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ABS TIA CT 
SIR is a computer system, progr811111led in the LISP language, which 

accepts information and answers questions expressed in a restricted 
form of'English. This system demon1trate1·what can reasonably be called 
an ability to "understand" semantic information. -SU'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 coqtent from English 
sentences. If an input sentence is declarative, the system adds 
appropriate information to the model. If an input sentence is a 
question, the sy1tem searches the model until it either finds the 
answer or determines why it cannot find the ana¥er. ·In all cases SIR 
reports its conclusions. The system has aoae capacity to recognize 
exceptions to general rules, resolve certain s8mantic ambiguities, and 
modify its model structure in order to save computer memory space. 

Judging from its conversational ability, Sll 11 more "intelligent" 
than any other existing question•anavering system. The author describes 
how this ability was developed·and how the 'basic features of Sill com
pare with those of other systems. 

'.l'he working system, SIR, is a first step t~ard intelligent man
machine coamunication. The author proposes a Q.ext step by describing 
how to construct a more general system which is less complex and yet 
more powerful than Siil. This propo1ed system contains a generalized 
version of the SIR model, a formal logical system called Siil, and a 
computer program for testing the truth of SIJll 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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A. The Problem. 

This report discuss~.s,,the pr9hi~.J?f.4t:?v~}.Qpi.ij.g 4,,computer* which 

"understands." The method of stully-'i.l'Hb'l'O'ecf· ttte' conatruction of a 

computer system having certai,n,._r;:o&Pt_itJ,;v~ 4}>,itj.t_t~s ~'Q.d exhibiting 

some human-like conversational &eha'Vi:o't"~·- · ' "'>' ~"~' 

: ¥°" ;~ ·- ~ ~~.c; 

This computer system is called "SIR" -- Sell\l:P,~~c,;, ~~formation 

Retriever. The conversation ·pre'st!ftte'ttc m"Fig~"' 't'betW'een a person 

(identified by "***.") and SIR illustrates some of the system's 

capabilitie~. Although it is capab\~ of "unde.~~tandi~g" statements 
Ii.,.,,. c>'. --'•''' •1• j -, -, ~i J, <H, ~;~' 

dealing with set relations, part-whole relations, ownership, and 
•. • '-, f''*'lll.f• ~'?~~:.,.'-.- ."('·'-i'<~r_:,: ·,-!4c1<1> toi'.'JL •""' .. 

"Understanding" is difficult .oo,1defwe,,pcec.i.eely •. The present 

study makes the following .~re~ipc a,ss_~p~ion.~ ~nd o~-~ervations: 

i) "Understanding" can be demonstrated by dia~~~',1'bich requires 

the participants to indicate 'ari 'awar~ness of'the mean'ing of their 
,~,;;I., :~ ">,-,'-

subject matter. Therefore a computer should be considered able to 
• ,-~ '_:,;~ :~ : iJ;; ,Oh, 

"underi;tand" if it can converse intelligentfy'~ ~:!-~~; .. if it can remem

ber what it is told, answer' qJest~~~( a~d,.,!,il&~~:,~~~f.onses which a 

human observer considers reasonable. 

,. ...... .;'' 

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



EVERY BOY IS A PtRSONI 

11 UNDERSIANOJ 

A FINGER IS PART Of A HANOI 

11 UNOERSTANOJ 

EACH PERSON HAS TWO HANOSI 

ITHE ABUVE SENTENCE IS AMBIGUUUS •• PLEASE RE-PHRASE Ill 

IHERE ARE TWO HANOS ON EACH PERSON) 

II UNDERSTAND) 

HOW MANY FINGERS DOES JOHN HAYE QI 

IJHt ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME IHAS) MEANS (HAS AS PARTSll 
II OON•T KNOW WHETHER FINGER IS PART OF JOHN) 

JOHN IS A BOYi 

11 UNOERSTANOI 

( .... HOW MANY FINGERS ODES JOHN HAVE QI 

llHt ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME IHASJ MEANS IHAS AS PARTSJJ 
llHOW MANY FINGER PER HANO Qll 

l ••• .. EVERY HANO HAS ~ FINGERS! 

llHt ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME (HAS) MEANS (HAS AS PARIS)) 
11 UNOERSTANOI 

(•••. HOW MANY FINGERS DOES JOHN HAVE Q) 

ITHE ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME IHASI MEANS IHAS AS PARTSJI 
llHt ANSWER IS IOI 

HOW MANY AUTOMOBILES DOES JOHN HAVE QI 

I THE ABOVE SENTENCE IS AMBIGUOUS •• PLEASE RE-PHRASE IT I 

WHO IS PRESIDENT OF THE UNllED STATES QI 

!STATEMENT FORM NOT RECUGNllEDI 

THE BOY IS JUST TO THE LEFT OF THE TABLE) 

lo028•0 IS A TABLEI 
II UNDERSTAND) 

THE LAMP IS JUST TO THE LEFT OF THE TABLE) 

IG02B4l IS A LAMP) 
ITHE ABOVE STATEMENT IS IMPOSSIBLE) 

(•••. THE TABLE IS TO THE RIGHT UF THE CHAIR! 

IG02842 IS A CHAIR) 
II UNDERSTAND! 

WHAT IS THE KELA Tl VE POSIT IUN OF A PERSON Q l 

ITHE LEFT-TU-RIGHT ORDER IS AS FOLLOWS! 
IGHAI• IBOY TABLEll 

FIGURE 1: SAMPLE CONVERSATION 



9 

§ote: I am concerned here with the computer'~'• ftt.tft'!\al' 'it.nfot"'llAt-'!an 
repreeel\t~tioa ~ ret:i:i•'r,,_1 t•ch~iq~~--· . ror tail purpo~e .I aH~ 
ttfff' lh>~e· "~Ne'~ the0 b~Lijipt 1'1u«~·. 1 ' 1 '~e1cit. '~rtuf•i· to 
be concerned with qu~ech rec?~it:i~n,r, ~~ory ~~c•.,~.Qfl, ()r _?ther. 
px-o~le.ae b1vo1ving the phys~J:ctia.~111fE"tliW'~~ ~el? 
~ 8igll4h· 

ii) In addition to,ech~:(.n_g, upp~ request, the facts it has been given, 
- :· ·· -- ... ~ '.. · :·<_·. · ·~ . · ·' ,: ~ f~ . J,.::.:..~~:>.L:~-~ ~~ _ .:- . ·:. :.: -~~-,: r '. ~ 

a machine which "under.~ta~d~" 19U8t be able to recognize th~ logicd 
·: '· ,~;. '..-',' J-_\l_JC.: _;:,·,·~ r.:··;·;.1 ~q·;o:_ .. ~~ •. -;,, ... ; t',.·.:...·riE·:~ 

implic~tion.1 of thoee facts. 

a ~arge data stou) facts whic;h are t;'~levant to a_p4rticular question. 
·~ ~···. ,: "· : ",f -··!1•· _· .. ~-~1 .. ·z.~'J~J' ( !, __ : :.I·.'L,q:·-'.J f~-- ~-:"::i::·),-j:,~.-: JdJ r-:.,-...-i.r, 

iii) The JDPSt ~m,Portant l>rei;equisite fo,r the ability t~ ."lfilderstand". 
,( :, 1 _i , ! . . ; .... ,<., ·:_J_J..:1 ! ..f,'J_. '<~' ._:_ .. ·• .'. '' (_1 .. -J , ;.~('l r ,,:;..· '. l ;-~f:, c -~JJ 

is • sµitable internal represent•tion, or 1110del, for stored information. 
;-, . .,} .·' ~ :! ; d._J .· . .::.: , _,;'}~ ·c'·l i .' -~;1: .·. t,< !_:j :~~Fi~\~~'. 0 >-:J.(!-: ~ ?'·::~1;"('.(~ .... ~; r'., ~:. 

This ~el sbould be structured 10 ~hat info~tion relevant for 

question ... answer:lng i• easily ~cceaeible. Dire~t storage of Englhh 
. :-_ ) .... ~~~~ '., '! -~ ~.· : . ;'' "; J.~:.···.1:1~·\;;~ ~-'.~!':fJ?"Ti:r- ff;,:_i:.)1~-!~)'.l )t;;'_[_ JJ:.':.i'.l- 1)~f-_;· 

text i~ n.ot flUitable tince the atruct\,lt:• of ~ lqliah statement gene..,:-
. 

1 
,,··,.. :~ '~::.·_:_·,: ·:~ !('-'~:i· -i·.- ; ;- :'.(JP~--?~ I_:_ .. ,·)~·r.:~:}j ·,.:_Ji?.~~ :n J.r-~-:~-·-1--:rJ~,~: 

ally is Q.ot a good :s;epree~ntatiop~of ~b.e .-.aui~ Qf the statement. On 
~. ; -,_,~- ~ ~ '... :_. "!_,:; ·" : 1;:.;•:;r;r: .• "i:.:1:01.L:T!~X~~~S. '.:,-1"('J :.'"1t:.i:F;rf ;· 1.,,, ~-; .. ; ;i,~'.;I'·· 

the other hand, piodele whic~ 4re di~ect, rep~esentat~ons of cert~in 
t~1:"1Y , ;(Jt L · ,i· :-:"'!(J.Jq (.; ... - ,'. . j · _:"j ... :.JfL~ ~~s;~; rr~13n ..... :}.!~J · ··~: .. _:,.: 

kind$ Qf ~el~tional i~{O\:lB&tion usu•lly ar• u~auited for use with other 
~, · _ ... , : .: · · . .~; .. · "J ·r1:~'~r:· .7:: ·~ .:·:}:~; ·: -·2.':J~ ··1•;"' j,t. -:,~1 ·-· .l , ; _; ·.

1 

rel~t,io.ns:~'-' _A ~·~~r1~l .. pu~.poee. ''un~~r~~r-1~~~~;· ,~~i1~f ,,•h,o
1
\ll4 ~ti~ize ~ 

model which can represent seinantic cog.tent t.or a wide variety of subject 
. • ' . ··:·-r· :_) .-.~,.~ ' - ;j, ·.'.~::;ffj ... ··,.Ff t-,,.f'.j.._, (.:i ·' ;~ '.:·~r:; .. .l(C.J v 

areas. 

S~R is a prototype of an "understanding'' machine. It demonstrates 
"'!-'1 • ·: • ·;: - ·' .'.".:.t:.i ~·:i:. ~.·r .(~··if-.~~ :);~.-Liq ::,rr ~;~·.![~~ ., ·.iJ·: .. ·1 

how these co1,1ver.-ti<?nal and.ded~ctive abilities can be obtaiud 
, .. <·;-:.1c,·· :...·-;~: .. -. 1·!.;_.-· .. ~--... r..:..j~·-:r.~::;·1· J;;·,~t·; ~.:,·!':. ;_.·. ·!~·: .. J_,.: · 

through ~•e of a auit•ble model. 
' , ·:· ;· .. ~ t i ' : I . ~- . . ~. · , . ", 

L4ter c~apt~~· will ~es~ribe th~ 
·, ·1 )fl t«·1 1-l;1~'.JLf1;;,;·_t·1·,1 :~ :·µ:~ ··1 ~· :" ?~: ·'-1~: 

tnf)del and dut Sii. p~ogrea, ho~ they were develqped, Q.ow they are 
... \'1 .-:-··· .: '\- ':';....• :_'. : - 1' t i. :·~1,:. )•-; · .r:ffC.J ,;:r·; 1 J,£'_:l .. +b-fh;_!u£ 

-.nd how. they c4u be extended for fµt\Jr~ appUcations • 
. ! : : . -:; .: .2. .-; ; ·: 1.. - ., ;:~ . 

used, 
. ' 

' : ~ 
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· ::',?-Jr., . ·! ~ ~-·~r .. _! ···1 .· J 'I L ;_. :·.:,-: ~·_:._.; . :: . ,i • 
~ll.e1 ;-need for. ~uter,s which .'~~~~~P.-i" .~~s~~) AA,·s~v-w:aj, :Af"~•· 

J , ' ... • >· -~~ .: £" ~-- - J l n;:..::- -·~·-;: :f·-;'._ .. )'_l·~~ -f ·: •. ~ >·; 

of qo~q_t~r rF~a-~a~cq. So~ ~~~s, :fPlrli:PJil~ -.;i, ·:,·ij '. :• · ·''·'· , ., 

1) Inf~~tion retrieval: ·:file' lii'g1t'speels '~rid huge' 1m'em~ry .r 

~ ·:)~-- '·... ~>:·~· -~~~:a~) -·i.:bflt).~:c:· T "'L·~z.;1 .f:: ! ,'." r.; ·~: ~{. h. 

capacities of present computers could be of great aid in scanning 

sc~~nt.ific lft~rature1.'. Unfortunatef;:, :~igh~0s1~·~;d search ·is '\ise'ies'~ ., ; 

unless the s'~arche'r is capable ~f re~~'gn-:i .. ~i~g e~h~~! fa' \;~·:i:'n: '~'ia;cl{~~ 
· .. , _: ·-- "~''._·-· · · · ·J,tf ~ l_.Jl!.J~1,_:- q '1: ;·;;--_.t1n~1 . )/; _:, 

for; and existing computer systems for information retrieval use too 

crude ·t~~hniques for specifying and ld~~i:'i£;i~~ l11~' 1ob
1

Ject
1s of t!ie ·: 

search. 
: ·~- ·:~ .±..:.. ~-~ i ; - .. ~ ; ·~ . . - . , p 

Information retrieval systems generally provide either document 

retrieval or fact retrieval. 
::J .. u-; ; ::" '.J 1_- ~-; .1L .~?. ~., ~ (~k/ j,_; :~- :.:,r .j .f :-_;_;j 

Document retrieval programs usually 
,-.,,~ ,. ·) ,. l ''1iJs:tr1·:,~·:J--t:.1(·;; ;_ .. ~;-. ·' ..Jt;.·: ... 1 

·~ depend upon a human pre-assignment of "descriptors" to the documents. 
1 ·~ il . . ~ i :: . ;;:~ ;.' _,,; ~: sl.:(_:,~ . 1;.;;;._.;r1 -::)!~ · ,,• 1 ~d i 

A user of the system may know the list of descriptors but cannot know 
·:'' »"~~: '. :.1 '•· _ l r?.:_; 1 ··,~· ~..:.:·.i::·~:1.~· .. hI! ~.~.:-:.~)')'; ·,: -:.' 

precisely what the descriptors meant to the cataloguer. It is difficult 

for the user to determine ;hat the semantic :irif:~'ra~-d~~~ ~:etween ih:~ ':) ' 
descript~r-s ar~ an:d how these i'nt.~ractio~·s help d~~'e'~i~'e '.·the ~~ni~nt 

of the documents obtained. 

Fact retrieval systems usually require that the information to be 

ret;ieve;d first be ,~l~;ced in a ;~igi<Ci~~ d.'~'sfgn~d''£or a partlc~f~:r 
'-'.1 '-, r·,·~:, · .• i ~-;: .: ·!~.~t,:.....;..:1:.; .:-.,,_:;:'. _ ;~.t·uf Jh~: , _.. ·Jl-::..·--·1.:1J 

subject area. This rigid representation for the data, and the corre-

sponding 'r:igid formula~ion ";~f 'the ~~tri~~~'f req~~st~; ;ould -'be p·~·d~···- · 
~ ~ _j :_.;; - :·.'. "":Ji:..; ,_~ 1 ,, \./(.fl : ;: J,._ - tt,, ~:1;:.- f·i .:.)~~;.: . . .l:-;;_, 

duced automatically by a computer which "understands.,' statements 
·-, ·~.--..,~ ~- ,- :,¥. ~ ··~·' ~ :"".1 1'1('f''.) t • ~ .h 

expressed in a form more natural to th~ h.uiM~·~~e~. Further, if the 

computer could "understand" information expressed in some general 

manner, specialized formal representations would be unnecessary. 
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In. orae~ to :\nait'e a i compuf et Sfitve ·'.4'~ ·'j_ 1f'f lr~'fic~ 11'.'tlif'tr'i~~ ;: -1 c· ':ti 

not sufficient simply to store a large vdf~1:18f fnf'Jniie1t'dif:') 1-h~'' .: 

cotiiptit'ei_.:-m&s'e 'ai:&O''h•v~~,eli'~ 4ibtfit:':V"t:o £l'ri<ifli~,fr•i'tdvel"in!~1Yle-ion 

in r~'spori.j'e~tirt!ediil.fffe 'ctJS:dii'p1~!.i'ti''~oai&'6ds :;-; 1F&f't'ftei,' >t~~ iidonqi1fi:et ; 

sh6uta'be' abfe;'to ~diif.ji~lio'tti'·"th.e '{~f~~·:I'.ori 11 ':fridi'i&age''°'artct !the 'te- ,, 
queie~'L'f.t'E·f.s 1 'iJb'itiJiD.8'~"~riJ i.l1isliJtirct l¥J 1ib'ti~f-8jJ;'lsttt~E!'jfftis actr6ii1~; 

and, [t(j r'e~ti~!it ~lfar'ff-;rng :in'fo~ftaa:)> ftte m8st
1

'.'.i'ti:fJf'Lfrif
1

ofni4ffori'!:; 

''' 'teit1:fevat' sy'~iteiri~~!fl c};~1one "~fit~lVej:i{i:IJlorWirs~II>wff't?'te~H~~sif'~ ;isi6° 

malik"r;\i'te tliie~1j'~'h 'fi(J~it. \ii1w~if~JJttil~4 !al..!Jl~1rJrii.&f:) n1Jitifet'Jt8Wd.'' 

-- 2 f M'.~c1l8.n'.:&lf 1t1 fl!Y!fittJri? lJtJ ~~t'c"ti~t'• rlrt ·etil •t .. :o t ! 1n'Jcliiif r ~1 
translation of natural language have been disa~p8i.iil4c!'~o 1ci1:Jcover' Wbw 

difftc~lt ith'~it 1€i'slt '?~~~~ Ylr~t: Jofd:;'ffi-~'fJd€i•if1Jtforis;1 ''J.nct''li11en 

word~tc{--WJ~1d' ·~~'~;i'ilt~tro\is 'tgoJPfe~' i.wff\f<i;gi~ifcii ~;r:f~fs'!wr~rr·aJge

ment, a:rfc{ '.~dcititg~t.;~~~~ncl:nt'_[~,,ed.der.JJ.' ~''lJPfoB..ieit"r:JJ.13,i~t.'e ~£6t' 1 

cosiPtitei :liirisf~tiri'~'iyGtems i'1!i11t!iiii~f'f1ty 8ri\i~~ri' ''t1&ii;s1.'j1t:&·i:s.t1o··'q 
11uri'dn~tahd'1 Jnai: tli~'y 1 '~~d' i!i' &&~Jt~~i8J:1 ·irii t.'lr~/t 111 ~'41-f th'€:~~:: 1 

t:litrigil"Ifi!'-ancitiu¥i':·' 1tlii'nl'''.~J.P'tit~1r :;J~i!Jlm 'liri13t:d& b!aiti,'-'-~e r' ~·iJ 

huinlin c1Jrivete'at
1

i~&i'.t \'~~~
1

i6t, -'~ad' :f~e'ref6~e i' ~ppiatfi ~'Ci W~\J~ ~l~I !fiuc1i 

"under'stinJitig~P~lj'hfty .' 5-ft'fe miih~ij.j~ tJlif~li' Klfp r;rt :to 11uriJ;et'itai~· 

ar~(t1l(e=1; ;tri 1fif~' ifiio 1{~ '''s~!Vrn& Sifi'l .,u~~atdaf:~ri:,,.~rief'.Jn 'pt~M~iil. 
~(- -,~:»_,j b9'"JO:J-:. ~-~.J .i'!(.,~.Jn .J."J.S j!£·_: bJ.l& tJ..f OJ b~Jrt~)cl!-3-:.C L~t">i~:L::i''·-·;;i 

3) Genertl <:O!lpUt!r apJ>licatio91: During the past aecade there 

has been tremendous growth in th~ ·i;:;::;t_ "g£ a~~;:t;r ,~~1f ii.1~i't~X: 1~".D{: 

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

problem can be tackled by a computer someone must perfarm the arduous 
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fortp. ~ccept;ab].e to a c;oml',uter. 

v;~riqus. "l'r9.blem-oi:-iented" comp~t1~ ::\a11;~age,,, .;h~~~ _b~~1:1 deve.lo:ped 

to ea.~.e this enco_din~1 .,?robl~e111,~ .. ,., .. un;.o,1}1;'ft~t,~J-X,' .. ,~~~.3WS.u,&~~~ .. -az:e .. r.r· 

useful only wh.en pr1ograms ( "~()~~v,~rE!,',', p~1 ''.!f1~:~1¥r'.)~1ter.s':). ;a.re .. Jl'f~~i1:

a]?,le t9 ~.r,8:ns1J1t.e a\l_.tomati,c,11.r t~o~,;~.h~ iPfy1? .. l~71Cf:J7,i;.~~~'~d ,~~a1'gu~~-;;. t.o 

the.. basic ."ord~r-code" of the. co~.u~~;'f;;·· <: :~~ P.~l~~-~IJ~£,8rV ,~u.c,y. vroble~~; 

or:i,ent~~-- lang,uages are very _r.j,g~,1" s~.s;}res ~--, }'~ lf~~f~;}i~~~' t~.e P,~Q_bJem 

. do~:i,D: ~':'_St. b,~ one .. lffiich len.d~ . i.~.~~lf,1;1t~. l~q)fR,~8i' 1f}t,llJP \1.7!!.' l?F~,~ '"' 
. ~. . . ' 

machine tool oper~tions. 
' . ' ·; : ': . ' ' - . ,., 

~nx .,i,ntere~tJ~:&~-qb~~s. are t~o~ ~~~1~ie~;1~;;~~1l, 1~_ef:1i~~~. ,q~: 

cl~ar~! un~ers,tood ~o be, e.~l?r7s~,t;~ ,.,in,,~"1~,'.''1f ,5~~ ;;~~'Y.~~V9.~"t ~~~-:-;, ,, 

pu~~r P~9-~,r.,~~n~ )anguages,. Still,, .P.e~~lE\ .~Jt.«r,,~~1e. ,~.'? 4_~~c:r;,+;t~.e : 
- ~ • ! ; • - • . - > ; • •• ·' ': .. ·' ' '. ~ J . . .i ~« ' - ·-· .,.t ._, ';. ·' • '1 ,,,.. '·1 ,,,, .! f - ,c' •' - • ! 'c j , 1- • , .. ;,, ~ ' 

t1\~se pr:ob:l~ms ~,o ~~~h ,o.thttr al}~ ;~~ a;'ff!;i.st :·~~Jh; 69-~?.~~i ,11?-)c~f~}~& ,t"~~· 

problems ~ore preciEI~ ,a~d in. EfO~':.in$; 1t~'11em .~:1} (~r1*f,~ 1t:q .,'f:ts~l,iz,~:!th!~'' .. , 

hig~_,,spe_ed. a,.ri_d l~rg~ memory" ~~R_a,c~ti,t\,, 9~ 'b't1?,P.uty'e·~fl:, ~i~,e ·~5~51)~,n~. ~W·, .. 

such Ul-def.ined pr~blems, P.~opAe n.~~l -~()lll\ ftSE§~W w~~'rrJL c.r-,o~u~~,at~ 

incomplete information t;o the computer; some way which ,wil\ lll&kje the, 
t . - ',- .! ! : r". _. . , r. f , i " \ : ' ; . : <.. • , , ? ? ~~ iJ p '. .--) '<f• ~? ... qt~ < :~ '. ;i:·. ; j ·; ;.,1 t1 -_, ; -~ ~ i '. . . .. _ l 

t~-~ ~roblems which ar,e de~crib.e.~ 5~, i,\~ .• ,~~ iE1, 1~ 1~x:~~q.t:y~e ~£. a ,, 
'· . - ·.i 

~ompute,r -~!st~_which c~p~,u,re~ S.,9f!e .}!':~a,~u.:,e .,qf ,.~~~ ·~~~~~·~ :of t~he. 

information presented to it, and can act upon its stor~d body of. 
, - I'' c • ' • : : l i " ·- , ,. ... -__ ; -- -.~. L:~..:~:l -~ 9.~:I.~:.~ .. 21.::i~!~~?-~:_,.!; "~--~-~~· ~-

knowledge in an "intelligent" manner. 
-t- ,. --.. ~--~-JrlfY:1~ .'·,'..J ;·; { ;JJ·>~-~<'·l.::"-- _.,_ <.' 
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'' '·' ~ . .'· I .·.'.:)_. ,(._ ·- . 1 

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

response to questions. Question-answering was chosea'~cauae .. it·t• 

'.j--_ ~ .. : .,_ 1 qrnf...:: · ,~- _\:).;~·-·ii':: '.J i?i •.:. __ : <.,'.,- ··~·.: 1;: 

.. ,_ ' ·111\e jSfll• lyHllllaBuctl hes c:Eesulo• .... Clio J .. j01'1':'1!8Se&rabctareas, ' -
~- .i· -~f_';. •. ~i.. I :.1L. 1:"'1 1:- .J ,:_,_. ... ~;_ ... : f, J~.) ~i'. -<H~: '·t !_: Li1J ~ (::; l i. 'l 

the· ICU4y.i.of Chfl lesUtttii/C)I' iOf·inatlut'i.lol1lattgaage~ ·rand -:'tbev8tad:Ji"bOf; .l•. 

: ' ' ~- f..J r'' ·5 '~ ' .J'J; ·: !, ) _.·· ! :. 

A. SaMUtiCI. l: :: } J._ ~l ' 
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descriptive -semantics, an anpit:ic.aLaea.rcb fo.Jt;l':Ules :gover:aing truth 

and meaningfulness of sentences in natural language. 

encounters .difficult:Les iu heving rt& :.ae :'fllOrch wit~hwqi~ t~"4~af.l\\H 

the. meaning. of words, especially 1that "f1Lthe.t~ouc1 "tneaning." :X 

language and meta-Language.. A· common .O.vtee •i•:r1:io ·detilme."•e•wg'.~: 

in a very 'apecial:izeci sense, or to derty,-b&att ·~t can ,b,e. rcleftned &to:~•ll· 

paragraph: . ( 3~) , \ '·.: ~ ll I 

"One must nemember that an .. expreuion' s 10eaning .(;Lf we ·a~~-uto,; 
admit such things as meanings) is not to be confused with the object, 
if any, that the expnessi.on designabeii ; ,;.SeQiieaota.i..4aonotn'4e~J.&tM\tl~hat 
all ••• , though words in them may; sentences are simply not singular 
terms. But· aentencea .. atHl 1M11e •nniags?Uf Ilr«k••h-~autitll?thjilJgs as 
meanings); and the meaning of an eternal sentence is the object 
designated •DY :bbe .a:tngu)ati term:found.:1by .. b•&eut.Ma tihe aen~~,. "•~.J 
That singular term will have a meaning in turn (if we are prodigal 
enough·with meaninafJ),.::but tt·wiU;p11esU1Mb~,,cbe;:;..,..,gQ.£og<f\IGt.b•i;~ 
Under this approach the meanin~; (if such there be) of the non-eternal 
sentence 'The door is open' is qot·,a p~poslitioaw.wp"·JJ.\1.' •. _.. cw.\·;1 

Quine continues that the elusive meaning of "The door is open" is some 

complete intuitive set of circumstances surrounding a pa~ti~•l•r 

occasion 'OU which the statement "The doox U ;open~·Lwae utteJ:l&fi~, Clearly 

this klnd of conoept does not lend itaelf 2!~1co111puh~ ,ua•ge •. ,.,ln9<1Jjqer 

meaning. of. a statement, one muat find, specifie. worda.r:iand, relatiion1, · 

how ,captu:i;e the .. significance of tht stateaa•t:1t1bey teprUe'btios : i.f1,, :. 



ts 
•;r' 'Z:lM;-(f41.y;t• Mlfe.:1ttt¢~ liaalltil9Yeh•I&Hiewi!'4g .. 4i9\C'iMCl~'ht: r·.i 

:1'01'd• tMY''lMvA OJDtftJ.a&.L:ib•~ dot :r•flllftfi:ca"dae f - "~**'-' i.'(1>l'liiaM'1V 

cttae~ao::&ttal'1•i• '"~ Ct»e '•JJS!iltow1e•I•f~iwttol•~J11iNN11c•;Joaaaoe ·be 

OOtlip1«4dL•t~.P-l.;all'&A•l,.t•i~ ctN ........ '.te:tl:tlUliWfn!ciilf"N the/, 

'UCC•Nn~.; 'l !:hlCt iZt;ff!'tlLJ6ilCitlel:ifo«.atfel1ii!Nds;wii.t.rtieilsU1ft:g"aM '1tt«-

. , .~:p~r - 8btde i bath '~Htl~s F<:~i~Nli<Ji: .. ti• ·if J~M,.) ~allbe•'·f 

'!'IMll'll""'a!!''~tsci"4tff doe.s ~·1HMilt '*'';;fU~fleiit'lGlltfiiimr at-

Ullmann consida*1t:4.,lfilkcS•l4i•':tfN0MnfttiJejci ·~~ Ci:lit'·lfli.'lh>) 

i~:MWd 'l"'~t&R,i~ Mi_._r,alr•8. -.~·~r811Hi ."'1,~· 
6 ·:;l._:.c::rai'!n .. ~~1.:.:_~iYJ<,'_) -~ \ 1:·: ·1')t'J·_,;~_.·_.; .:':.Sf~ r.:l\1r1qu~·~g Jo ~~-~-'1'1l~\ 1 .. s o):.f1 

'~1'IMIW.Jdte~--Wl 4Uf'·C~JJe-..:111iy·~>#:ftlt¥~ .~1: 
L-~.r~_i.; '.-J.t:'.:~~P.. ~i"J y_-1_J_-.l.f,;~n·f:.~ _;:;;,_; :.;~2.sd ~~L-!J ... Jp_f_j(J8215. eB9errs::: ... ,,rf.:~ bn~ ;_.-~ii'U~'.3! 

.,~1',·Y.f.lf~~"4is ~'~~l'~lwO'MWibtqt/ Wtw.ien .. f.f.W: ~ 
.. -.~,:·~-:Jn -:) ,.f. -_1 _1~.t ::.•:.;::.;:. --:~srfj .l1; Jh·::;,J:J reD8 9r{'r .. "~ ~ iJsl a9vl.0~i;i9··~: :-"~:~f,:·.fn 

and the sense, which enables the 0-ne to caU((af>ithc.~Z.~: Bf''Hnse" 

represented by the word. Note that meaning hue relates ~!'W:fttt;b 

;'~;;~, '· '''t:houtttt -~·~·~ ·:fia!·.wo . ....., -* ~l~··,~-1.ftNlf fd'nllal~ion. 

~a:1i'we :e1wo:ag.Vi.df a: .w:..-~ .ots:a illho..,; ~Y'•··tlMi 

~ wtch: 'nale lcJbJ«J.t• adi ··fAt:lllMW~~·¥illl!elW:tlfolu_.-. r 

.illW~-tn&t)t. ~~ 'tlu~'11l1Wlmtf o.'f.a> 1'orcll~W~-Mt'obje4't3~.-

·· .. ,t:10 .. ofi'4bject.tti~Wc~::ctuP>._~rt*i'~~, ·~ 

.' . .mft:t: ~lf ididutJhRi ~le~ fl{ll~:Lcail~C:t;~r.ubing ~. 
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In .e:1'ther ease, w tbe s1a,,syatg,si; UPMJW!tie·,,h• ••~$ iof 1,the 

wor,4 .by·quU.di.Qa Ulb il) .the JCQl)lp,~terscia cj11ctys.m~f·./tonev•biJttitl.,or 

be :r,ep~esente<i _ii:n 4 ·l)atu.i-.al way,:;blf pa:a,tt.llaai: i~t>i•& tn thencieaci;ip

tions of .the obj"°t•~:QiiUQed .iq.,,~e:iMfi"l&n<lth _, , s •. ·:;; . 

W•l.Pole ({45:} .pQJ:i;Ats out •i•~lft4ttl' r.~ ·..a 2.~r.:4.rMY 1*'~vd~fined ti•.!·, 

the ~ll:b\& ~f ,a ~~cLmayJ~.e ~!A:l,nri)r l!y &nJ ;lc,ln4Af G&S8'Q~UJ~ioPIJ' 

usually describ~ Y'f-MllJ•: lh"'t,;t,~e.:itiaWM~~if01ill;:ibe.oplilt't' of, :tlw 

C<HitPut:er :.1; des£ili:lpt.~Qi of .ttl}•p~f:di ·b•~ ~i;nM-t'L ·.- ··' . , ,, 

''Wo~da:;IJA 1(1,Q;t ,l.,i.tve;.:.:f.Au~LatS.. ~:.4, i~ril&'a't;CIJIW}rfl'he'Y M.nt.41'.. 
inta··a:it-kinds of groupings held together by a complex, unstable and 
h~\Y q•}el?.t:if'Mlr~k·.-;~•l> rtla!llaC~ ~--.:,tllie 
names and the senses, associations based on similarity or some other 
+~.l#A:i.Rn •. , .:lt: j:t.. ~.;~·:t ~f;fe~,~ti~ue .. ~.., ~o1;UMN~ts 
make themselves felt; •••• The sum total of these associative networks 
;i;#'t:lW,i voS!RJWx,.f,(;,5) ':·) •.U ·;1, -:,tU ·''.·r··lsr::) 'i'.);· , 1 ui;;: 

data; st°'r_e .. ·'··'' 

Wal1>0le Jll-%Q ,note~.· :that $0~ l~ ~ili'.4J:Jltj,qn~_c ·jlt14.h.:tls p~.l't1.,to 

whol.~s Pel' cel4e~h~o subc.lass-l ~t:•~e .ltU't-lial o~iQ&4.c0f laJige' .classes 

Q>f. not.ins· and :thu,,~an be repz-~edi~ treei s.t~~ ... ,,Xhis- fact 

leads . tj)i _ceJ.'~.ain ~ai:c:h proc~t»r~. whitcb,ra.cei 1.tMtiul ,;iL1:kour ccompute.r 
~ .... ···--~-· .. -

.. nQ:t .n~,~.aiw _m,,~t i.n qy ·s~c.it::iq,~JH!--~e6.tUu::Eb1 11.q cot .lend. them

selve.s .t;o. 1~11cm. -ol!"P~.it}S" •.M .~q~ ~IP-~i t~011t.:.ear.ily ;ntr.B:iOM:,,;0f 

computer representations for semantic information. 
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advant4ga afa.wh-..er ~ol illlfbrmtlJli•'-'*• ·~~l.w Sri i-uhei iJl:'aniMIWi.eriJ 

cal stmci•11't'Wtw:>f d.1:1&;.,t.nputp JA.l•tf'JU! ~ oirur:<8~~ Chbt.iglup:: d:c tdw 

( discuua.hlfile (l) '~a.)dlOUQH-t~ '~!c:f .1~n1il'lywU ifs> ~ani ~tnV·t i g 

method, :.Ur ~~ht:.•llalJ.tigi·•..._.ia.i_:91M1rltft~1. :; . ....,._~, l:etrJ.:US' ·.e01t• P<' 

whiqi,l:ar:&,rurt-._li>njpltng :c:•r:aufliift.' rfbn>~~1~ W'801nl sr!J ::r 

eeipirical ~-·-:t S:bee.i¢be:.i..t1vs..t~,._t.., :c;f ~ 1'>4Mt~.11•;.ssm" 

their meanin1s in •J;lY se.nae, Cbaaaky ( 9) develops va.riQ1J8 kinda of 

1ns11•~ra.rl Ji!!!!e,Jt!!!IHt~:tJaiaJUmpta:J*-p.t"Mliwuti fbc-

a 81Ull part .-f::..th'Hl&ngildiga,z.bt.¢i t;istke:ifa~!lla,...~--~:.lm·.:;-'. '. ;:c; '.1:i"~j., 

"watel'" }HAii.; auppU'.ide rtp:I (#tliJD•Ji1\11tup"1JSiinqJa~J d(r: M.t:rtQl~r..tM,i?. ru::. 't 1 

artic.le.,,b~Wtf.'1't~~M:t <U:t1t4.~~tPA; ~11\,.~J ~) .. JlU'_, t.....t-'r~~HJ'11.>d 
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even more sharp, as we shall see later (Paragr.epb?££<f9)i~.· sbthiwe _id: · .. :J.;.c· 

;{See Sect.j;41>nt :IV .:,I),•· · 

J,). i'.nlp@.l4fin.&_.!!Mfintt.tu»c Xhe.; iat:e!:!:!l'!'Jt:i e~ has:r ~Ulpj.et"d'-i: j :;s;J 

stand and remetn\)t!l':,:tUr,~~illC'·O\f~wh&t:i i.tuds .. ~f'Ehent;fot'e it.>" .: t ~ i; r; 

us now examine so:ne of the formal .re.pr~nt.Siqne~;oijma.laug3:Wb.ibhG ;:; ,, .,:_ 

handl.:ff,1 ~'ntlat ic'al•ty;1 C:lY•' .. ' t'hus- 'ftt.,;,d att~~ l:.bi &tmai1:y'~bde ·, ' ; .· .. ~ 1 "' 

all of natural English seem· 't'O int~<e • ~'b'f6'ilet<aU.~<F1WO'tatlM18Jc; .; 
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which o~aourea tlhe rea.1_,,,,roblem~;;·fcni tbe,::pboblam1~~ ~••ntiai lb8ft*' 

ing must be;..aeli••d .ia·-oitcle:t 'tor'developva.l,.Hvti:.lai.t:Htlll.-...,1 A.fJ •. 1 

describing iwiu1&Jeehsvtor:.i !.1'1ctu•l>l·Y' tK• LlllGOS •e1ece.1iitf:~ p:U:ct~c•F"' •r;p 

since i:~. raaaumeetUr 1ceat~l'l·abt1'~ t«f li~vtFtaf~~·f .fru11Ht "J 

and situatiJcriaa;lalir.tjie pe:wc ,l)lfi,tihe~W.- .ct.ta.4•"esprec'l~'O'f '~' J · ~ 

usual langudige .£*'=wfe!t . .l .. ; '·: 

the numb&Jr;Jand 4cl.intia.'::Dfi <=•V.•go!'ll:.-ea :La··c~ .~l,;r~~=.-.IYa:f.si ·' ·· · 

systems untfi,ftlhe :....-.tn, propatt:iW'r.llRia~·i..notbdeck ,. · 

Althoughi\8i:dQB>roi::.t~;r..Utu ~ ~ <-W ftellfl~_,'tlbife:;~ ·" 9 :; 

of phrase:a-1.b&l ileatttU .. •"' Wd.t:bc tMFbUic.i: pj'..._ll'ai t•at:· twatltl-;t \llW'1 
... : 

word involvo ~iap'ita w:&J.eea, oa:·a 84Wief',ttanct..._aa .. rtww:~s ti-ying~·r:;~; 

to build•(liif a:J.arepercod.:ta:,of aili~~~aaca teal•lJ !i;ldl\l~otdu is0><l •· •. ,;.,;r 

represented by ;a;: sec:,U •due8 ,,tticanare: ganua1ly.?lnU.tttfie'; uat•t••"" .i • • '''' 

s:ional coordid&l!ea;:sudh •u•:length',.'..tiM.1;Jaad.Jtiue.·<::4'allCtatt1ia1ao. ~~t'la!U· ''·•··· i ""· 

defininartwottla :ii• tenar:•4kp.:edeH1uldDWOi'cla0ai.e•o0•4tucasb""-1llY; fuUag : ·, "·:-v: 

is that the :re~tione,.99t!!!!!Pvdrcl•~.-.ebtap0~•uc 0 'fmanntll• J#OnO~iuat J a 1. L 

meaniq toi.Ji•iiJiU!l :Jvoi;d•,, and' ilheteUre adstiiplJtl' 1:1appaaotPt1htotl :. ' 

ignore a ·~~.~~ r.eatat.na• woul:cl ,be cj11Gw;ei 1*-Mtacely ltaitffll: .i 3 ''.' 
' ~; 

, _. .l ..!. .~ 
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So~l"s (42) is DlOre eonc.ell'ned 'with permiasible;:;wor.d :c011biaat1/ons, 

than witb- th~·:JM4DiDig>S :Qf dadtv~l ,.wqrda~ , 'He ·fir9t descbilbaasa ', . · < · \ 1 

hierarcb~ etf 'liU~QteJM!~ ·tl.Yll.e•: lL ;Ung~UcCIJ; / •2.) '' 'GumaabilcaL hut.· 

nonsense; 3) ~sible ... wt~fal,a~;· '+)!: T·ltU••·: .He that·~1H.th.a1t .- :-<l _,:;,:.i 

the ci<~cial sem.a~_c,. ;4.istinc,tioa ,lie.II: ~ndthe•1?4111,,attda.l ~W-a4 >nl :~ 

tive sente~~ ,which 4re n<ms~OiBe, an<lJ:hasEhWhic:h .u; signi:ifiiaattt!JH:.i:j '2, !ire.. 

(but may be true or false). Any pair of monadic pred:i.cBtlitlJ .P
1 
;o;~n' ,i:d. -• s1:?'.. 

are sai4. by S®!Dl~rs Jo, have il .sense' v;~iAJ«>1..:~), i:ti .thebt;r:eiabtts::J•,j:,r:;; 

any significant ~@tenc~ conjoini.ng ·.Chera.: :Qtiha~, t:h2~::hawe Lvaiue·· "H' •:: 

"'U=N(P
1 

,P2) .• ; .·The, U-rej}Jat;iiQn_ i-tt s.~~ .ancbia; 11t1eserv.ed :utuleri: '-' ··: ·:: 

certain logical ope.Ji•~i.oxw1-0n: i.ts ~? hut: d.tiia:ne>Jr'::t:ransi1l:We.~:.,.·,y::'J.", 

A strong~.r -+e~iQP Q~J? j.s .tr'Ue if 11oi,,~ ·ta)., P:,·it·, e«tt;..:be' sl:IJsntftv--:• l \ r·. 

cantly said thatd:td:a Q •• •.§•.&:'",, ~llllidl~~t,e.q,.q.m.dhr~')f~~ :(f ,r,, 3.>S 

permits the arrangement of t:.biellil "~ ;p~~JU:-elt"J i~ .as 1ri'tbp1ie ~: L ·1 

tree, whe:x--e,,~U. ~rils "i$1 the aute mea~:e:a..n ,v!_.~qa1al..l.D cb.'ii:)r1nsorl;: '::.,, 

al 1 word.,~ de,scril>.!11g we.ignt, occupy; 1 the, same ~e1 '1 dw ", ~ q ') : •. ···' " ' · 1 . ,, 

My maiµ obj.ectiou, to,. tbh, worlt. b.i Ul:Jwi:litreritir• impottaM:c,aiM:d.ne:to~::,, :: ' 

tions lie. Sommer~ would argJae that. "ll'he:, itlea. i• a.lirq.alpeaftff lla ·' . ,-:r.; " , ., 

nonsense, but '1The1..Jellow sky is al~e:.: gsee,au t:ia aensib-1.e~ ~$in.ca 4ky: 

may hav#:'·Cleil.or, "The, eky. is blueu and "TluL sky is0tlot l>lue~•,. are';_, : ... ~, · · · 

signific~mt), aithf)uglll fiiise. Note 1 • tha.t ... 1!I(iea:1\$!sG.tnnot.ibe 1~greenl:' 

would JJl'I: col.lsid~reQ. .. nonsense i;atbe:r· than~.t11T111e11 .. ·&y1Sc>mmers" · I feelu~&1' '. .,.:_ 

distiac~:i.on between \~nonsense" .and. •,1,aensible ,bwt.:.:!l!?t::~~ue::of 'the real · c·: ·. :::. 

world" is not; .precise.,•nough .t;o;.be a baaiaflfofva co1ilpotetn11~JJlt•JltAtiiCh'l '1;: :.r,, 

of a semantic system •. SIB. is coneenaed ;wflt:rh~deductwoa1::01isooasequ~e1 ': ,, 
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frdaf'°'a g:f\f~Lfiddy'''of1Hff&t~Si) rCttlet 'tfiih 'jttd~~· "itntinw'e'ri'tt~JI 

or "senaible.•i J' ,-;. , - ) c. ~ 

In summary, many schemes have been dneloped in tire :ffttt'fttttt!' f~r 0 
'' · 

forinally Bilct~ sffie '-.. ;~tt'fc yir~ffl· ·bf :.~i~<:'ZS&ie df :~ese' 

were descd.~ ilfJlNI~ 1'bitt' '8f ffit'atcfiemi•USfe -h~i'('1imi ·mlt6ttgn·~, ' ; ., 

Klein's and Quillian's, among others, are being progr~ 1ft>T~«'Clfre:;···; 

none1ncrt.rt\fe1 "pr'eat~<kttim1~ ~tid JllY.t~'lfttft ~~ fijiVei~ifed'(to: · 

the point where they could provide a lf~(basft ~d'f C!~ter'l•urtc!W..: · 

standing." Ht>11ever, i have used some of the ide&l~!i'Gli.t!&iP~j>x~ (;: 

systital..::f:d~~f:\fg :1$1'.if, =lffte'JiSM~iil''f'~serfa.!ftg -~l'l't·tit ·~ · 
'j_fS "J(::i b0~~1a-1-3:_-: ~; _l: __ ;:·1.:..:··fi:l: .. u-~ .. -~,.1·:1!: ::;~;.r,:~:)'.:td ·;·~nq --~.1-:L-.l":.."S :,(} -:·._, ;)\)_JI 

associa~11.i)>ift1t€d'lffli ~f'eai\t: 1W.tlM fftJrllif£8d .r~~s · 
l10tJ ,,,)'3. -~t-;:.,i .-...r:f; 10 "~1'. '' ·,. -,· ~~'",·( .;~~..::-;·r...,- ..J;; ~c1: ~f-. 4.2vfl;, \ . "!,,,. ! •L · 1 11 ~-:. 

t ion uald .i:irt tsitf ,·,; ·~ li .ir :; -1 :0 , :~ ::. ''1 ':, ' H) .- .1:i , > 1> , '· .. ·.·-'·i - , , J . ~-. · ~~ 
.. ·~J<. · .. : .. ;:,.,, .. 

' : ~ ·~ (: _j'},• 

·.1 _, • J;i· 

. . !.2h.-; 

The rsfi qit:eti 1uif!iua· ~ct..i ~·~•f;Nt'ruettire ~ 11 :e.H 't~ '' , · · '· 
•' (: _f ~.;? ~~ ·_, J : i · .>"f • -i J •:;;rro ~.i·,:··'. .i '.'- -· .·:··~ ... ~·-· ~) :J ''-' ~ qD9t;' ·10~.: - r .. ) ; -..; i.:~ / .! .if:_; " '; .';···; .• . 

"mo~'!!•• ·'1'tu~iJ'p~ Nf~a 1 tto tltifif ~!•'Winft'ff 'Ift r~ !!~ 1bt ' 01 : 
,.:~Li:r,·,.:: ·1.-1 : [ ·;=~ ;--: ·· ~ _ -: . .1j··1: t1!.)J.1f.~::"'11,;}(~f- ·:·t.~·-~·~:t~~l·_.--,c_-: ;~- :' :-t 

retrieve semantic information. The purpose of thie section ii to explain 
S ,,if ·,,~)J·~.;_..,.".;j n-.:.,..r..Jd :._·!,. ;_,,~J.~ 1 •• i ··;-HTt'._!1: ··:i \~~·_;d.t:. tHJi r- - ;«·:;·!;-·1;j_ t",.f{ 

what I ~i&ft'. t;f ~the ·f~'~lm' irt''genetatt~1-·*nd'tO'~tn!';t~~ ftlt 'tnad'eil:' Jn '-' 
"f(,.(·J.f.:ifl·-~·-=:; 1E~1l)JX:..~ ·H:J~~ ·;~~ ·.; },~ . :'} -.--:_.; ___ ,,; ~: ,:·-~- .. ·~~'·'·:.'M•• t-./r:• !l.i\•! S--Ifll..i.. c:; n:.1··: 

in J?&ft·tt!ti~~-~ ·- ~::._; r ,:J _._ )1 "· :;•.-· 1 
-· j --.. ; ~):... ' . ~: -- ({ ':~ d 1 ,- .. - .' ~ .) l' '·' : ') -· ...... -~ -~- '..- < !"" ·-·":f -~Ci') 

:;-....n --~~t~J :~].;. ·~;-.1.l ,~; ·;r :·.: _,,':t ~·=· ~.7~t;j:;.;~;~.1i_, '":··~i-f 

'~ i : \ l «_, ... ( . J ·/ ·1 ,. - '.j -· .l ' 

!J. . . i. 

it doee ~1We ... 1·Hcff':ft' ~y ~i'4ll:f 1~cl~ rwtfM~ ~HtJ•' r ~ ' v :_ 
G'J1::1J.~ffr(>2 ~ . .::-: ·:)+ .i.!.:.. J __ :· t ::r~5f!J ::'.-·;~-\ -1~1·.~u -.:::i.--·.··.Jt ,_ ;._· :.,'."; ,~i~r .,\,,.!-'.;( 

purposes dr f!!ifi:~e" iu-eut~t ''.t'it~ ·f'ti11Ni~'*tiwft£'iflf: < • ·: 1 ~ · 1 
,,,,,.,,]; 

:jf:' .-;_, f?, n:: :: ,,:, r. · · ~-· c '-' !: : ~ 1 ~ ~; t.,. ;:: , 11 !. '. ::' : >_: , l:.: ~'. :.~ J ;_ .:. s ) l _; ~ ~;; :.:.J IA.; ;.:..: ; - J ;_ · .... _:: !.~ _ ~:..; ,; ..[, ·::. 

