMATION)

(THE NEXT SENTENCE IS . )
LA FIRECHIEF IS A FIREMAN)

(THE FUNCTION USED IS « )

SETR-SELECT

({GENERIC . FIRECHIEF) (GENERIC . FIREMANI)

(THL REPLY . .)

(THE SUB-FUNCTIUN USED IS . )

SETKR

(FIRECHIEF FIREMAN]

(ITS REPLY . o)

(1 UNDERSTAND THE SUPERSET RELATION BETWEEN FIREMAN AND FIRECHIEF)
(i UNDERSTAND THE SUBSET RELATION BETWEEN FIRECHIEF AND FIREMAN)

(THE NEXT SENTENCE 1S . .)
{DUES A FIRECHIEF UWN A PAIR-UF-RED-SUSPENDERS W)

(THE FUNCTION USED IS . )

OWNG~SELECT

{{GENERIC o PAIR-UF-RED-SUSPENDERS) (GENERIC . FIRECHIEF))
(THE REPLY . .)

(ITHE SUB—FUNCTION USED 1S . .)

OANRQ

(PAIR-UF~RED-SUSPENDERS FIRECHIEF)

(ITS REPLY . )

YES

d. OWNERSHIP, GENERAL
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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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