A ~i''lf\ff .itl:-ewf·ift'~'fij:Jtb~PFdl~ffii·J'r~ffel~j; " :1- ·- 8\ '' 
ii d:J!F~ ·_;{)''' :L~.:~-·-~ '";I;· ::: 1 .::_!-~8~1- .. i' _:F> 1 ·=:·: i''1 ) J.~:(~~·s ;;,_J''•f;l '...,. 'In -



,;·· 

22 

to certain features of ~· 

b. Changes in the model represent, in some well-defined way, corre-

spending ~es ,i:_J:\ ~ .. , •• 

i) A s111&l);;-&_4l!~z'll1.~-~.,,;6!'1t:1s~.t~i-f<?,:fi'JPat;!utf gID_t~~'1 i:i~rrA::s·.c" 
model for the actual part because aerodynam.icists understand how air 
flow a-i;~ .$,~~,t~G-~~)icm :i.Hr::rmt~l;t:Ac~ ~l'Y.A~q&~1a<e~~s1 .,c~.r. 
airplane part (whose shape corresponds to the shape of the test-section 
in a well-defined way). An obvious advantage of such a moqCJi\::iifJ-1i~30 nc:.i: 
convenient size. 

ii) A verbal statement of a plane geometry problem usually includes 
statements about line segments, connections, shapes, etc. The Uf!~l,b.·.H , H 
model is a pencil or chalk diagram which has the geometric features 
described iJl, 1thEL~t'!t~ •. ,·J~;.MWl~~ l-<i!:ttk/! 1'f>4%~u1tfo:i~ li1i2i~,lT 
conceptually easier for people to interpret geometric relationships 
from ~,..P~r~ -~ 1~r~ AiM~·~ ,:~~'~e1'!~' (~~'A1~ ~tY.iqa~r1'\ncoo:fr~ .. :i/' 
of the geometric information into a linear string of words. 

'.t. - ·:._r:·~' ::. :.",_;.; F, : _: .:..O '.'i'<:'•.')':·t 1 _;-:-~ '.:.lr!T . nu.i Js:n:ro1nl -:ii·:!.r:s;-;i;.:12 ,,'/~Lf;~r!· .. 1'"' .. 

iii) Problem solving ability in human beings has been modeled by a 
compq~,,:-P~~SJP, . .de;v"~RP(jl py,_~~ew~ll~.,.~a~iaaq~tp:irrliJ,S,) !t>d:!T~ 11\9;4,~). T ""·i:w 
can be improved by modifying the prograni so that its external behavior 
corresponds more closely to the behavior of people working on .t;l!Etr~u~ ;: , 
problems. The advantage of this model for behavior is that its internal 
workings are observable, and hence provide a hypothesis for the corre
sponding mechanisms involved at the information-processing level in 
human ,p.;.<0b~sR,lV,~·- 1 :.: •• ;.2 n·). ~-··d "('..:,,"."'" "11'·'-' $;-<·r :!7~;·:'..J.'L~J.:::I_ ; .:: 

iv) Lpsiq~a.n~ ~;v;e,~~.E.~ ~~UflI:·~?9-lrJ:it:¥;~t,~. ,:nQc~if>~l!-y.)~p~J~ 2·v)h ~ 
have no significance other than their syntactic structures. Sometimes, 

:~~:;:~i C~::~~y8:tt::~:tJ~~f~:~~~~f:!~t~h~~!?£o~; ~~:'J'j .uq 
says that statement' A~ 1~,-~:t,o~l.zoQ%q~iff>~Q0~1'jypfi~. ~~nq~;:· ?. 
interpretation" to facts about the relationships;- 'l'he model for'suctf a 



,.,.,., 

fot'lQ&l ~~'O).i~ .-&ua11.y>~•i••-:-e"f'1~ .trleD-~t .. •9M.eh r,, 

satilfy our intuitive notions of the "meaning" of the original relation-
ahips ,-y1W1~.~~'Cft>-.piae 'tl> -..itM.faEH,__e\oof'!th a','.:::.• 1 '<" 

ayntactic etatementa. Thus one may study the abetract formal system 
by •nipulating a llOdeaP-...11JhW"l i.-thM.• Mtnft~"'j :.-.tiWj'' '';;r:, 

in mathe.atical logic, refers to the atwiy of auch llOdel1 (6). 

There mf.Y not always be a clear-cut dietinction between entities 
i i r: l ;_ ~~ n ~f .. 1 _... ·: 1 :.: .. -1 0: J i:; Lr, 1fi: £. e. j~ 1~····~ : ~ ::1 '<.a l;, ·:~ o ~ ·1 c ~r a n -:::.: r_ j ni·:: .1 cd :1 i '· d T 

which are models and those which are not really representations of 
9.dj ;n .. :' ~ ~"~:.~ J')S-i:.!::-.~ ~d f!.:eJ fl'"'· :{w fhJljst·i.J>.>j~·i.t sdJ ..;2ut~:):J~: z~· Jr::s ~1 

something else. 
- _.f :t '.. ~ L l ~;d ,._,.: 1 ~ 

For exaaple, Newell, Shaw, and Simon's problem-
.-,01 uj bIJh ,c.-: ... ~!_l,r ~-~-:·(i]~~{jb-Ji';y.;: .h i·;l ;;f~·:~ .. 1'-~-:,.·:·tu·~; 

solving program discussed in(iii) above is truly a !194el, in the sense 
.'..'~''.?'.Jf~·JJP~j;;; ,rfj r;; '.d;::;)j,£~.·.'L D·.;.J:1'S.f'.Y.~(;_!.i;t· -~;fJ ··:o :_~f£;r~~;.: J~;1;..3J ·11> <:;OJ 

defined earlier, only insofar as it is intended to represent human 
'(~t- :?• -J~:-;. r ·~ ·:·. ?.;<·'--·.::.~; :-:.f ·.:J .i~~t-! ;~- ~ 1 ·~horn ~ 1J:)r;p lei :S~S:if!SVi.:i.t .. : .~,,_r'.·.¥--

behavior. Otherwise the program would have to be treated juat on its 
S'.!i H.• .:t~1 :·::t.i:·;v~ J .. i tJH:;j l~)born ~;·1J r.-:)::1 n··~:.i·..::b~1t'J 1~.1:·ui b'._)·· . .fr::~ .. b :J,:.;s_<:Jx::: ~.1J:J-..~ 

aerits as an independent problem-solving machine. 
-}(1"', .. ~!; cr~1~\.J __ ;y(.-JI 2<· 1;:_·1:: -~~7-..-J~: .. r.-nor ~"'.,.:.;:i.1:J * :: ~')ii3J0EJ? rL _: .[-:~'.-<~ ·):1.:._,J:.i~:' 1 

3) 99estion-answering model: In de1igning a queetion·anJwe~ing , 
-~:--:.f.I~ :~Ji:) p..:·ri~J·1~-;~2 .: . .f~)U2 io ~9;(i;nL:X9 :tV/O!l;i"-j(.150 ·1rlT .. ae:J:J'JU? :-J.('i e'.·39'·l~:<.:L 

system one ia concerned with providing a atore of information, or a 
_q_!. l::1:-·:..1 J'.1~):·,~ri ~!£~~~ 1t> ·)'J;..JJ':-u:r:2. c>ri'I' .. n.c-lj";i~~~-~ unl:wr:;IJ·:;1 ~d:i .::l : .. :~s~-~1:.:-

~chanism for developing euch a store, and a procedure for extracting 
3_td-~ -ti, 11:.1 ,'H3jr{sdJ fil b~::H:~UJF~lb c,l rrisJSXt!. ~:'.i'..(.!··l\ti'ans,.·nci.T~·-;1u~ ~-'"<· ~~.-,: 

appropriate information from that store when preaented with a question • 
.. -:I ~:>qL::i 

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

form of simple declarative English 1~ntence1, ••it is in SIR, ,o: it 
.. <~;n·(_, : -: .., (.' • ~-1 J ~;:1.,.'8:,,-iA- rr~ ... ;: ; a::: ,::,.; ~~:, ·; -:: . : .!.. :;.c.:..:. t(:-~02. 

may be a prepared data structure. In either case, it generally contains 
;.' Jit?<'.·1-r i:·r:i·: ~«·1.i t~ :;ac·--lw n'~: 1 j·-f'-~ fJ~l:·jd S\ifafl .:::;f~tb'"~~-~.::, '·,~ -.r8J.uq·rr,·<.,~"' l.E·. :.:;v:;2 

information which people would normally coaaunicate to each other in 
··1·r:;~J:-.:·.Ji.-~Jt 1 ·)~~ (. 

1 ·11 ~,-~.-;..~'~ 'lirs :i:) ~r.uri·t oJ f>~)jg_l9·1 :i1·~::-\_.,_;~rr:f.i;:. !:>-·fi 

English aentences. I consider the store of infor..,tion which is the 
··::;n;-_u1tn .. ~ :; _::'H3!;l: .? b 1 j.f-d·- :' r·-.·1 ... -..:.t~-_.i Xsborr: s e9eu c~m!:'.tJr/'.~ f;i.'."·ri .-~~t.;?ir!~.' 

basis of any question-anawering system as a 110del for any set of 
-~i~'}':(!:;_;2 ·~-·- r.· .• ,-~-,_.: rt.";f:J::s::~ jfl':t'!~·: ~-:d-1 dJ}t-i/ f;~::1L m.srf:.1 7t0 ,_:;;ion brrL. 

English eentence1 which contains the same information. Of course, 

"information contained" refers here to the semantic content, not the 
, .~i .l ~: :.i u ,~~ l 2 ·-, L '.-), d :; ;· .\ :: . .tL_dJ I :'~ n .: J -:1 t-; ;J rf :J l rh.-1 ·1 . ~ :;.TT;:; .::1 . ~. ~j - t J ::: :., j 

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

vague state of semantic analysis in natural language, the most effective 



_t..;.". _ ;;._,·.> 1 '."·".:;:·" ; =~~; 2 . .nir>!Jof"J 9\:·_~:1 .. ~;.J,.::1 ·t 1 .r(: ··::2; -~;a 

system's §,~!ilre-,of. i.Pi«l>'~j.oti-· t11 <t~ .._pt•i!'.tdilY~~ itueei:iiorut·r-, aq.i rla 
~<- .~;:: ._J;,;\l ,-i :·;~_, 1 .. -I· ·(;JtJ:i? ·yr--.rr1 ~~iJ(· t.:vrl1~ ~ (~ 4 ·-:~JL:L}·:t~:).,.; ::;J J~)r, r:··"~ 

and Inil-~~' sw~tiY~;A.Jlf~l'~U 4:-J"J)Jl .:f.j:;ti ~rf~eJ;.~:iL:,;: ~:- , :.;::,_;.l;:.;.i r:-£>:::: ·r.d 

. : _,' ' ~ ,) ~.,. ""7:: .... '·,.f~:~.i ') D 0d B~{f~\·' ·, :'· 1 \.61:.: ; ·-·: i-_t 

The information store of a system is a model for a set of English 
-:1· ·:i "r~ .·-) · • 1 .._:,'" ~·:i:· :J~:L ri.:l~h·r ~au.ri b1J:.\.i. ;:·~.l~-'~)u;J1 ·"'. ~J-> ~f:;-d-:::i 

sentences because the infortiiation which can be extracted from-the 
,... -·~ -~ ;.---, .·.n~·- i;1 -~ '..-9t·J9Vl ~3lqn1.sx~ ·r0·-~ ~£l~:.:. ~:-~.:..::1')·J::J~·(~t-: 

store corresponds in a well-defined way to, and in fact should be identi-
-J~ ·.J--· ,·~ . ~-;·; ~1 :;·~·o-:...;6 (ll..s.) L~ b.-:~GBJJ_,,.f!.-~.~. cl'.r.~·<_:,,,_ :1..1 µ,nj_;,1f0a 

cal to, at least some of the information available in the sentences. 
-.;; .. ~ ~ _. :._j -·1 , ~-:·~,: n·-.J __ :n.f ~~ ·J.: :i!h "1.h~t>J(~nl ·cf.r1 ! "f~71_r .. ,~~-.:-~ L1Sn! tsb 

The principal advantage of such a model is that it is easier to identify 
.- , __ :;,· , .. ,, ~'Ji::- i 'JlU.)W i"fi.'!.::·1;.~t>-lq 91·!,1 S·r·.l:·ti'.i~:il.::C' 1(: .,:.~ ;;·'='·> 

and extract desired information from the model than it would be from the 
l;· -:~: 3n. ·Jl-.)t::, ... i:;:~:).!~do'lq Jr: -~~,;f1<:-J~(.iJ1: nL ~ .. y.- ?:J.t.·: 

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

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

degrees of success • 
:,···/'-:.. -~-1,,._;"":.:_;,·~Jb :-1). :.lsJj...)!U ar;t'l:.~v:anz-rrc:~·J2:.:>LJ~) t_-: 

The best·known examples 0£ sucn~systems are dis-
.t: 'fv -)) (· .. '.c.; ~.: z~r:iLJjV<J*1t{ "i:!l:v.r J,.:,9f.i·J:.1..!t:{_-~j .;_h,·!;~y~·'" 

cussed in the following section. The structure of the model used in 
· c~· j" .--.· ,. .. r_.i ·J ·t-ti;_, ,,, I·_fJg .,~·.ic1Jc; .s rf~.u?. 2.nlql.:;- ... :r\,::_:;·J -·:_,..:'f!.:...11'--~·:J:._,.; 

my new question-answering system is discussed in Chapter III of this 
; : ~:~ n:.d; 

paper. 
" .J . r. 

;;! ,\' 

C. Some Existing Question-Answering Systems. 
:-_:_;':..JD~.<J '• i_ .,.-:~. ;:::, :-;,..;.;;~,·· :.: .; __ -~; !.;= ... l "~~-~~iJJ )LJJ:j~ ~~.·~Bb :.,,:1·:.~: ~--::.·'~1 :·~ ~;''' "·{i"..Jt! 

Several computer programs have been written whose aims and results 
;; _1~.: ~::;:'. (: • -·~·« :,, ·;r<~i ~.1!i:-.)U.--'t)If hft~f'"< ·:-tiQfH«(t r: ·" >/ .i ;-: .. r:-.-~--4-,_., 

are somewhat related to those of SIR. None of .. ~hes~ '•;qu'e~tl~~-
l) _,: 

answering" systems uses a model for storing arbi~rary semantic informa~ 
r~-i ::e Jr;J:~ ~!·. j ~ .. c l~ U't:t ·,:',<~ .~f;I~:1~r·1G!I,S-ff(~: .. :; ... :,..JU}.'· ~:~-~ "-l-., <-!l~··!J,>i 

tion; and none of them dear with the same general kind of subject 
, , .i'i(J.: .• ::. .. - 'J:~if:e ·;.:..·_;·: ~1.1rl.s.JrJc·) rj·; __ ("'. :..:.•.'.J1:~} .. --;:-=1 ~~ :: ·.t.:!.::::i 

matter as SIR. However, each of these systems has certain interesting 

features, some of which have influenced.the design of SIR. 

-.i 
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1) n~:} W ._,~ ~::l9'f!!~..-'t!11(1);17) ~ ~g»ar~ f d1.: ·sq 

·writeetr~jft ~ '.J18r'ft1(-N~~*1----itig '1•1•'9111 ti .,.,_,. -.c-lllleato~ :i ·r r; 
... 
verbal £nglillh <qutrsti.ona about a set of haaeN.11 ig ... a... .JbMimp'le: , s J , .. J I 

29tput: · ,~' AMt• -lll 1JULT ·, -

; "· :1 ( .Jlf8Bll1b~ oii• )fI£¥--·-1' ~~· 18;J;IQX.. U " ' ·' .. r, ·J .. ' o iAI 

«The .~!~il(liied§tl)lilc\lilllllldlMi:of .. ani1-..a1hioUai.t:.Odlltla~id:g.:.;~_1,;

.all tbe rAe~i·~~...-~~•nt·..-r-- acbolll4 .... rlt•Ja·t?~',;"'" . 

aelected 'lliKarchical formt:. ~:.ts --~~i.n Ui<~COil&Ci•1'111·· ·'"' 

aodifyiq this mo«lel. Bach CfU.e•tion is traa.lat-1 iato a s,pe~ifteaUon:• 

list wid~.._.iH<i i1'UrlMMdlii~t'ttlUM .. 'lrt19Ud~'.-_:ati11~lfica

tion-liiti'~wst!MhiW~"'*84:Wt ~ .... ,...l,'I~•~a'ieilll.(djl :aidsJflNi ,,,,, 

entire .fftM.f <;.p.c:l!neeten.lJ!i9il~iwHdfJGQ~.,,'lte~-•<'U ._.t_~ ': r p,:r·L; · 

respond la gr .... tical English. 

The bulk of the prograa is devoted to the task of tran•latitlg a"' ; :_::' B~LJ 

question sentence into a .1peet/.l~~fijij';i!IMrtO.iiHjiqQ.11PNC:lM!k:tng Up:!qni 

words in a dictionary, f.{Wf~:~lidl.US:~f4Wlilis13jt'&,*tllcfal 

aulyaia, reaolvia.g atbiguitie$~-~. llAflie~ ~jtljt~ a eet 

of elltriea for each word, such as ita part of •"~~~~ dW WO}!t_:.;..:~rl.2. 



2~. 

probl~;., .. ~he ;~el, ·~ansi.ats-,~£. ~-J~~.,~~'!'t~~~!.__~9~~.~ljl.: 1. .. 

arrangflllrid~."l· ,fac.:U:fit•te .~J,.e p~~'' c.qf ~:l~:A\fl~« )i1'-llJ!C:!>.fic'°'tiOA: 3 ; .,, 

lists. . :n 

because it can respond to a wide variety of English ~tio~ff~s. : · 

However, a limited amount of information about a tpec?~fi~,:~m_~t 
,; . ) . ""~ 

must be pre-arranged in a., ;tilt.ff cJat;«Lit.trr'1-~~rallct ~p,.. d~J:;~~~ lend 
J.. \.} ~ 'J~ ! 

2) llhUUM I ':Qn!ttj:ol):AM!!t:t·\M·jW;UfiM9&\l: ,(;ili) ,:~~,-N~,, ,; J ··.· . . l 

writ.tlon";i;Q l;IMJlflSP ,pJ'48ll&•:Lng ~fJM, ~{~~~f.~:t~lf.rliY!JB.%~~J: ·f.:)i.: 

English sentences. 

Example :. ·" 

' .' .~ . 

(THB 'I&t\CllKR :lUW>S BQOK$,,;Ql t.IJE~.~S~}), : . • ., , , .·,. 

twHIRE OOES 'I'lii,:mCHIR .. ~ .~), t .r ;,,, 2 .. ,diat> l .I -

, .. ,. 

sentence in the, corp\Js, .and. io:r;,:eh~ .• 1Jest;Mtl:a; ~~Ja ttP"=~~o~l ,, i •.:.:, ·' 

in the .,qu&ation-list i4entifies the 1~·::iil411}'10qih•nqu~a~on••\iatr;ii.,, ,. · 



aeaJtanO. ie_ .•• pd., ~tile.AM&r<lle¢t, replj'0ii1p~WEetM 1fr-~1lbe ~ .... :BJ. 

-.OMi.u',aenooncJe klt1l'l4L4E'i'8fG&la"Grp\18~cc, .J J '· ,,." • : i r .. .1'-' ~9':H1' ., ''' • 

WbiJ .t.a~c>pl!iJNJtive 1epsem;JJiW ••'Veaalii.otlvi:toutt ~•i·u•1, ::.,,, •1;.; 

in.io--.i#l">im a·;MD~ e~:rtbm t:be±fner~~-- aiC:.i-~ .. 12•·· 

aa7 •Dl~el11biall ca.-t·w.~aailys:edy t.F.,_,lllid~b·itR 1l11Jlida"Jiltc:the-ck:1
;' 

ld.~il.y,16:>rl;_. . .,....., •·.-ca,._at.b>li¥;,...._a+ d.M>:liict.Iicd'4> 2Jj 

aod.el.wJU.ah r:UI; iC ........... l ·ea¢8"dad: iauitQ41;Uufli.ty,.. w i8entAUdU: ''"" i' 

au., Adfh.4.11 Mlld -U:-h, :aeniea·. g;- d.Jltia t t la• ~;;iiUbJt:. rJttl: I ''; ·. "· 

finding ~-..::ti>l ..-e,t1.b•&.,:. u 11n ••.,.1-1,:·.,.,._e~1&nd:l.~Ji, :. 

pnt.-.;r~l8]l;at•. ,.., .... ;·4' •Cha ......-e>~~dtl>.id b;i~s::ilL;:, 

Pb.1~·.,~j ;·t.·.r:.:J:.._ ',. i·'· ;;"!!:.~ -~~;~·r:t·'"'J sn3 .. ,;...-.:..: ·c!.,;.£-.i:.J(.:Ji 

Si i - ~ .. 

~) ;J~~~~(.38) 'fttj;a: ilr~~ tn1.t:b¥rJO\CDL.~ng 

141\guap,~..17.):~ -~...,.,.., ......... ~., ~ .............. :,:;t~--· .. 

~~int11htn::•: ·J.ar.a-::.coqrQS1 ~ .... s:.-..~j~aif: iluc&r.._ ~...:..··: , ~ 

i!!f!!f:i ;iJ~~-i bic1la:oitatr~··· I, . L ;~ • '.' d.'.t. 'C <' - ' "' r :12 yi CJ j 

'•~''' &e _Shs 1ee;i11ol!M1 ;~.,!'lfa1:99;...,.~,•,bw~~·(, '·" !.'.j)'', ,b 

QtR~: "Bh·ds 84t wo1-1 ... 

The pro_. .. .-f~-"-~~:!1;~~..MS.!.~:19i1EdM;Miiln' 1Mu/l&Ye 

anu.etunl :{A,.Ml!ie)i: ripif~ea ~A'~~· t~,-~·_Dt?•aaPU.l:tc•~2 . .r::i:0 ~'.~~~ 

c2ntent •l'M·~ ;-.l\iGl\!:~IMw• , .... aa4.cn •tamf4aaaae, ~jaufl'Ut~:iO..-C•ot\ ! , , 

words are any words which have not been chosen as functiou words). 
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matically from the corpus, and information from several seabmces' ~ L.i'I 

be combined by use of syntactic methods to help answer questions. 

the question-answering procedure. SIR illus'ti'M:eseftU:' feas1~1ty of'.~~ 

' . .; ,, 

4).,Jl.ifd.fff'' ''i'11Hl-1,+Ht ,s.nteua.t;iprp!aa.tJHVa.il&R'!jraa.at:z ult;,01 q sd'P 

Semanti.OJi4n!l1dPs;Wlchtne.i1 · (21),~'J:'!lisepire.g.i'iDj;.:witaea:.4ar:tb~ t~v~ ,, : :a 

''1 ·' 
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English'.: (j6), e3Ctracts from it- ~ny J i~toi-mittlon '~~rlC~~Jtnj"tifnahlp ;· 

lPRut: "~ohn, Mary's brother, went home." 

efllp;p:c ·.rOltft:~mi wny·m·~~ili pd ad~oil:&ln'':i~~ -O~~~ties·~~!~·.!: ~ 

thef are repiesented ... des~eniiant.~t i 1&.!.J~_i~d.5 tft':ttii·'£a;dfy: 1 

tree. The: ar~r' is' sufft~tent 'fg 1 ~~~ie '~ coi~ide~~6!~1 'pb~tto~ 1~ot 
-~··i·! .• 1 _ _- _ ' , : -~ ~- 4_l.~'.: ~. 1.";·; ri:·:,--j·t ~;, ~-; (',("1;1-) -"f''.l t" ._ .>;_:.·,; ~ 

natural 'inglisb in recognizing faUy relat:i.oliabips~ .. A1tiiougfl .tfie · ... 
L' ;;;s 

author d~~~l'~~ ~ c~n.iaer 'que~~ioii~~~~e:1t!iuin3a~tatl; it 1ij~f~ir' t:il;t'' [ : 

the fam1iy
1 r~lation' tntonaaH.ort 1; · iaedi~t~l:V~~alflbt~; in the ti~~ : ~" -, ·· 

w••;~~,~~!~·:~•~•--~if~t~.·~.~i~~~fq~"'Yi,!1~~1'1~t,~'~g~ ; . 1"'' JL'J 

nothin4_.~~ ,~~,doll• •; .. ~~f!t~o·~•nm11;~ ~~! l. ,, • , • , ... 1 • J ·: .1 .: , •• ,:·j 

,u~~~~~_,al:e 1Y ~ • 9~ff•r~'}t , ~~~ .o~ ~"'~~~r ,.~~!!c ';e nt~!~ ') : _,, 

for dl1f~J1~~; ~i~! <?~,. iafo~t~Q,9~., I~;;.•ri.,~'in4~i!f~~ !fS~~»rr~~ ···:.ti. ! ., 

t1light : pe. ~~•il~~e, t;~, ~e, t~ ~'~ . ft.Y,f 1l•~l'f~1'9~l;t;<> ue.R~"'enf,p i~~9f"";, vs, , 

m.atio~. {q~ e~~.JJUb~t as;ea;.'!'~.!•iH. ~f~~s.~~1 ~·~Ye~~~~t;~'~'t• , "'L [ L.: [. 

Carted~~ ~R.,f4'~~·· fpJ sp~~i,~; ~~Jiat+~M, Ii~~Pr~ri~\l~t 1.~h~n~~~~i~l . 

text 111}'{"• .. ~<>t: ~it~ ~hete i,,.~~~·Qb~•!~r/~~;!~ 8rMr!'''~t'~~~~~ "'' .. , . 
but t~\: ,~ld -t~ .;e. ~oq~~e~ sy~t"r'-~tq: ~'r!'P~'!A iolP11~~!t~~t. J '"· '"' ,j,; 

prdbl~ •.. -~~. ,$,~ .. ayst.ea it .based 9~,,~"'~!S!~c~~~b ~i~~::·c~~~~FJ.8.,IU . ,, 

ra~ of th~ advantages of various sp~cific models while permit~~O;I , ,, 
., .. ,•L (_< ,.J 1,,, _. 
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of arbitrary facts which aris~ in humen conversation. 
~-f" -i . 1 r , ;-. . g :·· .. 1· ,~ ; . ·' :~ 

5) pa:Fi;~~0~
1

-~ erogram (~,?:r. ~h~ ~@~tlft~f,ien, o~ I ~es~rtc~~d' Eng~~~~-, 

into the .1?Yt~7iofl _ot,, s~P,olic .1,e~i% ~G2~ =; .. }~~~,c~ros.ravi,',:;~~!tteI1. in :fh~ 

COMIT (34 ~: ~ro~rallllf~1;1g l~n~uage, ·; tr~~~l~~e~ ~~~ta~~- E~gl~~~~-7.~?dl~_s 

into a lo~ical fQrtµ:\which mar, ~~eQ._ be _~l~~~d,}o~ vapdity, bY.:.~~~f~eJ;_ . 

prog7~1!1' -~~it ten by the sa1,11.e ~uth?r,,,, -~h~~~, ~P,pli~s ~\le Davis~Pu~n~IP, 
, ·~· ....... ·. '" .. ' •... ~- .•. ~ ~"'······ .• ~~.! .• - it. l. .. ) j __ ,., . l 

', ---r··· 

proof pr~cedure cq~ _foJ; ~tat7111ents in the ~fy~os~t_iona~- 9~~~~lus~ :•1_ 

Example: -,,;·, 

input: 1/I~, t~~- buH~: wa~ __ P!,ese~~~ _th~~_tlis ... bu~!er ,~o\lld !':~v~ ~e!!i;ic:·seen, 
and if the''bt1tler ~-~ seen,. then'th~ 'butler "w6utd hilve, be~n-' questfoned. 
If tluf;~~;l~r had qeen qu~~ti<?ne~,"thep tli~,b\l~ler wo~ld_~_,yerrer,ifed, 
and if -the butler 'Md ·t~ptied'; 1 tit~ri' t8~ btietl!t·~onta i:.ha\te 'b~iit 'he4t<1. " ·u 

The bu~ler was no~ hea~d. If the bu~leE was neithef seen nor h~,rd,_ 
then th~ hdtter mo.st~'ha'.~e-'bi!~n '()tl,''ifoey, iiftd' :lf"tH~nbutler 1~a'.s 0:~0, ·aiH:y; 
then the butler must have been pre~ent. Therefore the butler w~s 
question~d."'.·' ·. ·:,·i::.-./ .,.,., · · :.: .. ,-.. ,:-f.,. ·'··· ,;.r1.·"1 -1 • • -·· '(:.L .. :; ·;(J" '·" 

output: [ [L~MJ t\ fM~N] /\, (i'{~p] I\ {P$Q}~i.,Qi~t [.Jl'i#\"'Q]'~R)j\ [It~L] }':=>NJ 

The input is typical of a typtf;Of prbl:h'.~m{;whichjappears irt Uenientary .f 

logic teX'.u. It has b~en pre;..edited tb'1~~tf6rtf"cert~in"~ta'.rtfic!ad.ons 

including removal of ~ost pronouhs artd insetttdrl. of necessary i!Uiriter' .!!.· 

words . ~1t1di ·as "then~•~ 'th~ p'rograni"t~iln~ldft:!~ tfi!s input, by 1meaiis of ' ; , 

dictionary referetkes artd gr4tftniatical ana11sis, into the niocief, ~hich'' 

is a §tatement intiiathematii:!al lcigtchi'1ing the saine trttffil-Va'.l:Oe as'-"~·.ri.; 

the origlria1 gng1ish stateirtent. -'Ttie .. qu~stion'' 'tri ihese problems 'i~. 

understood to 'be, "'ts this' argutilent 1'a'.1iet (i.e. ,'''rt~dess~rity true)?"~ 

and the'8.rts~er c8.ri 1 be 6btained by applying establhhtid method~'to'fhe 

logical rlli:>'d.~l. 
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· "Ai ln tl114aay'• ltfnalUp syitelll.Jf4) ·~•·11M.rliqBO.li 111''ft'trojnm · 

takes d'ihtq• of a .Ut 'id.eill'.y 1riiUdLlttFde't1'e ·of ·pti6fJJ:m '· 1 -,~· - -

invo1Ve4 'attd ·ad°'1Giee 'lui0trfjile''6f''CJ!i ontj''~tiibfe -:4'1Hti6i\ic;1Hlf cme . •r' .: 

con.sidjr• -~tlte 1>o•~i'&Ufty of ·4uot:£diii ~'••ig~~Wi-'ttre 'oC!C\lsr~"" i-,, 

tion of the suspect who was question.df ,n dfi '''lffl:it *41jt·~e-ito:~ffe · ·r. -, ,,; ' 

butl'er?" ,:lt&tht the 'JC~U~caeett procen -;ttf"'tt-.lllilat:iq''tlM 1c<trj.Ui1 :tdt'o 

aall ffe'ft. &f •the 'buoi1Ut'to1f"\\eade!d':fot )fltti«Plf~~~'~: · •, 

be exp~sM:ff th proJlic)iSt~l~l <.eia1'C'dl.U8-•'",;. RNJ-Wi11! ~~ '.;df~~ct itf-: ~ 1 " 

ai&pter ''fit _:ffen --~.ion of ·fife q~fffriti'Ol.\Wl ~~luai0£• mt 't,;.' 

suffit'>~) :~<i~fonjal-iW :.ute ,C-cKWe'raat~Y~ti'Ui~y o'fl9ft:irt 1'Ncedur41.:;;:,. 

6) l!mwtt I!! CW?uter prQ&[!!! fot werd reltt10M' (3): Thi:-w ''I,i ')°_! ' 

program, wrie~ or• l:t~ ;,-<:4Mt'r j'tol'r~ ~t~?Owfl'l) ~~pt' ;_: 

formats. ~~e: 
'! 1 )1·1 ! ; c •• .L. .:. J, . ·< ; r 

input: DOG IS ALWAYS MAMMAL. 

IWl(AL IS ALWAYS ANIMAL • 

. . 'WHAT; 9' l'IJM.¥-6' MfilfAl.''Q. ·. 

output:· · ,-~ l?S MMAYS MflMA.iL.· 

~ ·, - ~- ,. -

j1.! 

'be hetd1 true -at; one time for atty 'bile ''tte '!•;':-i>.ftii'if Jf.npUt hlfortiatttHi 'fit' · 

t~"tati!<F :l!tit-C> 'Ithe' model, which baa· as~tatt!d wllth ~Lftem !' each -' .i -; 

corresponding item.I and an identifying number for the format which set 
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up the 1p,qrr~ap~n~'fie,. .(1{h~ .~q~l :t.5t~Hy:,,c~•nJ\~' ~f H~M~ a.Jrj.~s 

of tagged ~qli~~~' as i-e- r~tui~~::,qJ_;11@e 1~~iJ-14q,~~·L ~~~Jt~~J.,y, .... ;;;J 

,The ~j,q.:i; ,f~tu~6l of. ~llis !syii.tq,., .~~c,,_,!tt·A~~0;he,J~a~~~._tfe~';\r.«!Juc 

of SIR, is, that. ti!~ ~~l;\q>A ,keP,ct; ¥lct~~9.el.ri~~1'!~ ~t.ictJ™2:·J 1 

kinds of s~nti,c ;~el~t,~& rqe.tw:~eu,-aar.,t,ti;~l,a;~,'fqi~~' ,,Que.~iGJtl,S ~~ , , Gi<:. 

analyzffi w..~tl;l;.r,~!ff,e¢ tQ~ a~<;l. aq.~WJt~4r~b3 ;~~~lf~u~ t~ ~•1:~!~'1-J .,,_, 

informati,o,;i abo\lt,,. ·t-4!.•,e 1~ '.~,~~~~"" ,~i1*iwM .. .:~~~~E! .oGf:., !1..;. d~i 

Benqe:;~5 ~.s, .. ~s:t~. ;~iqh,, J; ·~JF'!~RD¥!a¥~n~Pt' ~~~.,,tj\e.tf~l~~L.us 

1) Relations are identified with particul~l'r·.r~~.t,, +flo,~1's tt~u;,;ns l 
with their intended interpretations. 

2) Logical implications based on the meanings of the relations 

are igno~4d._, , . . ..... . .:::::_ . .zru .. C.'~!!.i:Lr~!:L~:Ll~~-·L'.'..!...:....:: ( 

4) It.~ 5S~.ia& ~re~~,i<?ill ~?P~~~ ~'e'!IRP~l:rlll<?!i-A L,:·1uL r 
difficult than necessary. 

· :i l (;ii.; G.". , •o :J Mn 0 ·j 

5) The user must know the form and content of the model in order 
to make changes to it. !:)'.';;\;.,~~'.Av.,; ,J :/} "."11; 

In SUIDml ry, several computer ques~~~.WJ;'~,§'Y~•::h.flve been 

developed to solve special problems or iJ.i\~~-.tfP.8f~l J~i-!.l1~ies.: ,,<;v, 
"'"a,_..J ___ ,..__ 

None ·D~,~~ :c~s~.i~t-~ IA; 4j..F~t ~mr~h.,-~ rQI"~~&! ~Ml~t. :; r· , 

"unders:~~d_iPti;'L ,b~v~o.r. £9,; . ~: 9~~X'.~In~~~ ·.~i~~ :~J.'M.: ~· 

:·· 

models 4f.':.8t~. ,µi th~, ;e~~!Lng .~Yi~~&\~ :r;~pre.~ ,~i.fu .~P~,~.; .Jd 

tions -¥1. an ,~n;t;u~t~}fe., &@!l@!\fl:.~rHfi~~;:~.,., f.l!ruhi$~~ 4~1 

. ~ '· . . 
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in the next chapter provides the basis for a system which is more power

ful than any developed thus far. The system based on this model can 

store and retrieve information about arbitrary subjects, make logical 

deductions, account for interactions between stored relations, resolve 

certain ambiguities, and perform other tasks which are necessary 

prerequisites for an understanding machine. 
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Chapter III: Representa't'1ons for Semantic Information 

1'he';S!a ttio'd~f is':.tfi.'t? c&tt~HioW.of· (fi~a"·\Wric\li.9<t:W'S't1rt iitt>~t. ~ 

i:;ef'~t ·t'6 in,.;'the ·coui-~'tl;of' ·q'o~tt'iM>.-1.tll~eiriig~";;rrpr:t~ 1l'~1d-'Wbcte¥;:1 \n 

th~ 1 ·s'E?fi-~e· that h~' int6't"ttiatT6'tl"·ia-tt 'dllffi:.;,.ut~tl~1 a~<tltfris' 1Cft?Hiii-Rtfis 

to the dat't{~. 'l'fi ·~ttdit:1.b'tl"; lt2 \i a'-'~ht1.b;ih~JM\.1~ 1.'fi'tfrtf'~M! 't-iftt: tl'le 

data are organized in a stru~'fti:f.?~f8tff'f!~~tes'SR!sf1fhe'.Ilb1ant$:wr:1 t'h~J 

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 questi6n,.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-

uage2. It is only capable of representing a particular group of se-

mantic:relations. These factors are discussed in the following para-

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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iza~j,0~1f~ ;,p~~·~•ti~:.:ll~~•••iil r~'tl'11lt~ilk~~~til!I~ bl~ilJ~! t;\l,e rr,- t 

choig4UO~!\a frMt~ .... tttfUl8tiq(,,MluaM-:r1MflJ49a ilfltJt~9l ~'Pi:t~i\,;~t! ~ •>L> 

develo~·-~·J'f, HJ.1 i~ · §8~ stf0r~h"t'tfhftit·1lfi.,'4iKM8fol~* &~8f!::i9~hl~60-1ct 

1 

the., ~~ft9.:r•~;;ii~e~n~ .. fi~h9'4 f~~lnfiZ!oV!f1go(is~-;cftrJ!i!0@f I ~~§re.t .1.r. ·:i 

Question-answering and other areas of l'l§ff§::>~~fJrrt4f~ ~!!!'l~~'J · 'D 

the untHt' •~U~?•ta1'•1~,,,.. ::n""4Ris:sd"A~1Mf3 01 iA.r!J!QUgf,lfrg8§ir

~lill•~~u~r43f1M~,,l.n.(~~'i@~-,bJimff .. • ttCwtusr'~'~itltll n~v,~Mt'~~~~c !'.) CJ:! 

vtAl1n4fol~;-;SP.~U·tt ··~-... ~ vf2ther..tt#•llg11i'lHr~•Y'IM9~8'11\~ti'N~1;-:; "~'; 

or l rU.Jt,IT\P~fi!ttinf}hffUM.~etm1.~101 MYtulte'""'evtl9184~qz~@nfU1•1.td uq 

th••Ab:8fe§jj4lntrt~911,llq1J9~1 • r! r;.~sMaoflirtnfi.::>INtlffe~fiK1 l!b~~e, \41J.IU~n<>-i. 1.s 

ages i111tMJi..i:CWf¥1itU1f«MrJuU§CSnitih4ttA1•lWfillf*eUM"'z:!Mt~ \?'fn.h JF 1o 

pre11tt4~1,,.•t~r-'af@r?.tMbof~rM•~t tlMBltnte4P.~§ii•A~lc a SJ -,c r ·:..i 

as it,,i8nP.•eflr84t Bmih••a•ri!Yll\>@1.oJMIJ&.IMfkl~}MPP!dl.~!f b4-r8!01ff~ u! 

a ~y~~fMlr IHtt, ~~ i1''ft~l;c: ioJJ:JQ88~ll.91.D&:;~c!IMh.j.i;h"lH'ef~'•2wO~UMs ·r J < 

search, or otherwise operate on arbi~~~QgMf!Uf~4u!,n8nJb@i~fbcJ8~8 mth-:u,; 

out :1R-i98:) ~QQift7'D~J~i~llµ t~foi»h"I!U\ o l~t~f iM§u ~g~ltt;1 ~!r~qf!tr 

l~e.r~!Srrlf\d!~YelJf~,:;~~}r!!JMMwA~'WriCJoP't85j!A9&1f&l8!::i~lje,,"''ll;.i.~, 

I~_, 'i~l·;~~i1'~~. rl~J~'~ (2~) ., ~11illl•aJil8ft9lJna,htn~~1~U"?!~dm-~', 

"Mth~::t1Mf•~~~4Mfll'~in1z8J•~~s4eff5'1't~rrlt! ~6•11JfM~9Ufm~~~B~'r•zIJ 
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is one of the :6ld eiit:d l!iYfttbo'J.f~miH1f~ul1!i.httg:,1ai'lgthlg@s~ -''•tHe·bastc Utitti0~£ 1-':: i 

data used· in J?Pt ~h.'ePH.>it:\ sfruef:urei*' Ha~oae«! Jofu1r1Fsydiha1l:s~ ,,Att')IPBl 011:· 

program' de!!tcd1'~if s,mtiol ''lrlsnit.1utS.tton"at''ii"very"'~asu '1rie1., l teavUii'iJ · v·; ·' 

the programmer with the problems of keeping track of st6rii.g@ us~d, cri P.'J,'d·'' 

symbols as!fgriett)'1;ete. • On the 'ottfW"'han.i, :·•tFi!Pquitt!J ea'iyl till 1PJ!.8 t8 

build 1 up"u.'e laBorlte 1prb{!traiil.s' ·chit ·of ,;Umi't~t "ptec~H~~''ind · · ~d..i.itai\!palit e ! • 

to proCi!slt fttii.ttil'd iart~tiagei 'and waiJ tUSM· ;ill' tw i:ef''f!h~ 1Jiuell!'ldn•anweri.ttg 

systems21deserified! a~ve.· · Altheugh.f·OOMIT':tsr1 genettU p'lltjM)lffe<0sylliol''lllA'1t1o: 

pulatien11 syst:emY ,itj :t!l:Jhe~t ·suttea U2lp¥8el~e ·tMVWffin&I•ttl'tag«"c:mai\tpuP• 

at ion; ·_!>;;'.,!•, JprolHems 'lti 1Wh:icnntfte:~afia' 1~an · &@c-i~ipl1e~tnted ·in the 'form~ .. ,:' 

of string~ df' symDOUPw!t!h~utt' UU!tt8duetn•:ittuu~:ruMY11l~atttett -'irt~d ~the 'i ,, 

processb\g sigot'tfhtns~'' '!lu:Pt&Mlt iystem 1pro\ttai!s:i.§lstiipte.;yet )ptntetftil, u; 

fotinli1J.!i: ,._, for"desctlbtilg· •st!tinMi'*4nitfflliH!oilli!(i,:Jvfhtsef8f:malt9*i 'can' 'he.! J ·• 

; .! -!. , ' • ~ • i .. ' .t ·, , 

the one chosen for programming SIR,wa!fs7ori~t~litly:di!a'I~ite~Jiltoibe a("fer-' ,,. 

malism ·u.seftll'' fbr' studjf.n~',thentfiilt~mitt.ed·>~~pet-tt~s <bf'.'flinc!t!'.ons·;6f 

symbOH:c ·e:ipr~!U1i~n!· 'as"•eu·· as ·u~~fui · ih~• ~t4~ttcil •pfogriiiiii\1g da~atem~; 

LISP.iprtigrims;·~oruHit 6£ fGntti6rie; rath~t~tl\atinse4oett~ei06f6 li'i.iitrliei:tliitii ' 

* See ref~~e~~~ (~f ~efn9,fl~~~!~.~ 9~~Hlf~~p~g~~;P,l~tJ~~,:~~9~ ~C?.r~~~J,;,: 
detailed descriptions and comparisons of these languages. 
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or de~~j~~ns. SJ/.: P.M.f. fp~a1':·:·~ ~f!i :~~J.~r Mf1 1mfo-~ ;;~Pt;~~J.~J\~t 

intO:ii'JIYDl.~~w,~~·iAA~ tJl~ l;u~Hfrhl~J>/,_,;,. ~:i.m~MF:i ~~.p~~.f~Oq,,) 

is ,A;·~l(J; ~.,~:r~ c~~lli:'~~ ,~ ~ ,t~ ~:f!P~rJ.i.& •ft:t}lffHf~~<' 

~: ~J'· ,. ~, PJ:~~AAP. :!itf.~·~W..:PGP~ :~ ,J;'1?<tf.1.9:3l~rfI\(:~, 

·~~.-~ d~~~~1 ~1tf~-t>j x~01,-.¥~f~1l~-:A.~r,1.Z~ ~J tis~_":,;f; :' 

st.liW~~~~d~ PJ>f;~t.~sa~~ ~H~i.AA1:JJ ~,llf!~ns t~f ·i '.:HU 1.!l 

ch~~,.J.lSJ.> a.a ~4f! .MP~ Jf~,rQ1:0~MlJ .N:Jl ~µ4<fi!\ (~• ~~}:1r~i~ 

·14y_, Wllft€~· Il'liP'-L-mP ~8! ~S\il.~~Htl\"o~ :cott..c· l .·;. 
veniences such as the use of mnemonic symbols and the automatic main-
tenances of available storage. .:d:2'{.ft,n£. ls:JJ:Jt.r;m;::: o:: J;,,,., 

3) l'Huctst:SP'·:lfom1t1'wi:ee1Jp~M~·~etti eu:Q:etil'f«W1·~~,,i; 
the recursive tree-searching procedures 1'hich are an important part of 
the-~ ·:iVa~ ~pf;~~ _'°Vh•ii ·:? :JJ hf ''c)f'<o noJ Jf,.\ i:fa;:pc f >';· ,;ff (.i 

!·,J1:cdi:·: :'~1.1l.ii .. i!" .. ~\.:·i,~J :-'-~-~ ·J:~ .- :; ·: __ .·-.r l'.e_f,•)~f.t~ J:_.-~·.·i·.:3.t~ -1 _> -~ ·. :.ll::'..I e;biv: ~~ .~1 

In mlea'r'f-fft"'vt!r-W'~; of "SIR, 'UOMPl Wf dffti• ae ~<p~~~'.lt\)bt;' ·~ 

translate from English sentences into a function form better suited for 
~ fr.~urtf:! }]: _)·,·. ,.,.c ;?L! --.:-1 .. ··.-· ;~·-1~·c.J. -;,.•·,;:JfJ '.·"i.dj nl ~:::.: 1...tl:J~1T1t .-;A10±1:::; (:rr;,· (il 

Lt~ :tttPhtPf, ~r;" lsimf~ ~~;y~~'-~Mhi '!~·)>~es(• 
', _.-:vr_j_;~· !!·~·1·.J .. , 1 .tr;:~ f'.·,, ·!.:_;!;·:1.r~)Vl ~1~-.:.ib".)'.~"J :":_:1; •rtO!i « .... , .. -, .. ·."'!<"~P.. ~r--.. i·'·/~)J-,r-t··.1.·1 .. (:. 

finally chosen (see Chapter IV) could just e ~~,..-wi..ti.ri6tedi IHP~tsP_,, 

to the LISP language. 

')iL ~-Y~;ietYJ of.~~).~ q~ei:J:\~r~i1'8 .r~~Jnr'l'!~itfr~'j,ed i~ ;n,f!_ k 

prev,i~ r.!~h,lwteJ;. p~tit"~es,.tjla~, ,~ <:4Yf~~lj~~ ,,~;~~~is iff., 1 ; -. 

: ., '-; } ' ~, I '' ,;'. j • i ,.;r_,j l };r·~:-~,.-,-~.~!~1. r_J ~:b·_;:(_-,.·,· _n~;~-1w.; .1~f ... ;_._;Jr:. 

----------------------------~ * See reference (4) for definitions of list-processing terms and tnore 
detailed descriptions and comparisons of these languages. ..::. >:~ .. -lJ 
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retpres'imttng the inf!tn.'itati'trll 1.tti~ftWi'text"~ ~b\~.;;'"Ot1tf!bttf 

d£fue-1rbi>· question•an'8"et'i.~ 'Systt!D1f·WlW19~ ~'-t-tii~~;p-: Ac "···' 

ori-e.·m¥eine are' 11~t:·ean&1,' 1 !'·.l~i, ~--~~M!IY ~"\!;11'h\di1'~cft.~l 

ate l}/1'pr0ceiss 'the 'tili ::iwt:o.: 'ilI l:~i 'frlfab ~~l!!ptltled ~· cdbiw 

be answ-ered ttivi1tl1y, ·bift-11hi:bti>'the¥~ £k~•W'blf1 :~: :fftfc>t'iHt~t~:fr: 

in the in~iit. '.At tbe rlth~ 1!rtt• atlel~~9iiltt,J'j'.~._c, .?t~:·~·~2 

t·enf/~rc1f ~ty1 ktiitle >t:tfe ~··~,1ihd'~rww1Fttf1. ~~e'SsaW-t•~~~"i'.'· 

atione Jl~~·i•~.rllf.le~ AAN~ ~~W ~-~edc_ 1,in 

complex grammatical analysis. 

I :fe-el;,.that: ~ .. ~,~~ illf-1~wJ¥p,iAA~l~,:;~n-:(:; 
- · . · •-''·"' ' : , ·: . i "") .< ::JL irbe 9'.!q~·; n9a orl::> 9rJ :; n L "' <:.:·Ji:. ·:· r ._,rFH.tp ·, 't 

like behavior must l:i,"'. ~WmtQI 1ih#!~ ~M~tn:~~~y.,.. ~ 1:(;J J 

de~ ~.-.-i4., :IAJi., tlJe;·~.AAiSJ.&~llfll~ ~) 1~~ < c 
r ~'Jr:·~q .irir _r·: _,;-;'.t.il. ;-.c~ r;'J.;fi';;' -;.:r;_;b9:)GJq 3t.rlrL.)"I.£~la-:.;~_;1_: ·-.JV.tZ'::·~J:J"-J~! ~:idJ 

i) The model organization should be geneM. ~ el:f~e~ sdJ 
in a wid.e variety of subject areas, yet the stored information should 
be speoJ.j~~Ji9!1>~ ~. JffM\1 Wl-.Y• ,19:~~ ~.JAP~11'&. GI 
process. 

'"f~J ( :_ .• ~ t.i·ur~ --1 . .l:~: -~;·i :"iJ'J·~·J -.:. _ JJ_:su1 H ojr;l B··;:).rt9lft9a 1iaJ 1r~i1:1 rJ(i'l] -:_i 1Eiclni:::.J:t 

ii) !he effort involved in the question-answering procedure should 
be- MM.~ • .p~ ;~:..tM1~~HJ ~aiti\8J~! a~t~ ~ r 
of retrieving answers from the model. Reither job must be prohibitively 
c;otll[lJl~~ !CUfi1·fa.~n,._..••-"'-q&• "".,; L '" "<''' {l7J ··<~ ., 0 ,.....rr, . .,,, . ) n··-> 1 ···~ ., r1·· "'"' ;.~. 

'•. ' - ..: ~ ' ~ .. ~ > -.,•<::, ~~· l. ""~-""'--.,I ""'" . t,J...J"1_-"J! .... l ·.,,I':. ••. t:....•...i .'\).J \• ~3J.1<.l. \ 

for meeting these requirements. 

Words are the basic symbols in most natural languages. Certain 

words, usually verbs and prepositions, denote ttfMf§ur@iW• ·~~~aJ:<.f 

obf~a'.' 1tiFttii-11st.r~1 :i~rswm-ti'W~ifsWeWil\r~ eio1·~e~ the 

obJicffts;·Jr·:~fas'iel't:Nrlbciett·,,Y 1~·~.t;>~s~~1:.tan\far'tffl1l~f'·~"<.f 

ations between words to represent relations between those objects or 

classes. 



.i -~ :-~ti(}>, . ~-

Befo~e describing the kinds of auociations actually used in the 
;~ : 
l_-.i '::.:.'i/'-1:1-::TIO;.~ 

SIR model,-~~· consider a simpler 1word•a'8ociation model structured 
'C ' . aolel~y clH-==e~~ rrc"r•~:;;:.~·--I>er~;lji M~!, reramn•:-:ih' 

'l'his mod~~~ch was conside~ed earl~ in thi~estigatitn, has certain 

posSible ap~lications, bu~ al .. o h~s ··91;8n'i£ic't1t drawb~~s-~di-p~evenf-·-i . 
~ : ;.· ;: • ~;·1··. ·.! .!. ;". .~ s 1 J r;b I.ft..<' WB2 ... ~ 9 ·:.:-~ _;bl;(! 

its u(Ei-In"'~tlr.---If)s structttred as ~!-te~ ! •tfl ! be words 
(;1i.;m·;,,;) ,_.r ,,!_, ·5t;c: '. 1 I 9:1"1-y2i:i.t 

whi'11 denot, the obj~cts or classes r~reaented b~ ~ and i,, respectively. 

All lsuclfwol~s are !a~rang·e~ iJ a t~~~:>!~~~ :d~.~~i~tl;n ordered, accord· 

ing ~o1 ~e t~l.Io,;.;i~s:i~~ul~';j:·:jtl.ct--rf" -eltner-it:y orx,pnfaaaifIJon to--! 

thi., pr~~ ~rdef1iig;-'1a~~~~~ kt;:.!~ ~f seco,..W.~;ls ~50~a~i~~~, c~~)6e-, . .,J 'c,; 
1 . ) Ji I OJ I ,, i, >f '.> ~. L l ' , '.> l. I • 

indicated by special additional; lin18;-~pai:Ty-~ e-ve-rD& ca~ be 
,, 2 .i/;S (w;;i:..;,,rb) ""'·'.) :>SM 'CJ'1 L:1; 

partially ordered. For example, if~ and z1denote the subject a~ ob-

ject, respectively, of a verb ~ in a se~eni"e ~ , we shall orJ~~ verbs 
:I~) rl "IS .12 00'1 

by the criterion: o~P if, for all objects~ and z, ¥fXY implies xpy. 

For intransitive verb~~ th~. ~rited.~n· is. a~P. if~· bii>iies. ~:' Fig. 2 

shows such trees for some words from a fi.jrst-grade reader (29). 'lbe 

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

included to motivate tjhe-organlza-tfoii o-r-kne fi~-ee:.-··-- -- -- ------
{.""' ,--·~. ,..... ..... 
1,' ~' . \ ) \f l J '. ~~ \ l ) ~ £ \ . .' '. ':": ) 

Having ¥ti.nee} the$ tree of no~ the tree "Ol-"VJi!rbs, I must now 
' . M' ( • 

'.,_; .r ···-... ! 

complete qhe-moae1-by-Ciefinliig- qonnections between these ~--·t-i;ees-:·r---·- ·-; 
11t9~·q _. . •. ~: q :::r c'.·!11.1 i ~,"_:J 

Although a formal tfOtatfon-tii'- sudh cro.1 .. links could be defined, for. 
.. l ~ 

present purposes'"'.!"ahall sli~i~ gi~~ t~;
1

following examples of state• 
.... ~·-.··~"' ...... ~ .. ~_,. ............................ ,, ... ,, .... 

ments describing cross-linkages (with respect to the node-labeling in 

Fig. 2): 

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



rain toy ,.,, , 

. · l;'.,· . :f 
boat see-saw ball doll 

f 
Betsy-Lee 

a: NOUN TREE 
; 1 

som_~~hins. 

vehicle 

, . 

----11--..... - train animal 

-'.'.7·· 

airplane (helicopter) 

kitten 

....................... ~ ..................... . 
b: VERB TREE 

.•. . ' '· 

I 
(move) ....JiJ 
··1 / 

..--,--, ~-1 --, 

1 
• I . t ~~ j Ii 0 '· 

~ni 
run jump hop fly 

j .· 

eat see laugh tal~,s~y 
.t) ") ..)._ « . ~. ' { :·:- ; 

............................................... 
FIGURE 7: A WORD ASSOCIATION M>DEL 
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... ' : 
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ti)·''>fi.Aij 'rloiJn~Jb~tdW''ilo&e '2 'h a. iuttat;fe'~J~t '"lot ~aiff»J~rb 'abOft .· . .i•>·!.~· 
node 2 ~"' . . . . . . . . . . 

1r,; .. .! L fJ O .i :} !., '_L.,: :· · : i ,-~ . \ :·f I ' 1 ·' ·. - _, J ~J , :· 1 1 ' :". ~; J n ') J :l ~ i 1. • ~ 5 "'1 !~ ".f • i ·i ! l ... ) ~ . '- P _t (l -_; 

'111~ :~cnift~e tatdd•r. -"e~.~ :ofbtr6-:>jtWtiit1i idB'-''e~t'1dt~'rie;.t·;ii>o\if". 

tlutir posaible connect ion•, is a represent at ion for the · 2fiii 'Jt; a ft' 1 
) '.l i:::: 

poiit1i1~ ·· e-\t~ti~ '~ i~t.8i'het :~t4•; 2 tt htiliriaMtiJ.~iJ:c&i~iit~t•·1·1·k&~

ledge.iof' ·f1ie woif·d~·· ··vi ti~ have .• -·!WecHiiiii" :1l6f' !~~kdi0tR~i"&>b~ten·iir·1 

or ·~fitiitd~tutrieii's*'mot».~ei j~ieli i:Jt. etii?£qARn1rtt8trakti<ir111tii'"t~' '.!-8!6 J'; 

a 'l:fif'eui'\Ahd!i'W~e·ctri'.t§ 0~cle'i, ·f.neLp~~tilri 1~ufJ ~~yYt~ve ·ed~rriiiettrfj 

fA "tiil,Nf!'K:Jcit''s~~c!at 1t6~ec!t'ioJ., fti!d:!a(,:.iiicSHei: 'Ci.ttfi' 1tlf~;·~d'swdJtd' J: !ii(·· 

dilt~njf11tl 1'tlf6'i~ :*v~tii~ ·..mrcli •~1f!uiitY1i~pi-iM H&iueiio.:e 1~i~ll;''i.tJ •~.r "' r 

Just 11~8.ic~tv.bt'e'' '"·eJ')chi;;~o.PJ,t.1ii'? 'l&e•·ifJnj''3iWJe0 iWe ~'iiii>Uf'')Jlite- ~·'..Ids 

ments coutdWeiidb~C)iii.Jif'~ -f,.;·~;ifetf1iui:;;fJ ·it1iibdJt'ut~1 i•·~ j,ftlfch ·~.r;·c.m 

the thread passed. Such a model would be useful in a pragmatic system 

such as Abelson's (7), to test the credibility of ·~itoJtf'H£s Bi6icr;·:Hrcft 

COUld idetrf~1£f dsJ1titl.¥' -'(ff fii.'factillt'1 ~lictle 'by fli'ei'iUelifiicfs;·"'.d_~ 

coaJfll~"1tlfJ"~~tl~flltt:fe··:~f'-the 'JlftoJi:.,tJJ.fiNi~m ii: ;:;L'Jtiuo: to .J' '";r. '-

-n:1tt'&<ftbril~tafy;; l4fi'.Wdtt1et'r~es~'t'iliid) W4'.r 11-i/Hft Ji.;6Htlks~ic1t ' ·1 
i: '·· 

' -.-' _"·~ Cribeci f fo¥':rQ Ssf.gntffc!'ant'1 -1amc>Ji\~ rdf' ':itif£6t\JtXf(rff-\rfitlifdl f£pftrgfu .·l] 

which would add information to the model 'v~-Jfflt°ia Ja'ue<<S'/ th~ l ·' · ,_ 

que·t~ori}' ·~e ';t~P1.~na '~•r• a/erM'JnJ sa/i~~t1 jlff tfct1

liii jt1f'l~i~~t't~e 

many us'e1f,ilb18'.!Jili/1tias b'}f &u~8,2 Wt;rl:'he .ti~fOcfu&::.fln oi0i tW·4Uitfci~1.ti 

i-etaii~1ns ~1urcf1fonfJli~ileu'lt~tfcbi'iJ1 ~6~1Jxr1fitt18if Jfitt?i ~ifl(181icf n'-':.; > 

fo"r3c/tt:tltt:!i~-~/ssr:..ou~{-~utj~'i1~'tj:jt0o :1be -~~ ,;g~~J;Jr:;1l;at9il.ii Lth~1 ~:,C};,% 01 
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groupings, J~ ~rder c.to be u~~~'d~, }!l~!~ ;Br ~afjf~l!i~ .. ~ei,,.wE~dr,~£,go~H_hng i 1.1. 
; ·:,. ')bOt.r 

to the ill-defined restriction that the resulting configuration ailow 

simple and useful dfoss_-Hrif;~t~feuietits. j·:Thir'nuiy i{gf:'al~~yi{be, ~o's$'-t~, 
1" ,,.,. Su ..... 4 .. 

sidere4 i~~reas~3· .. 
! ; . ' ·' :.; 

'f'~,7 m~de~ ·V~,~d i~ ~I~ 5 ~~-<~ .~o~dj~s~~!,:f:.a,t,i<>,~rffi,d~t s~wt}"+ J~ ;~~o'; 

r~,p.ects to_ ,t~~ '.o~~ Just q~~ct;,~~~~~: ,_.,~°!ev~,7,1' t~fr ~'i?f'ds h'~~,, l~~e~ }1:\;: k; 

a &~~e,ral ~nn7r, so t.J:if4t nql.paz_:;!~~l'fi f:~~~tJ~n~,.,ff, 0111Q~~ 83;~%~+J,~c;:.,,\!$;" , ,: 

th~n, ot,~ert;1. The ~del ~,~;5.can~.t~~~.1~d 1Hf3n ,~iu~t1!~fipf: i~W>~A~PS~~~~~',. 

completET1¥:}lu.to~i~~ly. : }~,;~f~~1t~'3~~ ~t:~~(!)0~tfi1b~v~9,7 .. _o.~ .;P~~.t1'1~J,~~U" r 

relat,1:qn~!~,jlfhich ,ff>iUEr;~,bi 9;~7S~,~~9fl~r1iu1~~' %"~~-\\';\t,st~~i~~nt~ J~.,~1'~j b 

abov~ ,~:(8:~~~ :~re ~,z;o~fi~~e<i1:i1~1lt,~,.;~1~ ~'\;1!fJ;r:~)~a~n1!e~~ ·P.8ttm-v'iL.~l6~" _;,L'L 

mo~,CfJ • .. r,~7,c,t~On ~' Jb~l.,9~,,,?e11~,r;,es _t;~~<;;,~~~~ ~~~\,d'fl!e~}lJr.ci~bllt.J U(l) a :lil'lfai 

Th~ ;?~;trucit:Ul'.e of tJ:te, ~:~~ xe,99,-¥ Jl.f._.,.1~ ~:"r~~ 1'?t\y~t.~54 2b~.±1~T~·;i:l ~d ;Jo? 

structure of models in ~~l,\~~~lc~l,_AQ&~c ,}(, lq7')s~ 0~°'~\'7~_;ffl4ie~~J f~Wr~171, .. ,> 

sent the :.'!~.#l~ip~~"n9~, \'?~~~}~,\ s.t.~'~'~>! ,}tP4 9~1iY~1Wi ~~:~ 1~'Jr~, f'¥ttfli~

t ic ian ','.,t~i,nk" '~~~t;: '~~:s :~~°:~!-~~~ ~ ri~ i'":flr*i,f!i~ L~'J.u~ri\~ rfrh~ .. R~J.~ ppdfifrFv'':• ,:,_ 

is s~pP~.s~d to .}·~;~is~~. ~P'1L·~~l1~_n11i'~u~~,.~1+)~ APP.t~i:~. L~q.(~ .• ,~1p~.r}~p7 2 1 j :1 

help th~ ,P,:t;',o~,r8' Qb;t;8i~~.vaq~~~'"'~~>iCJr'ie'\~io~'/0,,.,~~~&~8r:r~,~~~<a x,nq~-~1 , VJ.: t·.· .1 

detail~fi l.to~~:;~t"~o~:i~~~~~?,.,~:~:~!.~: i .·•J·Arr '::.>fi: u; u:"[jtE!'Jcdn.[ b;.1· ... : J•'W .:.;:n«r 

'P,>;e: .. ':.s/~~~t~~,IJu: A~ ~tq~~}5:.a\::1~~\~0\s 'tf~ D'fsudy:;:iQt ~del.~,,f'>f, :<t..f' 

loe;+f:-~.l., ;'}U~te~ ~;6 >t0 .-1~}·~5Au'L~C?fl1~1 .,5P.J1~1~~ :R·:t,ft Yr.f .. ,~t11<.r'lft,~~~~8il_.~. u ··~ ;.c..;:i 

< corre~mo~~~~. ~R _.t}\17 i~~~1l 8·;~ .. th~ A~}f~'t_r\; J~·~+f'l>~~'t)1hc~P~1;. ~:~ .,·~~cp.; t.i ·1 r 

logical prf:!.dicate Ol'. .relation, a, set of ordered n-tuples. _of indivi(iuals. , 
a~~-··~·. ,·~;lf ·';~,~.:~;.:1:-Jf..;-fHO~; '.)~rt)T' d >'''"l ·~rf C1J 8Jff.:._)f!T·~ 1-s:te JlP.:.~ -·J,~.f:"_!·.; - : . ')·~~!ell 



A relaeEoit 'ttt ,t~:.vfr~MWin 1.mlM~'J:l;"if cwdi.bdy t~>; 1 ~itt·;tlhe: ; • ,· 

model, • c>Y\W~d f~le1 ''Ctf ~~ ~~A•iFe ~ '~~Ieiiient:~ ilfhe , ~:1 ·' 

set coft'~c$iH.ng '~~ bb'e ~~6'i'.-' -l'Ot? ._..l.•;-i • ~ (f.fh.; • llt)gfcaO .t. 

syst• "4edlJ!ilf lwi.tili" ..'@fe ;wt\iff{' ~*W ·r;f :-e~ ~~ ~~~ &'' J 

i~• -..13 ~'wet·rdf 1.~'·'<'M;thei iiciilH.\f'bff lf:tid~t~ari~)1s 1 ' 

ad ·a· euti 6f1.iorrHcffedl lp~ l:+f ciln~~ eclr~~ &~ ~~<11. >:.1 : ... < 

(less•thfle)-:r•1at~.J£ mis'.·t~ti Mt"1fdU-1dc~ itft-¥~s 1(ai b). 

for[~ ·t~'il '1• *~ i1m1 ttaa'3itwt~~P~Ae:'.i ifOi'· 'Sftilla.a ·'the-'~0 ·:· - - - .... 

: lftreee'ff*titk 11o'dA•-•N;~~1~U¥:lfn 1t;g£ic: tt>r- · ;_. " 1
· 

studying cer~ 1'f'c)per@.e•·,L ~ u~~y.; 'dd'~ne•..i:~~-'<; c:., 

the &Hociat-ed ;fo'i:.'81: ,.Y~·.. -~·~41ocr~Dft'a'ay)11" uj¥fuP ~·*a aids 

in proviag ~u1wrttiltc:Wf!ia81; 'lk' ·11~ tliet1f0Wlb~tf M~tcf:tifteJB'U 

between vart~.>Ui&L~latl~.:'''~ Bll'~ ~dtl.cxt)·~; be ~-t!etl ,. 1" 

ThtfJ.INlft; o r,~~lini· 'ft• 1re:tatrott.1W ~ ieiet' o1 ~.afff!d -tt-t~pil.~1 ;·: ·, 

is a goocl15R~tng ~tVf~r '1i,'q~vn~rtlig ~~em ~-~ . · • hi; fc 

However, c~~l·lit1 1ii>dlftt.atibnis HW'· n~ I' fineei wel are= 'tritfl'eel:&d;" · 

in conversational· ill>i-t!l:y:1{n ~eJ~e¥\j ~'~~en:: fh'<*r .:u:.;2 ~'" 

model should repr,1ent concepts which coanonly occur in human conversa• 

tion, such as set-inclusion. and spatial relationahip1, ftldl-fif 1:~' • ,Cj 

abstract mtheMt:teai; yt~i.i.tt." '~ M~rinoteJ,'; .\MMl:ef ~-''Yo~ti'iibdel, 

the sj'l~~'l'i'J h.V~ buUt4.-h-''~i~ ror ·~~'reettlet:iiofts~ 

ex tens ioff' ••· at'. '-iftt~ai.Stftc4eif iJ..ft' Uleo idOael', ~· Oif.; propert:-l'ff-i iof'.1 ·~ ·' 



aCb -~rui :bCP-. ~~-,:b~ ,~;t;i),,e M.~lrti ~.~~~~[~l~, ~, • f;;o:'.'! 

aC:C"--~µlq, aj.~ :hiit,J,µ.,the; ~~1- ~~' ~~~~~.A~-~-"' .i <c;c 

trQ~" $:~At;e~t:).11 ,fx~ ·.~ "quil;~--~f~~~i..tlJM: 9'ff¥:~.1~·~#3mJ,.', i.~ 

traq-iri~~~., Fwlly . .,, •fP.r -~~~rofHpp~t~ie~U~ch-' ~ ~ ;, :; i: 

ject which.._is ~~~.- Cf?M~~AA-A-~ ~J.ioa~ ~qill:d~r~;~in}$-' ~'If:-- bqi.~ 

tance i.~f p~"'°~F:i.iqW. i~er J9.tlit~ ~~-a~-AAla.t:ftonli i-,.,.-,,;J 1 

must.A>~ ~~ aa~il)' .ll,Cf~~ih).e ~Ikr!~ ~ ~ ~~ ~ ~'f~ ,~~~Yr ; 1 

of unordered sets of n-tuples of objects. These c.~~~tt~ ;Mm•,>Js-,_;, 

to a cho:i:AA 0-t,- tlle ~SC.I'!iR~,i.o_n .. J.~~)-~i.M-l:~rW ~;~ual- :'~d 

ass~ia,~q..~~ ,,u-~d .in. ~~~~IM'.fJ':\RA~ ~~.~;~~f!~~!:::. 1nl·( J.; ;~~ 

..\it_hsrugtl ~eJ ideal ~~r~ ·P<>RiP~rfro~J.~~l;_~tw •.. -,,_ ~~. 

sysl;~J&}~·~MJi ~i.~~t~y; ~~~ i3l'\~~-,~1;.~~:f;j'l~ _:: v-.-~q ;;! 

mechap~.. . .In~4 •.. ~~· ~-l ~,~Er,1'J'qaJ'11mS. ~P-U.YtAA- U.r --- '"' -·3<f 

wer.e ~j)~igned_ _4Cf:..~ns1 1t.o:- iqJQfJMl~~~i,~d>J"~~Mf 0:f_,~~-c::~J: ,,_, 

exp,~~~µ.taL, il}ltlt~ 1;9r j.-p~l~_j.~j"' J!91W~~~~ep-i ~~; 

and human b,ai;ngf..-, -·~e 4l ~~:•~:;ll¥ ~nJ~l_QP~~9Jl~.-'>;: 

\. ,,, 

D. The_jll.l ~el1' 

through., ~"·~~u4~, ~~-~iK>nJh: -~l'-~G{fl.t-1-PA.J: 8J:'~1~E!!PJ:"~tiH:r~f· 

"~•~rwtJ.on-ii.S:¥~'q E;~tr;~. lJ'l;;~& ~~p.qp."; ~- ~.~ .. ,~-~µsa.. t~1 , :- .,, 1 :.:; 



.,r;:1) ,.1&~1¢rltttsm.l.Ujt1t · Tttei'mBae1·-·1t\r·s11 1 U-i.t;iseci 1 rarie11Y-t-1pt:m'~· '-< 

the use ·Jf ~deterb>tf.a&-ffitai ·1· &eiC.fa:'1petoil~lrit'If1 1.;a'·;w~~utit1t!@!:!Jf ··" : , • 

paifi.1ofti§1enWi\.ts1,1°.rta r tfie ')~ntfre 'tffs€ 0 is ·:iaisdcfifei(l{lttH.cll pirf fC!tiUr'';' 

object. ·tti~ i fir*'t'.1~fMefif <if l~aefiiti'ifi~:~ubtfte 1'fiaiHj8f larPtttrfb~te ·.r·, t · 

appH'CfilH~ ·ft'd &1c'ftis ''df j6bj'et:f:t, .i§na1et\~miicoft81f1fftitk :.l(if l.ffie !Jlifi' .,,'. ., · 

is the value ot :·t;Me tttrt'but~ fdr the 80Jt!~f:iadi~rtfl4'cJ$nPot 1'e"1ftP1~i;f' 

if •1fhei··MJ'jt!'ef fitrlttfe "~~t . ..,,,_ .. , itis d~itttfp~ibtl~liteJelgh@~c!dnfifn the 

foU6\lit.\tg ·1eo4u~e c(jfIJtttibutell; (utt<f.ttlfri~ayhari31atto~Ut'ecP-V.ilii~.!: ib~t•r. 

The ~1wttiW Irrjd:if'81"m Odd ·~e!'ietidfd ~#i~'11lidt~ated L-tf'tii{J:t:f 'iC:.L ; 

by fll'el~sie\it,'bf 1t'fte ·:·tt~~t~ ~•ODtJ. •t'ifhtifi1J!tt 1iaJ&!fa&!d ~fde:.>w_ .s ~: i: 

or rtcf1~ lit; ;af1:1f"\ir#:fdeNjtfi~b*11t•'f.ci~fiije~ttf~ t!fiett~kon;;;t:f:tts ... •;; 1
' 

is capablit o'tri_t.;e1~8in£b~'sticli ·~ -tt:ffaj~«·2~.!·' /''-iiil\J.€ttlaifiCttfibttt''i:-': . < 

~ 21a'si(t1f "'2a'6a~<m{~rit 'be ·cre·*1&~d by'·tW'11!fif: 'Jri j ,'.(" i.:,1: i '':·;r: 

SOUND, MEW, COLgR, (BLACK, WHITE~ YELLOW, '.Bil-OWN); ~S9j'141, J~i. 

Note that, since the color of cats is not unique, the value asaociated 

with coJlitl t"S' a''lfWt''i:>f''~osaftJ'1'e1'.~' . .r@:1dH·. !!0iifS~it.alcuJ.ii pAren· 

theses :i.~«t:W1P'~c<~.f'~i~i? "lftt at 2o·totii0 £a 3&fJsfitg'f~';eh!!m~t [:_.,)-;:,;;: 

of the de~dll..'t\~~··. :n· .. :i': ,; '.' ;')f;:';~]jJ::;~ ;\;,:[ l ;,;;:3: i:: j· :::-u:~·v ,, il .Jj ~w 

•:Jor~ t1.rurtr-c& f1ie ..,,;y -a~scrtP'f1cR\·"Pfis~s nWY':tti'1sed'i&y i:!eiitiiftfer-

1ng tli~tf··i>'faC'1!11inrttte''l-:ft ('~)' #dgh1MtdfY-&ysft'Ji:7 \tjyt·eo~t:f:cffl~j.: · 0 

every :tl'tr~ 'l'f'st-hli1il ~h 'a's1screii'tttct ii'el&'i~tiort.it'£itl· ·· tttt itt't'LfHitiU}J 



on ,lfl. A~sc:pip~~fln;-U~t~,ai;~;:;;iP~r811'R•~'''·'fl:Ead, tq~ :Vc~ly~sJ~~' ~1,'lll~g~~ ,, , 

which may name arbitrarily complex ITI,nli1J5:,..~r'fi!~1'J8!~-, ~~~i~,~~l:.~c,'!q·" 

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

secoqd ~lE)qael)t rqf,, ._,,,,R~i~ 1 (~L ~a~¥e) ;,~mtb.~'1 de~~!iiP!,1R~1~~'~,, 01 g~ve\'; the 
" ' ..• ~,----· _..._.,..,,, _ _...._, ...• , _, '-~"-·--~·~ _, 

first ~~e~~~t"'1;ll,e &Hr~p~•e)r.•~4il!qfh~ <?{j~f!~M~1Jo4at;f'.,iilfb•·,,-<n c:::1 
J -·----·-"'·~----;,,-•..f.-~·~---

An .a:t:t,:r:;~q\l~~ £&R,. 'lill,1't£<rq~ J)\lc~ i:oq,,1pay,iq!,rr"e~~i~~io~:,~~IJ;..,1~ncJ. 0tgtJ; ;:q 

order oF,'t_~_,:~tJ:,~i~µte,~.R11.~+d~ipci;il\~i~qs~i•f. ~~"'~'gr~~~!. ,Tg'°''' . , .•t,•.Jc 

desc;~p~io.µ1l~~t 19~~""t;i~p~ .e,~~~t.;n'11, ~''qf~~t~~e "itmri f.ont;4~~ uH, 

arl?itq;~y..,d'}Jierip~~~eJ:i,g,;~~1;i~ f~:c, ~' 4'!~~iA'4 q~c~~. '",' v ';r{:t "'; 
\_, -~ -

, Tl;l.e. ~IS1f.1~1~t,.,L~2~U 1 ~;H~~e,' ~!,9~op•,~Y"I~~" c;W~i~ ~re, u~ed.,,1in :t 

much ~!:\~ • s.~~ "~fl&, ··~" .,,l~";d~~Gfrl11tf~~JH:~i~;~r:dt:\~:;,\I~, 9;AAt·~~·c~Yfe,A I ; n l 

objects are individual wor4~ .9~v'\4'~0~~./\~~M•':r~~~ c~~~B~~· 

LISP •'~P'r~a~e,~tw!~;e~S~,0Ut\W~b .. ~'i::t~bb" ~o~¥l•:f""l~~ :H1T 

t; is a dea.f.~i~ti.q~i\i,~~,,,1i~iWJ;f)le,~,'°~.:~M~fVJ 9~;0a1~dbt~~tRr, vd 

value Jl,4:1,rs~, ~J,ttt4q~ <>.f!~8hMP·YrPt;qv;~d~'1!jtt.;~W~~ st~ ~~.Mb :~,, 

operati.gl\~ :qf .t,h~;~L~S,~ '.f.X.S~ein~ ,P"?~flf~)'-l,i~fr~14,,~*r~,c:}l~i ltP.4: .. rp;) a! 

modified by the -'~;q~r~e~,., .l'.~~c;l,'-1 Jffl ~Jl~e,q~ 'WiOJ?:B~l\e; ~ 

,;; 

model J.s.~,,t,o,.asit~f!~;:,tqe,,q~µ,~(ar it\l. ~ctEtr~~~~ffi~~~ ,, :c•dJ 

with a person in English sentences. SIR works o~~l't~~d~~,;' ·;ri' t ,, 

-•i,~lte~~E;s .,~icl:l,_,co.Qs\~~ ~; ~liqt~f:i,;1'~~~A!PQJ!i~_,. r.~ "~t~· ff rR>1Jl¥es 

of ob~"f,t~r~.iw.~ot:-'i\s ~\µ,9'._ .. ~x~;'tYr~~.~~f't~ ~~~~JW~1j ~!'ll 
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as the in.Cltvidhat eleaaertt~ irt'~a forut stilt'-'• :-ttttn;::t:ltfii~'1t~littf&rittffi)ts'j 

between 01)j~CfS Ai'ttt dlA*''''.r &ftf; At:il.iogo'1~Vto 'tM~Dfi~litfdn§f'lctfJfdtniif '. (J'(,' 

logic (d~s<:tib•tt ... iif'cf &bJ~e) ~· · ituf1aetistacidfitlb~eL·Miad.!ftt'.~dr''i iilid-''0
' '. 

te®e is: i..\terpt~ted ·ii ;di~' p:toeea~>ot·'recdanti1tig't1ie 'oSfec~s tiPtti~ · "' 

s~nteacil aiit'of pticidg"ettim tnr4'ipe~tt1~t!')t•l.eiotP€h 18ti~ aii.8tti.iff>·,, ·j, 

The· pro.Pei' .. reUttok=t6'ui,e 'l• treqJ6tit!y'd•tititnicldiSy"'tfie·•erl1sca'rtd"' ~ ·; 1 

preposittofi.s in 'th~ Uriteneie', .~uth~ 1"11 -'i!nr1,$ltf:eii t8 pfic~ .-.ch'ii':Obfecc• 1 

infd ·th~ t~iadori !~' dete~i'.~cl t>y> t:he 1 !8ti\F6't"'''1ie; ••tt:t~n~~ ~"' Fot' ~ J · ~ .. j 

exqple,' ftfi~::~~rb 'H!i1" \tlU.11}i jctec•rilf~~. ahi~e~¥4?ati8A. '·1fri~ t6rair ·J.· 
1 

"!verj £ 18; ' Y11
; Cf't~~d~S fft.t'0ct•~·~!f)u <.tl>idtsiet df cfal~ ;f;~ lF;; Ev; 

fn jthe c°*Piidr· 0t~i!ites4!fit.ti6n 1 tt\S°Waitf 0o8j.~tj,~: ;arilfietf' ·aa1Lt?H~n r 

names of''-jetit!on~; ai4 •t"iptfw6tdi. 9 ;'Wii.:;ltitWel~tii~ar~rBtati.Bn :.'lit:u t 

this·"t4pr.,s$\€aet8n ·t• 'iii. fon~s ~' :nsnppBsimifdt4 1! ti-1l'il~ocdtted .: iri 

tbe madel '1llith '~td·,,;f btn~J• of 1riit.:rt&t . .i:_ilb'1.'hiil;)~f-Jf6fri~en~~ 

:r a statement which "means" that the object or cla•• denoted Gy:~.~fri·uJr:rY 

asaQciatici'·wttti 'tli~ ~·61Sj~ce·;or' 'claai · Ci~~~ttid kttif11SyirJ~-.;-of ''chifie1a-

t ion named "R. 
. - . J:, 

'thEi -~r6cedure :frii ctrietdpt'ng t1'~ 1t6r&1'of 68~\.odif·1,iia::d{H0 ) :ii.;mi;,J 

asaociated storage and retrieval progr ... wa.s appi~!Mltefj0ai ·1:fot'fdw1fr : 

A ifrrgt'l ·t:~1•tic!>li 2~ciet 1lnctusfon -- j..t-.a~at6ijn ·~jti~inft .:;£$ ak 

easy concept to recoanize from English text and:'il',.llld.s(f~HBt:tit.Qei~) " 

~6'/iinti''eJ''the ~"~bf ·ftdifte :seat~Eij] 13 ~jii ~iitWnatE-J~Ster 

repr~,;~~~~~11 ~· "·t;~n. ~~~"1 1~h~~h ~,~,~.~ ~-.,~~~,,..f\~~rJ~~~~~~~~8'1 
info~tion~ se~':get\er•f"ino\igh to -~f any 1o~~f f'iiftds :;at i-'et~~}.'.'{ 2 

tions, aud also had connectivity and acceaaibility properties which make 

it useful for question-answering. Program$ were then developed for 
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reY;qWJ:~~io.g,, sent~J;lc,es w9ich 5\e~l wi~JL t?e,,ghye~ .: r,~1i~rl.oljl. ~¥: ~he.~r 

synt~ctic fE?r.ms. (lfe~, <;qapJ:er .~V); se~ec51~~~.r~~~Yt'1~ !,f?~d ~c:>kett~ s:. , ,., 

from ~(.: ~etltenf.~S; ap.d .~4d!p,~ t9, m94fi~ying'. ~ff ,~~e'r~~i11~ ~4~.,mo~el,. :'' 

acco,r4i~~ to ,t,lt~ ~result~ .of the z;ecog~it~Q~,PJ;"~:5eH· ;.,!h~ .~e.~r,7h 

pro gr~~ ~Je des_igqed, ~Q "know", t~e R~cl,lH~rr.-R~QP,f.H~~, ot t~~L 

relati.?.n b,eing ,~at:c:;h~d, :.S.,~··' trans~Hvit;y c:>r r~f~~xf.ift;i, ,,~Ther~- . 

fqre, .. lf- speci,al ~.~~ of; ~e~r,~h yrogram§ ,h~~ to.:t>~. 'ITHte.n/<>r e~ch,, . ., .. · 

relatioq~ Eac~,.t,ime a -qew ~.o~~~pt or t"~laH9fh,~~~::.a~4e~. ~O. ·:~he sy~te~!., 

the abqy:~ $,~eps ~ere,"repei~~dr Tpat is,:tll~:~t,~f,c,~?,de~ 1 ~t.ruc:ture .. ,f'.r 

was generalizeg., if nece~sa"ty; new synta~t;~<: t~~9~:q~~~~n :fo~m~ ,were,, 

intf;~d~cr1ed, ,~nd exist i1;1g, .on7$. ~d,i,Ued,; ~~ 1~P,¥ }l~~\s't~~f,~~ .. ~a4 J~eeQ. 

intl\'i>,d~ced; ,an~ se~J;'.c~ J"t1d, Jesv,9~se ~J8~5~.JRt 1;,q'[ ~~?':· i;-~~.,t~on .. 

were writte~· S,e~r~q pr9grams, de~,~~ned,.!or r~l~f.i9..1ls ·:'t~r,eady a~~Jl- .: . 

able i~_:t.he S,Y,&te1' ,were.p.10diU~~ 'W:en.t~e ol.d ~.n<;\p~.,r.elations • .. 

"inter~~ted"* 

strate various aspects of the information normally conveyed in 

human c01wersatiQn. Th~y were introcluc~4.J,t1-,}:);1e ~~j~l<>,~ing ,Qi,'.d,e; 1~d 

for the i:easons &t~.~~9,: 
~ ' , ',,. ; ; .":I, .. ; . , )·; ., - -, ,-

''" ;··.,,, .•'•·; 

* ' 1i1;;t~rad:1io~~,'/Hb~t:~~en ref~i:lbns' and the stru~;i&~e :;o:f a ~di'fi'.eid ) '; 
syste~ ,"ir{hish J~ easi~t: to ~:itpand, are, 41 .. s.C,1ffs~4 :i,~ .qh.im~1!,I: VI •. 

,, .... ; '. 
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. _,L'.1 ,:~ _i; .-JrJ.i2! .. :: ~ . :.1: .• ;_;,..,, _r.\·: ·.ff .: .-. !. ·1sltJ1 ll;! i_0(J~Jg n~ ~1)nJ_~~ 

different-from, it interacts strongly with the set•inclusion relation 
r:i>lo1; \111·,;lJi.l_~·- -.] .~;-;;i~,'. (j~"'1 ·~;: L~.r.-:,: lJ~ ar1vljJ.;_[_.1J. 'J1,/J <>.nl b·;-1<;·f_.;_s:1 

and has aeveral common propertiea with it permitting the use .of common 
-Lf!J VL~~ '1l:: · -~:J{.;· Jj.,_ 1 

• ; t ) {'· '-;~:). -} i t}l:f'~l .!:~ .. ).;_it;[ nf i ~'- -•D~;i ;·~ ,,J :t~ 
subroutines. 

{ :J ·:1.·_!;,j~_:.j'i .-.~·~r;1;1J~ ;•=·:!·c; :-~ b .. -in ;.: oj JA nolj.!·~·~;; :~ ... <;·~-,_,: .l~< 
-- - c) Nuaeric quantity auociated with tne part-whole relation, 

siuce,Jt~: i.8; ;~~t: au~~~ J~~1t.~~is~~ l,iif ;~tll"~~ f~~sna41.t2s' of1~~Jecl~l d~~cr·{f,:'j 

tive 
1i~~o~i1~~ ~wht~h ~~.~ :~~ '~ar~i~~,,~l~~~ ~i~~ ?.~~~-lo~liJi~~~~t1i~~. 
d) 

: J~;;,;,t,1:~; '.JnJ ,· l J5f tnoiir11!:~1 .: nc.i:~u.; . .;nl ... ~;~:L:~ ·:1 j:l a1 % i..i. ~. Jq;;:r.s.x-:., 
Set-membership ;--"l>ecause it i• closely related to -set-

<:!1 .-\1, ·:1:[ ... ~{.d b:).~~::',Jl ~)(f ;{.r~n: '.~>l ~,.:"iF-; Jj:i -:!.iO.iJ.S.f~J-.1 J9E!•:JqiJ~~ ·;·,"1 ~" ~1f~ 
inclusion but re.quires attention-to propertiea of individual objects 
i.~·,~·::} .;-rh .~1} b,::1~- l>~ (~·· ~.mi-:.r~ '2.r 

as well as--claHes. 

L;··' ~~)' L~,f~:~~J-~:tgh~; s'pitt~i te;l~tl~~1, 1~~:r~~k~:rh~~~h~· ch~~~~L u 'f; 

.'-.i ~ 1.· .. ic 'i!';u1 ·i_;1rf'W '.1L•,«i1<r. -, ''ClnJ t:::irJj noJ;j£,J~;'J'. '.)l:'l:JC:ilv'cry2 f, c.l i\ 
model works for a different kind of relation for which there is a 

.. .htJ:.!~\r•·:~.:•iv ;.r;.::1 \'.i)~!.-~x ·.-'.·.:f.:.t•;r11t {;.~)/~~'.· l.Q~t ~'{'l.Sa~ .. J.'.J:·~~n ~.Lr!? .:;~~~mF,fl 
different, more natural:.appearing model. ~ · 

-~·. L1rrc~ ·1r:.~·/ 1~1 nol_!p,;· .. -.-~ ·- ~if";.£·; J ..... stdo ~··_,') VlH0 t!J~~ ,.~T) Ji 
- f) OWnerah!P~ since it is quite different from the existing 

~1:.1<i 1:u 9:1!J..:-_.'J ·:i!LJ ; '.TD ;_c. ,__,.:· tr,;:; x 1o 1.51 1)J1.i-:i.t 1.J ·j·; :o -___ aJj fif/' ~Jd ~ ::.".>1.t.J 

part-whole relation, and yet frequent1y is-Specified by the same verb 

("to ha~e••);·~ I~1 \e'~h~~0~f~~~l a~ii~1lt~blej~~~j~~~ 1f~~-·f~~ ·~~p~riinent 1 l'~/<' 
.:;~:~; ·jf-iJ 1o t:_;rqn:.r;;.:-· r~·.·. 

resolving ambiguities • 

. l . _,:-;, ., .·~,;;;i--- ;:: ri·\ i.... :·~-11J.1·:~1H :d ~ j;-f;sr;,~; - f;_ .. ; • .... J~ 1eur 1 ~ 

3) Model structure: The basic objects in the mocfel are the 
. ~·:-1-).lYL) ·1J£,c>· ·,...u(.sv- .~·-:!: J_~"'f::tj.F.. ::111~~ fI«.rL1 :i ~;~~rt·, ~·tr~:! ~to jd~~i.·1 ::1dJ (1J J-;.~ 

words which denote real objects and claaaes. If an English statement 
\« .. 1 _:J.sr~):; ->~·-fS\ff!i ,":Hf] i .. · .. :r_. :-~Jl/\j-jJ ~tc~ J.~:.:~· ... vj:t9qO~lq ~cfj OJ fJ';I.Jb.S .~:1 (1!.;i.i\J 

i8 interpreted by the sentence-form recoanltion program as aBSerti.ng 
~;1..- --~·r ... -_;.~:t·~ (.,_rt· -..:1 (5i:., :.) i;-~~.";i~t~·i:.) J.Lbq ~~dJ ,t~n.ib.b.a .. {d b~JJ".«:''..iil!: ~~'-' 

that relation ! holds between objects or cla11es n&aed ~ and z, then 
• ':i .... ~ .t 

this relationship is represented by placing attribute•value pairs on 
-~ 1 _ ·, J _!. - ·:.: t: '( J t ~~ Lo~ ,,.; .~-i - ·:H.: .] ·:, d o ~ i ~-~ 

the property•liats or both .!. and z. c0G o~s ~ ns3wl~d ~Lf0rl H :l 
!ac~ attr"lbute specifies a rela-

r:, ·c .. ~ ,!./::.f . ..:.:, 1Jn:1·} .. t t'.i'.J :1ulf.,__' ·-;-!'::..; .:1•1 1/J,'.;-c <i£'.J ·.;-}..-:_-td..J e·-~--~~:~ t -1.:1.t-.~i.,:µ .. ;;L .. ~ .. il l':::i.1:~ 

tion, and the value of the attribute' indicates which other objects are 
,;d '\,DJTI ,., :.J: }' ·.: ;; .1 ; "l ,; J')',i?Oi·i .. 3<:· t l ,,. ·~ ': -_-;-1.:.}l .) :l~~;v t~ l> fJC ';; 3! 1 6 i ~r·:J Ji. f1S)V_{~·.·: 

related to the described object by means of the specified relation. 



~---- .. --._..,--' -.,,_ ... _~_,-·.!·-· .. --

5.0 

Since in general relations are not symmetric, relation R must be 
·-.f1 J ·.~n ~ .-;_,;_~· '.:: ~ .. .r c-; J.;~1o·:r:1a a.j :;f . .: ;ji';l :t :· ~in··: x:r- Hfl1'~r:-.;1 t .t ~~ 

factored ~nto two relations Rl and R2 so .that if relation ~ holds 
- 'j f:~ ·.; .. : :::~; -.\"' J ~-r ~3'3.t "]'JStf?(1·:rq _tfJfftffJ·J_·) f.SJ:·J·- '.,,.~·; ~::,;fl ,·:-.11;.~1 

between ~ and 1. (in logic terms, if (x,~ f R), then one can say that 
. :z•;;L_J·, . .1'1'"' 

~ stands in relation Rl to x and x stands in the inverse relation R2 
r ~- • ', l··-.- ..,,r~. 1 -I,:i; 1~·{".I~;-; 7Jfjf1£'."JP '.;:·~_:..,.rrtp~~ ·1 

to J..· One !88Y thi~k of !!. and R2 as maprin~s from individuals into 
-.--~·.:-.·~;:'":·r· :,t·;'-'-'.·~ le. ~~ ... ~l~:·1,_:, .,._J(,., __ ;_: 1U<. r:v.r..1£1·.:::rr .,..,.,.·~~u 1;; J.1~.r~ :..:.t r ~1',{ 

~,et_~'_.:s~c~ ~h~\._\xJ,l).J !~' ~; :~~-~rs~n1rv~tcr~r1R\~~Jc: ~f:~L~1~1~2,c_?:~,;'., . ~o:. 
example, if R is the set-inclusion relation, Rl is the subset relation 

·~ ·«· - ,_ ! ~, .·.lj: .. ;~ t--~ ·:-·.;:' ::; t~: :· il ~)~~u~:)'Jd; r?a--.r~~!'_frtr~~-rr~·· :J·_1:> \. ·, 

and R2 the supe_rset r_e~ation. Rl and R2 may be named by the symbols 
· )_. ·c .. . 1 f:.,_.,·?.I .:: Jo ::: ), ·) ·~o--:::.c oJfJo!~n~)j_"J.fj, e9tiup•).f JLi: c;~.:. : -:i 

SUBSET and SUPERSET. In general, the symbols l'l41lling Rl and R2 are used 
%~t;·:,:.:t-' ~ ":. J_j ·.:· .. ~ <1 ... 

as attributes on the property lists of ~ and J..• resp.ectivel_y. Note that 
·~~1'<., ;t4_1 ··,~ [S'ji:._ ;~,F,r'l-l~: t,.l ') 

if R is a synunetric relation then only one mapping, which may itself be 
- _.. t ~~ ,, ' .. hu .t<.1) - .; · ~. r. ·"f ~, f.n f)i )Jl"":? l::::>-i fb £, ~(,--:. "· ,~; ~ ~~c" q 

named_!, is necessary; for yE-R(J{) .implies :x.ER(y) and vice-versa •. , 
L;n:,_,~; :~\n_:."Ir:.:.'~ -~~f-:-.l£.J::..1jbn :.>·::::_)fii. ~ J1i·t~~" · k,. 

If one and only one object can be in relation Rl to any word ~' 
~· :,-_~ ·- L-" ·l;~~ r;~( -::'. ~f --\·.1 }·_: -1-1·} .()jfup ?..t !t :'•.)nl2 :-<il1~,_::-:'.r~,,,:(; (-t 

then the value of attribute Rl of x can be simply the name of that 
-.ij1~:.;..; :,: 

1.:-;J'. f'>, f.-,,- \:~Jfl-.f~.1 ::,,~} jE;;\ ~;ij~",: ,.!:c;;_jSJ2"1 1 >."¥-.J"";._,,_'.ci 

object. In this case I say that a, tfpe-1 link exists _from!. t_o J.. 
. : . • ; 'nTL • . . • . ""' · · · · : ; . ._,,-, ~: .! II?. ;; ·; ]" O :± !) "! . rj ·; <~ l l } • f, <'/ !' " :! 1 

' ) 

following (or, by means of) the attribute Rl. An example of the use 
• . ::.,::1_ ;_f 1_~~:~.:'~~r:s ;~~,.:.~.:.-r./J ;_:2'~,1 

of type-1 links is in spatial relations~ where only one object can be 

"just-to-the-right" of another. 
'.• ~ J j ' . _; !: . ;, .l ( _; -'· 

If the system learns that "The lamp is 
? G.i~rJ _;tfr ,: __ :-:_::, .. ~.') JU_l1"> ! ~' · .i t }, 

just to the right of the chair," then the attribute-value pair (JRIGHT, 
.!'1":·>c1-'Jt-~J::: -1 l. ·:f.J:: ·:.. · -:.::·.; ... i~J.·"J Ln.b a,j·_;3t_do fe-·11 •J.:Jon:J~J .d'_,,f:-jr,..r ?.b~~\~t;J 

LAMP) is added to the property-list of CHAIR, and the inverse relation 
:.:.11::;;;.:..:~- ·.<:~ ,1 1 £.''f.~:·:.··-·. r:~_,! ,;_::.-~_.;,.:'.; 0::-'l nr:ro·1 ... "'Jfit"~,.Jt1:1 -~rL<! i::_c r>'i.;··")··:'~1-·.:.~.cl:. dl 

is indicated by adding the pair (JLEFT, CHAIR) to the property-list of 
·- ,,; ; ··,,--._;;;: ... : n~Lt::' "' ,-~J:J-.}i_d ·'v.~:S.~¥1J:.1d ab[(-.:d ... - · n, : .. ,,., ';:1 ~.r·'. __ ; 

LAMP .•. 
; r, . . l l '·J .; 

If R holds between x and X and also between x and z, type-1 links 
~ .; ''. -:-- .,.. <:'.:!.;'HJ ;c .dJrx:-i.o 3:!81--'{:.lx'.'\:i<';';,_, ,,,,·;; 

are inadequate, since there can only be one value corresponding to a 
, > · ,,; J::_:: ·1: ·· .. ~ ,rr:-,·:' · ... ;\"\: :: --:;cJd.t'l:Jj·~·J ::;JrLJ ),::: ·~·,_,~£\•· ·::·~dj : ~ ''-· .;~r)i.:: 

given attribute on a given property lis~. H~ever, this_ value ma)' be. 
~ -~ r~~ -;4"r '-.·r· f( :~·:,t:i ':~:.: J~~1r.f:ei 1J'·1--~~,~), ";:·r1 =: ·~:)j.sr~ ... ·, 
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a list of object-names instead of just a single object-name. In parti-

cular, we can make the value of Rl a list of the objects related to ~ 
:3.'-i.-;{!OCf'·. j"J ~-'nL 

by relation !• 
' · ·::t ! : J ) ·1 n ~! : ' ·' ·.: f; _: ; _ w '.Y:- :· f : ! -~ J ,vi t::.1 j s-~ :> l numrnc. _; '!,.. ' ::~ 

For example, in the set•inclusio~ relation we may learn 
tf:l"Jjjj'.-·,f: (L:; ,. ui~: "{Jrt;-~!~·· .. :.;~:- ! ~;'_; ~r~·orj {~!-..';>., .f:~}jGVG }1J2 ··~;\ ·l ;·0 8'-;~L..:J.i_:'[j,:~_[ 

independently that every boy is a person, every girlie a person, and' 
'JJ'ij r!j_;:\_., b~:_·. ~; .l." Jl-V ! l .. d:;,,)i;: 

every MIT-student is a person. 

This type of linkage is called a S;ype-2 link. 
s· .... · . .:.J2 c~ ·-r-" 1ur;:.-g:J~.1 ~~-u :{j.i:J1t) ~f~J r;;_ ;~,.:.,: ·1-JJ.fl.~ .... ,¥ •• >~. ~ J .. : rr.~ . 

Occasionall.ydeacriptive infotmati:on pertinent to a particular 
Jt1·:,-:;-Jji~J-·t,\Y.. ---~·"JUC~o·ro ni 'J"r •. 1 fl; "r0~t.:.'.£'rfol-r1~ r£)1"fOfJrc·f~.··'I ··-.- ii._:_, :.H_.B 

occurre~c~"' of . .-·r~lati~n- mu~t be ~epre~ente'd'~ in'. ~ddition"t~ th~ 
I.l-l"J1;j£;f..: ~rJ.lnr;t)J~:·~nr,:~.: .~.-.. _:1(·t~ :;J~·· __ 3 £J!J .. _,:I..,; :1-..:.~ .. •ti ~-1 ,,J.1""'h.1·!d 

basic fact that the relation exists. For exaaple, "A person has two 
:~ 111 :;~·.<t·J·.1 Lr:J./IG~·: · ,·5 · .. :.~ t:.~t_ft"d .; :. ~w r!:J.L•J )!-fr,..?~.r ;:...; ;-~.·.::nJ Jlitj\'":'. ·:;,. ,~_;-Jfr.::i 

hands" iq>Ues not only tha.t a hand is part of every person, but also'· 

that i~"'tli~ case: ot11·;,h~'rici.~;c,'~her~,.a~~c"~~~~,i~ t~r ~~h~;a~~~.;;·:' ±b'it r; ;:it; 

>~i ~~·J< 1 .~'.-1 )·:;;~~ hr:·:, ;.·.1::~-::Jd(;_ -i·:>\-'~.1.r~.J-"1: !Jrrr:. nei_.1 JJ-5.jt"1~s~.:.. 1 -r~-T·.tJ ~Jn; io -~n:7br:c~cr 
relation can be handled by using t;ype-3 links, where the value of · 

an attribute is a list of itema,I:~-~~h "o1l1~~~h-'t~ its~!ilh~o~~~p~riy: :·rrtu 

',; ~ Ji_,·'. bnL 1.i._. .. -·::..;~-~~ -)'!·.: r,_ J;.i-fiJ Jd1~1:,)8:Jfj lrF.:·J~ l ·.~~1Jq_£d., ~_:Jc~-· tiJ 

list. The first item on such sub-property·li•ta ia the flag PLIST, 
·.'"Jll:,~~.1 -:.Jl .:;;:~f:J{'{c cJ ,. .. ..,.',., :-:~· .. ~ ,f·,;li~/ ~·)~l1.r~.]~.J ';;n:l bar:1 fii:}:.··.iei·1cr :>..!fa,.iu:gr.~l. 

which indicates that a property-list follows. ~ is an attribute 
, Ji.;,-·;,.:(J ~Jn.: .-~.,r:;· '-f/1.:_-~-i···J_.: -r.-.~ ._,l·Jr. .. • .. .s·;~-r·-~t.t~~d .'.;j I·.:: :L .. _~ .f."Il1~ 

on each sub-property-list whose type-1 value is the p~inc!Pal object 

on the list. For example, after the system learns that "A person has 
~}f'S~;c~t. · .; ·)i<! • :\ 

two hands" and also nA finger is part of a person," the property;.list 

of 
nu 'JfJTt; n·c;~'(' ·o.tirl ,;._,·~r•·.;:>y, rL,i;;_; '.' •. :~··; n':J:.dll-i ;)j ac;J J'~'"i ,,' 'l 

PERSON would contain the attribute•value pair: 

') 'cjsimi>m ,''"( :c~is?l,'l;~;/ :IW.ID',1 N\Msn:1-~) cWis~b: 1 NAM£',~'-f11NG!a> > >. 
ID -th: ;:~-~r1~-~t ~-i ~~~~raYi~y va~~i'''Jur~'iV;~iit~· [ifi>e-·J1 2i31~s° ~r"e t~~1 ~r"'e'.):nq 

·j~o,,I j. :.,·.;.;'.11 OJ \~f~'-" ')_::~.J~, .·:..:J~~2-~r)~.:JJ4-:.._;'::~· h~0 ~'~"_,:,f--1J.·"i ~: t·,;_,J ir:n.:g 
dominant mechanism for structuri'Qg the model. 

-, ·t 

J j '. .;;!.;· 



52 

.. h 

C~apter IV: 
·q, '.;{ • SIR Tr.e~tm~t,.~,~t R3e~t;;.~;;d N:::~~~ra~\:~"~rn1r~a1~~ J~U 1~ 

' .. --· 

SIR must coIIDllunicate with people: therefore the input and response 
v .. ,.... ~ 4'.Z)!;-~~~·: !·:t.:..;.' i. _ ... :rs~:· su·t :··L: ~Jl;,!J'fci:..1:'· ~c,-: x nc.r:~·J'.~~-:.·1 -{~j 

languages of.the SIR system should both be reasonably close to natural 
;J1.:.· ,:J' ~ 1·; ,:.·;~ f:ri;.' '-<".£·:·:·:.' r:..:-t·)f'"'.~!·1-q .s ~J ~\.>d "'(~l9V~:\ :;L.-;:,; '{j.Jr;..:-. •. r<1·:.qsh1.i· 

English. Since SIR utilizes a relational model, we are faced with the 
f)!'~~ .. :'",_' ~:>;';'. ~E:_ ·' t; .·~- ;-~~; ~),rJ·· -~. ~ .. !.;I.::1'./ $ffi ... r.:of:'.·J::;q B ~;.t .Ja·~;-);.;);;,· .. Tl~ ?3S,'i0 

d~frJgilt. ¥.fO~l~,. 5>.~ e,~~:~c~.~r~ .;,~}a~J0::JJ irf:~~~i~;.~~;c~~~·:~~f~~:1\ •;qcHr 

language; text. 

I am primarily inter.ested in:::the abUity. of. a c0!11put~r t~ store 
·::i__.;u_·,~ ~ .. _,-1 ".,..·,~:: l~ .r;u1J£<t'J_,0Jn1 iJ"'lIJq.rJ";~::d..i \,~f1L.;l{,-_~':";J3-:>:JC 

and utilize. relation~,l information in order to prod~ce intelligent 
;~·~: :,.t f!-'.~J .. ;,1~~-, -L1 ,! _ _.._.,·:'1··.2-_;,·::: 0d :1;~.::.~1r~ r1::__1_.."jr.:..,~,11: s j.,_1 ·-jJf!:.1-r·i .. .c·:.>:;c~· 

behavior. Although the linguistic problem of transforming natural 
.,,·,;j :1"'"1~i ~ ·• , l1:f"'f._. '': _.-{ .... 1 )?.Jt-r.J rr. · ;sJ ~J Sldw; t.sdJ J _'Si ').(?,r;.j 

langua~e input into a usable form will have to be solved before we 
i··-2-.; .. -~' :~ . -~· ~<: \' - , . ·, -~i-· i'•; :.q ~-, '- hc.srl £ :LE--dj ~lfl.:J j\J;:j 2~,- L_i i~i:r __ ; 1 .~;;b-.u;:i 

obtain a general semantic information retrieval system, it is inde-
. ,; "T" 'i.i'-. " '<'·;· ... ..:-:•TL~ ::L;::;dJ ";,l;n.stf" Jo,;:,,·}.;~' 'Jf'J 1;.l. J'l:H:U 

pendent of the representation and retrieval problems and therefore is 
1:) <i;J,_ .. 1;;· .. ~; .r~~. ::.-'.~1:f .. ?~~:IY...l ~,~-Ilai,r '{d h.s.tbn£<i :.• !1.f5.'i Jjct.'11~_t7:J1 

considered beyond the scope of this naper. · 
-···~::·:...,_~'··~~·~-"--- ~~·_,::_-:J --- -~·_;J::11. ... ~ -~o AtB:J i!trnr:~·t 1.«J _,,~_jJ n r .... i ~jui.l1·~-_:;.Jf'c HIJ 

In this chapter I shall describe brieflv the background for the 
,.I<:'. J1 :· · d .. ·<· ---.·~i:--{J-r:1qo·tq-dua i1:Ji)\:i DO ffi~j~ :J~.o:"liJ "'1:'1 .j;:lj-J 

linguistic problem and the devices which SIR uses to bypass it, while 
~~- .. ~ :> d . - ) . -:" i ~ : .. ,: -~ ~ :J 1 J ;:: J I .... '{~:{-~ q <Xl q s j s rl ::t p t., J £L) .;- ~j • .t • ': - j;; .,.,: 

still utqizing. understanda_ble English-like input and output. 
i'J"'LU'' 'J...c. '-,, · ., ,. ;' ; f: : ·:Hf'(J S'.';<:H{W ;:ai f-"{j'l''tf'JCiJ''l-··'1.;i:. r!:.>Sd fl0 

A. Bac}tground 
~ ·• '· ' - .: ~ ·. 1·,,. 

In the past ten to fifteen years much research has been done on 
"11 ;: .. r ,,., 1 iY- ·) 1ud J:".U ::!.s "rd nl.sjno:) Lduo:r vJ02H:•Fi ., ,. 

the ,:sfr1tct:~r.)H~r n,a,It?.Uff.~ \aS,ng~r~:n~/;l i.na~f~di~~1A~~¥esI~h)f~r. ·/1~J.q~tf2t;ic 
--.,.__..," . .._.,., -·- ---- . ,. . --------·-

proces_si_ng_ by c~mputex:. In virt~al,ly every case, the form of the or~· 
.. ;.; .,, .. • "" 2:-;.; r : .. ·_i·n:~ «•J.·,1u1un.u bns yJ1.l£n~H!'98 :to J8,·'l:E.jr;..t :C·i'.::i rd 

ginal text is restricted or pre-processed in some way to make it more 
i -<:-or1r '..,,;.{~ J !~n.1 l:uJ_-·,:u1Ja ·1-c.¥} fn::;lnH11:->'Ylr~ .lnbn . ..tmob 

amenable to automatic processing. Some of these studies were mentioned 

in Chapter II in connection with existing question-answering systems. 
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A recent pap1ef'by''ibi;'.t~11 t3) a&rvey& ·~itr{~ds 'rp~f6.!lc~i~ ittd c'1ta: ., 

logues exiitifti t6'~1it1~t ~rdittiis~iKt&t''.~ucBiftib'ihf~pai#iit!t iRg1t:sh 1fr 11 " 1 
( 

text. 

Th~ 1 o~~J~~J6t tbdAt:'.1of·ehe~~ ~y~t~i l:j ciFtdiWt!fy6 ttt• cUwfjtcai 1 :··~ J' 

sr8illll18t1~ai jiruc@tlf.~s · otr iile···iefitet\c~~''IBrJJii~pi-liia9Bt tfn~i~t'rc: .,,, : ,, '''li 

analyati1;:l~~ctiat\i~itJ..ltiirt~iaeton, bd~ 'tfi~8~etoif'r~tfll¥v~t. narge! . .>·L,c'. ''; 

dictionai~~s"ofl~~t~r\st1 '1 i~ee8ll''attd')8r~~t~ii:•fuU~I ,iki'e ji"it~raity · '· ~,~ ·~" ~ 

employed;(iifw."'Usu!fi~·1~·"~drl.tidiri~i6n°1.i ~~vt~-1t(Pfhe ·~~attf6g1VI(tn .J.: n:., · 

any acceptaf>1~l '~i~ of' dt~if' ef.fn::1 "miihlntWr'~ c:o'f f H~::;.OtcU ~iic:t01'ftrWaes "1 ,,_r ~ q 

A t~8~fit L~~c.iptitsn'; ts\ 1 the<w6~ft at' !tiJt·cii~icS~ifblQr~aii~·:df Bt•Jii;lnJ ; '':J; 
/ 

dards1 a~Uaia*"*i~~"i tt~if!t:tit~~l1ati*uiii")iiii1n~•8 1(llf; 'Il\Qrt·1 tlli0 otileei11 toq 

is to d~~~~iii~ afi~f'~~i; ~-·~t\t~irE1i~11jft1 ~i!eMatCi•· isitc;;f~~ct·tii.efftSi\1 1 

about gd.~rl~lt f~ilatibftAtti~;jBik'Sa) s1ii%il~JfCtute; •tliti!ot'ebtfft! ~)!'' 'I! i .•. : 

"meaning" ofi1 the_;. ~eiif~flcf~'~•L ct1~tta1'.r~S tfii1 ~i6ielifi':!t\ied1 f .. 3t06 tf'Qi\si.:,1;;:) 

late the :gin8Hsr.1 sen.t•ti~~ ii\~({ a'' i68t~a\1ittt14Wl~ntd 1~~S~1rihab8ebmeti'ie'L10 ;, 

predicate~~;u~rn~ fh~ri-;_to~~~est 6 ~he' tlf~t~.l~fljthi8t6grf~il rI~'ta~~~nt ;l)';;i:. 1 lrn:J i ,. 

determift~ngiwh.et~'i!~ the.fr'~l!Ui6ttl'''l~ciftid bf~tr~1 p£.1a~c~t~i-xt\~id;in.i '' -~ 1:,rr 

for the given picture. 

In the SIR search and retrieval programs t am concerned with a 

problem similar to that of the picture lan~l~J~Si~:"<>~i~,·' 

translatlnk1 'f~ofil1 ii\t11.1ifis·to\A 't'i!l1A't°ibiid1 \fi't~itt~irrftd::i~;.eifd~~~t41i~ 

mining; iii>";;i~fil1 reti~if%itiP (•tat~i'ht lf~'Ct s' 1tfii0~'1~ l!lflO~et~ d :'.~!./: J. [ Bf'!Cl 

the m-r~etis a-'~lli~'~ttl!~i.ri!·1 al1t:'bl'lfat1~i1.1y· b\Yitt~{q,1 oifk~ b .. 'ts'· 6f-~ (,;l 

inpuf1}'~'iatrl;i?i~ii '~til:l!in~tN1' r'8th~ifiall,~tii.1¥ld~'P"fin~W' ~vlaeei< .: ' : ',:d 
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English tq ~~~ l,o~~cal _ lil£a~~~~s,}nX~lM!$s'.~M!~~§:r~ ~g!r~~~~ ghr~lil~-
1 

structure grammar for a fragment of English associated with picture 
• .l .•.• 

descripti()J;l~--:~ ~~s·;:'~~s .~i~~ an ~~;~~'X~S~~~, 1•PPf"O~~h,._ 'tt\t~~f~oitn 

may turn .. Q':t; to J~lf ~\?se~gp~q~~~t .. ~.PaJ?!n 8.~ ,*e8-~!'aHz~~~ff9:iwJ~ fh~ l ;.:,:,rn1n;.' 

present v;~i;~~on Qf -,~l,1~-~aut, ~f.·1~8DF.~r11~d, "~i~kf9fl~~sur~~'tff1,~::it.grn,i'.l:wJ , if; 

logical ~~~~~~mt <l! ~lJ~::1ie}~qqp.~,.I~fO§Jl!Z~"-'~~~lll:t~h~j¥~li~h2 ~e~~"' i . ) ii) 

tence • •"Jt~st; ~~~~- .~~e . fi~c~gn~~ ~'?~ ~f0~5fl~A!f ~.85~Y ob0¥Yf~i • ~fie;:J~P;P~~:, ·j'.~ L qm,_ 

priateo:~t~i;~ge. QE J:~;E!e;y~q P.FO~!:~,!l,,ER,def!t.'fi~~li·t~g ~~~~~i~f~,c, Jq,, ;!,; \J>. 

recognized. I call the process of extracting relational information , .. 
• J;·.~f t; J. (1 :Jc .t 

from Eng~i.~~ t~x~; ~'.~~~~~C.~l?fHi'S!ft'"';,: it]~.,,rN,~:1wgrkn$tf~~~!~~dj~~g~~ 1" 

po in~~., t~fo011-P. 1 r$tQ.~r ~~~'i1si1!~slt~l?~0~ff,_:~Rfr 0P.~!ttJJ}~8 Ehh~tee}1tifR~~1atns: 

in~~~;i9p. J _lC,9~;t;?ex !,') iR!~ ~t!fd,i~~i f~~:rr.l!~if0t1 'J?.f~'f~!IfJ ~fiYfi~"tl~~21 

form and WQ~d,~~~9-~P.#'t·: ~~c~,,np,y.~!J.,,, (i4~l~l~i~~fJ~~~~ f,!~'l·Al~~''::; 

cuss t~~::i s~a!lfi~, Ji''r~:+Hi,~;rqbl.~t a~r;,?,fqp.f)apfrg~R~~R:9~i.H :un::; '·~rri ,;ram" 

doub5f'}lY,.~~lil~:d~;i.f~.l~~~~L b¥', .}~:n,:i.it~t!e.!\l~.,;pe~, n~•E; f~~ME~;io;; IF Jf~~ ... r:J ::i J.s f 

signific~fft' ~~.~bP¥i111 :59'1;ewhat, 'ufgr.~~~p~,c~.~1la~'=''.~9ec~1W~1~~ ~grn~t~ ·'' '.d t: , ; 

matching,)ilJ?J?rq,a.9~.) ~~e4,, i.n,c'~IR~ ~Hf ?~·~fYS~;-rg1 tP.r g~r~fi~ ~~J~w~"' i~"~~lrr'.r. 1 ,t, 

effective as it is. 

B. 

. ' ,: ..... '. l( '! (7' j 

Sill.r&oJve~ .~qe_rf~~J.,c._, \>~r-'i?&;Rf9P~·~ pYiJ"efrg~p~~~n~09fl!, 1 a 1 ...• , ., , 

small numb~f .· P~·.·:~nte~~c•:~0~¥' · ~~~· ~f_,tf.N1~r'9.:.~~rfl/lgfYf~,.~n)t!'e.~~:~i5., .::icrrr 

ways_ to p~,.iS:-¥}8rT;r<..f,JaH~P.S·. '.l'h:e,; aq,0.¥t•.fl.~.1 J¥!>9·f:tta~·~S,e:,i~~~fiffi '1f! '. 

by a li s~. c,f.. ;rwsr, : e~~b,.. c;>J , wpi,rP re(:o~~~Jl:t a~~..,R~:~l'!t J, JJ_'fflf}: ~.,pg ft +1;;,c;: 
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q2 ],.1 ; ~ r ·- .~,.{:}. 1 .~1t · ~; ~:, l .~· dli:~,.;~_.. ff(JJ ~.')"~ii -l :_:}~:.(-,{~_:: ~c ·~:;::. ·;,,; .J!.II.i.,\: ''.\.~j 

cular form of English sentence~ Each sentence presented to SIR is 
: ,, bf!. ~1~1~:j r.~J. __ 11; J:"-)43;_::lc;IO:) f.1.t ,~{fr.i ·r:L~du2 :'1dj nJlit.:'f .f ~ :.d:~"<>.::: 

tested by each rule in the list. The f irat rule applicable to the 
,,;!: ~( __ :J t.: ~- 1;:~cqrnc~; .1.;··;·J~~.-a ').ril t'32iv~119;:iJ() .L:;1J·_·~is~J :::i :;[;_._; 

sentence determines the action taken by the system and immediately 
'?>fij OJ ~·-2 r ~ · ;: j ,'·~ ·:: .. : 1 ··iun"T·r.·rc-:.: ;H-;f: ~4 J:'~:)j ~{-~J-Jjds:;,t· Iqq£ ,~riJ 1o .~jfr:r:'.' ·1 

invokes a program to perform the action. If no rule is applicable, 
, r~._\ f 11 (!olj')f,'' ~YIJ .;,Iwr sidj 1o j'JEG ;.;FJ 

the sentence is ignored, except that the system makes an appropriate 
•' J () l j -' '· 'I·_} f'~~ } C~ ~<\J L~-°:- • .i ~ ~ ~~ l j ~;~. i ,; rJ (] l_ j:) b •;;) d j ·t 0 :t fJ '::"1 fi'f~:) J ·. j j ~ "._ j 1 :~• 

response (see Section C). A new rule may be added to the system, and 
3rfJ /d :)':.;!~Lip,-~~i no.TJ-t-if.ii_C' :1~.J 1rr1c11::.1q o.:1 1-_eborn 7~fiJ no !Jr"·, Jl.i•H d:..i..trfw 

thus the class of recognizable sentences may be enlarged, by executing 
no_:. JcJ ~J·.~ J±::,~lJ)i:JJf: 1 11_ ·J-~dj~rf~1 :Je~?J ,.Pln.II b :JJj,_J..t...i ~'-~~)n·; 1n92 rf::~.J f~Jxi:i 

the LISP function "addrule[x]" where ~ is the rule to be added. Let 
1?i;"-i3X~-_t "JC::: .;LL2.~ Ji:.· '.-~;ij,:;fi') £1,,.s1·:;~3:., :t·,. ~_."J.f7':ij2lx:) ·:jrlJ :~:nj.>!~;:;;rl~J :<n 2t:_lo1i 

ua conSider the use of these rules in detail. · 

;:.,rrfJ1L~'3~f :t8.fI ·;ri _; qj b_-': ;q:_p?i ;"~Jdw ,:!:">; ;1-w dr:-· .. _:_iJ·:J!J~·J ~;'1:~ J:~.11 J"~oiJ.:::-18 

-The'. fe>u.r cC>JDP..el\t• of a .!l!1t are a fol'!!t.,. a list of the vari-
ncd: J:H" ;Li.Er;; sdJ "J!"j ::J'1')J;f:J.'YH. 9.')IJt·O"lq t<?:l39j' v::Hllifo.?l lqq.s ')!"jj ;110'1i 

ables appearing irt the format, a list of applicability teats, and an 
.f!Q(j:)J1U} 

11!£tion" list specifying the actions to be taken if the sentence satis-
2.T !Oa .<\)'' ,i>l1'':1·•·:. <: ;,, gnl21.stl .JJ:jmom<Ja ·.Hfa ,9.fqm.sx::> '.l:~,·1 

fies all the tests. The format is simply a string of symbols which may 
;-.: '. !;,_):_,:.i, -j .. J"'i £..:, yd i;q1n·1·y-t ~I!1( 1 :;;d Lfi.10:..J t'(>IG.3}}jq A 

be words. The list of variables contains those symbols which appear 
\:. - -~,\ -1 rlA'~, ;;r; .i~) (tT51l~ li-ih) (Y X) -~'f A. 21 X)) 

in the format which should be treated as variables. All other symbols 
Gl "iC{J A) 1

' ·~1 _):1 .. Jf1: 0 -.: • ., ! :. i) :.t.LJ i:m.ii~ L~:. ... :;Ln . .i ~~): "('£ ~4- 21 .i~) !f j~;~;10) ').dT 

in the format are constants. The first step in trying to apply a rule 
:;n:; r .• >.d r ~'-<if:. ·· :· '.._,h ''2J · c;jrr£.Jani::.; sirfj ~HHJJ:>'.)SJd !'(f10.:::. ·.t'~ !, 

to a sentence is a "similarity test" between the sentence and the for-
;.;ci ·1-;c: ~;'{:, .;_•it'1 '•...<Yi,.fJC·~.cf' ;:J JS.. '3fd£J:HiV "HJJ 9'!0I~:1::tdT ,'l9b1't1 ''fi'•~<:: 

mat of the rule to see whether the constants in the format all appear, 
ri'JJ,!·~-.i LC.'i'.JfHJJ :·~~ ·~:.1 ur: .. : t'1L

1 •l.·tuA~' u .• ~:;02~3iJ P..." rfjrw ·x Lrs£ "YCXI A'\ 
in the same order, in the sentence. If they don't, the rule-is rejected· 

J:~j J.:'J]-} ·;1_:1·:: :(1.{CJdri1:~; ,;WJ Jr~ .'}fLf-fja fi e:_l 'JU'Ji11JJQ'!,:·: ~~j') ·1~-1rf.:_!<)dt.tf {=_,j20:! 

If the sentence !! similar to the format, the va-riables in the format 
·f:t ~i ''I~n·~ ·tt .. ·~~.:JL.r1 ·~-+ ('j~ }J .·~J·)Jj~ro <:>:J.lr.rl:i:Jbnl nL ~.:·, 1-~J.tif~' 

are indentified with their corresponding substrings in the sentence. 
" .• fl~" >:J ''I.Iii:.' '-' ··;;:c.· .. 1 ,·c1;,1vn.;dJO .f!,fl.f rJa 'HU rd Joci1~·•:-.. l.Jr;,_•YJ?. 

The applicability teats are then applied, one to each sub11tring 
10} .. b·-tC.Li .:~J f·r_Tq,/~' 1 

<l!"i)-·J . ·:.·; v_.j_[J .. :.:-J~::>lI.:rcp:- ~·-Hn&a ·'lriJ (l.;6~~1.) ,_)Jn"J _,1J 
matched by a variable. Each of these tests is the evaluation of a 

"·i':J ..!'b i'iJ·_ .. < r~. ;~:.-~c;~·~:t· l .. P ~-~:.l~> :t.yoa ,...~~~ ~~~tI.i:l .. ;c-;;dvt:! bsd::.Jlr::i:-;· rf~·t)d 

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 
'. ,t 
!- /1 

symbol "NIL" the substring is considered unsuitable and the entire 
;_.-. ·- · ! i, ··~; ··_ ( :·; ;~~ ·jj- ')ffi"' .. j2 f; •_;.~i~ r~_;, -,_il.}·~- n')! __ , __ : »:~n .f)J3·~,; 

rule is rejected. Otherwise, the system composes a list of the 
\' 1 :,-: .. ~r-

results of the applicability tests and communicates this list to the 
"';;'\ 
l. ; f_ ' T : )!} ~ __ 

last part of the rule, the "action" list. 

The first element of the action list is the name of a function 
',_1 ,,,·, , _,~ '--T. /:- 'I<- i.L~l \•/~1!! 1\ . (:: fp.:_,;_ ·;·:J~J3 ::•'I ) :· 2.L;oq~:l~J 

which will act on the model to perform the operation required by the 

English sentence: create a link, test whether: ·a particular relation . . 
•-' ' . .; ~) ; t ~ - ~ : 

holds by checking the existence of certain chains of links,or extract 
._ ·' j 

certain information from the model. The r°!1~lli.~~,g{~;l1gr~.~ :I~. ~~.~rn~l, ( 1 

action list are functions which, when applied to the list resulting 
-~~-;.v , "~:_F!.· -·--..: k..; '3"'1.ki :9Ji1t a lo a 1neno-.r1c!o:: ~11:·:J·t ;)rl.-l. 

from the applicability tests·;···produce arg\iments for the main action 
.l .L 

function. 
..... _·. -'"j '--· j , _, , J ~ ~T ~ f1 .i <. 1 J: ·-~ 

For example, the semantic parsing of the sentence, "(A BOY IS 

A PERSON)" would be performed by a rule such as 

((X IS A Y) (X Y) (ART ART) (SETR CAR CADR)) 

The format "(X IS A Y)" is indeed similar to the sentence "(A OOY IS 
·r-1 L ,~··'(i_,c .;1 q·::_i·-~ ...tG:r.}: )'fL +r}t.'.·.~!·::-~oJ ·"~ .. r-'. -~8 ~')l ~JdJ qj: 

A PERSON)" because the constants "IS" and "A" appear in both in the 
;,~. :~-:;..) :-i; ~ 1 J__,.!1JJ,--;:~::, ·,fl. f_;_·-.:,.1~?J: .... -d 1 '-id.·~;; ' .. :~1 ~~-~1.!fffJ~d fi- .:~J ~.'~-~·.:1JC):)·.~ •;:_~ (;..}_ 

same order. Therefore the variable ~is associated with the string 
:.-,,·.r~q~~ ··1!. _:,t.·,:1 d_: ot ~~ .i5.aJ:.~J2..!·:i:"".J :,fij ;·~ ... ~.jj:;rf"d .:)'~:B c·: ,. .~:i~ 3:· 1 :~-, Jr>rc; 

"A BOY" and .! with "A PERSON." "ART" is the name of a function which 
r 

<, t . . ,• 

tests.whether its argument is a string of two symbols, the first of 

which is an indefinite article. 
.,J·;..: ... vr·:u} '.:.d:i (;) 1nl.L:1:.f-:.; ~.:.t ·:;, ~1:.:t~n:· · 

If so, the value of "ART" is the 

j • '\ -~ 
"; ,;. , I 

second symbol in the string. Otherwise, the value of "ART" is "NIL~" 
-~:: i. .: L ,_ <1 • .: } ·_, ~· -

In this case, the same a~plicability test function, "A~T, 11 is used for 
:;·~~·"' .•;.. ''-1-~:1·· ·;.:~ ._;1 r,'_. r"'·-:-:i .,-_;[dt.J1~::··1 if\,.: :;];.·~_:;. 

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



57 

results of the test are positive, so the values o-£1~~1~~~ ~~~lU~tro~~b 
~1 .. i:Rtiid~~e Ll••noY.~ ~~d ';•r1asJN::. ~~~;:~f~~{y: {?The 

1 ~~~~~\~~~"l~~poses 
•,_J ! "-':,"JO :u l~·'Hlti ;;Li ( '.J _; J ·5 Yr,·) j GJTI:tQ l :3 l Str.i~ a :: Jl9f.!W ':'. ·n;·;;:,>e> jJ . \' jJ U 

the list of these values "(BOYt·PEllSON)", and proceeds to the "action' 
>.t~iO\·:r ;-· ,.C;,~r1"0:! 18·1~· •• ~ d''.U'JfiJ L·· . .: r~ "'. J'1Uit!t-l gn{a~~•'.)O~Jq hnf~ S.)g(!<:~ ·";1J.i::,G 

list. Here "SETR" is the SIR function which creates links indicating 
.:.:-~i~l , .,.l..!. ... ~ .. n{_ i·j:.; ·· f;o~·/ 'J;J<1·:1 ... :.~:-::- ·.,rrl1;:1 J:l:";b 1,:i:){tpJn:J oj \~rnaa.:..; )')ff ~!:J 

the existence of a set-inclusion relation between its two arguments. 
':'.l I vod" -~~-_.,.., 1 .If~-_t _i!'"dL! ·~~),i :t '~-'.~L.i2. HrrOe'l:jq B a.f. "YGd x·1sv2tt? ;_;JC~-\ Jn~){~ 

11CA.ai1 and "CADR" are functions which· obtain the arguments for "SETR'.' 

~)_it<.,:q:c "no21:;q r. ?.i ·:·;' . . ,dT'' O:Jlrrlw ".noa"J·~q" ::t9e srh ril b:ibui:.,n.L 
by extr.acting the first and ·second eleae.nts, respectively, from the 
'-ii'.~i -~-.: j~~·Js·-,"").! • f1h 0(!fL. ;-~ .. ~ n?n""."ln -·1':J'· ·:,,1i.1 1o _j1:0Jf2::t13 'l£1LJ:)fj'J'f',S so102 JtirL·' 
value list "(:OOYy ·PERSON)~"' After this final function ":aetr [BOY; 

••'J•c"."~"1 '11.:i.u;;Jrm e:d !-·i.;10J .'\<•ns:trsc;c; ln B:JqvJ nwJ sasrlT n, .. :n;.;·s·cq" j 2; 

PEROON]" is executed. the model will contain the relation& information 
( L.'~) 12.01 P "\ E al X ._;,r;rfP f.:i;.; 1

:\/ .f.:. 8 f 'X V'l9Va r1 tajfJH1"l.:.t1 ~~~r:.i ~~:O b~1SlIT 
which the :tule extracted from the sentence, "11 (A BOY IS A PEllSONY." 

~ ~-·1 t) ) -'~ :.r1 ~--} f 1 :~ :~· i. t~1 2: .r 75: n ~ 1~1 ! (J -~1 ':] d j ]: 0 j arrrl 0 l '~ i g fr 1 Co': F· ~~ .. L:'. u H I 2 
The recognition sch.eme do~s not-distinguish between dec18rative sen· 
xl 1 ~ )~ ~' ~)l <1'.tf 'nd) I-\ r 
tences and questions; 

'-.lf!'lti") iH.l.i:J::Hli'-, 'i1olj?S 11 :.d:J ,:H>rrr101 ?.lrli dl1ifljf',J 
they each have their own formats and corres-

HL~ •,-.:: ~;·; ~JdJ c..r gniL1:.Ju<::-;·n:o::> ,J!alJ. rrolaul:.wl-j<;a s :i::ni:ti'-' 2·.1h;:il'l"::> 

ponding action fu~tions. ot course, the e"ffecta of the action· functions 
9flj O"J •.,_ 1 .. bnc1q<::'.J'l:fO:> , in;J q·lrfa.i:s,dn:.mr-:198 s "10 tarroljs:J<:i"I<fI9jf:u J'lodn 

fot; questions are usually quite defferent: from the effects of declara-
"\1 i~~2.i*> f ;H )~·-~i 2.l: id-;.J ·\~~.if i· -~:j.tJ.r.\<;r-:1 ;r.J ~b~;51:Jar1I .nc_lJSJ"3j_d.i:Jjr..r.L d;t)~92 

tive-sentence functions. All action funetions, as· well as applicability 
.:;f' · .; L·::!c _,;;;nJ fif, ,T.;i ;rn.:..i:; il<)jj'.)£> '.Jrij oj ;.Uirrranr,"Jj rbJrlw 1:,.JlJmul 

tests, aTe programs which must be provided to the system: along with. 
G H f { ·J ~,; ~: 1 ·: .:.::· j iJ £ j- 'ii~\,- \! 

each new rule. -
1'J-," i ;~ c., !·}'_ 1 > r:· ~-7 ..-ru_~ '(.:J l nol 1:)£ sdT .r~nl-ija ~~.dl :1i ~~-,_,on '.~1d; 

Fig. 3 is a listing of all the rules include~ in the· present ver-
•. - ·f-, ·:-·n; f: ~~.u-.; Ju '< =;.~ 11 .J.iJir:r";t _t;_.nj1o·t -~-;rfj e:=t'V10~-',.t·1 d.Jlrlw no.l:J~nul: lo 9qvj 

si~n 'of SIR. The synibol"Q" is to be read as a question-mark. The · · 
r10.i;j"'.)i.; JJ<'nl'.;'o ::.;/J 2.cJi;iovr:.i f1'_,riJ b!r"> "y1i:cu:s1;)" l(_d i:J9l.fqqu2 '.IC.:!!o.l.i:.bn.i 

significance of the "classifytt f(mction; h explained ill:. paragraph 2 

.~ni1uo~dua G ~G 
below. 

;,J;·r'-' .,; ";; ~ ' u -: fi!1.i: rn.;· 1::; ~ d ·-' ·u "'HJ t d .: fV>l 1 :;r; L·~ 1'. l a:.1 b ~•l '<. jlugl r:h . .::; · 'i J 
2) Ambiguities: The above translation from English sentence to 

fy~• ;yJciG~,_.-....... cr :~1;izu ni ._,.,.JioacYl 'HI jGfHJJ!'.:> ··c:t.iu;;!.(dms nz d::>;:;2 "b:.~vJcv;d 
action function'-can wark only if a desired action is uniquely deter-

f" t ··:· \i ~~11 il) ·-~'' ._·; j ::· 'J' :-

mined by each form.at. 
a· ... -... ,-)VfJ.,f ;i11;;~ nl b.J:Jn 1:-J1u~Iqn:rl :::tign1H;<~>::1 0dT ~2~:·b.ir~~~<).i 
This is not really the case with many of the 

formats used for one of two reasons, which I call format ambiguity 
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and semantic ambiguity. 
: ').;. ·t: ..... U ! ~.:.(.' j Y.•l ~ '. 1 

Format ambiguity is a \>rogramming qev~ce r~ther ~~a!-1, a tru~. ~'l?ig-
,t ,. .• >·J: . .i.·1·ftJ:J·1~:1~:·~'1" 1 ·~i1J\J2.5:L ".:"brr£ ·'.-'~.: _1·ri:, .~_: ' :r) 

uity. It occurs when a single format (and rule) is used in order to 
1 :t('~- ~l i ;::._;>. ".,:-~:-~ I~ufi ,n(i,tO~J·~~:~~·({ ~Y('ti;f)'t 23UJ5~r ~iJ'Jd' 1 ~fO ~1>:'; _ _._f ,·•~ 

save space and processing effort, even thou'~ sever~l ,f~~~ts would 
: :, , i, . "·,J 1• ". ;-J_li..t .i :; ' ; ~ ~·; !ltf ' i<~np·f 51.,; ~ :-1d:1 2.C Lhl.::r:· .. ;~1--! ; 

be necessary to uniq~ely determi~e the re~uired action. !·~·' the 
•. :";(i",I ... 1.j:>_ ·::· ..... _'--? .)'_,' ";.J··.,,)rj ,1;-,L 1 ·:· HOJ.:;..~;;j ')LJ ... __ ,.·_;:~;. :: JO ;:1:1r.: _, ~{~j 

sentence "Every boy is a person" specifies that the set "boy" is 
.,,,;-,!2'· J~,·1 ·::.,u ... ·r,·.1 -,,-1.: nSi Jdn -~ .fd"1 2nrJli:>nuJ: ·:J·t~. ,, :r· -.:)• .. !."':it:~-- :L 

included in the set "person:,:n while "The boy is a person" specifies 
;iii_~ :.1c.~· ,i~_\,__."-_1 ···r,:~') ~--:\J"i:Jf'LJ.t ~H1c·_;:-)t:-~ >r!(~ .JB1'l:~: .o.:dJ ;~.;!_~ ,_, --~" 

that some particular element of the set "boy" is also an element of the 
.~,.;y1 l ~~ :J:(J,: _,--lt.t I ; : l {; ""'I' : .: "f·; _; 1,_:\_ f:. (;<!'JG5I3q t'yt)ft) ., J:::";-.r JI•, ' 

set "person." These two types of sentences could be uniquely reco$• 
\ci·J(.'i,·3:)_:. .: .~J:.: .. t).,J~~: _, i . 11 I •mO') ~;J,~>1J J--.)!°)'!,i)i.fI "Jflj ,h-J! .\J·,; Ci ! 'ti:~.$Jt~J 

nized by the formats, "Every x is a y" and "The ~ is a y." Instead, 
"~·· .;~j~:·:j·~~ '\ c·1 "{(~;,~ ' 11 (S::..c9Jn;)G ~Jt.~1 rrro'1J t}:_:,j:;.s-..r:Jy~·~ ... J:~"'" · __ ,; J d:;Jrh...; 

SIR uses a single format of the form, ".! is a y;~" In the rule con~: ·. 
, ·,;:~ ...... } , ~)'JL ·}.· V/j~~d de,Ju.:.:·n} ~~l~> ·1r~r.r ~<•or~. ~,;·;·13fi:)~: il'".~.r~r;'·:· r~_·:J · ''7"·.f 

taining this format, the "action" function cannot be one which directly 
~.~.-' 0

J'C1 I ,• ~-!j:,~. ~,·<~ (t",;.,-:: il'jf.{j ·')\"'.Gd :dJ!3;; v:,fjrJj ;i:~i10,"::jf:~;.i_.> :.Jf1.:; > '}J(l'J.~ 

cr~ates,either a ~et•inclus!~n link, corresponding ~o t~e f~rst of the 
~·.; '.'" . .-n.~;·r ~r5r;_ '"~· ·d·1 . .lu .:-; .J:·_;~.;-;..J·.: ·-.::tJ i.:3a"lUO:J }() ,ano.r:-J:>UJ C· .f :,;L. ;:,:;1 :;c. -j( 

above interpretations, or a set-membership link, corresponding to the 
-r · .. ·~,b -f~· ·_f''J·_~}~: ! ':Jd.~ !~':r)~J-i Ju·:;~:Z-·J·t=-1sb :-.1J.iup .. ~l lb.Ut:!O "='"I£ ~_::-1· •. !r· ·, ·i:·)!:. 

second interpretation. Instead, the applicability test is the "classify" 
"'. • i r :.-~:,, :,i lq(n:- .-· ·. l !:~,.-.,: f.· , r.in.~ .J , .. :.J:u~ ,-ri_.,[ j:;r. lJt\ _;~rc:OJj:J,"ttJ::i , ·,:·!.·,; ~·.1·:.'-~1 ')'lL r 

function which transmits to the action function an indicat6D of the 
... •t-J ·., .. ·u,r,. ;T19·Jc~j ··1 ·~ j ~_:1 D'-:i lJVQ'1(i ·)<} i.-;:!3:; rf~:_.tdv1 ~~:t1f·,·i,\~·:·, ·_;·1 ~;.;.:1·:~ ;.J 

nature of the article in the string matched by variable .!• as well as 
• '::1 ;, rL: 

the noun in the string. The action function then used is a "select" 
"· .·/ ":;~•.) '3.·.: -:;-i' · · :·.·.b1:1l_ ")(~_; ':,.·;ftJ"'i :·.rrf-; •.it· :('_, ~f~j·_;;:: fl , 21 ; i; 

type of function ~ich resolve~ the format. am~j.~i;ty by ~xamiri~ns ·the, 
'.: 1 )~-r:~,:".1-!.tt)'"··~-:..·-Ji.Ap ]~ c~# ;~~~··)~1 .. .J \-;1 ::;:.,! rrp.r.:orL·n~;., :)d·i· ,."~L·-~ :_,._,nor: 

indicat,or supplie~ by "classify" and then invoking the correct action 
' r~tr~s.1, :·)·l 1 ,t:f :::.r f, 'f;,.,:!.fq:: t : :.. ;;_ .I tw1 :0 1 ·~\rT taanf.:J 11 ·~ :1 ..1 1 1;;, ~ :i. 1 r 

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 
·. · : ·1n·'~'. ;f'.·!.lJi~n:I ::·H)·_·c"t r:<~.r:1nJ2rrc:i.:.t ~_:H10ds ~idT =~)12.~:f}!.iL·:,~:: (~~ 

involved. Such an ambiguity cannot be resolved by using more-detailed 
, i- .. ~: ·: i }U~Jj;;:_ru ~ f ;;nL _,_)f'.., b~.-·rl.:.? '~b r·,, 11 ~Ino >!~ct-.v HS...J rrot~; .. JfLn} H1'.J J~J; 

formats. 
11'.::t 

The example implemented in SIR involves the verb "to h~ve," 
ru /;J!.1(,~ ::_L;·.·J ,. ,··.), :1·J --v.f!C.:J'! 'Jon B.l 2j1fT ~·1Jt0;·1.-:-:'.~ r'.:>r:·~· \-q ·"'..rdJr,'! 



((X I.':i nl lX ,.,l ((LAS::i!FY CLASSIFY) f:::iETR-SELECT CAR CADRJJ 

(Ir~ X ~l [Xl !DECOMPOSE! (SETR~-SELECT CAAR CDARJ) 
( lX Jt,.;r-.,:;, Yl (X Yl ((LAS~IFY CLASSIFY) {OWN-SELECT CAD~ CARJ J 
l()JE;:, X C\\'N Y 'Jl (X Yl ((LASSJFY CLASSIFY> COWl\l-SELECT CADR CAR)) 
ll-tO.-v ."1A1~Y Y DUES X O'NN Gl) IY XJ!SING CLASSIFY) !OWN-SELECT CA~ CADRll 
! IX IS Y PART CF ll (X Y Zl !CLASSIFY A- CLASSIFY) 

(~ARTR-SELECT CAR CADDRJ) 
I IX HAS AS A PART ONE Yl (X Yl (CLASSIFY IDEN-ll 

(PARTRN-.':i[LECT CAR CADRll 
( (THERE ARE Y ON X) !Y A) tNUM-Y CLASSIFY! lPARTRN-51:.Ll:.CT CADK (i!.l~J) 
1 (~HE~E I~ ONE Y G~ XI !Y Xl l!DENl CLA.':iSJFYI 

(PARTRN-~ELECT CADR CA~)) 

lll;:,XPARTOFYQJ (XY) !!LAMBDA 
CLASSIFY! !PA~TR~-SELECT CAR 

[!HOW MA~Y Y ARE TH ON X Q) (Y TH Xl 
!PAqTRNQ-SELECT CAR CADDRl l 

(JJ (CLASSIFY (ALAST 
CADR l l 

(SING THERE- CLASSIFY) 

I l~Oh ~ANY Y ARE PARTS OF X QJ lY X) <SING CLASSlFYl 
!PARTR~Q-SELECT CAR CADRll 

...i))) 

I tx HAS Yl (X Yl (CLA.SSIFY CLAS.':i[FYl (rlAS-RESOLVE CADR CA"i)l 
I IX HA~ ~J !X ~l fCLASS!FY NUM-Y) !HASN-RESOLVE CADR CARI l 
I (HJ~ ~ANY X DCE.':i Y HAVE QJ lX Yl !SING CLASSIFY) 

(~AVE-RESOLVE CAR CADRl) I 
{(X !.'.:: JvST TO THE ~IGHT OF YI (X Yl (CLASSIFY CLASSJ~YI 

(JRJGHT-~ELECT CAR CADR) l 
t (X !~ J~ST TO THE LEFT OF Yl (X Yl ((LASSJFY CLASSIFY I 

IJR!GHT-SELECT CAQq CARl 
((XIS TU TriE R!Gr.T OF Y! (X Yl !CLASSIFY CLASSIFYJ 

(R!GHT-SELfCT CAR CAJRJ I 
I IX IS TC THE LEFT OF YJ IX YJ !CLASSIFY CLASS!FYl 

(q;GrlT-S~LECT CADR CARJ l 
t 1 l.:i X JvST TO Tr-iE RIGHT OF Y Q) (X Yl !CLASSIFY CLASSIFY) 

IJ~!GH~~-SELECT CAR CA~R) J 
( t !..: x JvST To TrlE L::FT OF y \..J) fX Y) (CLASSIFY CLASSIFY) 

(JR!GHT·'.;-SELECT CAD~ CARl ) 
l{l.:i X TC TH~ ~lGHT OF Y Ql !X YJ !CLASSIFY CLASSIFY! 

IRIG~T~-SEL~CT CAR CADR) ) 
( ( r~ x TO THE LEFT o~ y 01 (X Y) ((LAS~tFY CLASSIFY) 

IR!GHTQ-SELECT (AJR CARJ I 
(lr.~E~E; X J) !XI (CLASSIFY) (~YERE-SELECT CAKll 
l11'>f-1AT l~ TH[ X Qi:- Y Q) (X Yl !LJC CLASSIFY) [LOC-SELECT Ct.L~·"i)l 

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

"John has ten fingers" Y!• "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 resolving the ainbtgut~ and selecting 

the appropriate subroutine, rather than performing any action on the 

model directly. Howev~r~,~·11~~~\'~~t'f ~~'. ·b,~; r~f(.O~~ved on the 
• \-.,t,,_ '._ ·~32-•~~r,:1 ,'f1J~.;.A.Jj Y~J·~.±-A..l)I \Y ;c.) l~ ->'''""·~- ,.., 

basis of any in:fomat'.Jlca'..w'afl~~i~~1.~~!th~~~ri.~c~t·~~~;:~ce. Instead, 
; .. ·~1c?t.,L h 1..,,~':':AJil 1{""1X, Ii!~.,~ . . '.e.r'~ 

ll~Q0j) Ml) T)3J!c-RlPA~I 
,.~A•·::i~ ~~t.i:.ZA,;:-~ {'f x~ I"( '3Vt~ l?P,.~ A ;;.1i; zr,1~ ,>.~ l 

the ambiguity r~~plu~i9q ,d~p~,IJ~~,,HPRl'~!m'4~'~*~~~~"in the model 
'l;·_.i!-- ~~1;0:. :i< 'tl i.1·"··;. Jt40,.t::i~'-~~!, 

ICP4) ~J6~ T)3J~~-M~:~Aq; 

which were created 1 -0n "the•ba&t~J~~ »r~t9)}JU".~SP,rotis' sentences • 
. . <>-~'"": ,•f"')CI '~ f"!l Tl i(l XVI() rd ),ii;~ Yi"\.Cr-' ,.,;;.~1: 

: ;:SO(.,llJ.A) ~A) f::,:-)J3~-\.,~:~f};;.'-•l 

Section \CB of this paperr >COntatw ~'c~~~~~t~M>A:~ "i:ti'scussion of the 
"-~-~ 'y',;. .• -~'.'••-,_;A,tl' 'ii~<:'..-G~oJ) 'r"i2<:-A.;:;: (( i.I ~V 2.Ji.1", \I; 

·. ·-·.:··. ::.:.~'.:.:;;i:t-1'.e-~'i''f \"i...-1"-;_;\A .. :\f • ..1.>);J;.J)J !,oJ I.) l• ._i:.:~ ... ~ 

processes used, and furthel!' :cl-t:seues:lo,~~9.f' Mfb~j.,tt~~¢4ti'' be found in 
I/ ~ °'( ~·:, )":;;y~ "'1\1"" •:·J ".°(, . ..,.. '. ( 

((;.>.:,_A_; ~~; J!.'~;'~T,~.~)l"'~' 

section VII:..I>. ~. ) 1 t ~; T 1 -~ _, 3i · t .: Y : -:· •• , ..., • ; 
( 1i;..:i_:; 'i1":;A r~.'..;~.;;-1,.,~~)· 

.! x, ('<-1(.:~"i.._·~ri::~· -··~'.·· 
"~· ;., -) ; y~ .:': - '!'...;;:: 

1'° 1, tY ~.~ -~·; ~ ... ~ 
i . IOI.ii.~. ~j;< ! :-'> - . f","'; 

, 1 t f ;• 'f ,,, \ r"<; l ~ 3~ ~ ;;! 
( ! ri.;A'.j ·::;. ., ... _;;J;! '.·-._·:"' 

c. Output: Formation:,em:l ·ImPfftan~ ~Jt~~~~~:~;·'' 
,_-:; -:~Ai \ ~; · ~;, ;"':1 r • X ((ij ; ~~ iMi)!~ ~~~ _:::;: '' 

\ (~{:ft) 94) 1):!J3e;--~~1_.,_,'r 

As with the input ~angu:agei( 1~R 1 tayo~~, ~~'e;~p_\)l,-~' of ~natural 
;_,-:•~,.., l'>:'\fi:.?.;.J·;,) ,,.. ,,:, )' ';]•-"I' 

language processing. in its.:re~,~~~~s~" 
1

Th~ ~e'.;;n;·e ;~:chanism involves 

a set of built-in response:· formats. 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 

the present system," which is printed if no rule is found to be appli-

cable to the input sentence. Other responses must be completed by the 
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programs which use them before being printed·; e.g.; ~the f0rm1, "I don't 

know whether'"'* is part of. **-,'' which<L• prim:ed; ·eftt'er the **' s are 

appropriately replaced, in responae to ·certa,tnque.at.ions about part-
, .-;·,: . -\"' 

whole relations. 

One principle used in programming this system was that SIR should 

always make easily ,uaderstandab1A •l'.epM:ta..of it.a ..Ct-ions. In parti-
• ' ~ • " ~ !: 1 c ' ' 

cular, it should never fail to act on a new .input sentence without 
·'.. 

presenting a reasonable explanation for its failure.· .. Implementing 
. ..~ 

this principle turned out to be ea8te'r th•n expected,' for there always 

seemed to be only a small number of possibl'e' reason~ for the f allure 

of any one search proce~ure, and thus it.was only'neces.sary to provide 
;1." 'f,,! '· ··: :; ;1 . 

a few response formats· <(and~ pti'O;gralns.'.;io~.U.8,.eo•u•·~~; :~'11ieae responses, 

in turn, not only improved the conversat.i.onal ut1Uy and thus the 

apparent intelligence of the system, but also • ..tp:eatlY,:.lil:ided in 8ebug-
: .. ~,:~ ''_.:, l·'' ;,_ i,v.;: \~ F-·'~..;,,..... ,,~ '· 

ging~ .SIR, in effect, frequently ·toltf me' Wh'at 'lt' was doing wrong. 

The conversation shown in Fig. 1 was produced''oy· operating :in an 
,,·t· .,, ' 

abbreviated .. response ; mode in which StR''otily prtntl' directly rele-
.... ,,. ,;{,·'; ,,,,,, 

vant responses. The program can also operate in a, .mode' in :which SIR 
' ... ·• .! ,~ ; ' l . ' ; J .· -.. ., :. : ( ., ~ '!> ,,, : 

provides a running cormnentary of its a~tivit;ies, identifying functions 
, .. :. 

used and commenting on every link created. Altheogh lessreadable, 

this full ... re-sponse mode was a significant program debugging aid. Fig. 4 

shows the output for the dl~logue ol''Fi.g. l ·in' -'ffe..':,ei·t:mate full-

response mode. 

. .t !...- • - - : 



)· ,,i -; ;· 

lfHE NEXT SENfEN(E IS• .J 
IEVERY IOY IS A PERSllNI 

I THE fUNtTIUll USEO IS • • I 
SETR-ULEtT 
I lt;ENERlt • IOYI llOENElll( • PtllSCIOll I I= ~EP~.J , · ;Iuw s• . \l~UllD ,., .. ~h ... 

llUY PEllSUNI 

,, 

. II H, MEl'LY • ~- , . , . , , 
··~ I I• ui1Df11 .. :ll81! $1.11U50 .•MT1811l:Nlllldl!Mc• # .._., 

I I UNOUSUllD Tiit! ~UllSIT llELATtDH HTllEEll IOY Aiiii N.SOlll 

.. -'ffti~ wn.(. 50faluru11l.!l ... '., o J '1~th'><'l o0 
IA FINGEll IS "U bf A llAllDI 

ITHE FUNtTIO!f UHD IS • • J 
~ARTR-stUtf 
lll>ENl:lllC.. fllll;Elll IGEllEAIC. HANIJll 
ITHE llEPLY • .I 
ITHI:. SUl-FUNC Tl OH USED IS • I , 
1ar1.-; z:~··.-~ .. ~ i~>;~J;B\"B :i.; ;.,·:1JrW::1 .. •,' 
If INGER HANOI • 

. , ·.; UHi Nlilti .$tla&11Q t,\ ~. i.1 ""·' ~T r; :·ro 
IEAtH PEllSOll HAS TllU HA..OSI 

ITHl OfEXl HllTElltE IS • • I 

. : , -s ~.Jr11.:/r~ \~Ylb'Ol ··,, g, , · 
ITHE FUllCTIUll USED IS •• I 
SETM-~ELl!tT 

n ·~ . ) 

f· .,..; 

': · ._, ·' t~x;f=11JVD~°':~;{;ef4lt\•:'9Y11 \' (j i J j ;'\• ·' '' 
IT Ht SUl-fUllt TIDll USED IS • • I 
SETMS 

:1 _,}_,iw:~~ .. ~l~11n.1t:. td. :>J< , ,·; f,: JIL - m~-"!dt' 
11 UNDEUUllD THI lLIMllfS lllLArlDll llHllllll JOHii MD IOfl 
11 UllDUSUllO THI 111111111 llEUTIOll BUllHll llOY MID -I 

·, -··.r-

.•. ;f 

'l 

f~;, ;1.~.: Jr1:):•:. .:.::~i..f_i.i:v!j::·E~ ~jJ !O y·r..i.:.;:J1J·1rr"-~~-.u.:, ·.·-:-;nu-: 
ITHE NEXT HNfllltE IS • • I 
IHIJW llAllY flltWllS DOH - HAVE QI 

Otti: IUllcit1!lil·~fif .lf'.1 . D ~ j 
HOE-USOI. VE 
l~INGl:il. CUlllllUE • JOllll I 

ITllli MEXT UllTl:llCE IS • • I 
IEvtllY HAllO HAS 5 f llCUSI 

ITHE FUii( TIOll USIO IS • • I 
HASN-RHOL llE 
115 • flllliElll 15EllElllC • HAllDll 
ITHE lttl'LY • • I 
I THE HOVE Sl!NTUltE IS AllllGUllUS •• BUT I AUUllE IHASI MEANS CHAS AS PAUSI I 

: }V'i1 ~;1 ~ .: , ; :I' c '-i 

FIGURE 4: SAMPLE CONVERSATION IN FULL-RESPONSE MOOE 



II KNOW THE SUPERPART-OF-EACH KtLATION BETWEE• HANO A<U Fl•Gl•l 
II KEALIZE THE NUM•ER KELATION •ETWEEN 5 AND IPLIST NAMt hANOll 
II KNOW THE SUBPAKT-0~-EACH RELATION BtlWtEN f INGlR A~D HANOI 
II KEALIZE THE NUMBEK KtlAllON BEIWtEN ~AND IPLIST NAMt FINGl<ll 

llH< "EX! StNTENCE IS •• I 
IHUW MANY FINGEKS OOES JOHN HAVE •I 

ITHE FUNCTION USED IS •• I 
HAVE-KE SOL VE 
IFINGtR !UNIQUE • JUHNll 
llHE KEPLY •• I 
llHE A•OVE SENTENCE IS AMHl~UOUS •• •UT I A>SUMt IHASI MEANS IHAS AS PART>ll 
II KNOW THE SUPERPART-OF-EACH RELATION BETWEEN HANO AND FINGEKI 
11 KNDW THE SUPERPART-OF-EACH •ELATION •EIWEEN PH>ON AND HANOI 
I The ANSWER IS 101 

lfHt NEXT SENTENCE IS •• I 
(HOW MANY AUTOMOBILES DOES JOHN HAVE QI 

llHE FUNCTION USED IS •• I 
HAVE-RESOLVE 
(AUTOMOBILE (UNIQUE JOHNll 
ITHE KEPLY •• I 
lfHt ABOVE SENTENCE IS AMBIGUOUS•• PLEASE RE-PHRASE If! 

I THt NEXT SENTENCE IS •• I 
lwHO IS PRESIDENT OF THE UNITEU STATES QI 

!STATEMENT FOkM NOT RECOGNIZEDI 

ITHt 'EXT SENTENCE IS •• I 
ITHt oOY IS JUST TO THE LEFT UF THE TABLEI 

llHE FUNCTION USED IS •• I 
JK I uHT-SEUC T 
Jl>PECIFIC • TA•LU ISPEClflC BOYll 
ITHC ltEPLY • • , 
I !Ht SU8-FUNC TI UN USED IS • • I 
JH. I t...HT 
IT AB Lt BOY I 
I ITS REPLY •• I 
lu02B40 IS A TA•LEI 
II UNDERSTAND THE ELEMENTS RELATION BETWEEN G02840 ANU IA•LEI 
II UNDERSTAND THE MEMBER KELATION BETWEEN TABLE AND G028401 
II KEALILE THE JRIGHT RELATION BETWEEN TAOLE ANO BOYi 
II REALIZE THt JLEFT RELATION BETWEEN BOY ANO IABLEI 

I IHE NEXT SENTENCE IS •• I 
ITHl LAMP IS JUST TO THE LEFT OF THE IABLEI 

llHE FUNCTION USED IS •• I 
JKIGHT-SELECT 
llSPEClflC • TABLE! (SPECIFIC LAMPI! 
ITHE KfPLY •• I 
l!Ht su•-FUNCTJON USED IS •• 1 
JR IGHT 
!TABLE LAMPI 
llTS REPLY •• I 
IGU2B41 IS A LAMPI 
I I UNDtRSTAND THE ELEMENTS RELATION BETWEEN G0284l AND LAHP I 
11 UNUERSTANO THE MEMBER RtLAT ION •ETWEEN LAMP AND G0284l 1 
llHl ABOVE STATEMENT IS IMPOSSIBLCI 

I THt. 14EXT StNTENCE lS ... l 
(THl IABLE JS TO THE RIGHT OF THE CHAIR! 

llHl FUNCTION USED IS •• I 
RIGHT-SEUCT 
II SPECIFIC • TA8LEI I SPECIFIC CHAIRI I 
IT Ht REPLY •• I 
(!Ht SUB-FUNCTION USED IS •• I 
RIC.HT 
l!ABL< CHAIR! 
llTS KEPLY •• I 
IGU2842 IS A CHAIR! 
II UNDERSTAND THE ELEMENTS RELATION BETWEEN G02842 ANO CHAIRI 
II UNDERSIANO THE MEMBER RELATION •ETWEEN CHAIR ANO G02842l 
II UNDERSTAND THE RIGHT RELATION BETWEEN TABLE ANO CHAIR! 
11 UNDERSTAND IHE LEFT RELATION •ETWEEN CHAIR AND TABLEI 

I IH< NEXT StNfENCE IS •• I 
IWhAT IS fHE RELATIVE POSITION Of A PERSON QI 

llHE •UNCTION USED IS• .I 
LDC-SELECT 
llGENtRIC • PERSON!! 
llHE REPLY •• I 
ITHE SUB-FUNCTION USED IS •• I 
LOCATEG 
I PERSON I 
llTS REPLY •• I 
ITHE LEFT-TO-RIGHT ORDER IS AS FOLLOWS! 
!CHAIR IBOY TABLEll 

FIGURE 4 (Cont.} 
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"t .il:f ) :.~".... • .' ": ~·.. ,' ~~'"' - ::; •• !-\.'..'" 

Chapter V: Behavior and Operatioti of ~-· 
' .. 'i:'•-· .: ., 

In this chapter I ~~~~ A~!:··~~,;9f'.!tt.P~ll.','.:J!Q'#'4t~ilations with 
r~, . . "':M, ~~,,~liP~ 'Y'J~~i\.'f t,,i:t.;:.o.;H• '"'l•·;~:.;Q~IJ\f..'·;.i~~ j>--,f .:."·· 

I 01 ~ ;< 1 ·1 ·: • '• 

SIR And explain the mechanisms which enable SIR to carry on its end of 
' •. " ~~}if l. : ./ ; ,, 

~"' _;o;:f;.-. ;-{t~.;,:,, J;{~ ~].J.!{}(!S• 1~,r U.if~ '"!.-.,i 

a conversation. These examples can frequentlf b~!;.,.J:>~:W·e•uu:ited with 
,.. J;,J,(·. ;f,.· 

the aid of logical notation,, ~9,, .. ~o~l.,.•.YlaB~l\,~U.J..~~ 1$~d'!Whefl 

necessary. Explanations of the stan*'-~~..lP•~J.'l~'•t.t;given in 

Appendix I. 
~/j *•,'! .f>H; t;f \ ,;•.& ,• 

Some knowledge of the LISP (21) prograani~ l~#;,mi,pt be of 
t ._.' t ·~· 

aid in understanding the following page~'~' ·~~~,','~~~:~t.,·~~:W be 
~~{...' 'I. 

<•.· ':: ,·_J.,t<• 

sufficient for the reader to know the "fcn[a;b}" ~~f3#;c1l~• .. 'that the 

expressions named "a" and "b" as arg~~~s~ •• ~.~ai"~~P'?- ~~f these 

'~ : .'d[i'' t-..,;i. ,:., .;.~ ~..-;\' 

argume.nts will have a value which is it! .. ~lf '"' ~~~.0~e:;,~sion, 
j • "t .... ~~ :: )>, i • l 

although the evaluation process may have side 'ef'tect's:··1uctt,:a. changing 
~ "l"' ~. . ' : :j. ,, ' • 

granming terms, one may think of "fen" as naming a subroutine, and 
r • ~· :1)l4lti"t1"~· ·-:.:;.~, _,.;; 

"fcn[a;b]" representing the execution of the aubrout:'i.• ~it?,}l/'a" and 
~·: i • ·~~ .1~ : '..,"i:t·.tP • d' :.~ )-, 

"b" as input data. The creation of a single .~~oJ4XP're~sion 
If•. I·• 

;.. 1 :ii"" J • . :: ~.I i 
.. ., l .: .j ·5 : : ? ~ 

called the value is the principal result of the exeeuoioQC•'' .'fhis 
, .k ~.-; ·~-oH1 1 ., -- ··;;,-..-,t:i*4f ,~:q 1 P tJ:;I ·1..-;.~-t-}'i jt',i ~·~AL'?;;,,:,., '. '; 

• .,,. .-.,.. . ~i:-·in 1 '.:~ 0"···1·,.:,11 ,..;;4Jlli~ 1H~ .~',O,jt. --~ 

value of a function, which 'ia~·,.¢~~~tc;:;eJC9"9~~reei.a~:ing from 

a computation, should not be confueecl?. . .td•· ..,.,.~-;~~,'an1 ... tribute, 

which is the entry following the attribute on a pwoperty!.'i"8t. 
; ~ ' . :·-"' ·.'' -

. ,,.:;::{,· l.' 

A. Relations and Functions. '". 

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

presented in the abbreviated-response mode described at the end of 
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Section IV.C. Each example illqstrates thfio-~-.~~fdifferent group of 
l 

' relations and their associated JiID•func!'iem-eq'ift''the'' SIR system. With 
' 

: , /''':..• 

use functions introduced earlie~ but not conversely. These conversa-
; • •. '.:: ,· '· ,, . - ' ~~ ' ;. ,. -rr. "". '• '•: ; .~ ,. .\ 

tions are presented again as ApP!endix III in the full-respcmse mode 
·/:u~~ :, 

which identif~~-ff t::i)~_.Jqp.ctiQn& Jped. 
~ ? ~~,~~: - ~ u• 

In Fig. 5, the symbol,,"***·" 

prefixes the input se~tenc·~s-; ·all other retllH'kS' ~, SIR responses. 
. , . - ·' . . , ,. I -,. , ... 

The remainder of tru,.s A~fr~,i.or p_r_~,~~J\U_,..~~~c,rJ.p~J.Qt,18 of. au the sig-
l {~,, "' .... '. { '·"' •i •• <. ,: 

nificant function!!! '!11.ent'i'.oned''ih •ppendix III in the order in which 
- - ;;1;_ } ; ' 

they are needed fp;r,~Q,~ conve,;;;oations. The functions are presented in 

groups which correspond to the, v~rious part~-~;,;fi"~~~~-;;::5_,,, and_;\'Zhich are 
I 

identified by the- tJ!''f.'l'let-pat'ii'tt:r~bute-links manipulat~d ·by qthe functions 
1 , ,,;"-'" •-' ' " ., ... ,_' "" 

in the group. 

Each functi-otr ueact'iption'."co4sists 
·, ~ ,, "' ' 

of three parts: a pur.RPse, a 
! 

method, and a pro£sdy5e~. Th~.eu;eose is• •••:ibr-ie:&•sta~nt ·ctf the effect 
; ··~'\"It ~ !- ~ , ... r.• ~ :,.·,_,:.•-:; ,·:c' 

the function is designed to have.( The method is an intuitive descrip• 
;:.~.;..;!:iitl·~'l·l..-t.,.·'--"'·i •. ,.f.i.,j~.\!._;; .. ·;;,. ~ ~v.0 ~JI' 

tion of how the purpose should bei achieved, and is usuwHy 1>1'esented 
i 

in a mixture o'£ f.:ni~lsJ:i anQ. .,l,~&;i.c~l notatleii\''£'gr u~i~um clatJty. 

Finally, the procedure is a descr~ption of how the Atllt~d i-s··tmple-
!. • ' ~ ,~ ,"> • : .. ~ 1 ( :t« ~ . ' 
~ 

mented, and may be considered a rbugh flow-chart of the.actual program. 
~ i;. :,f·,Jf _,.,~_,.~H~.<:,-t.t:; :'< ~·._,tl 'r' i ! , ' 

Notice that the 
l ,H-t~t. u~t~'<.:::j' • 

relational structrre of the model is the key internal 

feature of SIR which enables the procedures t~ i~lement the methods 
'.:WK!, : :z,a;fnV!flO;) o:31:5".!Jl! ;ij. .::iAIJi ... T~ 

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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II t.llllllA ST MID I 

1q~~lfffC is 1if}.,; A ii.i>t Qi 

YtS 

_ CtJ P r;c; i·'l' v ::td J (}.; :")1"7·::,-~?·:.1 ·; 

11 UllOEllSTANDI 
_; (· ~ 

I•... AN 1 ..... 1094 IS A C-Tlltl 

CI UNOEllSTANDI 

( .... IS MAI A COllPUTfR QI 
J) 

· 9 :Hf_; I~. H<J~;"Yf,'fl:Aliil!ft""SfilO•rkJ. 

c~oza.o IS A IOYI 
CI UNOEllSTANOI 

I•... fVEKY Ill T-STUOINT IS A Hllil+T-Pl:llSCINI 
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.. \: _- 'ft:·~-~-" : 

~-· -1 J ''" , ••• '.9 :. 
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d. OWNERSHIP, GENERAL 

tVEKY FlKlMAN OWNS A PAIR-Ot-Kt:O-SUSPt:NOlKSl 

11 UNDERSTAND! 

{•••. DOES A PAlR-UF-KEO-SUSPE~OERS U"N A ~AlK-O~-KED-SUSPl~O[K~ ~I 

!NU•• THt:Y ARE THE SAME) 

(•••. DOES A DOCTOR O~N A PAIK-DF-Rt:D-SUSPt~D~RS UI 

li~~UFFICIENT l~FORMATJLINI 

A FIKECHIEF IS A Fl~E~A~I 

(I UNUERSTANDI 

( .... DOES A FIKECHJEF O"N A PAIK-Of-KED-~USPtNDERS ~I 

e. OWNERSHIP, SPECIFIC 

(•••. ALFRED O~NS A LOG-LDG-O~CITRJGJ 

I I uNDERS T AND) 

I•••. A LDG-LOu-D~llTRlu IS A ~LlDE-RULtl 

(I UNOERSTANOI 

ODES ALFRED U~N A SLIDE-RULE QI 

Yt> 

E¥EKY ENGINEt•ING-STUDENT O•NS A SL!Ot-KULEI 

{J UNDERSTANDI 

, .... ¥ERNON IS A TECH-MANI 

I l LINDERS TANDI 

A TECH-MAN IS AN ENGINEE•ING-STUOENll 

f I UNDERSTAND) 

DOES VERNON OWN A SLlDE-RULl QJ 

YES 

{ .... DUES AN ENGJNEERINb-STUOENT OWN THE LOU-LOG-UtCllKIU ~) 

IG0;840 IS A LOG-LOG-DECITRIGI 
( IN'.:>UFF ICH:NT INFORMATION) 

ALFREO IS A TECH-MANI 

IJ UNDERSTAND! 

I•••. DUES AN ~NGlNEERlNG-STUDf1~T OWN THE lUG-LOG-OECITKlb ~l 

YES 

FIGURE 5 (Cont.) 



f. PART-WHOLE, GENERAL 

A NUSi:: IS PART OF A PERSON) 

{I UN[)fRSTANOI 

A NOSTMIL lS A ~ART UF A NUSE} 

I l UNOERSrArWI 

I••• .. A PROFESSOR IS A TEACHEKI 

( [ uN!Ji'::KSTANOI 

A Ti::ACHER IS A PERSUNI 

11 U1-trJEKSTAPW) 

IS A NOSTRIL PAKT OF A PRUFfSSUR ~I 

YL S 

IS A NOSt PART Ot- A NOSE ~I 

IND , PART MEA~S PROPi::R SUBPAKTI 

( .... A PERSOI~ JS A LIVING-CREATUM.EI 

{I UNDEM.STANDJ 

g. PART-WHOLE, SPECIFIC 

A VAN-DYKE IS PART Uf Fi::M.RENl 

I I UNDERSTAND I 

A VAN-DYKE IS A BEAR[J J 

II UNDERSTAND) 

IS A •EARD PART Of FERREN QI 

YtS 

A CRT IS A DISPLAY-DtVICEJ 

II UNDERSTAND) 

A CRT IS PART OF THt PDP-11 

1~028~0 IS A PDP-II 
11 UNOERSTANDI 

SAM IS THE PDP-II 

(l UNDERSTAND I 

(•••. A SCREEN IS PART OF EVERY DIS-LAY-DtVICEI 

11 UNDERSTAND) 

I•••. IS A SCREEN PART OF SAM QI 

l •••• 
ns 

IS A NOSTRIL PAKT OF A LIVING-CREATURt <ll 

SOMi::TIMES 
, .... A BEARD IS PART UFA BEAINIKI 

11 UNDERSTAND) 

( ..... IS A ll't'ING-CM.EATURE: PART Ot- A NOSE 01 I•••. EVERY COFFEE-HOUSE-CUSTOMER IS A BEATNIK) 

INU , NOSt IS SOMEllMES PART Of LIVING-CREATURtl II UNDERSTAND! 

6Ull IS A CDFFEE-HDUSE-CUSTOMEKI 

11 UNDERSTAND I 

, .... IS A BEARD PART OF HUll WI 

YES 

FIGURE 5 {Cont.) 



h. NUMBER 

A BOY IS A PEKSONI 

11 UNUERSTANOl 

JOHN IS A BOYi 

11 UNDERSTANDI 

A FINGER IS PART Of A HANOI 

11 UNUERSTANDI 

HO• MANY FINGERS DOES JOHN HAVE QI 

llHE ABOVE SENTENCE JS AM~IGUUUS ••BUT I ASSUME IHASI MEA'S lrlAS AS PARTSll 
II UON•T ~NO• •HETHER FINGER IS PART Of JOHNI 

THEKE IS ONE HANO ON EACH ARMJ 

11 UNDERSTAND) 

I•••. THERE ARE TWO ARMS ON A PERSON I 

11 UNDERSTAND) 

HO• MANY FINGERS DOES JOHN HAVE QI 

llHE ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME IHASl MEA~S (HAS AS PARTSll 
llHO• MANY FINGER PER HANO Qll 

A HAND HAS S FINGERSI 

!THE A~OVE SENTENCE IS AMBIGUOUS•• BUT I ASSUMt IHASl MEA~S lllAS A'> PAKT\11 
II UNDERSTANDI 

HO• MANY FINGERS DOES JOHN HAVE Ql 

(TH[ ABOVE SENTENCE IS AMBIGUOUS•• ~UT I ASSUME IHASJ MEANS IHAS A~ PART51) 
I IHE ANS•<R IS 10) 

FIGURE 5 (Cont.) 



-- --~------ -- ~~--~'\,,_-_,-:::;f 

i. LEFT·TO·RIGHT POSITION 

( .... IHE TELEPHllNE IS JUST JU JHE RICiHJ Of JH[ IOOKI 

I CiOZl•O IS A Jf.LtP~ I 
IGU2 .. l IS A IOOlll 
11 UNDERSJANDI 

I•••• JHE TELEPHONE IS JUSI JD JHE LEfJ Of JHE PACI 

ICi021•Z IS A PADI 
11 UllDEllSJANDI 

..... IS JHE PAD JUSJ JD THE RltiMJ Of IHE lllllll QI 
; ~' 

····· IS IHE IOOK JD THE LEFT Of THE PAD 111 

YlS 

..... THE PAD IS TD THE RIGHT Of THE TELl!PMllllE I 
{; '"'' - . $. -~. 

ITME AllDvt SUTElllllT IS ALlllADY 11-1 

··-·.;-. 

'; ..) 

.-·_1: ... -' ., "'r,-,,:. :ii::·-
( .... IHE PAD IS TO THE LEFT Of THE TELll'ltllllll 

ITHt: HOVI! SUTElllllT IS 1~ss11LiL:' 

..... THE ASM-TllAY IS TO THI LEH Of~l•cl,llllllh c·L.- -<<',' 

IG021•J IS A ASl+-TllAYI 
11 UllDEllSUNOI , 

····· Tiii: PENCIL JS TD THC Liff Of 'jMi'',AOJ 
. :; '·' .-.. ... ~ 

1~021•• IS A PEllClLI 
11 UNDEllSTANDJ 

IG021•5 IS A PAPllll 
11 UllDERSTANDI 

, .... WHEllE IS JllE PAO Ill 

I JUST JO hlE 'II llllfT DI' "'hll t'ftlllPlftllflH ' 
I SDllEWHEllE TO THI RIGHT Of THI fOLLOlllllG 

..... 
'>.'' • 

IPINtJL II 

ITHI: LfPf"'JO-.llMT llttlllll fS ·IS P«.'fiiOllSI .. ·J,,.1.; ~• ~Y .. i•~·,, 
IASH-lllAY llUOlt TELE- PAOI PAP~lll H'l ,; '"-' 

- ---~~-~------
., ~ •. ,1·_1:1 .• ~~ ' 

ITO FUllfHEll SPECIFY JHE POSITIONS YOU llUST INOICAIE ... Ill THI PENCIL IS ~llH llESPttT JO THE ASH-TMAYI 

..... THE llODll IS JUSJ JO JHE RIGHJ Of JHE ASM-TllAYI 

11 UllCUiRSTANOI 

( .... WHAT IS JHE POSIJIOll OF JHE PAO QI 

ITHE LEFT-TO-lllGllT UllOIR IS AS FOl.LOllSI 
IPENCIL IASM-fllAY 11111111 TILEPllOlll PAOI PAPElll 

I•••· A TELEl'llOllE IS All AUOIO-TllAllSOUCllll 

11 UNDEKSUNDI 

..... A DIAP .. A&ll IS PART Of All AUDIO-TllAllSDuttlll 

I I UNDEllSTAllDI 

..... llHERt IS A DIAPHRAGll QI 

IJUST TO THE LEFT Of THI PAOI 
IJUST TO JHE lllGHT Of THE IOOKI 
ISOlltWHlllE TO THI LEFT OF THE FOLLDlllllG • • IPAPIRll 

FIGURE e (Cont.) 
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Operation of functions: 
0., .:; l :: . " . ~ ~ . ,., ; J - t . ·-· '. 

a) Attributes: SUBSET, SUPERSET 

1. setr[x;y] 

purpose: To specify in the model that set x is included in se.~ :t.• 
'· .. :.·i·::r <.. ...-._ --:~~-. :'t!:,~: -JJ .'::.0 . :.r 

method: Create a type-3 link b~~we~n ~! ap9,J: "fc~1 ii:?ff~.at_e~-,~~tinclusion. 
0 -~ -

,!; 

procedure:~ .. • i..c _,,'' 

a. Ad.cl:'!(Pf:.I~lf'·;~• x)-. ~:the ~alae·H•t ofi•ttr1but~' 1'SUBS!T" · 
of y • 1 t t; '.:., ' ·~,,:\ "' .., . <~ ~s)'i',·:•rn \ :r . 

b. Add "(PLIST NAME y)" to the value list of attribute "SUPE!lSET" 
of x. 

c. 

2. setrq[x;y] 
: . 't·;. 'f} , .. "f /-.. f~J, i . j 

·. i' 

'' '_. 

purpose: To ,~eply ,as to wheth,er _ a,i;i,,az:;?f~~~~~ ,el~n~,.ot s~t ,;s ;a all 
element•·ef·"Se't':l· ·''J •'·- · · · ___ u "·" " • .>, ,Jci,·"· 1'J '" -· ....... •· ... · 

, , ·. .• . '. , , ,. .. , ._ " i I - • '/ f' ; , l ! ,; f; , ( \:> '.'--i. _;· ; _) 2::. i , 

. ·> -~ yl' 

method: A .member of ~'·i~'~i'det~:t:J';6e'_;tl1,.;mtittti<.:iiJ~ 1z';:ff"'t8~ 1 s'eta 
~and :t. are identical; or if there is a chain of expl~~~~l·~~-,~n.clu~ion 
links proving that ~ is a subset of :t.• .!.·!.·,if there ~*ti~• ., · 
(possibly empty) sequence of sets. v ,w, .• ,. _ z such tQ.at ... 

:Jtc..Jx>•C~Ah:;r'l{lirc'yPJ:nr, ,!,, :JE·1· '')iY•rn "''fj •11 v11;·,_, c: 

A member of .! is "sometimes" in ·'J_. t:f.'<'theiile 1t's :.ij')i!W~:fni!bf'::.eipl!cit: s~t- '· ·i 

incl~-r)~~~, lr.ink,s :~~~~~~~n;1~~t ~-,-~~. ,• .s!~b~1~;~to;frfl 1 f-:lq·o " '".ri "' 9 ,,, 

' • • 1 . ~. , ri" • ., c', ,. ..... , .. : · L, , r 
pr~~"rei:;" ,D , ·:·;.;]''', '· '·" •. , '" _., , , i. ... , ""- . 

a. If x=y, respond "YES". 
b. If there is a path from x to :t. through type-3 links following 

the attribute "SUPERSET" ,respond-"YES". . . . . . :-ci·,. ·-' · · 

c. If there is a path from :t. to .! thrdt.1~ 1(.Jn'~J "-1t'~k'.fu:t'6il!owi~ 
the attribute "SUPERSET", respond "S~~fif~w..t1rft·: 1 _.r:::,-.,.· It · · 

d. Otherwise, respond "(INSUFFidl:Bi'r'~~·:"''w 

'. 
., 

·-~ 

.- ':~ . :. ':.. . :1 ' .. .. ')1' 

purpose: To specify in the model that _!'.~is' '~ 1~1Pcf':(Jit{~ ~fb~ :1.: 
method: Create a type-3 ·iitiR0 :blit,._en' i·;_frdl1,i~~:;iinhaii;~~;·~·~;;;;~~--:; .. ·;·"· 
membership. 



procedure: ;:· .. 0 ; :i :::'t· ,,. t i. , . , • . , >'.-· · 
a. Add II (PLIST NAME y) II to the value li1t'-or"atcfioufe "MIM.l!I" 

of x. " 

b. Add "(PLIST NAME x)" to the value list of attribute "ELDllNTS" 
of y. 

c. Respond "(I UNDERSTAND)". 
·' ,,·, .; • .,•:.'.+ 

2. setrsq[x;y] 

purpose:~ t~" r~pi~ ~~ !"f'o wh·atbe;'-·~ i~ a ~b~r:.~f '~~e''.~~{"i:: (i ~ 

method: - '. i~p 1;: fiy£~fll d"'i~'~ to1i'l'inl iis'hf ~~~ / J ! r:. o:c:.' • 

C3 u)[ [ u-xV [,!! is equlvalent*· to ,!] ] f\ : : · •· 
[(there is a link indicating that.!! is a member of 11¥ 

l q~~i~~lle5"u~f-1,:ttiWf ~Pf!c1~iN ~R,tu.! '~x•:;i!IUIJbfe"1'1~):£1A.:. 
· Lany member of set~ is a member of set 111111 

pro~·ea~i-~7''"' :JJud1:i:.ns ,. :;:· 1 c1 1.;fr.· '.Jrf:i ,,. "(,; :r1v1u1 -r21.r•i'" 

a. Make a list of the items connecte~T~~~.:!JiMVl8 tyPet~oUll~ 
following the attribute "MEMBER". 

b. If :t. is on the list, respond "YES". • '.;< !['', ;: 
c. If, for any member~ of the list, ~etrsq[z;y]..YES, respond 

"YES"~: 1~iepe~f~ st~pf!~~J1 fh~~~~ ~~'!% w~~h ~$~ 1 :~;1~~ed<"·bj ~~~~~':itJ~ ;~·:·;,~;::~~ 
equivalent* to.! (if any) until a "YES" reaponae ia made. -

e ·!'. .j ·19tq~~t~e.,,r!P.,l>'l\lSm~~SW~l-9PlllWJ!Anof) t!. ~ '.'.'.;fl,,, ;;m 
~ . -

:L·J • · f J ., ·· :r.-ii' J~:>f. lr;.r:~1 ·:o JTlsrb s : · <;;'1 Hi l ! ~ '1'' '~s·1 [Jr· , · ,.. ;;'·$ x 
3. setbS~~iJ:~, :d"Hl' 't'. -'.' ~ .· :•. j·:.f;<ll'?. B"' ,.:; .;Er .1;• ;o:E.'i!Jll 

jgJJ d.".J<.12 s ~. , ··t ·/ ;.-:~~·:1C J(: ·JJfi~·:hJp~1-!'.: ( ... .-~~:~~ ...... ··,: ' fB2J)q) 

purpose: To specify in the model that the uniq~!l~q.~ ,(~)a.it.Xl ·gf_ 
the~~~ ~ 1 i,lis~~'o 1 ~nr;~!""e~t 8qf,~~:i84!\ .J•;:r· "<!··,,,.;J~wo;,," ,,~, 1u ·;- ... i·.d11 A 

,x 'to J"98"j;.)c.; ~ e:~ · .;- ·t.! ,gn±::l''J~1<.j 2c,~-':·:1 f±cifr:.-.f·:: 
method: Create a type-3 lmk from the unique element of~! to :t. which 
indicates set-membership. If .! has more than one element, do notn•~:AA'f 
any link. 

l><··-v~{! v. :~·~~r;:J f_ .. 0 -:-•~f.· rii!:u<:'wi:!J Y.. r-;,! ~ 'TIU.:-1 rL_~f.q S aJ -~~\(1 -·' ci 
procedure:· · ··:·~·:. l" )::o i:• . . ,.J. ·I.1 .~/ :~,· . ·'"' 

~h:o~P.u«i'1rH 1'"'t ~~~ify!?Fl}uiJ v. o J \' ,;ro · 1 1 .·;~q B e .t Jl '" . , ') 

-o. 'if'"u • N!l., terld.nat~·qn·i .~,~·. -;:-, .... ,., , "!ic~Yi c·:··:: 1 • 1 , dn:u;:; 
c. Otherwis~ ·~~·"1}iMfiat~{.,~··n·~2~r 1 ··· .. ''"';, -~· .~? >,n , ··! . h 

::t!J 

4. specify[x) 

purpose: To determine the unique element0~i'v~~~9,,, ;AAi·~~ •~t'.:,JS.• . 1: { rl .,·, 

method: If .! has one element, find its name. If .! has pp, Jt~•, 
create one and give it a name. If x has more than one element, ask 
which O~EG ~A ~'¥bt~ ,,~,~wi:se °Bi ;;: - : ; j '., ~, ·:rl n 1 f2 i) i , cq '!i(! 

--------- -.---.-------------
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;:-~ • , ,. ; .i _, 

procedure: 
a~ Get the value list of the attribute !~Ll.MDITS" i 9L.!~r; ... 
b. If there is no list, create a new 1ymbol u, re1pond "(u IS Ax)", 

execute s~Wf.a.[ q;~l<! •.9-d, ~~~ip;n.(.!lbf~ ~ia.fhVf~MmO.frf!PIJfiffl~l~e ; : ; ,,: . : ., 
c. If th~re is just one element named on the li•t 19@r1~f ,8!J..,;.he 

elements are equivalent, return the name of the fir1t·-e1ement as the 
value of. ... "wef;,xi:y:j,:~. ':: ,,, ... , bi;; .: •<;<..:Js•'-·' ;;,-, ... 1 t·-";'J. 5J:·.- < ;,,,, ., 

d. Otherwise respond "'(WHiqE~·:1':·m 'f}!J,uwJ't•~•ilcii~o•:iH•t; ef, 
names of the elements, and return "NIL" aa the value of 1pecify[x]. 

'<( ' ; ! ~ ;·- \ '· .. {. r: ... , / .' 
purpose: To r~~~y, ljll tq. wq~~lp.ei:: ~Q' '4R~q~~ •~Fm1:. f@ ~~q:J~' ta.' .. th,;:set 
~·is a member of the set :t.· ·10 "dJ-',:\-/2<·,::1;~.:y.i" 

-" ( ;~ >>~ r <l5!;:1(;;;r; I) . . -
me~hod: Determine the element referred to and apply 1etrsg. 

procedure: 
a. , .~J1U~~ <"·u /'~ ~P,tUn~W[~}. _ 
b. If u .. NIL, terminate. 
c. Execute setrsq[u;y}. 

c) 
; .. · - ' ~: ·~· .:. ;, f ~ 

Ai:trib~te: EQUIV 
',,-: 

1. equiv[x; y) ·r *' 

,~..i ~··~· I;. ~~:-! . l i!5-1};.1•~- .. ~ _!·:.;i.l ':>r!.· _). 

purpose;:, ·:TA .~~ci,f,Y, ~'~-~ :'!IP_d•L,AlJat ~q~l¥11~;1',~"!8f!1~Wl~~···: :1: 'l <'! 

procedure: 1 ·, • .,:«·.,·;~:,F ··~;:.r: Jl'~'>f;;~V:l.I )" Loooasi:~ -Jr.: i· .. rE:i,:. 
a. Add x to the vBlue list of attribute ''EQUIV'' of :t.. 
b. Add i to the value list of attribute '"EQUIV" of .! . 
c. Respond "(I UMDDSTAND)". 

2. equivl[x;y] 
t .; /.· f ~ - _:..; . -:- ,.,. { 

purpose: To specify in the model that .! is equivalent to the unique 
element, of,. th~ fl~, z ... i __ .''.•ho: ·1:U ~;_; ·1J..l ;·:·:J.·, · ._, · :. : '"'i 

procedure: 
a. Compute u ~ specify[y). 

''~'."~c ~y;•U r:.miLF, ~~~~· 
c. Execute equiv[x;u). 

' ~J . 
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d) Attributes: OWNED-.BY-.EACH, POSSESS-BY-EACH 

1. ownrfx;yJ ·:. •.:· -"'".-:1- JL> !>'iJ ;., '"-', ';;;'· 

/\ -,!)_ • l fi .'.){. -_,'-;l.f:: -, .c;~ .• -:: _J'-; -- ·_1J '~:.-j;"j "! • .-.~~~ i >., :'). ~ '•o. ':·\f! j 

purpose: Tb.,,sp.cffy it\cith~:)med~1 'tnlt tWe¥y!;jWifif.~r:~tH ••t·,X~bfm.~ 
some·~eliher"bf"llet.Ji~' , ,j ; '- 1... ~ ''J :lie ;;w:d·.· .J •. ·u ':,>. 1 :. :- • 'j • . ). • ·J' 

:..; :.~ :~; ,_;,·~-·· '-.;-,_;_: ;,, r ~-,_f-,"~;\ f< tf:~ . ..:;· ;)l.J~: 

procedure: 
a. Add "(PLIST NAME y.)" to the value list of attrf~ttt~·r -~ · 

"OWNED- BY- EACH II 0 f x • 
. : 8b~rLAd8 'l'(P!ISt MADn~j 0 !CfPtHl! v~lue:;flttwof 1af~rlbfif~ --

"POSSESS-BY-EACH" of -:t.· ~--' •; .. 1
' .;·, 

c. Respond "(I UNDERSTAND)" • 
.lf~._:~:-=~ '{ :· •'1 ·:: Jr , ; ~ '• -~; :. I ',; l r? -~ j ;·~ ~;·:,~) : s •;•I• 

2. ownrq[x;y] 

purpose: To reply as to whether an arbitr4l'1 ~fttljit cif':set':,t:~s , 
some member of set x. ·_-:; nu;-r:i•.<l .11( - ;_• ., .(. 

;·. 
, : .. 

method: The answer is "YES" if x '/- y, and 
(3z) [ y-z V [-:t, is a subset of ,!1] A : 

[there exist• the appropriate ownership link between x and z]J v l u ~ ·; _;~ . ; :l _;: ~ -.~ :~- . : f'-, -.. ( ') 

procedure: 
a~ If x•y, respond "(NO ** 'lliEY ARE 'lliE SAME)". '' · · ·. 

is a :~th c~:::ti t~= '~'~:~~~;;!:!;~tin~;'~~~~ ~!~'~t~~t:~;~~~-~i iT ' 

"SUPERSET". 
'.,:;; ,, :c,;1 i :,1Jt 8'ftj ·~:i~m.fot' 1:i.f':f JcJwcll m•' '"if"t'fp1e-'1! r11rlk: tij'. :.x 'fa1'fmhng : [,._.;fj J',; 

the attribute "POSSESS-BY-EACH", responcf ~". -
d. Otherwise rese_ond "(INSUPFICIENT INPOIMATION)" • 

... , .~() n\'l'_~. 1"t.~·i3P 9.,,~:;d~~~ri.'. }o j~j~ ·.:HJf:,;.\; ;·.! 

v •' 

e) Attributes: OWNED, POSSESS 

1. ownrgu[ x; y] 
'J 

purpose: To specify in the model that -:t, owns a member'~ o.lf' the set:.!~ :.: .. Ji 

method: Create ::al::~~;...31 .\lirlk betw~'-,!',iand :f~ 'if.ttafuate's the 
intended ownership relation. 

procedure: · '- ·, · :r:' 

a. Add "(PLIST NAME x)" to the value ·H.irtl:~_',~.~~:·_~.: t.t~_,.~ut~ .1'~8~11 

.l·q 

of -:t,• 
b. 
c. 

Add "(PLIST NAME y)" to the value list of attribute "OWNED" of.!· 
Respond "(I UNDEitSTAND)". 
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2. ownrguq[x;y) 

purpose: To reply as to whether ':t. owns a lfiember of set 'x: 

method: 'Th.e reply is ·'YE~'' if there is 'a f:t.tik :i.ndic'ai~i)'ig tli;at i o~,s,,,a' 
member of x or of some subset of x; or if · - · · ··' · · 

"/3z) rJ~ i•, ,a ~~er,.1Q~,,!] AJ'Su)l r 11~-~:\I ~~:lA , "CoG 
· 'l " '1Ttlfeie '18 ,~ hnk' irid:tc1itfn~}}i.~~: ~rv·~~:v) ii\~'f,~,i o~, ·s,et ~ 

owns a member of set,!)]] · 

procedure: 

: : ~=n:~;~~ ~:.: !!~k f~~!c~~;: "~~.f ~ i~ ~~!!I. ~~i~"4i~!r'' '. 
:! own:." ~::~~~;£ e~~h !!~ !0:u~~Y t~~ :':!~~~;~~~f Si~~;;t~ "f~ 
an element of.!· 

d. For each .!• construct a list ! containing ev~IjY lf'.et ~ for which 
setrq[z;u]=YES. 

e. C~"p~e Ill "L the,,);;~~~ of ,~l~:f1}·~~1t,l,t~~li, t? .. l)t .,t,h~r. e, .i .. s "a·.'. ·.type"'.'~, 
link from.! to~ following the attribute "OWN~-~-,,~&'11,~,vL• .·· .. _,:, . 

f. If, for some z, the intersection of R-and m fs non-empty, 
respond ''YES". . - . - -

g. Ot,h~r.w:Lse, ,re~pond '.f6;N_s.~td~~ r~'f,:iP1&>'t~. 
,, 

' . ' ; : 
:_ ' l -,_,' ' ~ 

purpose: To reply
1 

as to whether the unique element o£ 1~he..:~'1~ ~ _ 
is owned q)". S~.,e Wlle~t Of ~q~ ~.~~,,,¥• <»·::] 1 , 1,,,; 

method=· ... P~~er~tne tl:lat a· :aniq,~e .,~:l~e.ilf'.~~(l; ,,JiiI~ts· :, , :~_~il. ~the .. re·r 18 ,;;Y ·11 H · - . .. '··- .... T::- o. , ,;;~· •.. : _ 

p y ' ; .... t:~ ' . . ;. ' '. ; ' l "· ....... J' ; " ''" ' . '' " . 

<3z) [ [there is a link 'ind feating "tfiat a 'm~~e.'i 'q~. ~et;,,i ,,i~. ,owned 9:1 JI\ 
(Jv)[ [ v=zV [ v is equiv a lent to :,;)],/\::.:. · · · · · ·· "' ·· · 
(]w)[[there is a link indicating that~ is an element ~f-~lJ\ 
[there are l~~~.;,iR.d~~ ~fr ~offl·iB r,•,~~$,e~_ ~L.~JlU ... 



76. 

f) Attributes: SUPERPART-OF-EACH, SUBPART-OF-EACH 

1. partr[x;yJ~ .. 
::-~ _} '-:t <:. ;;:· ,f,,;·_, 

pur:go~"e~;.. To .se~;c;,{Y ,in ,tr!Ae m,odel thqt ~~~;r.,l .1~lement;, <?,~ s.~t c.!. is 1,par~, .... -.. 
of some'· e·leme'i>.f 'of''sef ''.t:,,' <"' .~ .u 'ii '·'"

1 
• ' "G:!IY'. ··~ "' ' T 01 

' ' ' • • · ' " ·"·" • 

~ i -.:,_.:,.x 1 c .:t-7.;1.d~ia "):':tf't_ 'J-:."; -i·· .. t ~'-.· ~::.:i~11-:r:<_:·(·; 

method: qre~~e .a ~V1>~-~ f*t\k-:'b~t~i~~ ~,iffl\.J~~~9~iilft1:~t:~4f~~e: 'Ji~t-
who le re lat i.dn betw-;i~ri'9t1hifr iriertlte1f!s ~·· ·'.n ~ ; J,, l:!h... lid .1 • ~ 2 r: ~·. 'Ji' ; ; 

l 1 l~ 1~'2 10 -~,:~~-:!;}:;}:~- !. ~::i~\4;\_. 

,., 
~~- 1 .J' t ~ -~ j J .u .... t J ?. f2 ~· 
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g) Attributes: SUBPAR~, SUPERPART 
··;·.~' ~! 

>· ·i. pai:trg\l[X,;'y] '" -
J . ' ' , ; • : '~ ' ' . ' ; . ' • ·. ' - j ( ' 

purpose:. ·To :spectf:f'irt ffii. mod~l;dia'·t· scan6 •1e.n.·· .· t df'1utt.· ix is a 
part bf 'the 'fridi~~d~47~ )·'. ' , \:. · . : y ., :·:'LP:·· , " ":"" 

, _J • _, !.- ·- ·'· - -r·· - ". - . -.1!.· ,/ . 

method: Create a type-3 link between x and :t. Which ittd't'~~ti'S";'tn~ 
approprili.t'e "P,att-filo~e ''t'~l'~t":foti~' ·:c_ 1 "°'-: .:h -· •: :'>n •rL · ;;·' 

'),\_-;. ! • I>•:.-~> ~t~ 11., ·~ f ~ ,. '.;_. • • ~:(· l; ..;. ~-

procedUt'e: ·; - .. - - , . - , ..: ,:, .. 
a • Add II ( PLlft 'MAfm 'x)1'i ~d ~ttr~ ~Vat~ ,;fitt ~t "'rtti'ibdte- '. . 

"StmPAltT" Of :t.· 
b. Add "(PLIST NAME y)" to the value Hat of .ie.cin~.e"• 

"SUPERPART'' of x. 
c ~ / :l:eif'Pond·-U(? ~A~D')••. · ·• 

T -, + 

. ,., 

2. part~gs[x;y] 
t.: 

' .. ~ 

purpose: "lro 1spedt~y"fn<th:e mdttelli;ttitt~:s~-ef .. t' :-ctf ·~ ~ ts' a; 
part; of·~ ~{iq~ft' e:f~ii't1 ;' ff-~_!/ "'·f ~;y~ ~~ ~.~;····;·, .. ' .'. ": ' . '·' ~- i 

> • 1 .... i _:_ . ., . - ~ ~ -.. ~) -· ' '~.- ~ -· '.) -· ,, ' - ' 

method: Determine z, the unique element of i· 
some element of .! is part :of.~- . 

' . l., ' - -· --- .1~ 

Then specify that 
·;; J;_; :., .'..; 

'j '"··· 

l: partrguq[x;y) 

purpose: To reply as to whether some eleme~t 9£ set x is part of 
the inaf~ftfual t,·.· ;._; ·;:' '' ',! n.• ~:·;· /> 

' •' 

: : ... · ,,:, .. · 



• • • ,... :·· , ,;_!"' '.: ) ' .. ~ . ' 

purpose: To specify in the model that .t~~9~v~l~t~;'',1,; ~;·,''of.),_ 
set x is part of the unique element, if •ny, of set z. · 

i "i; . .... · ' 
method: Identify the unique elements ~ and .! of sets.! and z, 
respecti:v~ly~ -~~c.~~:~.~it.t ,s~<;e~tf::;~:nJl~~::i!rA-v~t°.;,f?'f )~e .:iv.:'", 
individual.!~- Then cre~~:f.)~~;2 1l-:,i~uY"qt!.~-~1Wt:;tM;p~ifA~ ~ ... a, .: '"i 
link from .! to ~, speciffing which element of .! is involved. 

·\ - ;..-; ::-.• .. 1o}rro ~td~t .- ~ '.1.r; -~~ .. I·~; 
procedure.: . ,: i,. , .. ", :'. i ;; 

a. Compute v•specify[ b) , and u•specity[ a) • · '" 
b. If u or v • NIL, terminate. . , ,. .-:, •.:. 1 q 

c. Execute partrgu[x;v), . ; ,1 ]vi f ::i:w~ ··· ~; ·.· ::• . -.:~i 
d. Add ~ to the value list of attri~~.r;J~~'l: QP .:t~t 

member of the "SUPEllPART" value list_ R,f ihff!Plf/:J,.tf~,.~p i ~: .: 
e • Respond 11 (I UNDERSTAND) 11 • • ·· · · 

5. partrsgq[x;y) 
-.. ' : :· ,; ~; 

i•r r:" '!-=-;:.:...;··Ji;.-/ : _ __, __ ::_'.', ',.!' -~-f · ~~ 

purpose: To reply as to Whether the unique element of -~~;t .!:;W, p~t 
' i ~ ·-' 

of some element of set z. 

procedure: 
a. Compute z • specify[x). 

cb.. I_t, z ,JS ,.m, :~ajJlae,. . , :·,.; 2 ...,,,; , -ti .. . , 

-.. ·-;. .) '.. ~ '~ 

c •• ,'. G~~:P:~ .t:h~--·~llP4u_:,·~ ~i~l}._;~··1'e ·Ml•,cJl~ f_fillll l§; :b.Y, a 
type-3 link following the attribute 11SUP!RPAR'l'". ·· " . · .< . · 



d. For each~ compute the list & of those sets which~' or an~' 
s•~ eq.ui\ralent ~9 w-1 :ta-·•,~r of. : · J< - '' ! ' ·· 

e. If.r .¥~''8-' ~ f1r ~i ·~YES!·~, , c..: ),i , , , ', .. _ 
£. If, for any vE:_J, aetii!'q(Y, ir) ,,.,_~BS,., respon4d~E1''. 

\ g·. Ot~. aentttae tboH'~J .. :iich.;~u-; be1 reaelled from 
I by a:~~ 3' · l :IJtk, 'ftJ:ttowtng ~be: .-t.t~~ '•ltlMl'Jl-OI'~ IMCW!'-~ 

~: ~h:~;:~~=~~~;:!ct~~;~~p~= ==;~J ,; : ; ·'~} 
' . -· : ; ~- f ". •. )~ :~ 1_ ~ ' ~- ·- ,. ~ 

; ; 

h) AttTibut:e: NlJMB!R 
' .. . ~-. . ~ ' 

,!' 

1. ' pattrn{x;y;h] 
,; 

purpose: To specify in the model that there are ~ elements of the 
set x which are parts of every element of set z· 

- ): ! . ' r l J '· ~ • ~ ;'2 •I,• 

me~hodi·'' Create; ~:·t·y~3, .~l~_ ~-~·~e.ett •.'-~~-_:?:;~ifyi~' that ·.•n.< 
e hnnent of x is l>Dt·· of ~i~flllent• o~ ~ rn&eete <t~•l l!lbk• 
a&Sociating-the number n wit'W t'b1Jt t~Y. l:'thk\·' · '; ; .- · ·· 

- •• • "":(; ,, ., < '. ' ., <i ,~ ' 

' pt'oe\\iur.1 "·' ', ;;~ ',} 

a. ; Ex~ut·e patttf(.x;yl ~·· 
b. Add" ('(mJMID, .,_) "·'. U' betk' 't:h• "1.L1<K1 whtttl' was· .a.edr: t:o-- the V'llue · 

list of attrt1bate ~ .. CJl!-aMJI'"' ~ ~' -~'tMi t£l•t'~wllid\<. ••• ad<Wid 
to the V'illue list of attribute "SUPBIPAIT•OF-1'..Atlt' if !i>i'~·L'" ·: ·: · · · · :· · :, 

2. partrnu(~;y;n] 

purp"se: To specify in the mod~l · t.hat, ti..re ar• .! el .. ts: o-f .. .-et 
,! which are parts of individual X· 

method: Create a type-3 link between x and z which indicates that 
&®le el@)etlt·· of set·,!; ia ~~t' of.'2~ Gi4u•t'fll·~l l~ntta n-.oc1.iting ' · 
the number ~ with th•t tY,e•·3 link. , ( · ,;::.: 

proced'\n:e: 
a; l:Qtec-e R81'"tTg.[x-;y] ~ ; '; ; . ri 
!>.. ;~dd:i ¥(Wtl9aa· n)-"to· both the ljst'"whieh'-. · ad4edr' to: the 

the valUle'· li•t ofi attrtbvtie "·'Stmralt"·')oif·Jl1/antl the.; list wl\itll wa. ": 
'1dded. to the value list of attribute "SUPBlU'AB.T'' of x. -

3. partrnuq[x;y} ! ' 

purpose-: t.:> 'taplyCa• ·to how many eteme .. ,ofL1the At'!'' are i>fftj 
of the ind ivt•ul! l l · "-' " 

'i .~. _\ 



method.:,",, If.. ... '·' !·· ';', ~· .1' ,r;,. ,:i;;·.px. 1 ,. .• . ,,. 

(3u) [ [there is a link indicating t-Nlti:«Artic~ ii!'.!!.' iJI .. ~' 1qf .• --B 
[[~~.1~(;:~~:e;:e:.;::r~'et~Y.~~lt.~t :;; 

'· "'' ;(.t~J ~ ~~~i1\ -of ;ii1lka:,rt~~~&~ 8t ~::Qf _yJ~ 11 ]\( 
(3u) [ [ ~t~l -t« :~ ;~1 J.1ldi~~ :tha~>!lt ~1.M:i~ J:>t ~r J!k' '-:d ~;. 

<3v> [ [ tl1~: 'i*:rit)~i.n, 'l1:ti u~, -J.~i})f ~-Nit.I~ .Yi dJs a, -; 
part ofr neJ'-Y13!lJ"iif [·~ji'if'i:J.U(:~I :i" t•t·«•(:ia-:: .,,,, t ·~ 'c,r, JO 

[there is a chain of links indicating that x is a . · 
subset of v]]]], -

then the answer is the product of the values of the type-1 links follow
ing the attribute ''NUMBER", associated with each t~_M.nk; ~·. ii\J It (ii 
proving the required part relation. If any such ''NOMB!ll" attribute is 
missing, the reply should explicitly request it. If[tt:~;:f""~le.; 
relation cannot be established, the reply indicates that fact. 

procedure: ··-, ··., :-~'1.;:;l::; \"lY·J'-' ,;,:; ;;ns·:1. 'JL, · .. ,'·,.; :'.:. ~~;,;;,; 
a. Follow the procedure of partrguq[x;y] until links are found 

which warr:e.ptj ~"i J~~~\ 't"~&e .J;;i $SN'tt1 ~J.:W f; pt ~~:itJ'J:•~t-J.i.nkd:JG ·i j c>:J 

which foll<¥~~h.e Jl.t:~\i:l>ltiJt. ~·-dB:P~6·0Jh~~---:Mr.¥"8'i ~ '; o ;n•;p";; r ,, 

b. If no such list can;~! ~Jr~l\f.:irw o ·rsdml.ii'l 0~J ~!:,;J.•,:.:; ?:. 
"(I DON*T KNOW WHE'DIER x IS PART OF yj". -

c. For each element a of/, where a specifies a "SUPERPART~FtTSMH1'4 
link from J! to.!, get the ;alue-of the attribu.t~?~' i>kg,.x~i If . .s for . 
some:.~~· M:.; ~hb~~-as,Jd,, rJt:Q>PndrIJ'~MiWr· ~-~ Jl)''t.b;. . J 

u§.o;: : C...Uit~J:.,, •j iJ\J! f!C'9~ Pl i:Ale'' ..S L'l\J-~ .•boY.-,. ,_. to nil 
Respond "('DIE AN~ u 'tf)~.'t:'l .".:;O-·Til?>.·l;,l~jCfU:::'' ·}jJJd h :! jf; ~~ ~: j ~: ;:f ,, '' •,rf r_;J 

1. jright[x;y] 
_. -- ; JF'JJ:J!:.; .:;~,_i :·.- .:f:_1·v~,J-:~ . .1 -~1c;i_~ t--,.q 'J .: r ·-.:·1J b:·idJs.r1 

purpos.-:.~ '!l'e>-1•peci:f.~1in the:i•tt..bdi:Jt t:fe:uuu~ elll!eJK,.. o't-) s:eit .. ~. b )•t:·~'e 
located just to the right of the unique. ti•Elll~0.,t1 ••ri.z.~ • :.•-r ':. -. ,,. ""; ::id; 

method: Check whether the statement is consistent with existing k~-;,nq 
ledge; .!·~·, that nothing is known to be bet~}&r•IMis~ •lld.-:i-ilut x_:; 

is not khowD.J t:Qj 1-,*Dn tiaa-1rt&Mwof..:,!.'- .,J,.f 4to4ao~c;IM-~t.i,b.Compd.ain. 
Otherwise,..,:cc-eeb •': tl'Pttril ;Luk, "!nild.cw.i~iiwe ~i.,..l:t.reutlotl•: . '.3fij 

procedure: • :: • · · : . , . 
a. If specify[x) or specify(y] •NIL, terminatt~;x]pi;::·r '-· c .f 
b. If there is already a type-1 link from :I. to ! following the at

tribute "Ji.IQ14'":.-.il'e_!Peed t'i('l'HIO~jU~-nU 61JtMl))!J ~)">s:::oq·;uq 
c. If it can be proven that z is to the right of.tc,Jj,.Jt,i.,,1.i:fc '.riJ J(, 

rightp[y;x]•T ; or if there is any type-1 link from .I fOllowing the 
attribute "JRIGHT"; oi if there is any type-1 link fr0t11 .! following .... the 
attribute "JLEFT''; then respond "(THE ABOVE STA'l'MD1T IS IMPOSSIBLE)". 

d. If rightp[x;y]•T, and there does not exist a direct type-2 
link from z to .! following the attribute 111.IQIT", respond 
"(THE ABOVE STATEMBNT IS IMPOSSIBLE)". 
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· e. ~t.4~:r~ise,, crea.te ;a: ~ype-)~ \i:p~;~;ftom."~ 1~~'~' ~~}lo~i,n~ ~1i~ 
attribute nJll'tGHT"; create a type-1 linit trom .! 'to :l. fo-llo,,-:(.ng the 
attribute "JLEFT"; and respond "(I UNDUSTAND)". · 

2 . 
. __ : _,,'} 

• ' _,i 't 

procedure: 
a~. q.onqi~e \.\t thf#:;v~l;u~ of the t~~-1 VJ\k ~FPp,\.:, f,9Ue>~tn,,& the 

attribute .:..J•JRtdHTi'. , ' ' ' ' ' ' : ' -\ ' ' ' 

b. If u~, value is T;' if 'there f's no u, go to sb:!p d. 
c. If rightp[x;u] • T, the value ia t. -
d. Compu~e .2'. ~'~~' ,VAl.,ue o~ ~t. ~Jgle,";_~. J:b;ilt ,£+.q~ ~ ,tQUe>wiq~ 

the attribute 'l.IG11T • , _, . . . .. ·· 
e. If x is a member of list l ,.,:~ '.vp{u~ is'?;; ·u; t~,E!t:~ ~a 

no J., the value is ·lfH-·~ '. ~> ... · .. - · .. ·, . •, ~,'~ ic ', · .. · .· ''' . ' , 
f. If, for any' vt,~, rightp[x;v]'"'T, tne value ·ts T; othetilise 

the value is NIL. 

purpose; To specify in the model that the unique element -0f set .!· is 
located to the right of the unique element of set ::t.· 

meth~d: .,9ht?c;k w!let}l~r ,the ~t;at;ecqt;1n~ l.~: -~qi;iJ!,;'.~fil,Q,f -~t~ ~x~,s1tf~g· 
kn9~le4~~ •. c ,l;f sq·:' ,:.c;:i;:eat~ ,a typ~-z H.nk :i,ndi~~til\~ tl;\e .,Po•;J;Uoti<iil 
reiati.C>'.n~ .. Q~);\er~e~ <;.Qnn>lain. · · ·· · · · ····· 

f' 

•-,, ,T 

procedure: , . ·. : .. "· , 
a.. .~~· ~p~if:yfx] :;iij,:I~ qr sp,ecHYl:tl =ti~,1; :.~·~rmir!4t~ ~ . . . ' , .. . . , . 
b. tf rfgh'tp[it';y. J•t,' respon .. d."(nt!r. A!o'VE "s?ATDIEJt .. f: lS .AI,UA.· ·D. Y .·~QJfli),'! 
c. If rightp[ y;:JC] •'l', .'+esp~lld ,,"(:pi,, ~'Pf,Cl~ J~:~t~T °'~~: .~UIB~-!JW~" 

· .. _ •. ;d •. ,j~tt.w:i:-,w~a,e, .~.ci-,1~te , ~, !t ~a.-?., J ~., y~~·tto -~ .~q Uo~~l!'.·,,~\e .. · 
attribute "RtGIT1

'; create a type~,2 Ji11k ,,(rq~ x .. ~.q :t. f?J.l<?wii;ig 'tqe . 
att):',~~ut,~::,':'1"E';.ru; <ind: r,e,spcmd ':'~~· ~~tiA°Jtp~.'1 : · ·; ·. · · 

::• ,4.. j7ight~~[ ~;.yJ' " 

purpose: 
the '2.. 

~ ~ : '; • ~' I , \, ' 
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method: Determin.e whether the li~nk15 in ,the mpdel Jildic.~te..:t!ia.t !; .. is just 
to the r~sht of £', ,!. canno~ :be J~sC¢~ ~e>}t1s~t .:~f '+•. ~t :q~:~~f¥t'· · ·. 
procedure: 

;"~ > • '· 

a. If specify[x]=NIL or specify[y]•NIL, terminate. , 
b. If there is a type-1 link from :J.. to .! following th~ "a~iribut·e 

"JRIGHT" ~- .. r'1!spond "Y~S" • ., . ,· , ., 
1
,
1

.,-, , . . ... ~, . '.fi-. ~. . . ..,.. . . . .•.. ., 
c. 'If :dghtp{y;x]•'t; or if the're i.'a···atfy t:YPe;,;1··1·11\k h~•J; .. fq1;1'~;-;:~ 

ing the attribute "JRIGHT''; or if there is any type-1 link frodl .! toll'OW-
ing ehe at~~-i~ute "}J:i.~F~'!3 th~ ~~s£o~ .:~~-·" •+ •.. _ .. : •. •. . , ,, .... , ... 

d. t'f rigl}tp('x·;~l'~ ,IQd tlfefe' aoe's' tttft •tse;.e di'l'act' ·type-2_ l:f:ii\(L-," 
from , to. f'allowiri 'ti\'e 'attt't1i~i~'}~Gt.t.1:'• ~: 'r'.itwo_..J"' ·~·. : '· · -·-:v 

1 ~· • 

~- ~he-rw"ise;' ~-~aponcf ••'(m~mn-~it)''~·:. · · __ ·· i 
· ' :· I ;·~ '...:,· .·: :-· -~; ~ , ''5 ·,r ;_HJ P.:. :-~ :~ J ' - , ·- 1 

• ! :L! 

s. rigntssq[x;Yl 
' .. - - : 

.· i 

purpose: To reply as to whether the x~:is located to the right of the~· 
: ' !_" i' ~::.: j>:"' ·; \..; 

method: D~t'ermirie whether the 
to the right of :J.., to the left 

link.s 'i11· the moc!'e r vtrid'tca~~ :·t1\'itc; .. E ts 
of :J..• or neit;her. _ ·: · '·.. ··· 

. ~'- .. .: -: -' ; ; '\ ! ' 

~ ! procedure: · · · 
a. I-f spec ify('x]•NIL or spec'i'fyl Y'J~:rt., 'ferltlinst;~. : . 

. : ' 

b. If 1:'.i$h~p(x;y]~T, respond ''YES'~.· ··''•· 
c. If rfgll't:'p[y;x]111T, resporld -~u / . · 1 

•· ;_.. ,., 

d. Otherwise, ~espond " ( INSUFtICI~ INFORMA'.f:'IcM)" ;~ 
• ' : .' --:_! :~ ,; ;. : ·c; ~ ~ [~- • 1·:- ; ,- \?,::\~' ... -··:< 

6. wheres[ x] 

purpose: To deterinine the locations o;fthdse o'&jet!(s whfch h~~ 
been positioned with respect to the unique elemertt:cdf 'th'e'Ys-e't' .!·· 

method: Reply with the information provided by each positfon:a'r 'link 
associated with .!· . 

procedure: 
a. If. specify[~l·NIL, terminate.. . . 
b. Compute u • t1'.e value Qf tht'i type-1 _U:nk''ttroin•x follq,witrg t:h~. •· j· ' 

attribute ''Jl.EFTn';., \T .; th:~ vat'ue of 'the t"YifE!l-l _ btiti~·troi :x''fo.lJowfl\ict.htfr';' 
attribute "JRIGHT''; fl.= the value of the typ~·.;;2-·f!{Wl( f;6m~x'.Jfot1.owing·L' · 
the attribute "LEFT"7 and m • the value of the type-2 link from.! 
following the attribqte "RIGHT". 

c. ,, .. If .!!• .I~ g,,. ·~p,q ~ a U, ;~~ n.Qt, ex~sC:, r~'siiolici i••·ct(O PCfS?TtdN IS 
11'1.TN.1'1.T)·tt '. ... " · . " .. ,. •' ··:; ·y _!(" ;,. ,.:·; j 1· •·· 

A£.'1'-""" • • I ' ' . ~ ~ 

) ') - ;.i ! { 

d. ·I~ i! .,do.es not _e~~s~ ,' 'So. to _step f ~-: · · , .. 
e. Re,sj>ond, n(Jl.JST To 'rHE' ltI<Jri' 'QF ~'ml u)", and go to th'e' next 11te~. 
£. If .Y does riot exist.~ ~Q· 'to ·11.tep ,11;:·· · . _,_; .· ,', ·. " ... i' 1 

· + 

g. Respond' II (JUST TO nm t!!"r OF tBE v)" ,, a'nd. go to tlie 'nex't s'tep. 
h. If .Q does not exist, go to step j. · . . 
1. Respond, "(SOMEWHERE TO 'lllE RIGHT OF 'lllE rOt.iow±Nd.'~ .. ·f)", and 

go to the next step. 
j. . If 'm does not exist,' term:f.nat~·.
k. Respond, "(SOMEWHERE TO 'm.E LEFT OF THE FOLLOWING • m) II• 

·-j' 
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7. io·cete'aTxl ( · ,. · 

purpose: To determine the location of the unique element of set.~ with 
re11pect to .. a,~,,)~an.ft:,o~~~.r robject.s .a~ ~'!;",~i~~:;~·.', :t ..•. ,. ,, ... - '. 

,. , . . . ~ -:: l . -'"" , T '' f ( • r<,. l '"" .,. "~· • : - . , .· , - • . \ 

method: c'*ist'iu<:t 'a ·di'sgran1 'of tlle rE;'ft;..eJ'.!¥-·1ghtH.rnf1er 'o.f ·~~jec~s by .. 
searchii_ig th;:o. ug}l all chains of poaiti. o. ul links startin:g"W'oin .3£ ·.and·' · 
proceeding recµr1ively~ The f~ of ti\e dia!jaa i- a lt1t, w~~tf o~ 
jects known':~c)' w·J•af~~~ift· ·:r~~~'.~ifl . .r.:r~r ~\ .· · ... ~~(}~.'~ ~.: },.{f!i~i. hri~l-' 
1. ink• fr

1
om ~ exist or if ~ ~.'7.~~~~~*~~~rnj"Fl ·i~; ~~. ~~·,: make an 

eppropr ate c011111ent. - · · · 
( ; : ·-· -, ' ' . ~· 

1!:"T,•:.1"'F'l'.._.'.I "", ,,...; . 
procedtii~t~~-c, : ~- · · · 

a. If specify{x]~NIL, terminate. 
b. St;f.w.t.he" .1,ipitiJtl .~):l,."ar~cr'.'(f2J° .. , .·. ~~1 " ... , ", .. '""·•· ..... ;.. . 
c • ca~&·e· u ~ i:he ·vairtl'e1 ~r , ~'}(~~ i; · .. :ti\;. t:, . ffil<.·, 1!,.._ .' . -- · ,AA~w1n'g <the 

attr~~µ~~ '\JAIQ!IJ:'.,, l,f ,J¥>_ u A~~a: -~.·J.·· i''.~1:~~~~, · · 1

'ifp to step f. 
if.Uc. Wilrt~i Jh~1t;l·t'o"l:te rfght1'-0f:''ti:• ]._.~e ~~' .":J::right after 

x in a sublist of • _ . . . _ . /' '.:::'..~~.;.r,,~ 1 
· · "<'.~ 

- . e. R.ep lace J.B.by th'el ~'e\i.h.tt rof1'~x~euf\ri.~1 ctti1f&i"'~~ffi~.(~~~ .. 'st~rt:inJ , , , , 
. from &itep c, wJ.);h

1
.i:p,. ,c1n;:f~,Jr..,J.~ 1 p,f. u..r~tf11 . ~ina ).;·~\,""i:~~e,p:(~(iaitd ·· ... · 

the current valui ~f' l~u•'.th~"at'igr"•~~tR ... ' u!Tf) '~~" ... ' ~ " 
f. llepeat step c, for th- attribute "JLErT". In case of hil1.1re, 

go to step i. 
g. ~nsert ~ just to the left of ~ in .&• 
h. llepeat step e, · 
i. Compute .Q. .. the val.ue of the J:ype•2 link fr•.! followins th~ 

attribute "R.IQIT". If no £. t!xists, go ~o st•p 1. 
j • For each m E Jl: If m i' al ready ia the curftnt J., ignore it; 

if there exists a .Y. in .a which is the object (pr first o~ject on a 
sublist) following.! (or a sublist containing!), go to step k. Other~ 
wise insert .!!! after .! (or the sublist cqntainiag Ji) in J• and rep,at step 
e~ with the current value of m replacing~· When all mtJhave been 
treated go to step l. · 

k. If rightp[v;m]•T, insert !! aft~r ~ and continue with the next 
~in step j. If rightp[m;v]•T, then jyst for this value of.!!! replJce ! 
by ;y_ and cont in1.ie as in step j. Otherwise, re1pond ,,- · · · · ; ' 

. "(,'ltlE LEFT-TO.-JlIGHT OR.Diil IS) 
g 
(TO 1!'URTHER SPECIFY THE POSITIONS YOO MUST lN:OlCATE WHERJi: TIU1l m IS 

wrm RESPECT TO THE v) II • 
1. Perform operations analogouJ to i, j, and k for the attribute 

"LEFT" of x . . ..... ' 
m. If the current g•" (x)", respon.d ''(NO ULATIVB l!'OSITlON lli KNOWN)". 
n. Otherwise respond, "('ntE WT .. '1'() .. JllGHT OR.DIR. II) g''· 

8, whereg[x] 

purpose: To determine the locations of those objects which have been 
positioned with respect to some element of s't x. -
method; Find an object~ of which an.! is an example or a part, and 
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which has positional links. Then find the locations o~xthQ~e}~>,~je~~s 
which have been positioned with respect to ~· · 

•• ' ... r 
' • " ' ~ i 

~; r: J:.;r. o·j :.:.0 ;~~ 

L ~ (~ ~ l • l '".:.:<! 1 :y:; j;~;;f lt ·t~: -J .-~"11 ~ d. 
tj .; :J ;~ ·; :··~ -~ -~(·: ~1 '.' ri 
~ .. 1t. :::3ji;i(j~:1~.i; .. }_ 

'· 
. -1. 

.:i. ·' 

1'.;· 

• .·C .J i_.t_;;i~. i):r:..:. ._1 fi(f! ·;s':~.>~·tj,_.' ff;·rc~ r°'· :1 t~ ~ L 

-: -~; i'~t·1~·}. i.' 

··.r 
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B. Special Features. 

This section discusses the sample conversations for Fig. 6 which 

illustrate three special f~~~~~s;i&~~l}f fIR system. The first two -

the exception principle and retwlv.jpf m+pitjiu..,r- .U~ustrate how 
1~h~~l~'*·l1}¥1- : I 

SIR can be used to simulate various aspects of human linguistic behavior. 

The third feature -- streamliniy -- demonstrate•wtiM!"''Way in which SIR 
: !.-.HI. "l-4 :; ,\ :: ~ 'L'. tl .;. ~ " ~"' • 

can automatically modify its model structure in OJ;s\~ ... i:,o, save computer 

memQry space. 
, .' ~; J t< ~ut"' ; ; l 

a) Exception princiele: General info~~~PQ..i 1•bou.t,.','all the elements" 
(.;.f..l ~ .t :0 h~~\. l 

of a set is considered to applytoparticular elements only in the absence 

of more specific information about those element au;.~ "Ttnill' it is not 
~ .;,k:J,;¥~ ~ -N.H~ i-'n frl.;r;l , ''"" l 

necessarily, ~PP.ti:".aA~c,~PJY ,i:,o J.~flfll,.tb4&.u!.,,,..1.fi .. fl.r,it.ai~ animals" and 
'{~t':.A l: lQ::lf)vh,~ ; : 

yet "a whale is a mamal which always li')tU J,Jl.,y4~er." .. ,ln the program, 

to the property-list of the indLN,G.u.aliao._,nM. lililfore •. looking at the 
! ... a •• ,. ~· ,~, •'t!-~"' ~£:,i._1: ~-;l:A l c: ... -''•:1"\l ... .Jif!f. "'·! },)i.4,a~Y...!! J-Y-Ofo•\ ~~t; 

descriptions of sets to which the individual be1c)iii1'~'·• ,.,, · 

ciples of Aristotelian logic ia th&l • ..th!1.p11ecedeace of.•pecific 
; ""·· ':. .'At~; >'· -!'"' ,:"'} '"'··L', ·' l •;J.:i, "" .{lJUvi;ta-.4 ~i :.,....:~iJ\.Tb' 4,;; 1:.11 

facts over background knowledge seems to be th~·waf"peopie operate, 

and I wish the..cuqwte.r .t,o,.,,c~~~~~~ :P.~n!~ .... ~9:~~urally as 

possible. 

The present program does not experience the uncomfortable feeling 

people frequently get when they must face facts like "a whale is a 
. Z.3~U r1,:;;·1 JAl'.13'Uil :8 :u=tUDI~ 

mammal which lives in water although -ls as a rule live on land." 

However, minor programning additions to the present system could 



a. EXCEPTION PRINCIPLE 

THERE ARt 5 FJN~ERS ON EVERY hANO) 

fl UNDERSTAND) 

fHERt: ARE TWO HANUS ON A PERSON) 

ll UNDERSTANDI 

A BOY IS A PEKSONI 

11 UNUERSTANDI 

TOM IS A BDYJ 

I l UNOEKSTAi-40) 

DICK IS A BOYi 

{ l UNOERSTANOl 

HAl'f.RY IS A tiUYI 

II UNDCRSTANDJ 

TOM HAS NINE FINGERS! 

lrHE ABUVE SENTENCE IS AHHIGUUUS ••BUT I ASSU~[ {HASI MEANS (HAS A~ PAKTSll 
f I UNUERST ANO) 

DICK HAS ONt: HANOI 

lltit ASUVt SENTENCI: IS AMBIGUUUS ••BUT J ASSUME [HASJ H~ANS (HAS AS ~ARTSll 

!l UNUERSJANOI 

HOW MANY FINGERS outs TOM HAVE "I 

ITHl A80Vt SENTENCE IS AHBIGunus •• BUT 1 ASS~ME {HAS) MEANS (HAS A~ PARTSll 
ITHE ANSWt:R IS 91 

HOW MANY FINGCRS DOCS DICK HA~E ~I 

I lHt: ABOVC SENTt:NCE IS AMBIGUOUS •• BUT I ASSUMt: IHASI MEAo'IS IHAS AS ~Al{f~l I 
I TtH.:: ANSWl:::)o{ IS 51 

HOW MANY FINGERS DOES HARRY HAVE ~I 

(JHt ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME (HASI MEANS lHAS AS PART~Jl 
{ rHt::: ANSMt:R IS 101 

HO• MANY FINGERS oat> JOE HAVt "I 

(THE AHOVE SENTENCt: IS A~BJbUOUS ••HUT I ASSUME IHASI MEANS (~AS AS PA~TSll 
11 GON•T KNOW WHETHER FINGER IS PART OF JOEJ 

FIGURE 6: SPECIAL FEATURES 



b. RESOLVING AMBIGUITIES 

JOHN IS A PERSONI 

II UNOERSIANOI 

( .... DICK IS A PERSONI 

(I UNOERSrAi-.10) 

A CHAIN IS PART OF A 81CYCLEI 

! l UNDE•STANOI 

I•••. THE POWER-SAW HAS A CHAIN) 

ITH~ A60Vt SENTfNCt IS AMBl~UUUS ••BUT J ASSU"t (HASJ MEANS IHAS AS ~ARTSJI 
lu0£840 IS A POWER-SAwl 
! I UNOERSIANOI 

JUHN OWNS A CHAJNJ 

!J UNDERSUNDI 

I•••· DICK HAS A CHAINI 

ITH~ ABOV~ SENTENCt IS AMBIGUOUS ••BUT I ASSUME IHASI MEANS fUWNSJJ 
(J UNDERSJANDI 

f •••• THE CUCKOO-CLUCK HAS A CHAINI 

ITHt ABOVE SENTENCE IS AM~IGUOUS ••PLEAS~ ~E-PHRASE ITJ 

FIGURE 6 (Cont.) 



c. STREAMLINING LINKAGES 

JOHN IS A PERSON) 

I l UNDER STANO I 

JOHN JS A TECH-MANI 

I I UNDERSTAND I 

JOHN IS ... tiOYI 

11 UNDERSTAND! 

( .... JOHN JS A STUDENT! 

11 UNDERSTAND! 

JOHN IS A BRIGHT-PERSON! 

II UNDERSIANOI 

EVERY BUY IS A PERSON! 

11 UNDERSTAND! 

I•••. EVERY TECH-MAN IS A PERSON) 

I l UNDERSTAND! 

I•••. EVERY TECH-MAN IS A HRIGHT-PERSUNJ 

11 LINDERS !ANO I 

EVERY TECH-HAN IS A STUDENT! 

I I UNDERSTAND I 

EVERY •RIGHT-PERSON IS A PERSON! 

11 UNDERSTAND! 

EVERY SIUDENI JS A BRIGHT-PERSON! 

fl UNDERSTAND! 

EVERY SIUDENT IS A PERSON! 

11 UNDERSTAND! 

END OF EVALQUOJE, VALUE IS 
IND HORE INPUI SENIENCESI 

FU~CTION EVALQUOTE 
SIRtAMLINE 
IJDHNI 

HAS &E~N ENTERED, ARGUMtNrs •• 

fl fORGET THE MEMBER-ELEMENTS RELAllONS BETWELN PERSON ANU JOHNI 
II FORGET THE HEH8ER-ELEHENIS RELAllONS 8ETWEtN STUDENT AND JOHNI 
ll FORGE! THE HEHBER-ELEHENTS RELATIONS BETWEEN BRIGHT-PERSUN AND JUHNI 
II FORGET IHE SET-INCLUSION RELATION BETWEEN PERSON ANO TECH-MANI 
II FORGET THE SET-INCLUSION RELATION •ETWEEN BRIGHT-PERSON AND TECH-MANI 
II FORGET THE SET-INCLUSION RELATION BETWEEN PtRSDN AND STUDE~TI 

~ND UF EYALQUOTE 1 VALUE IS •• 
NIL 

FIGURE 6 (Cont.) 
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-.< ~ .t" .\:'t..... J ~; 

require it to identify those instances in which specific information 

amusement at such paradoxes., 

b)' R~~olving dibisuities: 
. (, ; J ':j: ' 

The criteria used by the program to 
r. _, f I I. } ,; ~': i ' "~ ? "> 

decide whether "bas,;, in the format "x has, y," should be interpreted 
, J -, } , 1 ;.;:. '_,; ~ ' 

"has ·a.s parts"' or "owns" are the following: 
l , ! ' ' ... ~ -~ ' < • • ', T 

1) Let P be the proposition, "either z. is known t.o.be part of 

something, or z.<·:f.s an element of some set ~ho;~ ~}.~~nts are known 

to be parts of something." 

2) ''Let N be the proposition, "either z. is known to be owned by 
- - . l .. ' ~ - -; ] -'~- . :. _; _;_ 

something::' 'or z. is a~ 'element of some s~t ~h~~e elements are known 

to be owned by something." 
. 

-: I 

3) If Pl\AIN', assume "has" means "has as parts. II 

.. •o '· 

If """PAN, assume "has" means "owns." 
''. .!:. ' ' 

If "'p/\,..,,N, give up and ask for re-phrasing. 

4) Let P' be the proposition, 
, ' 

( 3 u) [ [ [!, is known to be part of ,!!] V [!, is an element of some 
'·: _,. 

set whose elements are known to be parts of the elements of _!!.] '1 I' 

(3 w) [ [u f w\f uCw1A[x E wVxCw]]]. 
'• 

5) Let N' be the proposition, 
:, t l \·.·, l , l 

<3u)[[tl, is known to be owned by .£1Vl1. is an element of some 

set whose elements are known to be owned by the elements of_£)]/\. 

< 3wH cu E wVuCwlA r~E wV xCw] l1 ~ . ·:; .. 
.' J f. • , , '· • I. l' 

6) If P'A ""'N', assume "has" means "has as parts," 
., __ 
L , 

If NP'AN', 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 
!"!· f'.f '.J!I: 2 1-:').fl_f.j~~: :! \~'.'.'t.f~ 1 --.: 1 ..J J: .,1 J'.i 

program to make quite reasonable decisions a.bout the in,tend,ed pur-
) ~ ... -. "",._;;:·1 L),'_- ,,, . .) 1:0_-·;_~i:.£•7 .1d:.1 .-.: ., .. i.,,· . n' .. :-7:··:·"~:r 1r·: -~-~·:..i 

pose in various sentences of the ambiguous word "has." Of course, 
. :=:,.1;:·:)L,H · ··,(· ;·! ,;;.;_ J..:.'. t .1 1:JJ~_:.Jr.~1:nH-; 

the p~~1~::m .. ~an be fo~l~1~ .~~~i. ~~i~~ mi~:ake~, ~~~\' .,i_n ~ .. ~~e,, the 

sentence, "Dick has a chain," had been presented }?efor~ the st;!nte.n~e 
.. , ,-rq·1~~. : ,-> '.UC.i,-i~·: ''r·.: ~:.;.n.;' .. ' ;p.::·;_·,.(·.;. ~ ;_ t ~-:·' '.~'.~);f.~t: ". ·:_.,,_:~:) 

"John owns a chain," in the ab~ve dialogue; ho~ever, a h~J:l, bei!18 ... · 
:··~t.~ ~.;_;[ .. ~ >:.r,j ~;:-,(J; ~-,:-:,,f1.· ·, ,_,_, ".'--~ ,:~.).;;._, 

exposed to a new word in a similar situation would make a similar 
J ·:r:.,: ~ _, ~;· "J .·, ' f•· ~ _l i ~,.):·1 , ~1 :1I' 1 : ~ ' 

error. The point here is that it is f~asible ~o autoipatically 
: .. _-r.:1;,, -·_,'.l ~~-.,r~·t;"\1'.~-~-l-~ .--_(":·i'.r ':~~ :Jmc: ;;, ··;"·.ur::.i·'.--,nF f.l ,.... -_. -.2.r:. 1.:_J'' 

resolve ambiguities in sentence meaning by r~ferr~ng to ~he descrip-
- . . :: C.i !: !1 J ~ .. c•rn ~ i .:. ~ : ;: 1 J :.~h,; !. 

tions of the words in the sentence -- descriptions which can ~ut9~ 
:) !' J J(~ ' ,J, ~\ •• -''. .----- ~r. t .. '·,1 £,1,jj wr < ; ' 

matically be created through proper prior expo~ure to unambiguo~~ 
~,V/'_;::.':.1 ~ ~;;,~ ' . ." -- 1 IC , ... ,. , df1l.f:-· :)_ 

sentences. 

c) Streamlining linkages: 
if . ·: 1 :i_,1. ··' p, 

."\ ·; 

.All que~tio~.-answ~rin,, .<mod.el-
,l.;.:; -~:t'. ,., '. .. ~ _.:~;;8, ~s , q ··""'- i~, .· . 

searching) functions which involve references to set-inclusiQn or 
~ 1 • -;.. n L· · -..:; .- 1

;: •• -~;.'.a~'· r 1· ~-: _,.~~ .-~ -"'~ ~ l 

set-membership relations must "know" about the basic properties of 
.. , . r n ~-' - \" ~- :.. '".. -· ·, -" 

those relations, !·~·' those functions must have built into them the 
:. : -, ~; l ; ' l j ) ) '.. i 

ability to apply theorems like 

xCy/\ y<;z~xCz and 

aE xl\xCy~aEy 

\. 

otherwise the functions would not be able to make f~ll us~ of the 
·, .:- j, ', 1.-.-.J :J •].f\""; ':-JC r / 

usually limited informatio~ availab_le i_n th~ -~o.rm of~ e.:C:P~ic.~F- ~inks. 
• - - .• '~ •.• ~ ·"", \. ~ -~ ~-· ••• ~· .-~ .,, ;/~J L·.1.·1.__.crr.:t. <;·. ~ ~. 1 J 1 j .. :~. 

On the other hand, since the functions involved will be "aware" of 
--. . .,.-.-. ·;~I, -.'Ji 

these theorems, then the set of questions.~hich can b~ a.~sli#,r~d h 
, i { Vo: _} :... \i 'j· ]-'; , ,?\. ... t .,.,: r r \: ") 

independent of the presence or absence of explicit links w\lich. provide 
··.;1_,..1

1 
'~1:.r-' -·~ ·, ~::.f..;_tft; "1'~Jc:~i:.,'~<--'·_;\g t'. ·r· 

the information to the right of the 11~", provided th_e information to 
,.. , - " ' 1? ~2 :· ; • ,, ·' . ~ .,_ " ' ! 

the left of the ":::>" is available. 
···r.;. 
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The "STREAMLINE" operation starts w:i.iti th~ object .! whlch, is its 

araument, and consider·s all obJ~cts ,1tio.ked· to i• di~e\ct'ty or indirectly, 
i, _ , , •, , -, ; . . :\,: , . ~: -'~(::1 . .., }3. -·:L'l _[7~·.'._~ ·,b ·~·,-_.: ' ... _ .l. -, J 

through set•inclusion or eet-member1bip. All explicit links-· &tiiObg l:nese 
'. ' ' : - ':·· ~-- ; c:- 'j -•,,j~! -~ : ·: _J"7r,:. '':~ ' 

objects which can aho be dedu'cecf"by-·v.=i-~f the .&tio:Ye ltnown theor~ms are 

4eleted. 
:1: :_.- .': {i ~-: _, ;:\ .. ·._ - .' 

BIMDl y AND z)" indicates that whatever links were created by some 

sentence of a· form similar to: ,;(E,/Ea.Y- -~;ls'~· y);' '&r~·· bel~~ ·deleted, 

• : ' ,. • ';· t.- ~. _(. ~ .' .t ·~· '" ' ' ,) ,• i.;, -_I -;' • 

and the space they occupied ii being made available for other use. 

In the above example'. th'e sttuwO..tNI ·~per~t'i~n' d~i'~'t:ei ~r~ than' 

half the existing links, at rio' r~du~tioi3i"1n~''th~" ~~~stion~answe~ing 

power of 'the system. However, the t:1 .. r~~quired to' ~btain ans~~~s -
~~ - ·; ! I •-. ~ .:,,. ;., 

to certain questions was significantly· increased·~ 
; . 
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Chapter VI: Formalization and Generalization of SIR 

The present version of the SIR system not only demonstrates the 

possibility of designing a computer which "understands"; it also points 

the way toward more general, practical systems by providing a useful 

data representation (the model) and by suggesting useful general 

information retrieval mechanisms. 

SIR 1 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 fer 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. In 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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in'fotmitti()n. 

l) ! Program ors:anhat ion: . The present :compute'r. implement at fon of 
SIR is' an int'etde'i>ebdenf coll~ctiefi. of lpecial1.y' cfi'itgned subptogt:Mas. ·. 

Each df:fterellt i 1nformati'oh ·storage· ot tetrie~af op~itaHo'n ilil ·controlled'' 

by a different subprogram. 

·-such a diffu'.-e ptogra1n structure has a certain ~antasei for pro

dut:irig early resulta widi a new expetlmt,nt:a1· lyst~~ sttt •a '~ri:.; 
maril' developed as an expet"iment'~l.- V.eht'cte. tl\rl,ulb 1ihich one' may learn 

th~ best forms of: inf6niation reprbettt'atibll attd~'the'be'st storaie and 

retril..eva1 procedure8;. · ·As an exper1inenfa1~ dnfc~ ,-,''Sill' must 'be easily· . 

. 1. 

progi'anlner nniat b'e able to leatt the: mblSt li'aiftll' i:n'ter~r-ee•t fohs of· ~ ·· · · 

relational statements and the most useful responses the system should" ·. 

make. th'is learning· takes place 'a;s 'hlr trles ~ J bY '·mean~· rif atf ~ 

changes to the program, different lnterpr~tatfona and"'(U.'ffeient. response 

modes. '.L1i.ese prbgtiltn 'changes are e'as1eflt 't&"Uiatte" if· the ~fogrini c6n.- ,, "' 

sists of many separat~ subpr6grams wlti\but much over~il. strtictute. 

A's such a systetti" gtow's mor·e cotnpffi:at~a,' eaeh ch~nge 1.rta sub- ' 

program·tiiay affect 1110!-e of the other subprografu~. 'l't\~ ati'.il'ctcfre ' 

becomes mbre' amatd' ln<i 'more dtfficu'i'f. t6 &ehetal1te'ae its size 

increases. · tit\a tty, the system' 'may· beb8ine -'too t'.1~1~1.ay·' :for' futthet 

expettmentat:tbli. (Stlt ts presently ct()s~ tb thlfi 'poifrtt: of dtitii'tiishihg'

ret urns~)· 

However, by the time this barrier ts' reached mafiy f'tuttful tthuHt$ 

may have been attained.· M .h.2.£ features 'may 'co~tejce 'into ~enera1 
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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. In '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 Band 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 r~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 i:he 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 i:hen simply "tell 11 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 



95' .· 

opjecti-.r.e 'BlUSt be tirl>PrQacltec! by aucees,..lve · ~taxtm.t'!one. A·· Uaode1-

.co~roll~d' syate!U eanMt n d~stigp;ed 'at·'the"'~'Sft" ~i"--:tbi'fott~ngui • 

~~. In order t.q store all the significant, coQ.trollin.g information in 
~be model, w.e mu~t f1.nt discover what..._sut!iftes the significant;_ 
iJJ.f'>~latt•n"'lit •; •~ i~j taf&~ion-: di1S:"ihiii ~ :::"'.iftek'L'dav• 1· 
ppiµg anf woi:-kable program-plus ... model •J•tem we ar~ !n a better 
,~1 f.ti.ol1. ti ~eog~il•'ftrii'tr~~tld5"•!M'ei01.Aa11 tB trlltisfe!'r · _, · , ... 
control of ~heJn., to the. model. 

,, .: . _. ... .r l , • , ,J:, ·,) ~~ :.J t~· ~~ ··, ~r ·: \ ~ J. ·r ;- · t ~ . :....; 

b. The. vdue ~mi efficiency of. the s~st~ depends upon tJ::ie structure ., 
of Jthe 'me4iH { ilful.t>tl\e"·aaifitet 1 f.nX*fiii!fl:<t,:fij itiojt~:tatta~4el!J ittt.riat i:) •c 

One s.hould limi~ the ~~lexity o~ the 1JlOd~l until tbe organi,ation . , 
C)f the ~el· aid; ot 1 tfl~ 1 6~1ri!fft lj1tfi/i·Jfi•iifibjen!"''Siid'Hist6te;;;' ,; cl" • ., 

Ci:, 'fhe pt()bJa of .. •ittW't<> ;expre,!j?~oiitraHtfig0 lttfoi!itlttHd itU:cl\ 11e ; i · '"T 
wish to add to ~he ~!!l, .!•1•, how b~st: ~o desc~i~e search and 
d~uh1ctlilft.-ptoeed#te1 i'1*uit! 7J>i 01olvidntuittj1ttfbltft•l'.i'toil'*-1 ef" :., · 
npresen~i".l8 .•nd ~t~Y.J~~ft f.hat .,~;,o!'"ti~f:t o~q~. ~~ i~ ~n ~~e .m~~el. 
J9"'8ldha1 ·ff.I~ cliiicrt•1nj su~ c&dtr6!~-pieteitie•'"1lte-"Bisftt to ' .. · "·•~· 
devise after SOllle e~plit;" ience. ha.1 been g«ained in the use. o.f s i,milar 
pfqc::edures ~' 'r'thfi ;eitpii'iiiice; ff ututi~~ tj' 1~jjy:;f8ac!ive lc)p ;~tfirougfi j "' · · · · 

e~peri'!Qent~~i~n ,with :he l!ftr~ ~~r~+~n-.. o~ f~l~~i~d ,~e~n~ic ... 
iJl,fO~iiltiOft rl!t!tf.levaf"ijr~.~r.,c. '···· ·'· .,,_.! '- ·h '· •···' 

I~ ·s~·1~11fe 1lo«•E emlsfsts ·Qt\f~>' of th~c1'tpt£~ddt'bbfefts31nd 

~t ~lasses. The nUlllber, kin4, and inttit'iffit'-tf.on '8f'';tlfi Icffis~fPt¢fls 

(attribut·es) in t·he ·'!IQdel fs- d'tt'~ftii-wU ~~'lthj'Jtrogtasij( '!h'~ ~·tnfonttet~on 

A-1-thatigh "&lll' ':fls ;~ntfrii*'-' rtWitJil\ ifufU1fiffi81f''·-elc'p·e:t-t'enett ,~, 

with -the''8"8tem 'fttt ·~Wt'~ t'6i tl'rehlfo:&lt '*N'"f Jc~u8'hfident'l:Y''' 1 

p:ro,O" •n imprc:Wed.;' 'pi'i4rbi'1'ffttF.,_tWltI-:s:~:·~~~ecf fn' 

s~~t-io• I' _. e bel:OW' ~· :ttre' 'now -p~Jn 11ffi•~tlfo~:.fJff1rt organtz'a'..; 

tion for the ~l; i!- 'inefi!•'sew t!hlVvaz<iteyflYf 'daea>~·-'bb S'eorea· 

in thei"mod~l; it t:nnaffl's 'souttf of tbe 'i\ifti~ast:'tt»l 1r&bt.ft! tw~ ~ttfbut~ 
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system. 

' L .; J ; . , .... : r 
; r· 

~ .... .:;) < _-: :•(fl •;. rf cl 0 ::.; • ~· '. ,C ~ ~ •-

imp roved, I must first introduce some notation. As described in 
:_} .'. ( i. ' - . f' ~-=~ ~- ! ' ... j -_: f . -- -·· -·· ; ~ :l ') - .! - .: ~ fl 

Sec~iQ~f;liiiD!J;, ~aGp rda;iqn ip tb,,~infY';~._~s:1•!dJ~~ic, 1;~l .. t.iqa 

Table "4,,. a~ve~ ;µe ,qc;u~respon4••¢e-,}?~~l!Je@ll· i;-~~~t~on,~,ll"Dl•~ ~~4 ._ttrt'!"'. 
• • -··<•• t_, •P 

. • --- - -· ~ ·~ '!£"' \•,'C , _. • • .; '..;~_.:·~ : ;: ; Y.:t 

bute names. 8fld ~ .t~i~,1 Engl.~,..~; i,n~~~fX'~ti~l~~ .. ~r,,fi!~5~·,Efi~~tion, :-:•L <> 

':..r -_ ! . . ~- -~ f n 1 f: : -~ ;..;. r: :J -~-i r: ~ s : ; : ·-· ' . ':i ',. j (. _t 

Note that I use ~\le, famf.Ua:r, i~~µ.,~/Jc;;.'.' ~~L"~~ .;.for; @~~-~~q.l~~c;>n .. 
~ .. -_:,. . . 1.- i". ff".:~:=:·.! ~·--,-~'u1 ~-~--·· :-:.·t4 --~;-:·::. 

and set~~~~rsh~lh respect; :l.vely, a~~qup f'-~f:t. iq~t no~~tion, _ 
.. • ~ • __ ;' · .. - . _j -[ '. u ~1;r-...... ·1,~: - · -~ ~ :·) ri .:~- 11 ·J ' : : __ . ·' 

.!!•.i•' "equiv[x;y]," is used for all otber-Tfi~~~~9.D8~ A~~'h the_ 

with.apec.ified<a~g1.11J1ents (call84,,~ ;B:t:tclj,qtti!l i~,."~~,,·~:.~t • ~ly ... 

if any .r~oo.a,q~e -~tJ&;Lish ;~terp:i;~~~~,.,q~ -~--~~ii;>pal,.~~•t.,ae~t· 

is a true English statement. An English interpz:~~a.,IJhould_ .·~ 

conside:i;~d. "re.as0.Ila.\>,l~" ,qi;ily .if .~A~ ~t!u~~,:~ •. ~~e ;Jtrqp~s:~. ~~t 

of the sys ttp!l l!l'l.uld .tz:-aq,s:l,a~,e it ~~ptpL;t~ iJiy~ .z:~~ ~ 1 ~C..t;.em8At • 

A re lat ioll li[.it}). f~f:l.f.~~4 :,objects :Ali: :~8~'' ~l~!lJ;•M ,t~ue i,f the; 

obj~~:ts,.ar.e l~;"~ tbp JDOP~.J~y t~.1i9t~~~: ~~c)l, ~9~~spoQ4,_to· , 



Relation 

:itC:.'y~ 

.J't. y; 

owng[x;y} 

own[x;y! 

partg[x;y] 
. _ _:·_1: {) 

part[x;y] 
··. 

right[x;y]. 
,:·_, .. , ,,, 

jright[i~y} 

Attribute on 
l'rppertr lut t>'t 'ic ,, ' . r 

'51JmStt 

~· 
~.;~. 

OWNED-JSY-~CH 
_.; ! ~ : I, ' 

SJJP~~T_ 

LEFT. t- ; 

JWT 

J :' 

Attribute on Typical Englt'Bh': 
.. · .. pt_o~ert.v:- Us t .... ,

1
.,, .... ~ .• · ,1p,~ eti:>re.t.at·l··. ,oit.· ... . , ot ) . ~n·r. . . . . . e 

1uaitr!·! 

tQu±v·; , ... ,. ;h Jd 

·- ' :.·1~ ! 'ts '.'a' .x~ 

~'·.~.!"is · j{ ~~·:' ·'" 

i ;•,i'.!'l ancl'f) name' th~ smhe 
. ,. 9pJ_~ct ~ 

,_1 .. : -~ ~ ,_/ ... ..._._ .-j . 

'•rerx 1-:. owns •D: ~\'.•..; 

. ~.rt .i .~s i rart of -~ ~ ,; 

i .1 lteit•/~. ~9 th~. right 

.·._:;_---

ril'~ a{is just'to th~1 

r.f',fal}t., ~,f-n,~~e .. ~· . ''~ 

Table a: RE~TlONAL ~'.fl<>ti 
,, ," •: ' ) ... •{· . ! . -' !-, i 

qf ,t;he predi.cate can b~ d.etermined inch~~~~'iy f~om 
1

~ther inf~rmatio~· 
. . . . ' 

• ' • • :· ' • : ~ • • ~' • ' ~ ("" • ) • • I :· .:._ :-- .:· ; ; _• 1, i : • • ' 0 

avl!ilable iri the model or in the program. 
''. ' . ·1 ' : '~ 

: t:. ' ~ ; . .:, ~ ' \' ; 

SIR contains a se~arate subpr9,1r8fll f()r. ~te:npin.ing "truth" for .. 
1 , ~ , ._,. _);. . -.; ~-, : r:1 · . .,;. ,_, , . 1 • , ·,. r ,f 

anew.er iJlg '.1yes-o~~~on <l.uestio~s. ,}o~ e?C~,ler, ~~e; ~,sw~.~ 1 ~o ~pe 

"is the chair to the, right of th~ table?" woulc:t be found by 
.' . , . : . ' - . ' '-', i . - ;.. " : J'. '.,.; ·-:. - - _1 .~- ; - ·, - - ·.:. j > -_ 

~- SlJ.bprogram called "righ~q" which. dea,l~ ~it~ tile tli'uth of tl.l,e "r.~sht'.', 
~ • ; . - : - \ '· ''. ~ ·' • ' ' ' • , I • • '· 1: 7 -' r .· 0 ! . , > .1 . • ' 

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



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

respons~~ ·. : 

During the 'c~evelopment of sti:·.~~:p;~eduresJYo~-~~t~~lJ$hing the 
. '~ ___ ,... ~· •• ,,,..,,.~-, •. -~-- ......... ,..-- ....... ·o,,-,__ ... "J.r.'>''"' -~~~-·h·-·~·,.··-- ~_.,. __ , ... -~-. ...,.,,.__,_..,....,.. ...... ~ .. - ---~._,.. ... ,."" ____ __ 

truth of relistJ~m~ ,li~d to be exp1f:J':~Jifndependent1fmfj\J;p~ch relati.f~,:~ 

and so a separaJe. program was ~~-r:for each rela~t;'.·;The deta9~~ 

consider how to 5 g~nefalize the system, the time has come to look for 

conmen• feaf~re• ot; these. ··s~bp~ibg~;~~;:\ ",Such c~~i1:~~~'i_.'i-'es cohia · 

serve as the bas.is fbr a simpler;;?~'f~11 unified prograiii~1 i~Cfucture'~··· ;,,,.;o 

Iride~d~,· s~ch·' c~n·• feat~:r'e~-h~ve'if;~:k;ne; fo~~;-·i~a1lf~f'1;f~ expl.hit~a 1 '•·'~ 

in the j gener·ai system to be desc¥liii~'fln Sect ions1V''~Ka'1C:~· be lo~.' :.· - ' '.,:.;: 

.,.. to s~l,ipiZl'15f:y the truth-test'''·1··n1'g1 prLc'"e·a'"u1:-ir,fe1':s"'" · .. ·~~'Tli'e·':fir8t'.$t~~-'~fi trying ....... 1 o 

is, ~o, ~xpre~s ~h~ l:'.~~cedures in s.~~d~r.way that theirT"i>~,ffat~~~~] ~1~1?'i:J:i 
~-~-

easily be~'~bmp.are(f' and understood. In practice each of the truth-

testing subprograms operates by searching the model, looking for 

certain combinations o~C·aHf1~ut~;·:1ififtr;5! H~et~~~'r·since the existence 

of an attribute link implies the truth of a corresponding predicate, 

we may consider the subprogram as deducing the truth of a predicate 

from the fa.ct that certain other pr~dica~es are true. Such. ~eduction 
:·-r~ _: ·.: ---~ -;-~i; '.'···.· ' , .. : .. \ · :. t')~: ·

1
;L)f1_;,.'·i .~.~:--~.··_;.CT Lf·.~· ~G-_:-.rn . .;.··.1,q · i-~J J 

procedures are conveniently expressible in the first-order predicate 
.;;Ja-~:·~:-::;n ~::.r~J tJJ ··;·'~ :_ '):·~;"- ·: !._ :T; -J.:.'.1r-:: _,-_.-:; 

calculus (the "quantificational calculus"). 

F}:e~u~~tty:'~he'' t'r~tll- of' a' pre~f:i.~ii~'1 d~peha~"up~h the'; f'actuth~t2 

th~ rel~ffbri i~vO'it~-if'fi~itii sp~c'ia'l p~~i~rty~':i,i:1': ,'.l~~a;Iisi~ivlty~~·s ,i~n;c; 

These p*~~e.rtie'~;'~i' rerl~tl~nr;in~y coiivenf~¥itiy3~~ di~c;lb~d by :"a~lih'f: 

tion", sta~eriien~~ ·in ~l~h· ~ 'bO~nc\':v~~\~i1idjt~fuiitrJi- iii~ ~~e· ~'i~~P 

un~p:eclti'ed; r~'1at:l~n! C''The~e. aetH1if i~~.d~r~P~iii>G ~f,~~~~1~tl8~i'~~lch 
' ,I ~ • ' i 



,,., __ . J 

Sl&,:Hletriotia ,., 

S~~ry: J (P} •4f ('l(~l(..,.,,y)(f[;J:;y] .. PLy;xJ 1 

Re fl ex i vit y: ll (l>) •d l ('"ff ~l"{J~i Ill 

Transitivity: ;J'(P) •df (Yx)(';;r'y)("(ig)[P[,x;y)AP[y;z] ~ P{x;zU 

The following logical ~nte~e•:he>'l4 ~hco~lhout SIR and represent 

basic pr~perties of the "equiv" l'.el~t:f;o,~: , 

(\f/P);(..,,~)(~}""4'){ flx;Y:lA tifUlv[ x;,~1191{ z; y] 1 

(\,JP) (V'x) (''fly) ('d'z)[ Ptx; y] A-..M'1!l-ti .,l{x; i]) 

Tabh b. lists :pi-~,ate c"1i:a~.~1l• J$~e~ll• corresponding to the 

~........ ' _.-, ' 

testing. These sta'tementJ were obt,abuai by atudyi~g tlle Siil sub--
·i:, .. 

program~~ and $.~y'. ~~ly ~~~-.~~,:Rbt Oftlt!"•tion of those sub-

programei except :fi<tt: ,tha. foUQWit\8.: 
; ~; ... 

a. All quantifi~ll:fhJ'~; ~~t< o~~, ·1Ml .... irWt~ :\fniverse of objects• 
classes, and relations represented in the lRQdel, 

- ii,, 

b. Each subprogram contains built .. ,t~;~-1.-... for searching the 
model in the course•~ t~;i.:na tnt ~.J;-- 0of tJw de4\lction procedures. 
The linkage •r;w:~ ~f,,·4:~\ ,t:l~ "fhe ,.ppgi-._ to make direct; 
exhaustive s~,,~$ 'W-' 1~ ~t ,JllJ'tiol'\s ()f the mQdel. 

: . x : - .,_ .-·, .. , : ·,. ' ; j • ·.• . ". •' ; :: -J. ~ .,.,,, 

c. When alternative deduction procedure&. are available for teating E! 
pr~icate, each subprogram specifies the order in ~i~h the procedures 
should be attempted. As is illuatrate.4 'by the "Exception Principle" 
(Section V .B~'"°iit:'tJJJai;AU sgf att...,...:JttllJl...,tJll!S~'M :lt!llY resuH 
in different anawers to a question. Thi.a••~ th41t, fr°'1 a ~rely 
predicate ... calculus point of view, t~~_ll~~~~.!!~ti:~.-~.--J:!~- .. 
with th~;~tl:io1'·~ iadte •~•y,. _ .t4Q::; .. , .•:•'' 
aystew.. Therefore the order in which detluct:ion proeedures are'~sed 
influences the answers obtained. I.n the present fona of Siil the 
ordering rule has been that those proeed~es dealing with indirect 
links are to be used only if no answttr can 9e obtained by using those 
procedures dealing with more direct links. 
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d. Each . subprogram• is independent ·aid .eoutailDllu ~Latte ,prep:')818« for,, 
its deduction procedures. Since some of the deduction procedures in 
different subprs...-. 'as"• ad.mi.1iar;,_ .8Glll!E! ;,prQp:;mirJ1i1111Mata08.PPCU r Lin/ 
several times in the SIR system. For .example, programs which test 
whet:har ..a·pa~:t..::4laaa-fn.ol-ue.ion>;relat:Wit~ia0Me -.Pec£,~tn,:Jl*dl' of 
the truth-testing subprograms. This program redundancy results from 
the independent subprogram organization of SIR and should '-'lle.i~<li ;--: 
in a more uniform system. 

Relation being tested 

~·· 

equiv 

owng 

own-•· .. ' 

partg 

part 

right, jright 

,. . • ... ' ' * DeductWa Pr0ci94ures · 

l.' :.T°{C} . '·'I f;~, 
2. x=y + xCy 
3. -equivfx~y;},=)oKC.y .. ·)·-'i' ·' '(;: 

'· 'l 

. ' 
:. j ·-~. ' ·(· . q ' ;·-?-·.r: 

8. """<Nng{JJC;x+ . .: ,--·\ : ·,,. . ~ .. /~.:i: ·\7.· :.~ ~- ~; j ( ',' ··:·~ ·, ((1 \. 

9. owng[x;y]AzCy ~ owng[x;z] 
10. · •OWl\'8{-XfY'JlA."<;~ +cMwfc:;y::p" . ,, ... 

'l'l-. , ;own{Xi; rlA'lt€'4 'fJ>icM.l(:.wJ; :1f· ' :c '. ;:Ju±>·:.f: 
12. owng[ x; YlA z£y ::> own[x; z] 

' ~-. ;· :·. ~!:~~:; ~,-:~J>,v 2 Jf!'._:)yr~'."'-: ::~ .~;: 1.-! ii·.. ~.~£: ;- ~Jt~~~t 

13. "'partg[x;x] 
14 •• ·. pafl:afK1Yl~.-.CY -..-~ :Jt;itt: 

15. part[x;y]A.2'C•·~ft'{:J.zr-1ii ;c, · -cr.·1.w,«1 

16. part[x;y]Apartg{z;:x) ~ part[z;y] 
17 •. 1 ·part~fiti; yJ~-z~• P8'¥(«~~ c.' .: --,., ~· '. r < 

. :. I 'd_i L· ... -- · .... : .. i~(~~~·- ~f1:>i~Jt~f~~;; ;_;_;!,·;: __ ;:-;>-.~;._f~fJ.i.) 

18. right[x;y]::;>....,right[y;x] 
19 • .3"'{:right]- J: i · ' · , ' ·' ;c' , -i 
20. jrlpt{~J,.J • g~f-kf'1 J i :i;) ·" 

n,. · jr.~[iz.;y.~~:f..Jj . .r_:lgktf~:;-y}" .. , "· · :1 

qg.. j'tiShctX3;1i'J)il~·~l1Cfklj¥}'!~ '· .·l i 'C -IiX': 

23. right[x;y]A right(y;z)=* -jright[x;z) 
;~-, »:Jr_~,y(~ ;"iC-~ J';.'.:·~··;b 9-,/~ 1~.,,-;·~, . .:.Jis n~n~W .. ~" 
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11n1s far I have been discussing only,t'bo•e parot••• wh•ch:erta.!•r 

iiyes;..O't' .. no" questions. More cotnplex 4uestions,.eaoh.ae,''Where,iilt:the .. 

table?'': * "'ffw1maa, finger• de•• .loha,~hnef'1', .: "e4aite ,diUetenci: 

queitiOiliita~et'taa• proeadutt•s •. ·r1Sllt· eotlllial:: ••··•••tt i•na) litil>pto11r•L 

fat"·- ••~h ,of ttul•E! tomptn ·ct"•tta f011U·,:,;:;'ftle•dJi..,.te1raaa :rill Lite'., 

dUcCJflied' fllt1iha•'· i'ft! tat•..-•ptt ,a .31 :•elow.- .: ;,, ' . ..: r ' 

$1.ife!\· a :tHtU••t• fottaa1: eyete~r:i 1epaite~ tsu.th+taatinguultprogtam 

for ut:h tU11iott in. tha::1•1. s'1tti*:Wbld11ao1,,a.e aea•saaty •. Iat.eeadj, 

a •Ut~ll! •·'tt•oofapocech&tt'1::pcogta 'it1tloleni1foi'oaneiretlilgt ell,· 

of such a fe».-al IJiUmu -itewa1'11,miba·raf$udJ 0f.::;_tb9seirYax_!oau1L hes:: :.: , 

tu.iggl!dtd aa1lteflaati••,,1,ate•rwhttb1:•t.;il9fa ~l'1!·:,1mere·ilit.Mc:Uteiy 

tneartittgful, and easier to e~•ebdc:. t~liet!!.!.'*. b~.'°-nta..:!:; Dh .:..!!jetaat iveL 

· .fotm11l t,stea ti 1ttui 'atibj•ot bf .:ab'-• J8eU<iba1~ ''; :L~' 

' ·' - ,~ 
J I • ~~ j . j. 1: ._: 

''-- < i __ , : 

1) tl\Hi:as.MfNA. · t"wo &t•laai.ectA :~w.eta•t.'1 tf,1;4.ttJdtder ~o. •Mt:) . 

the t~uth, t&f • prHlHta iiwolY:.t*'F••,Jefri'thentt:etati.•nt:;i it .)i8ctteeetsary 

fitll to t9st ttl• tratfl.c·Of' loMTprefl:U•teqd.WWot•~t-e ethi!fii::!Whtta"·' 

•~•" ·two· ot ·Jlt>J'lz Ttilal<lOl\s'! •H>UtqU '" ttllllll dadmt~tfeceiU:il'e. ·: 

stateidftt 111·rlbte,~.·~ inaJY . .ta,:ttu•·,•lutM'llitlat~ iatu•~,, 

trtt~r-~ct1.ol\a,imay, -.~ clelstft.edetbhr•U.)!,tiaf foll..e~ ,,, 

In t.atel"li~tioo.i ' buwnn.-:l'ralilt l.Otte. _....,J, ••...- .ta .S.midar' "**:JiMt£k, 
other. (ThiS !1ainlilarity" wiil be defined more' pre~iaely tn Section 2 
below.) 

.. 
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c. Interactions which arise principally because of some peculiarity 
of'.5!.!!!.«offclte·-reaiatio~ ia.vdl~•· ·.:••i2.<:!1J:;;,:·,i :1·14.!<J • · .·· 1s1 «; 

d. : :otlter:r 1 :Lnteractt1ona., , , .. · 

.. :;· ... -~ 
,, 0...: 

system to allow for the interactions. With the present system, this 

means modifying each of the questio~•••1r1rJ.aacaul>prop•nwa•H~d.atedr 

actions between relations in the system. For ex..,aeri..fpS'Ul· ii 

l ~:.:,, .,- ; :,. T .~ i_, ~I. -: : ', -' _,;t; 

Almost all the interacttioll8c<8Cel>dated fost inc the·1pr.esent :9JStem end 

in the deduction procedures of Table b. are of type "a," "b," or "c," 

aci:ording tobt:ba·, above i:la••ifit~ti.oCl£ uheaec.•'7! ·.!.!!_n~))-~~- t11.vo~ve( the 

·:·~relat:iona.:f or Ctc,relatie>nenwhClee':::lJlle8~r,Me 1iJll.:il8tr1qOI" relO.i.•o.s,,: .. 
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actions may still exist, they will be' easy to qescr.t.k'-•tid W>d:l.fy. 
/ . . ~ \ ; ~ ~. ·.. . 

For ~ample, a single 8i'1tple SUtemelit. wilt 'be •uff~i•~t to 1JlSke · 
i •• _ -\ r : ,; · ~., : - , ·: ···· r t · 

the ayftem ''aware" of the i~ter,_ctio."!.~~ ... en, ff!t1yl\e>h~,~~,~~er-_ 

ship relation• illustrated in the ~tevUni* ~P•t-~ataphl · 

· 2) .· S~R!: A,e,r91$•!f,,t~~~~ !fet"!~o~ rt$!L~~~/n&;, m~ ·. 
· foimat system catted "S!ltt" to be propoitd 'here·''-t'f.11-~0.ebt df!' 

definitipne. of certain terms, including tetm..-..Uh:.-~~1-k-.atrings . . . . .. ,_ .. . . ·. . .. · :". ·: :r·~ ····'. : • . .. 

of •nil>ols;' a sb1ndard interpret~tion'foJ:":t:hr''.*"~-~~;:- ~ttd_ .• ; 

logical method for. d,termi\ling whethe.r cer·t~i,n. stringJI call~ 
_1 • , • '; • • - - J, r·. t f:", • i • ·' ~ : •. • _ • 

--·"·~~·----· -~ <·• 

Sllll are "true.u: the s\gpif~catice'~l',the'ey1t~ is 
. :-·'· " ~ . . ' ' .. .,. ' .. ::· '. . -

':'sentences" of 

that all "yes-or-no" questiotlJ wti:l<;h,' ¢.l:ln· ~·. ani~~t"~; by sttt, lind a 
- ' ', ' . , _; .- .' • ' 7 : ,: . ";"' J ..., .':. ~'). .. ~ : -'. , , .i, ":' : I _< ; 

gre~~ mapy whic~ cannot, are expt~~~~b;e a•A~~t~~;}~ ~~t,;'~~!~; 
• , ' ' ! , < • .- _ • • •• • ' • ~- •• , • i l • , I •_, •. i . • 

the at,?dard interpreta~ioll o~ a fo;m~l a~n~11;',~~ ,'f!'L its ~ofp~~ponding 
............ ,, __ ,,..,,. .. - ... ---.,..,.. .. ,,_. •-<~- '"-~·· 

English quest ion. further, if a sentenoe 18 ''1t.rue"1 trl ·Slit, then the 
~ ' ·i-: · • ,._ -~~~~ ':~·,,·rr..)} !._ ' _; , · 

answer to its corresponding quest ion' i8 1•yel •" --~ae pbtnts ·1'111 be 

illustrated by •~amples below. A cOlllP.utet tdiptelllGntsttcfi' of 'Stll 
' - ~ ~ : : ··, . ,. -

will be discuesed in Section C of this chapter. 

a. Definitions: 

basic oblect cdf any object ~ich i&l de!aci:Lw~--£1\1-1 .tM ;~l. and 
which has the following property: No object described in the model 
may be related to a basic object by being a ~ber or a subset of it1 

batic rehti-op •df a symbol whic.h naaes •.relation whose argu• 
ments must all be basic objects. : ·:.' · · · 

variable .&elf s syrtibol used in place of the:rtafne df-~ unspeci
fied object deecribed in the lllO'i~l •. , 'tbe, at~r4 i.Qt,erpretat;lon of 
the rtame Clf atlobje!ct is, of cdtirse~''the object~i~~eif •... · . 

basic predicate =df a baslc reiatlort W'1'1ttett its a function C>f the 
namea of basic objects or of variables which stand ~or the runaes of 
basic objects. The standard interpretation of a predicate is that ~he 
specified relation holds between the specified objects. 
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'., 1i~a...au~ifi&I1)~~Leg~~h9f;8h~: ¥~:H b".(~J!iEJ'.'2)l8 °rL.'.'<4:Yq_fY~ 'II 
where v

1 
is any variable and v~ is any varia 1e, any ooject name, or 

the,j1;1p~c~,1 ;~~1wl; ;l",)1fh~~~, .. ,s ~~S!:tt9I ~'!RP~l·~'rgh'JiNs~ .~r~ifwrs 
are related in the first-order predicate'cl1culus as foliows: 

.-<~> '<"'aitl~>ti(~ff ·~<rl 1ri~'1)[cx~x 3~ir&Yt ,,fij :k 
0 ~'-"'' , · ':·/~ ,.;fj 

(3aEx)[ R[a] Lrq'ii{~~g~MU~u~~~[<:J~! .! ; ~Ci!~ ... ; ' '; i: . '' 'rd.,: c·; ;1 ' 

where ('v'aEM) and (~aEM) are the usual universal and existential 
quantifiers of mathematical logic, respectively, except for an explicit 
remind~R'rthe;nf'IJ~~:t !~~~If . ove,~ 89'!1v ~h!8£tf?itfi~VRtl'-!~it."s~ ~fJl9~j eF!B · 
describe<l. in''the modet;·· amt-t(ut··tt any ptedleati, iltttouift it ·usually 
cont~!~s ~ 't .·,~~'sf 1 ~Be ___ o~pu~r~PR~··ef.!~h~h s~~-igr;f"~ ,!~' ;• ~~8~M%4' • 

• ;:: 4q.8E.c;S~HlB&ii 1ge~!9n ,ot,' ~H~n',.ii i~;:,~q~: S~f ~~",';Q{§J l~L~~J."!el:~:.;L 
is anyE-quanti ier. The first varlaole in Q is then cal ed bouna 
by the,J. 1)ij~an~Hbff,~~~o~r1qf :~ 7 fq,:;: 'l!'.:l-1-~" q~~u~~!Bli~!?. ip Q; iJ~44J:.p,"SL 
including occurrences as the secona varia&~e or otlier i-quantifiers. 

A 1 i~k;precii~~te' i~ I defined '~~~u~si~~'fy1''~f }gd~~s ~ ''• or;; i ,, : .J ;<'l, 

i) ,, ~::i1?~~ic;1R!e4f.cit;nr.: !fc; ~.Jf9k:·q~;edi~~~.'.t" !:,·rn :.i:lI2 : . r'.·._.·, ; · , · 

~~~;l!=~~i~~1;:ri!~1i~~~i~~!~:li;~i~:~~·~1~1k;~:~:~~::~·~~-
~i~1P~·~J.~ah,8 a~~:; 9~,,. ~8~4 ;,,j ff!P.!-r~!J}t}\1R8 ~ j8~n&9erf5i!~~t~Re*. ~.icr~ 
ar~ represented oy attribute links in the present version of SIR. 

;:: .' kA'i~~lV£o~d!to~~1~'·t~tt('i~ 1 d~fi~et'~~~~~~·l~~fy; a~~r1~'1lb~s 'r: 1 

~h i'''~~!~~~~~:t!~~g?f'~ii!cfig~ ·~twffi~ i~c;~j~l£. ,., 'Lc:i:;• r'c:,: ,.: ~ 
~ii) :A!}Yc~r;'iµ,~n;g~,atil<;>IJ.;.Qf ~,w~tr!'- 9~pw~tr ~·> ~·,·: :: ! . 5 -::J:;.,-,, 

occ~~:~~=~u~~,:~: ;, ~~:i~t; ~:~~~::~~a~t ~~f ~!~i~!i~l~;!:i:s~ ~f i~~'! ~~~ta in-
ing that occurrence •. , 

1 

A sentence =df a wff which contains no free vari~~~~· ~ u.l, 'JO 

b •. Logi~af syst~m': J -

.. ';l;l)e a1azews-i8f,_S,HJ.l .. ~t;e ,~e~~eJ11~e~L~~~q, .1HP~~ ~tiJl19a~~-~1~~~5preta-

ti~n,· d~~~rib~,p~Q,p~r~,~e' '.p£'.'.~~d~x!4~~~ b~~~~ ·:r~l,~fj8ii~~1a~~ ,~~~fiif~. 

t>;P'r:-. 
11~;,1 ; !I?-~~~a~t~pn~ qetween., ~4~ ~c;,,r"!'~~ops. :· '""'· ; : l ~,. ~:; .. : ; '. 

~--~ ---~, - -
~ . p, ! . ~ 

.1'-"· . <_; ;: i-



iO-S .:', 

·· 1 Any !t~ntet\t!~ '!rt 8!af ~itfU''iriff•tltrMtf fiitbjatr~teiteitcuttfH elfe" 1 · 

uat\daJ!i'. ftr8t.i.if.4et''pti!a1e•te' 1~ati6fdl':;hi\t'';''ttu~tft~Mt6nii ca!e~!us") 

f,j' 1 ~ut·f:ih:i' eteh 'E1-'4d~t:tfii!t 1~ttPHi 1"flld11 f6M<ibj'__;ti8e'6f:'fMit''·-:'; ·' o; 

eqd,~t i6'hs (i} ~ ,-tMS~i\itt"dill'ttfttif etij'-'n~" x1ht:)ttti"'·usuii-1aRt1~t:iott · · 

pf6~i!utif' of tfte(l\'datttlf.-f:le~ftMtWt'''t!ilclitulf::'itl 1 icctejJealle! c!eaae-1 }! 2 

t iott pt,rsc•!u:r~ii. iif !tat 2 ' thetff(i)t~, ;,jltYbtfti8id\'-pf.WIMi'; ft'Mr:s!al 

mt1~0'lxi·H~~ ~u'11tifi~att6A•i·i~atQitH''ifu~te ~1 lfieiWemf'cff1s!tt';';,.: .. 

..!•.!•, it is a i•t:rue" ia'!rttit.~• ~~ i!U';0pthti4i1f:i ''@M"i·->ai't<l itti•rtt!d:, · 

tntiJ··ai1 ~'.•~tt1ffi1 TI!!*attlie1s~ trtb!fi•~'~tdi ~f·~the-'t&rfet 9'4eL' · 
' ~ '·, i: ~ J j "i -~)t"'·~ :? ') f ! ·t .;; ~::td , .. , ':J ~i-c; . * • Of~,er( "!'O~ds_~,,,~,H'l, ~~r·tlfl~~~' rf ~ t~~ ,,~~~~!:~{1~-~~i~~~l., C.~l~~lUS ( 

This reducibility provides'tVi;'#l'ti\ iiti~~utiae-\Y:"tfiit thitllc»thlJof' · 
2~~ ('.:) 

qtisntificational calculufi, such .td··t~rWtttri8"m<tf)leKvat!ot\ ·; ;]"' 

··•;'(11:ft§'t\lt-atn~14u~4r&nii} ~'ll:'-fdt' 1 .~ha<W.e1Miet:Ir~~--~f1 IA:at"ir•;· t c 

'J) 

~?iWr$!1!.• ; r ii~e~~t~ ~1 ~~1 fee.~.,~ if,fe,f.~~~1~ ::f:f e,Jirr~c~. ~~~~d•. p>~ ,Jesr~na 

, F~~- ~-t<ti~tf ~t'~ItJ:'~~t~~i~~:t.~~~~11:f~~~r "ffl:~?~~ 'e~' ~~·-~· 
testing methods tdlittYtJ~' ~e!tdrtftWI ~ t:'(rf 'tl'Jlijntt'~i:r".~;·~f- ttbh-· 1

''' 

'; \ F 0 j i1_ / \ •• ~ ~. ; \ l (' ' ; ~ /\·.. l .; '.,· j /l 

stH:ute th~ bdi~l-~if~•'tttin .. ildttttl-tnt5 ~hlrfiiaif c1f.'tlie1 •~l'1tllz~ ""' 
\i'> J_ .-.' ·- J:"·,: 

semantic ihfbrmetion retrieval systtltnL.,;'J~;/ l& .. Mihi iflfit 

des~~1~f a t:dt'fii.'f lpijbrttl~ilt' J~~~ nl!~J~'lclir:a~trat·es 
1 , , ,_i,:,_ •. ,.~;, .. '.: ,~·~1~-1 :J y__d t"'_a"~ .~~lJ11 1 JJfr ... lG;::;,; ·': ·1r.;-~:1··: 

t~~t 'ii !~t!i~t~1f;~t~~~~ '~~It~ jp~i:t~1~~;~~~[~2~:, ~~~~'": --~; 
sehtences with respect to particular Stltt 1 ~.n:·. !. ~1 1~'efffhQfh\: ,'' ' 

heuristic approach Vill be described in pat•graph C.2 below. 

The f;tai m<>del is quite similar to the tfaf\iVffll,llri1r-·'t'Olii-i.''=• tit 

~' ffiti\:~ ti\Jb\he~ ttf1 '~bbjeee ~···' ~· ""'wlT~~· tty a 

firlt\:'e l:tilt of att~t~-val:W p1i'it-tf:..1 ~1 ~ ~"ti\it:~~~: ~ i• c, 

' ~j'"tt~4>i'\!ijf'c~\i i.flffcli- '(ts Yri1e ~f ·t:w~~ ~6;·· ·iori ;it'~ :w· 
a link which relates the describi!a object to another obj4!ct. This 
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latt,~ ~)?j~c,t. )~s n~ed i• ~~frr,11,,~Htii ,5oi;;~eftiS~Jr!i ~~ tq~Li~Y,~n. :l'lttri-

( ";;,n~~~4'!'»} ill, :~'qt~ori. G .I shat~ Ae~~~bge,,;h~bH"~~~!o0;c~~lHJfH~iR¥f~~.o, J ;0 

more pre~~~e\))• ,, .fot;r'pr,es,nt~urp9'e~ J~! ~~ t !\l~~!fT~!~ 4 ~f?8 a'}?~,,~h'~ 

thfbi'9f9~t iQP:-:~ai;~~ec,1 '. ~y 8~AA,,,at:~1!'iHHf-r·1~lik 8n~~PP,j'i~Y7 H,t, ~Jl 1 ~~[71 

SIRL.11JP~~~ (;·~ l?'L~xpr~'f~ed;Jfhf'!m.erJ8~~iR'ft'1~c !f'~Y~''' ,os~i~ .~~J?-~~:p.ce. 

, . .+~s~~ s~~~ru;f\I,, i~,_,~P,P,-a~de~~d. ~;~!Ji¥~~· ..• ~ t~~_qf'-n~fln~!r:L~~~ ,,ti\ 

ded~~4'f2fi-qm,;~~c,~fRl -~~~; 8P-fl.tF9",.Jnfe~~tgP<J:f9r~ff~ §~•1r:'1°9.r~J"z~. 

A d~~!~;PP.i p:r;w~e9~~ £or.i.t~~s1d~ff.fF~9 ~.9lt91f~,; "~,, •. •" ., 

i) 1 .~~~ JM~h §!;tribut~ i1?. t~e"~.J•c-:~1-~,115~ ~m1 f~~~~e, ~i,~~d 
expresses the same thing. · · · 

ii)' i.~f l A.=· th'~' ~onjun~1ri~ri ~? ali Hr~1-~n~~.L)f6~ncf'Iri'1) ana'-'of 
alk, t~,c~F ~}~-1 ~,,c;:oWJi~~orl~~~ lf'l\~epee,~,.,1H ,,,y, 'i ,, . ' ; .; n1 :,_ ~' '" T 

where »,-)if."-·~~.::~~·~e,,!>#,PS,~.M~e9,~ ;:::.:,,·, , , ;;;.;de:.~· ~,:,;· ,; . :· ,u;' 

i(i)i)-1,J?ut;-1 '1;11,E-~M-~r~r,~~'~),;rf~.,9-i~~,;,t'E~' F-~ J>J.,~f<fn~ ~:~~!\~:iyns 1 • . . . 

':!i~~~~~~ii:· .. ~; ~n1 jbe' th~ h~~~~]:j !f~~j'biJ~~ta1 'ti&~~~r1b:~in'·tt;~:i 
· ·' · • - "- ·· • ~~ !lff~~d-l\-JJJ~A ~:J.J'~~n&~cl>:, 1f.1~ J>J, 

the form ("°'vlM)[R[v]], where"v'ls any varlal>te~a'iia 1'18 any preaicate 
posariJ>..Jy,,4ffep#.n&,fn, v,.~,¥~ t-h• rtJ-\1~. ~""iunl.'!t_~~~ .... , _

1
, '·· . ., ... , .. ,.. .• 

R.[ o
1
J AR[ o

2
J I\~ ~·~·,,Ji(o TI -., · ..... ., "·i·rn'~ ~ ,,,n,, c · -·' · • •• · • -. '· 

~::c~{~~~:Jtig,ffch:, ~~~1:~cr~r~~J3Jr~A1Jif1J· ~~f:1':-~~eq 4.i:¥F't:: 

;ll[p'llN'~·.P2JV:-·r ... M,Monl:<t :.c-e · · !· .• ;.· .. ,;~-; L•:,J:.h,c:··c.l _ _,,...:,or'" 

~· ~~~~p~:m~~~' ~!i~r~~· ir--~~~f¥~t~1t~~fy~~~~~}r if 0f~teS?.:?l> 
with ~~j: ·ttR,~~e~,,11a~Jhft1:flUlff.~ .AA~~ i~~;~ :~h.P,-tttP 
be answered ''YES' II if ancf only if this final~ expresi1.on is Ii theorem 

of J:.AA ~S:.~~l .~~i~:'TZ r•; L'.1·J! J:;:"q nJ ·L:iq'1~·-: "' .1Y:'..<<;:;, 

'-:-; · .. :tl ::.. . j - '-( ' ... __; -:, 

' ~l:J •9gJest1Rffd;f.Q!ty.:,:,.! 1¥J., 4~~#~4;c:•Ye.i-.;""~cP\l!!<:,t.:-;-RrP~-P~~fl,~~' iiss 

a SW .JtJ,f, ~~Ch,:R~ .~t~:I·P,~ ~MJ'-™~:;:; ¥) th,~11 f~6JrJl 

~~&,JiSr,J'e~lAq_~, 1'¥3,~:Rb.JJ!~rP...,•.J;~ Ab~!lP\"f-:4,~q~eIJ?~~~ a 

---- -------------------- - ---~·--- -
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SIRl sentence. The st~ndard interpretatiop of an object-predi~ate 
, , ' : .. ; ' :. .. :'::.::J.:i.!'. ,·,, , .. · 

applied to an object in the SIRtmodei is tha~ the sentence obtained by 
. : ; ,:; ·; ')Cl.Gi··'·~; '-'; . .,. .'7~·· 

replacinS, the. free v~r~rb}.e in the, P.~.~.di,~at,~, ~r .. the object-name is a, 
, , .. « , ; , ' , ' J" " "" .',. L Lle • ..;. i ·" ·'· 

true sentence. This r~st1lt'11ttg';hlid'fd:e1~y~~~ be used as an addi-

tional axiom in any SIRl logica1·.aeK~c~ro~)p~b~dure. 

Object-predicates may be place& b'it th\Sprbplerty-list of ~hy 

object in the SIR.l model.· ":·Theit :phi:-p'ii.~sc,ilr'e' t~ describe tbb1re' : ' ' · 

properties of the ob~cf wh'tch cil\bo'tJ ea'triiy b~expressed 'itn.· t:·~tibi. ~~: 

of link-predicates1;·. as·j~~ffi.~"'*i8bc1'.1Hb'1i trith other objectil;. · 
;. .~. '·, -·1•J ...- : -~ ., • 1·.,·~n ~'- ; ~".>.i~:.r-:-:1'·'.J(~-:--:~r'. ,. 

ii) Basic relations: The "E." rel~tion occupies a special place 

in SIRl because of1 lt:'S 'b'onlfi'ir~t1~;_.ith2t<:.qu~ntifl~t~, and is treated 

relation "•" is also treated a~ a ~~~fci }i~Jation because i~tmt:~ty,. i,s, 
• f•r, ,~' "."; .~::.:.::.:._~._~-L~-:~-~:. :?~ •'}-·'" ·"•,' .. --~--~~ ~,_.!'.t d..,.'": 

a useful feature to have in a logicai.Jlff·~~\,~'~ed on the quantifi~~.' 

tional calculus. The SIR relation"equiv 11 was simply an equivalence 
:' ~-1:. 

relation used to identify when different objec~~names referrrd t9 the 

same object. In SIRl it, i~ sµJ,~.ic~~nt.f~·,~l1R~.~e the function of, ,, , 
; ' - • • --' '· • __ . :.... . '\. .. "1 "· ~ 

considered to be true if! ~it?ei; ~'! ~f~ ;:;t~~e ~j~J!) same sym.bol, or 

if "equiv[x;y]" is a true predicate .. in the.SIRlll.odel. 
I ;_ i t f : ~ ( .. , - f ;.,:, q ~ { .,,, ~.. L ; 

n;ie.predi~·t~~r~n T8ble cJ.~llow,th,~ ~~~ic r~lations and th,e 
' ·- ~ ~' , ·- - . _i , ;" 'l ' ~- ' ' . ~ - - ; \ '. -~- • . -. ·' :.,, ) 

obje~t pred~c,t~ neede9 by ~+~1 in Qfder ~o de~l with all the rela-
- . . . , ~. . . - : .. -~;- ,~~(...4~:;t;1 _-·-·. r:" !f'i: 

tions covered by SIR. programs. 

iii) Connect ioft i J;ten:aa¥'.ID•1Q!r:IWr11Attjp1s: ... tao.lttr~ ~2 
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 



~ .1 -.. .Jr :--, ,f -· 

Predicate 
. ·-::_~. rd. ' _; 

xt.y 

X""'Y 

ownb[x;y] 

rightbL~;yl, 

.•,~ -:;-i l<·.l :·' .·, J'.·3 .1q-.., t.;~:; u~1·hb1r~~Ja ~,:-~ r 
Standard-Interpretation 

is. is . ~ ~1~nnb~if:' 1~l>f~~ ~~k ~- _J ·_, ':' L ,fo "' 

·~ t .~ , , ·.:~~'i,, b~J'1C ·~~tf:.i r;_l 3jdfjj :~.~·i.1 -::·.~:·1 i ~~d ~ .. • . ...J G ;·-; 
Either.! and'y_ are identical, or they are two 

.id ~s,,M>r,,~Ne!tf~RP1~~fu-i <;.tr1·· '.fl,> 

) i .. : 

jrisP-fg!~f 1, '•·k·~ . ' 
) 

single~fJJ'.;; :j 

'' '.... . . ~ _; . ~· -" < ' 

,·,, .. '. ,.· ,, 1· 

..:_: l ', ... :, / 

xf:y 
' • l • -~ . • - » ',. 

xty 
.: .. :;r;·· ... , .. j. Yi 

equiv[i;;r·t .i ;-· ,, . xmy 

owng[~;yr 

own[x;y] 

partg[x;y)' ' 

part[x;y] 

•. ! , •• 

·:. 

\ . f ~ i :,.· 

right[x;'y] ·· 

JrisliU~;yJ' 

!. : _J 

'; _J; 

... ; .J' 

'.-• (~~1,Y) (~~)lb~bl~;~] ]'7 : 

_,, . clcx~xY[b~bl(i~y}·l..·I_ ;:;~t.la 

.: <~~~y)'{3at~)lparfb.(ci;p11 1 

, . -~. i 1 •. ' ; : 

.. ~ . 

.-. G~6~) t~irtbCai~1f'' \(; sir.Lt f.'. 2i ·' ['i: ' : . ' i' 

-~: l . _· ,, ; ; .. __ -!! ·: ! :r·,.~~~ .. 1; r,·ir!i ~·:; :~ j.--: ~ ~; ··-· '·1' ~' 

, (3aix)(]lsi:-y )[ righ tb (a;~ n A .• in8le lxl As fngle [ y] 

t3~ix> (3pt~lri~11~it{a~~ 1 j~~I~i~ t~j ~~In~1~ [~J 

T?. ;_ :1.: ._, ,,. , ) ; ;_·;;.ci. -J;~ . .:.., 1<J 
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SIR counterparts. 
r ! ·.c. ·' iq ..,,...~ {u. v -,er j (Iv'(;;.,, ........ ) (Mt;." '-?' )·, -! LT {'.; l~ 
, , -~ f: '· ~ ·"f;~ V_ (',.• - } ._.L~·j'"\_ )/'' ,._J. ,,I"• '\,1 .._ ,,.. \ ·- • ~ 

The SIRl link-predicate corresponding to 11partg(x;y]" in Table c2 
: 9'/ £ ~-{~ r ;.1: )'! c.i q 

has the interpretation, "Some.! is part of ~;LJ.1'JoM~•)18h1t~)'~ 

the interpretation used in most Sll question•an~~ti q 

iiR;DJ<!](xju£)(,:,~q'v')-(M~x'v') ib"" ('~'% 
"partg[x;y]" might equally well be interpreted, "Ivery.! is part of some 

:svl1l2nG~J s• q 
.z," in which c-.:it~JW;·.l~PF.~~.C¥~oHU.~bi$ill~4f\;, 

should be used. Actually the interpretation of "~Jt;,1B'uifll81_,J:a; 
[[f['( :;() rr-4-x~;.(,,j " [ [:.:.,:.; :< jq...,-, ¢.;: { \> :] j 1)r;~1\.;I).¢:::: f '{ix l'f ](~'{y)(M1:-< ~) I iJ : ('1)\-) 

in Table a.-, "An.! ia part of a .z," ia •bi1t1oua. Thia mnbiauity 
!:-\9::>f;:>;n::H~ U:U2 r1r>nl!..i'10 '(d D':-Jiiia$1t:fX9 ~•rJ lf.ir., o:JJ:j'leqo'.rq 9a~:1rf:J Jsif.J YJf ·1u~l 

occurs because the natural•language input 1yst• in the pre1ent ver1ion 
.r.:n.t:J'L'JJ: ;_ifT~ i'; >, ~•msn ,31dj ·~d b".l:.rnlq9-i >:>.i "<i:" !':dds!:ir.,,; bnoocf :HJ:! r<srfw 

of SIB. cannot discover the finer me1ninga of "An.! is part of a .z." 
j~c.sJ :_::r_-. 1Jll2. ·~~.ri.~~ oj \/"!£2:2.:):,)•)fj G'.:!OlX& gtf:t lIB :1(; jf!Ji n ;:;i· JJ :JldcT 

Perhaps the most 1uitable repre1entation for this latter aentence is 
IJ.i e10..:11n3:;,,,.rq no.i::t~;Pb3u JfI2 :?rtj Jo '(Ji fi:dr. f5JJl19W~flfi-t,oiJ?..>i1p Std:) 

a conjunction of two SIJll link-predicates 
n0 B9Ji:;~,;_r,~:.i·-rq t.'..ls.(·,_h; iTl')T 0t b9vl:rsb ":smol.v;s" :;rJ:i '.rOl jq9~JX".• , •. ~ ,_,i_dsT 
('fl P'-Y) (3aEx)[partb[a;p] JI\ ('Van)(VEy)[partb[a;p] l 

-o"Iq ri.1.ZJwb0h ,,J ~ld<.T nI ... :j:..:st<lo "l£f.u:>lj:rsq lo e:1alJ-yj'.1~,(jcnq :.dJ 
The Siil predicate "right[x;y]" waa interpreted as "'?he .! is to 

~rfj Ifj!:N ~r;i"!.i:J_:.H::;t9j.cr.r ~1nsz::;~1q<J1: .fJs CJ bas ~~r ,lJ-P tf\'""'l .. on 2::r.:rui).'1.J 

the right of the .z." This English sentence impliea first that .! and 
~0~: 1 ·~c;.;:-J(;:....:S"J.·.fo) ~~n: .... JJ:;r:.:x~Jttl 're" ~qvj i•s.l ,ano.1:1.sJ J,. ·t::,n JO''~\! 

.z are each. sets cont aintng unique elements' and secondly that those -
· • · r l •I -.,. I• · -i I "I • • ' I · t~,_qL: .19.u c. · _.; · ~e;w ::·HlJ 1f_:. :"":eas~~{.! n G n.r o:J:.)99n j:.;;; J-iB (~.rn~-:.lXh 

elements bear a certain poaitional relationship to each other. In 
·~.r .. ·;n .d ,,,:dt>T .b:rnu ~.,,, <.'.·.r:::l:':Ujnsvp-3 ·u~w '30:J ;;,-;r; (. ... ::1 sJd<•'!' J:)a:i 

SIR the apecial subprogram "specify" was used to determin" the nature 
11 d; r~qyJ , •2..·l ,~wcd::t£1.ci:r ''1£lJ:111.i:ail ns!7wj9d ano.i:jo1<n:0Jnt •r:r;; \J: LH&S 

of the sets involved, before the poaitional information was considered. 
~tl b:Jn;·~~:::;J.1 '3·1s ;f:,:~.1-ir1 ~7;!udJ !;)'lfi 2.no.!Jta.f:Ji"'s H::sIJ:m12" ,..2nolj~S"'f:JJnl 

Similarly, the SIRl expression must be the conjunction of the object
Jon :nr., 2.mni:xs L::.s:wlJlbbA .Hn:; n1: m~.!Jsf:)'.I ::;.izsd sl'.wl·'l s le ::>mi:.11 

predicate• "1ingle[x]" and "single[ y]" to describe the·- 1pecial nature 
anol j ;_; r .(·J .. r !L·-r:;:. f .ind:~~ q rr:3 :J~_4j_7~d 2. ooll~B Ej·rr.f J.tJOd.> o<.lJ::je:rrrol!:r.t ~ut:.~~>:J-d b'":i L.sBn 

of.! and .z, and the link-predicate whoae interpretation ia, "an.! is 
d_t .c:,~ ~~·-o;hs~u"iq .~-?.s:tt,.;fb·:1'lq-)!rLiJ as anolj_tn.t1sb '1"1sd:1 i1l ~1::tllqnd _>"~~ 

to the right of a .I•" Similarly, object•predicates, as well as a link
·lf::;rh4-J 1sq .'.'i~>.;d ';.;:; 1o \'jJ:vljlani:.'.l:j 9dj 'to Jnsmt:ij£;ja ,.,_ -zIJJ'~! 2.f 

predicate, are needed to represent the SIR "jright" relation. 
Jn ·:tm:J J s "1 <.:: s '(cl bs -rt::HHfr, :J 1.>dwsmoe , (rro l :J:J iii::,,, 1111: "o" ,,q\[, J a) n cd ·1 !Lt ,,3 

~~~>, jt;~!~j~!q~lf~! .. ~:: .. u~=f~:~i~r~~r~!:!J:J ~~~:)!~!~;Jo:~~ af~ 
defined as follows: · 



110 
'.' i' f 

P is synmetric: 
,..d(P~'..:(lf,'('IJCEHHVYffi){'P{K;;}4 ~<P[y;<1')1 , ,;J. :,.·. ·c, 

P is asynnnetric: 
J(P) =df (vxEM)('f'yEM)[P[x;y]:::>.....,P[y;x]] 

.; ',rf . ; \ ;.,,:_;·--~r ~l: ,;:~ ,_;·~·~)~f? - :·,1·:· ) . .\'.- ,[; .. -;_·.' ·t; 

P is reflexive: 
"~(P' ; =ctf ·(¥ xEM) ['PU; xl) 

P i&·&et."'1~eftex.iv-e-c<'- ,.,.. 'Pa: .: ..... ,; :: ... 

~{P) =df ('V' xEM) -('d Pfx){3afx)[P[a;p]] 
J~.1 ~-: :· ;~.: . __ .!·_,,. ;:l~t ( ~.1·:;~; ~,·~ ~ 2 :· .. ,~fi.1. -~_.d _t ·' i.::)r·:·~ ' .:.L< 

P is transitive: 
d'(P); ~f~ -(Y~K):(~~"'.EfK)l{'.111¥;)4'}\'Pl y;.w)~hc:;::wll· •' 

'lbts·.vn-ittuely-litittw:" , ,,., ··';,,_,.,!id'"'-' '-'~·:; 

UCP) =df {VxfM){~yE!f)[P[x;yJ=:>C'VafM)[ [at'y~"-'l>[x;a] ]A(af'x+.f'(a;y]]]) . 
. - :.':'.ff~r··.1 ·_, ::~- ..... ~.u~·,>1;_.·: '~-; ~-l ~".:;_t.> jc:· J.t[~q ... _t :·_~ :,'' t'"' ~~:it•~·:·:·1~r1 

Notice that these properties will be expressed by ordinary SIRl sentences 
;'?' , ,_ ~ r·,-, ·1:;.;.~···11; °?nq~Il. :i_-~~~'--.t.J~fIBl-.lL:'.111.J:~.:"{ '3i.'i 1.-.~ ··_;,~.-~.:{! ·~· ~~)~_;) 1 ~ 

when the bound variable "P" is replaced by the name of a SIRl relation • 
. :.~<J~ .,1 1 ... :~·.i;; "'f<)ty_(,l; :~rfj 'J.:;,\ .... >j:)r·:~'. ',,;~, .. -, ';.<. ;.l .. ' 

-~ 

Table d. is a list of all the axioms necessary to give SIRl at least 
" '! ,, .'., .·..J. 

the question-answering ability of the SIR deduction procedures in 

Table h, except for the "axioms" derived from object predicates on 
!. tl ' ;, -, ·; '· :' 1 ·y .~ (~ "! ( "< / r "'J;:~ \-_ .. 'V- ) /I\.. t f ti ; J: } ~:r ·-~ '1 t, r 1 j ( - '.:-' . ~- ' ·:. ~°t:.l ) 

the property-lists of particular objects. In Table h, deduction pro-
••. • .;: .. ' ; .{ ;.~·;_ ]_: -r~~ _-,·!e-«_:.. q ,;._:; ~; -~r'.~·· 

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

"E." or "C" relations, i.e., type "a" interactions. Correspondirtg 
·'· 1 : ~ ~ '1nr-~ n.n :Yui:·~ .i ., .~L·.):J ; )',.,~-- -~~ .. -.r,. 

axioms are not needed in SIRl because of the way "C." is defined 
. t·f; __ :·.J--~ : ~-·~1~: .~ _i ~- C!")•:J f. ~ ;:-. J _: _.___,_i '"'. _i 

(see Table c2) and the way E-quantifiers are used. Table b. no. 12 
; .,.< ·:•·. Ii: · :.:. . -.. ~-.ht,,.? ''·'"'.<: .'. .J'"1q:-1 n :ffr.-1·,~:~Y1qr.1 ~ · ··t.~-. · t }1 ·.t·· 

and 17 are interact ions bet~een "similar" rel_at ion.s, 4: •.!., type "b" 
1 ~~ '~• _,1;- f\-."i; ;:;,; !;:; '._;'.>:t ·.~l .(:·1:·~:-:-·i ~-:~~::;:\fJ'...~- ,-.· ,. _)1« 

interactions. "Similar" relations are those which are defined in 
'" JJ,) i: 

terms of a single basic relation in SIRl. Additional axioms are not 
" : '(., 

needed because infalnation ·about interacticos between "similar" relations 
j , , i' :· 1 • .: .... ~ -.; .) ·:'. Jr, I - ~<,. · ~ .:-:.: ·-: J ·' .. ,. , '. :c -a ~ r q ....... ~ r ~ , _ ;· .1 !Jr: .:.... J, • • 

are implicit in their definitions as link-predicates. Procedure no. 16 
, :-· ,..._,. '.1 \" ·· 1';_.i! , : t -~ .. '.' L!-~~.~2 t' ~·} -, .; :1: 

is really a statement of the transitivity of the basic part-whole 

relation (a type "c" interaction), so'Dlewhat obscured by a statement 
. ~::;: if, ;~-·· l ··~, ..... L~ .. ·r~;:: .. 1 (",;:"!:;{; : r.:IT~ l· ' 

of the interaction between the similar "part" arurir~a"rt-gn-re!ations 
I ' '' ,' • ~ ; l 



Axioms 

; ~ :· 

J 1 ~ ' 

Icrightb) 
.r .... ) ·1 t7r:v:i .. ·1 _ 

U(jrightb) 
;· : i : i ... : ~ 

.H.l -~ 

''.("' 

., ..... 

-~ i • 

111 

, .'. -. ~ , ~ ; . 

Discussion 

'Tht.s fact-·tflat';..._1t i.-. an' fHtUi._U,nde-~ rel:at~n t1 
not strictly nec4ssary in the axioms, since it is 
built into~ liegtcel<'~:.:;; ,,,,,,,_, ~1 • • • Fj 

! ~ J l 

cf. no. 8 and 13, Table b. These are "experiment•l" 
·*i~i'..WtctfithMll'l w~•·it• tlM _,.t:~ if 
too many excepti~ns turn_u~. 

··., .. ::: ::if·; .1 .. ''.:.tJJ_.;f :.1.:.:·rr:-1·_;··*_-Y-jJh ';~i. 

:) 

.£!.• no. 18, Table b • 
i .-·. ··~:, ... Uri 

no. 21 and 22, T•ble b., were needed because this 
· · ~etty"wtrt-·ttttaKft\!.;-~ , ri ' c •,,'."' · -. 'h ': :, Jf 

. - '.:t } ~~. E 

... I· .,.·; _j , _,'J 

,, ... , 

i·) 

. ·~·. _, .l 

:: "} 'J D:·L· 

'' . ' 

::-.; ~·..) I • .' • 1::.• .f 

/ ~ . : . 
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(a type "b" interaction). Interactions 21 and 22 of Table b. are of 

type "c, 11 for they are due solely to the peculiar property of 

"jright" which is expressed in SIRl by-'U(]rTglitb). Finally, 

:·-,·, .. : t 

sponding axioms ar~ necess~y ,:11;1 SJ.ll ., , _ 

Let me now make this discussion more precise. The deductive 

'.: ij• l ,::.'.J·;:;r.·.~ \.t;f,' . 

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

procedures, in ,Table b., are~ .a ~~ipt_iloJ\ .of ,yie operation Pf:~fms 

of an existing computer program. SIRl is a formally developed system .,.,. 
I ' ._ "'t '{_ 

which may eventually contribute to th~, sp~~iff Cit ion for a ~o~p~te~ ~ 

is already as effective a "yes-or-no" question-answerer as the 
·: ' ~) ' {; ~ ~ "'( • ; ' c ! •~ • ;L' f ; > 

programs described by the SjlkPif~~yes, ~~e b., then adding 

those procedure rules to SIRl cannot increase the power of SIRl. 

\,\ (:" 

"" ';..:t 

; t - : ; ~-:~ -~ <;¥.:.,._ I -. ,. x 1<.i , ,--;_~ j ." i . 1 • .-::-· \-:;· ~~ • /:·. • .. 7) 
In other words, SIRl must al~•a9~;;C1'n~n,,.i1,~e information avail-

able in the rules of Table b. To prove that this is indeed the 
.J,.t. -·~ · ,;::;\ f. /'\ !·:·;~-.:-.;-~~.::u.··;-_;\_:~:::7::·.\,,·-·3~:·:;,·~-~ .... )(1'~·1·.·7· 

case, I have shown that SIRl.~~t~e~r~oF~~s~ding to each of 

the rules of table g. are theorems in SIRl. The method used was 
, , .J 

to reduce t¥ Sllj.. a~i~ at'4J·~-e~•i :t9 ~~,guantificational 

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

tions (Appendix I). The ~11'.t~s;~ g:f.Nep1~rAppendix II. 

v) E -guantifiers: The most obvious difference between SIRl 

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, €-q"u'ant lfie'rs ar~' valuil~~~''.'bec~~·~ 'th~f' ifidicate : the' 

intEiila~k"iiltirr~r'·et'at.f6hJ 6'£~ S!Rt serit~i!i.~~s •· t~ ~ieflb~···l~abet'~ Finatty;· 

£-qti~ntlfierI' 'are:; ifu~b'Hant' '.tor the c6mputi~'"tiiip 1~i'itat16fi; of''' SIRt: 

'.t'hey are. indicators which relate the fotiiia'l 'jy.teii'1to11 ~·~tfi~Cii~r moa~i ,: [ j ·: 

search~procedures. Details of a proposed implementation scheme are 

) ;,)! .l 

C. Imp'idment~tibn' oi 'the 'C;enerai Que'~ttbh:;;An:~~ettn'~ Sy~tem. 

me, ·i.~ 0'i 'j'~fuantic lii't1>'triiat::l.'on' 'ref'~i~tit(;'iy'i~~m:"'~l~h cl!h f>e. aec'~'ffi!tfi."~''" 

as s'ht ~nCI ·:Y~t h~·-~;e 'tf\:~-' u'nHbrfiiity''~'~ k~iiei-·~1teY.·'~t t~~ ·siai 1)'fi:,~ff1tti" ''.' 

auat have the following components: 

i) a m0cl'el patt~i-n~a aff~1: th~'. sfttimoa~il ·t>ut:t'coittal~ii\g mo;£~' c'6in~1et'~ 
:l.bqjformat .. tiRli' JA\; ,i5s,. H~f.¥e!',·•n~, .. ;9~n~f1p.f,,..,,i,, Hr~er,c~l~r!L of:- d~~,. ,cf.!,~,~e;}e,,.:T o ec s. ·· ·· · 

ii) G.~ the"c;'f~~pr~vtrig' 1rro$~am whi'cl~'; ~ap'' d~t~i-ln-tite 1'teth~'r 'b~tt'1'tn " •:·.' 
asisertiio~t Jl;fJ!a; t.ft:\l·'~'f'~n,"'~~eo?a.~J,1~·f1 ,,fi.981•,,pfi,,~pt~., '·"1'fr (f~rr:9Jr, ig.Jo~f;:1 ; • 
t on n toe 1llQ e • · -

iii) a pra5gi·~f.d°f l~·~g~~ge fo~ I ~pe~i:f.ylngi:• qb_k'is t t~n;_ ~(iit;ettng !'pt:Ofc~a'~~·~S ! ! p· 
which are moJ9c:H~p_l~ifnf\l~p,3 f r.1f~p;;,fe,f~J..,9J.r:1 "110 ! :J ., •. ~ c1:Jr i , " J,, --.:. ;; ,: 

In:, r~pjt~.~~, l•~h,,se, C().~~~nQ.~-M JP:V.'triJ>e_J~~.~Js~~-1.~f,, W<,>fk f,9~~Jh~r'' < 

to foryi_ 9'., c;:9gip~1~t:.!, ·?J~JR-i.~n,; sisf~,:.,,. ~: 8ft!f le?~i d.~fl.ilft?n<i:?f, ~a;~~ pf, ·i, 

these ,C:~JJlPP!l~~·E~. 1 .()tI tl:\t PfRP8!,J~~ .. ~ys.~.rm?,~9~~s f~JJ-.~~J ~f0f.,~t?7 "u: . '· 

A., .~r9~,f,,~ :1=.?,. tr~.1fl.f 1~-~.~ n'fH~8J~.,c?.fs-f~!~Jrfftfp ~.?gf,~}1.,}~f~ t9~} 

rela1f,~~-~a,J t~pwr, ~µd,, f'• P,fgS:f,~f ~r~: ~'·?n~;1$::, ~~~;: f~}a,~fo.'?fJ.~. in_Jofp¥1Ji.?? J.?,_, ... 
the _~!};fl!.}~ ar~1 .alJJ?,.~~c,~!~,~JY::fP.W~,?{1{l1f,. f~,,-~"1Yji~r~.'r!~;1_c1 re~:tf?P.- .. , , .. 

answe~f~!!' ~~~t~; .. , 111-~,)a,tfer_; ·~·~·~e?f:~P:•,,P~f~ff.~~ ff~;i'~Ffft~~t--~p~~r'~" ~.?·d . 

all th~·t R"~f:~!! ~.~fhfi,~i.sr:. ~.~~:i ~},f~~,?Y:,,~Ya-~~~J-~-.. f~ p]~;L,~~Jlf~,~. t;a~~·~.~;-., ;j: 

j 

tion is a linguistic problem whose detailed study is beyond the sc,cw,~f u ,, 

of this paper. The trivial format-matching solution (Chapter IV) may be 
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used until sowe~hing better beco~es aya}!~b,17; t?.a"R-( fase, ~.· sh.a,P:.·~·,,, 

assume the avaUabiUty of ~ wecha~_ii:i~ .fof'.rf~CfPt,!,PS new JPf?n'18t.~~3 Jo:;_i 

in a form convenient to the human user, and th-!'!n in~er.t~ng cor!'!!.~P.pn~i~~r 

relatiqpal information into the model. i·' 

l} The model: As discussed in section A.2 above.~ one. objectiye, 9( 
. . ' . : . ·- ' ~ . (_: , -

this research is to find ways of using information stored in the model 

to control the operat;~o~ of tJ:ie. ~;rs~~mt, ,,i~b1c~ t\l;at f?-f~.~~-~~()~:·?~~\ P,~,11 

mo'1ifie9- mgst ea~ily. Si~ce tI;t~. 9P~!'ati!;>~ ·?fw~~y .F,':1.~,rem:pf<>Y-~.!1~ program 

is "contr.oJJed" by the axi()llls of :~h,e fo.~mal sr.steW, i~X~lve~, fhe axio~,: ., 

for SIRl should be stored in the model. 
J · •• 

TJ;ie SIR model consi.sts of objects a.xMt associat~d property- Us.ts. 
~·( • ("'. '}.: ; ',t -: ! r.. ·._' '.j :· .l '. J ;:, .- ' . ';;" . 

The adV'~ntage of thfs Dlc)del ·structure l~i:that th'e.'l)'t;dgram" us1ng the; ·· 
_} : f "·:. 

• :,._,'c 

model can ob~~in aq ~he information .abo';1t:,..~n ob:tec~ '., 1~uc.~ as ~-o~ .i~ 
1
is 

1 
, 

~ \,,· . -·.,. ..... :. ·~--' 

related to other objects' simply '1)y ref~triti*'·'to''~he')'6bjece itse.l'f. 

The SI.Rl axioms of Table d. all describe eitJ:ier pro~e.rtie.~ .. pf SI_R~, 
J_ r -~ ~- • • :.-:.~:;_:~:_:_.:..:~': •" '. -.• ,;·,~/ .' ,."'. •~ • •• ; :. •• .. •; 

. . • -\ , ~; ' . ! ~ - •...• , . . . 

basic relations or interactions between'b~18tc re1a't1ons~· The!i-e' 

axioms should be stored, then, on the pt61>e.f't:y._ listtr'i>f' tll.~1 ba'slc 

re lat ions which th~y affect~ In; th i's wiiy' ~h~' tb'eor~proving •program .. 

--1' .,; 

. ' 

of the basic re tat lons it is concerned' ~:tth ~ '~ticf 'the hutnan 'Cise'r 6r 

programmer wiU be able to modify the axiom s'et'"6yq "telling'' th~ system 

to modify 'its model~ without
1 

any reprogr'aihll:fng·beli-lg"neces~'ary. obj~(~t-i l 

predicates d·efine -~dditiona1 axioml:l 1which=napply' t'b'par'ticu'f~r' objecb1 ~ · '· ''% 

There'fore, they should be storect ori' the 'p'roperty::.u\:t"s' '(>f' th~ obje'cts 

involved.· 

-· . '~: ,' I{_ 
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In Stif, ·-a telation between" 6bjeh~·;ts>ri!'p?-es~l'it~a' in th-e~odei by.;..·· .. 

atttt'~tite2-titt1:1{'t>'n the' J>l'op~t"t:y~1i'S;fir'of"th~qi'j(Jed:~~ · 'Each" t-le'Ud:bn;' ii -

uniquely represented by particular attributes. Simple· (ltp·e11 '"a'" an1f; "'f,flil) 

inte'iabi il'5nl1; b~t,,een reilitionii · eati' t\ot, be'' r't'P'tei~nt'elt tJ.if H1e'fuO'lel~ but 

As hils: b'e~K sllowri~ tbe class ~6fo''Sf1l r•:lations r'ou~iy' co:tr'hpen<fs' to 

the ct'as'il t>f t;elatfoni"repi·l!seirt:ect''in 'Stttf by 11itt\'.i.p¥etticate1fr' '·£8'cfi '. 

link•preditat~','· iii tdrn',· i:'I d~fi..tted 1 ii\ teiini of1 8 ittt' \>a'iaic re'-i.at':lon-. · · 

wt· 'mhh;, Wow' 'dect4e; boli to· yeJ)tei'e'fi.i: ·tetationaf-''.ittfarot iOnJ ill' the· inl ' '·' 
1), 

Ka(:ll 'bas tc' rel'kt ion 6oultt b-e un1:qturtyc t&t>re"ht'ed by prltictih'r· 

attribute·ri~ ;·ltblie\ier ,' 'thas~ att"i'fbul:~s '~~µ14' nbl:' th! 'iioffiit~ti.i·;fo 1 ' '·· • -'' 

rep res.ht;; ra!i ! t-h'e tait~·'whib~~ ~iil:'e rep't••e'tttibte' 't!i' st1t: ?o:r! ~xmtip l.ta ~ 

the senteribe; ''l~E!ry b'~nid• i~i :p~:t:t· 'of: k p'eradn, ,,, ciou1:a: l>e' t-·ep·r~l.ent'ed ' . ·. 

in s:riif'"by tbi:atiri~ evtty bbj~~l: ;i!n tl\i{'t*}'l.t.'whthh':ta l'membeii'bif'; 

:-· the set f'h.~·nit~ 'lt' aha-' l fhkibg each' of. l:'htm" hr sdsnf;i mettab~t '.6£ 'the •'.s-'et ' . 

"perion~i' ~tt:h 'th'~· atti-tl>i.ltes tbr't~i.'Jib'tuitb.~' t<i·"th~- i>atftb basi=c' ir~la'.tion. 

Ho"Weve:r,; it:· fs not' H~ar '\mith han'di{ llhou1.it 1>~1 'pa~Hi' dt whi~h:j]>er:sons~i ' 

-· ,.,;·;,·. -, _ ._ , . : ... .. _.,,,,, . . ·., ,-~~i"i~· -,-.,, ,.,. ~Jl·",,.i ,•/ ··-. ~~·:r. 1 ~ 

and the' g'e'netal' fa ct eoncerhihg-han(is' alld:petsons· 11o111d be u'navallab'le 

for futuf~ akdti'-c·t i'biia ,''!~:&-~-',"'When: li} in~ itlaiVid-t.ull' "pe"t~bn1 ' is' infro;;.' 

duced into the model. (l . 

Alternatively, one could represent each possible link-predicate by a 

different: 'a'ftd.:'biitl!'.~~ ; 'rhe dt~~chi,titttages· b'f 1aticb- "a" aeheme wetild lie -
twofold: i ruh ,t.t\tuch' of t'h!e' flerttiil•fty 1'.nti-oduced- by th'e dl!riniti.on 

and use' 6-i:·trt.fi.k,;,;l)t'l!dicliltes vo'til'd"be:-to'itt.:, 'stmie spet1.irt'.'syntbobi WtJuld', "·~ 

hit(,~ to'' be' ssliigried' as a'ttribUttis· lfof eS'ch littkLp'retHt:ate actually'~'' 

in _ _,~· mo'del; ;secoriaty',- th~ i'.mpor't~n.~· -sti-uctUi-e ··6f the link:..predi~'ate/ :,.~, 
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.!•.!:.·, the basic predicc;ite a.nd E-quf~ti~J~r,s of which it is co~p(sed.,, 

would be undiscoverable except J;>y me'!lns. o~ s.9J11~. tiiib1-1e, l,09k-.. ~~. oF .. oJN\r1 ,,, 

decoqing procedure. 

I pr.opose that, coq:-espond..ing to .. the ;ittribu,~e.".'.~i.Wts, o~ SJ:R, $.pt'J.. ,;; . 

should use descriptions of the link-pr.e4i~:.•~e,s .. iny9Jve4. , ~:e !f,trf:i,1'.itlt,·· 

on the. property-list of an objec~ •P9ul.d ~tself .\le a. prp~erJ.y".'list. '· 

Th is s ubproperty- list. WG>.uld conta'41 sp~i41J ~f1:,rJput:.es whose va luelil 

were. the basic rela~ion involved an.d tbe s~r1ing, of..," £.-qµ~ntJfiers 

which. produce the i.iµk."'.'predicate fr.<:>¥1 t,h•t l>,~5ic re,J,a~i.CW:· .. ~Il ~di.~,hl?tu,i~ 

item on the subproperty- list could identify the argument-pas it ion o_f: .f!i,~ 

described object, thus eliminating the. ne.~ !f..AJ,,mo.re, _than cme symbC>l,1 

(corresponding to the attribute-liaj< 5yuib.pls ot ~,?.) fp:r .e~ch b~~ic 

relat;i.oD,. With this, representa~iotl: n,.o -N~~l>ci•l S.)'Dl}>.ol .. assr~.g~nt, 9f:: ' .... 

predicates to the model. Any link".'predica~.e +ecognhe,d by tJ1e iPP~ 
' . ' , - ' - - ,; ' '·,_ ·-·' - . ' ·' : ~. 1;_< 

program and based on an available. b'sic relatio~ ~s: fEWres.ell~~~le. 

The names of object-predicates,"~~oµl~)>e c;inot.\l~f k;it~d of. at_t;r,~J;>U~.~ " 

which may appear on S;t:.Rl property-listie,, Tb~ o'bJ~cJrpr~(iicates sho~l,4 .. 
• . , , ' ~ r' : , ~'' < ~ , ," • - • , ·' .• c • (, • ( •} -· •_) ~ 

themiS~lves by Slll objects whose P.roP;~f~,~-.l:i-~~s .. c~nta.in thei:r: d~f' iJ:li~ 

tions fJ-S SIR1 wff' s. In this way o)Jje,ct-pJ,edi~~at~s, ~iilY ra,~q .. y b~, . , 

defined or applied to new objects. 

In summary, the basic objects in t,~~' ~I.JU mc;>~l are, f.h~, wp:r:d~ 

which denote: 
_r: r_. \.' 

predicates. A property-list is ascfJoc:i,~ted; ¥i~h e~ch. J?a~,:t..C;,c;>bject •.. 

Attr;i.l>utes in the descriptions of ind.~~~A!fll~ ~n4 c.~,itss~~: ~fEt ei~hef t~~, 

names of object-predicates, or themselve~ property-lists which describe . 
~ ' l ' ,_, ; 'i l . ' ' ' ~· : t ~ ·~· f ;· . 
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link-predicates. If lists describing link-predicates, the ".?'alues 

corresponding to those attributes give' the other objects as"Sociated with 

the described object through the destribe'd link.-ptedi:cate. 'The property

lists 'of basic relations contain the axioms 'Which' scpecify prt>petti-es 

of the d'escrlbed relations. The property-lists or''Object-predicates 

contain the definitions of the object-predicates in° terms of stRi· 

wff' s. 

2) The Theorem-prover: In paragr~ :a:..-2 'libove' ::x~.:iJ;e.aented a 

, decision pro'cedure· for d!sting th~ trtith t>f ariy''Stltt· sentence with "' 

respect to a given SIRl modeL Unfortun~te'ly; >that· procedute is itnpt'ac• 

t ical since it requires the· enumerat i~tl. of every 'fi>'Sjeet' ·1:ma · every lin:K; 

in the model, and the consideration of evet'y kttt>Wh l~tcal truth in 

the course of each truth-test. ctearty' these ~t'ot!E!Cfu~eis' l<lottld in-

volve an inordinate amohnt of time. Ail!o', ! h1rVe'gotii{ to great lengths 

to deve1oi> a 'moaet structure Wh'icli enab1e:s tiie1 sYiitem tc>' save time hY 

having ihforination orga'riized and acC!eSslb"l'e ;:trl a ·(fonveti1:eriti way; th~ 

above..:mentioned decision procedure completely' ignort!if eh~ structure' of 

the model. 

Instead of an impractical decision 'procedure; I prd-Pose' 'tfiat SIRl 

use a heurist'ic _!heorein-!Y"oving progtam •(l"tY'') tor i't'tl''trltth·.:.te'Efting. 

'.l'? will start· its truth;..test.ing with the most i~Ie'\Ttnit''axiorii~f a.nd 

model linkages' introducing additional fat!ts orily ~erl .rteeded. The 

model structuire will d'ictate 'What' :comtitute1r ·~!rt: nh~vant·;n a's Will 

be explained below. 

" The best example of a heuri.stic theet'eni-prtWi:t\g: pttogranr in, Newell 

and' :Slniori •'8 ''!~ogic !lteor'ist'11 (LT) (2:7), s prdgrattt Jtii.dt ·p-roV'e8' theorems 
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in the propositional calcl,llus. Since :rr lii.ill. l>e m®eled somewhat after 
. ,_:_ ~----'"·L' .... ~J )_)_ ' ··,_; ··':'~- •!j:,: 

l..'X,., let 1.1s .. cons;i.de.:t: the i;eneral, b~h11vipr oJ LT. L'.r;~us~: ~e ~~yen ~ l~.~t 

of true theorems or ~iOli\S.' ~c:J, a ~t~~·~t ,~~~~1 .:'Pf?~;l.~m'~?. ~p~E!, ~r~ff 

is desil:ed. Th~ ~yst•~ tdes" to pr?ve thJ:? cf~tJt:-:~,t.a:~·~ent._ ~~,,11hp~i.!1~ . 1 

that i,.t, or s ~·. s.tat~ent. from. ,mich it can. easil,?': ~~ ~-~~c_e.~_,. is,~ 

substitution instance of a true o~at.~t;"·i Tlle .~J~: s.~;8~lT!1e.Pt, m~.t. ~E! •. 

either a theorem or a statement whose proof is easily obtained from tpe 

list of theorems. LT has several methods -- the principal ones called 

chain;i.ns, d!jt:effiEept, and r$1>\ae1C,9J!P~.,~· 1 £or . . ~r:e¥f.f~ ~~~·rt:~~n,ts .from 
' ' ' •.• ,...,_-.,-3'__~--- . 

which, :th.e problein st.atenJent can be . .9e.d,~ce,~,: aJUI- fpr. s.~J~t;~n_g "rel~v~~t" 
.,_ . - ~ - -~ ~..,_,' . - .. ' '•!.·~- ,'.,·.· ·--~ ;, __ 1._, 

~he.Qrems from th~,.t:heorem list. 

keeping t:rack of ~Ji:h,-l>roblems. ~nd ke~p,~g, out .• pf,.'.~~~ps .• " 

.LT was des_iJned: lat~~ly_ as a Jn04~1 o,f. ~· .b~par~Pr·A'f _¥~Y,~. s~pd~f\ts · 

of logic, and is. x:e~pn.a_bl~ s.u,~c¥:~f'1.l,as. ,_u~Ji-~,1 ;Jt; ~~s_.no~, be"'ep,, a
1 

; : 

very e-ffective t:~Q~em-pr9ver, ,p~rtly llef~~e ~t~. me_~~q~f1t, ~~~ s~lec_-

tion heuristics a~~ llP.t po)ierful<.~no~,,,._a~ P~f,~~~' ~-&,l11~e tJte. pr?J)le~ 

d~in -- the PJ)Opqsition~l .~~~ul~~- --, ha~ ~- .sJ,~_le clec~f,;~~9n _prq~edur.~ 
· · - · • ' , . ' ! ,, · , · ,... _ J _ l;. _; 1.: ·, . , ; ··;i _... 1 r., .:. ,I ~ > ; J ~.:- ~'; ; ' I • 1 - ·. -~-~: - . .._-;: : ; 

(46) which make~. 4n.Y Alternative .~ppro_-AA se~ we~Jt.. .TP mµ&;t deal _wi_th 
• · ' · .. • ,• ,, ; l l I .' , ' .. - ..; ·.'~ .: ~· • ., : _; - • ~ -. : •• ~ ' • • ' J , _ 

a more complicated problem domain than that of LT. It is concei:;~~.d ·• 

witp :JiJ d,~in ~antsining a p.Ps.s.ibl.y ),~g~, ,.al.t.pp!J~<f~ftit+e, .m~p~r of 
• • . , .• • • . ...... • ..j_ •. - " _.:_ :1• J. . ' . ..r • - ••• ' 

objects,, ;r.els~io~ .• and. axiqns. _ ~,l!~~.,,, ~}\(! qbiec,_;,~,C-~~4,- r~],ptJ()~~,. as 

'Well as the ~ioms 1118)7: )>e cha~&~ ff:OP1,, PJ:p,b~.~~dl~p~~·, }~pweve.i:) 

the a~tual proof~. :Rf S,Lll sentence~ l>y, -~ ;,,U.l,.,q~ t.he ave~~a~,, be ;, . 
• • .~;_ -"\ : ••, , •. l_I..._., •'•-'''~ ~ _,._ • l -•~., .; .. ,./ 

the hmnan mechanisms for recalling facts in memory a,~. 4qi~,.s,~i !5,~1?-te 

reason.ipg, not f();(, solving ~ol'Jlilll: ma:f;jh~~i~l, pt:pb;_~~ ~!o'•ilo~nt 

of elabora~e logical aj>ility in a -~:er ·~t ,~~ -~~~~;r: ~ .. 'M¥~~~!,t! .. 
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ment of our present goal: a mechanism for simple, human-like communica-

tion. Deductive methods similar to those of LT should be adequate for 

TP, provided we can provide a mechanism for selecting the "most rele-

vant" true facts from which to start each deduction; and of course the 

central information organizational device of SIR and SIRl -- the model 

is just such a mechanismo 

Therefore, I propose that TP contain the same deductive methods as 

LT, and in general be patterned after LT, with the following important 

exceptions: 

a. In trying to apply its methods, LT always scans the complete list 

of true theorems. TP should initially attempt a proof with a small list 

of "most relevant" truths extracted from the model. If the proof 

methods fail, the list of truths should be gradually expanded until the 

"relevant" portion of the model is exhausted; or, more commonly, until 

the specified time or effort limits have been reached. One method of 

generating "relevant" truths for the proof of a SIRl sentence S is the 

following: 

i) Let B= the set of all basic relations which appear in s. Let F= 
the set of all object-names in the model which appear in S as arguments 
of members of B. 

ii) Construct a truth list consisting of three parts: those axioms 
which appear on the description lists of the basic relations in B, 
those link-predicates which involve relations in B and which are described 
by attributes of objects in F, and those axioms obtained from object
predicates which appear on the property lists of objects in F. 

If a proof cannot be found, the initial truth list can be expanded 

by enlarging B or F in any of the following ways, and then repeating 

step ii): 

iii) Add the "E.:' 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 }ist which are more indirectly related to the test sentence than 

any facts previously available. When no new facts can be added in this 

way, the truth list will contain all the information in the model which 

may be relevant for the desired proof. However, I expect that in most 

cases true sentences will be provable from a truth list obtained in 

very few iterations. 

b. SIRl is concerned with the truth of relational statements with 

respect to the model, whereas LT is concerned with the universal truth 

of logical propositions. The ultimate test of the truth of a sentence 

in LT is whether or not the sentence is a substitution instance of a 

known sentence. The corresponding ultimate test of the truth of most 

SIRl sentences is whether or not certain links exist in the model. 

Every SIRl sentence is a propositional function of link-predicates. 

A link-predicate is true of the model if it exists as an explicit link 

in the model, or if it can be deduced from axioms or higher-order link-

predicates explicit in the model. Therefore, for the ultimate test of 

the truth of a link-predicate, TP must contain subprograms for eliminating 

(-quantifiers. For example, (\:/afx) [ P[a]] is true of the model if 

P[ µ] is true of the model, for every objectµ such that µex is true 

of the model. Thus, the E.-quantifier structure of SIRl sentences serves 

as an important guide for the theorem-proving program. 
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c. The problem of implementing the "Exception Principle," dis-

cussed in Section A.3.c above for SIR, is still with us in SIRl. 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 

~~ 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 off-quantifiers. 

iii) After a reasonable amount of effort, add to the list of truths 
th~ axioms and link-predicates which are next-most-closely related to 
the sentence. 

Repeat steps ii) and iii) until proof is completed or abandoned. 

Note that TP operates in the finite domain of the propositional 

calculus. No provision has been make for true quantificational deduc-

tions, such as proving in general 

C3y)(\dx)P[x;y] ~ ('\;/x)(3y)P[x;y] 
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Ther«!lfore. 'IP could :not, ~or 4'lU1~p!e~,per~~~):he de.r~"f~tipns .Qf 

.App~nd~,- Il which rel•t~ $!-a, a,d Sl:Jll •• i, Tqe . .,p;ro9l~1oT~. doeg at~aF~ 

is t;hat of selectiqg relev~l)t iafo~~iqq.,,fJ;OIP; a l~r~~' (i!J~th<?l:J~ , ; _ .. 

fiIJ.;!.te) ~~ore i;tl orQer tq, ~oxistr4ctt,p;g9~J! ',(~~~h!lPY• ,Jot cqu.rse,, 

a •l.ai~ar pl'08!'am, f9r q!-JJntific.atiQ~liJ~ q~dµc:tt~m ¥9u1d be a<wel~Oll1-~ 

a\fdit.iou to TP .... 

; ~ ; t 

3) Co!!Rlg .q!:fes~!9n"'all!:weriy; . ~~-,,o_f.~;pe, qyeff~i9ns which SIR 

can answer r•q~fe: ,the .. sys~~. ~q. p~rf9~ ;ipP,i;e . e,iAJb9rat.e, ~fo~a!=ip~, 

retrieval tasks than simply testing the truth of an assertion. The 

ans117ers. to <JJ.JS•t~~_,lilce, "~ow;piany f~~,:-s ,4p~,,!opp hav,e?" and, 

·~re is t~e l;)ook'l" ~at be, ~~~.'4 }?Jr, •~4f,~,t~g-~~~Jo.anieµl~t~, 

the 4-ta~ a;tOJ'e~ i~ .· t~ modQ,l iJ;i. order ~Q j. C.ff8S!: f pp~~RftaJ.~_· r.e~po~ses 1 

;Let us 4efiue .~ "qW!•.;19¥,.~Yf'" ~; •.:: cJ~•:iPf .q.ye~~+.C?~ wt;wse, 

answers are found by fol,l,owipg .t:ll:~. -~ c.q1J1P~~~al,1 P.~.oc,e,dure •,, - . - ' - .. ·, -- ' ·:' - . - -

~tions oF. the ~..p,ie .. type' genei;a~l,y .~U.ff:~·· #,'~ .e,.~hi c;>,+Y,f1~. by r~fer;r~ng 

to different objects in the model; those object-names are inp~ts"to the 

cqnput~ i~~l .proced~. In tj_l,,. pr$V.iQ~ .. s;;~t:i+-9~!· "~"hay~ cQ~,i,~~r~~~'- the 
.\ _: - , .· - . · - - . _ ~'- .; -_L .-:1 ;: r;:._-.-,~ !--,,1 ~~ --~.;-

spec,i,aL 1:-Y.ff of ;•J.l)'¥••of~.Q.0 11 4ue_8f: ~~ •c .. ,~_; s;a, t.h1.s ~1,,.~, o.;, 

questions was considered to be made up o.f ma~-;; eih~r~nt question 
.I • •• ·- ~ ' :i ~ .' 1 1 • ~ ' ' l-.\ 1_ • •,. ~ ., , 

type~ ~ one for each S.IR 1=~l~~n, '"'"d•nd. 9 ~~F:~t ,.~;-a. co.H~s?9n<1Jn&. c 

" multiplicity of computational procedures. In SIRl, the computational 

Howev~r, TP. 

requires as an :l.nput not just' the name~' 'of objects'' but rather' the 

complet'e 'sIRl sente~ce which corresp~~d~~·to the question. 

'f >' 

Unfortunately, no other SIR questi~'~ 'tiPe~' c~ri l>e' combined e'asily 

for a more general system. Each questiorl type ~Jquir;e·ai·~ d"tfff!rent 
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ptocedtir~ for searching t:hrodg11 the n~two'i'k of Iirtks, identifying 

usefdl tn.fdrma'tion wh'en it' is '.fou:i\d," 'anl'mawtpu'tat:ing the fnf&maticm 

t'o produce the · at'ts'tler. Computer 'iff''dgfsbilf.ng 1fkn.gdages ar.e we 11 

suited· ~6r specifying comptitat:i.drlal Jlto~e'dares', arid for re/jsous de's'cr'ibed 

in Section III.A, the LISP language was quite con'Yenient for S'pec£fyi'ng 

the compt~ qufft:ion-an~ing pr~eduHs o'f' stiL' lrawever, ' .. ~ o~ 

attempts to enlarge and genetaH~e S'fit ft bt!dOllles 'obVfous that these 

prdgrriis ·should 8e ~ere easier to ;trite and easier to undehtartd 

wn€t~\rer 'pdssibl~. the full genera'tf'.ty of.'LIS't' 1'1USt be kept availa:ble, 

sinte new question.' ttpes may requite; trt tne ,an~•atitng prdC'.u!ss, unanti

tipated kinds of dat'a manfpulatiort; bot' tbe tfei.f:tces' dea'eribed betdw' 

may be used to sfinp:Uty the consttud!on of 'q-.uestictn~ans1tering progr.!hns. 

fri) LISP, the· flo-w of control withiti i:l' 'progtdi'' ts 'ndtiliai:iy dete:f

minecl'by spebta1 ftinttions called "-prediciites.u· !'h~ tis!' !iysteni.· 

evaltiates ~~C:h ptedicate aci:!orditig to 'buiit-tn or separately provided 

evaluatiOn pr6C!edures, and chooses the rie:Kt operation t:o pet'fOt'mecf 

accordirlg to Whether the value of the prediclt~ ·is t•T0 or "Nit" 

(correspond:ing to "true" or ufalse"). the Slltl ptbcet.iur~·speHffc!atfon 

languag~ should be siinilat to LISP, but l:lhbuld aUo:alloW' the use of 

;an additiOrtal class of· ptedicates: n811lety, atatefnents whose ttst· .;. ' 

values ; ~re "t0 if a part ieular S!Rl sE!ntence iB tru~ with respect 

to tie modef, and ''NIL" otherwise. The p'tocedtire for evaluatitig 

thes~' additional predicates would be just the prot:edut'e ordinarily 

used t>:Y'sra·fot: d~termining the truth o~··stii sentertte's~'t\mhelytt'~ 

Thus the' full 'power of the SIR "yes-or-nott type oif question.i.ans-Wmng 

procedure could automatically be used within the prbct!?dtire fo't 
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answe:r,ing a more coniplex type oJ que.at~~~ :iS,u~q~ie, Jl;t,~t ·,h"q ~,lWit£9i~i;~1e 

of _the proced,ure for answerin~_,the q,~~.at~qn,,,'~,~- i,,~l;l.~:,J~i~tiye,, :;• 

position e>f ,e?" ,it is dtlte:plli~ed -~A'i_t ~).lil:tt•f.o. the.,,.fr~~t.}?:~ ~:1~%~, 1~1~)~ 

, , that a:.!, is to .the ,right of l.S• The .PJ8<;~~~{~,. co~M tb~,~ .. ~ot}~~i~.,~~~~ ;: 

·j:, _'. 

where A and B are ~ocati,o,i;i.s of 'ppr9p~~'-t~.nt~r~\l~r .Jqf,~fi~CF,~o~~r;i.n , L 

the procedure. The p~oc~dure wri~~r _qe~4 1J?~: £~1il~ic;l~r ;~~?!.:~o r1M~~~~~ 1 

the -que~tion, "Is-~.! ~~!een ~ 1,~cl ~1." f~r;TP ,~~11, ~Qdt;~'~r/<?r -~~[i,,, 

_,_._As.~ ,specia~·'UU~Mc~t~on of thi~}~~~Gh~~-:f~~-~o~,e,4u,~e7:~!~~n¥!~rJet 

us ,cqnaide.J; bow to o~~ain "noJl.~F "s°"~t+~~,~~.fl;n!~tffs.,~0~~1,1~•tlg':l~q9~ 

the_ "yes:-or-i:w" tr,pe. The . ex:iste0:ce .c;>,~- eepai;at! J:~~P,'f~' f:~f .. e~~h (LG 

relat~on ii;i. a!Jl PE!rmiE~ed the ~onsfc\e~~~~Qn pf ~;s~'59ia~r1e,roP;~fSi~' of the 

relation_ in d~~'ni,;l.uing l:Jn ,tijP,fOP,~i.a~.e: ~f!~lY,•,n: ~.,~\lr ri.e~~~'-l~~e~ 
' ' ~ !l i 

systein. !U can J:eply. "yes'' . if the SI~~,,a~~~en~e,J. r~R~f;e~~~gd~~8.i;f'?, ~-~e 

que11tion is. provable; otherwise the feply ,must; b~L '_';l,mJ~fficteI.lt; 
........ ' . ;: .' • \ - • - ·'. ,_,.,, "-' ·._;·;,·, ·--:.: ..i ·:.."•:._; .. ~\ iq t~·,l,' :1 ... ,, ~· ~ 

informat~on." Alth()ugh a "no" answe{.,c~w;10~ ~~ op~~~~~ ~Yi 'll 
directly. we . .£.!ll b~ild into tP tho. ~pil:l.ty to. w.ak~ .. a-:1~ea,~t~X~.,P~~1X) _; 

if. it dett!rminH tbflt the sentence ""f.S is p:i;:9y.1(b.h;. }?u«i;, !'lo 1 gel).~J:'~L . : 
. , , • ,·!) ,~ .. ~\,..t 0.1. ,·' \:{.~ .>.":':,,~''""t!,:..J.LJ., 

change t_~ TJ,>. can ~1;c,;>1)~t for •P•~ial .PJiOP•X:~!~~ Rf +t!-divf~~~l if:~~~t,~~ns. 

Howeve:i:, this flex~bility. of _SIR is.:r~cqveE~~ ,,in:; t~e-1 'e~~atJ~e1,;,,;, \i 

llyst~.,. w~thout relinquishin& al}y o~ t~' ~qVo~i~y .,.fl~ ~~Pi~E~l!~~ ,~~ 

of the SlJl!-; fonial:l.11n. and. the Tf p~og;~,. bY, t~eE·\1·~ ~~c~ ~t,~F: P;~~'"' 1 

ced4it~ea !"F!itt~J;l in.? tqe Lf.§i';-pius;T:P sp~cifM~ti.Q~,~ .. l,Pllf"e'! > Fp~ L·); , 

,exmpp,Je, the. px-.oc;::edu.re .(or an.s~eI'.iii~. t~. que1t~J?.,_, ~:~.,Ta~ .!.t a.,~J". ,r-

might ~-:as fo.llows.: 
··_·;1 

------- - ------
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..!£ ('/atx)[~y} !!!!!! YES; 

else if (',,' o:~x)["' af!y] then NO; -
else if ('1'a,y)[o:Ex1 then SOMETIM!S; - _........... ,· 

~ (INS~F~CIENT INFORMATION) 

There remains the problem of i~pl~nting __ t~e specification language 
' '. ( ' ! , I ' · -> ,,-' ~ I 

;:·· 
When TP is available; it will be a simple matter to 

·: .; ~: _ L ·'.{ ' ) - '( .. ,. ,·~ 
c>n a computer. 

design an interpreter which would route control between Tl' and th·e LISP 
~- f ~· ' { 0

\ ~ ,- • '. I '. '([(:, _i • ' ~·"".('. , ; , ; ' i )' '.!i.' • 

interpreter. Whether a compiler for these procedures is feasible 
' J ' . ) ) ·, • ' ' •.~• r ' • ! : ·; . -

. ;depeI\ds ~n many factprs, includ_in$ ,th,~ fr~ci~,! ~or~, of the TP &yste~ • 
. . .. , . . - -.· - '--: .. 

The point here is that implementatioft of this procedure•specificatiori 

language, a key part of the generalized semantic quest.ion..-answerer; 
- <" • ;_ • , __ , - :_, ~ ·: '' :: ' • •• _: ': •• -f' (: b ' ; . ' . :··J ~:,; -l. ' 

.!! ·f~~11~1'e sf t:h,e
1 
pr~en't: st:ate" b! t~ f~~~~f'"_ ait. 

,_:. I' 

In summary, a simple formalism has been presente~ which adds to 
< ~.J -~ ~. - ( " . .} ! ~. ' ... ~ ?. . . ., ; l ~~ 

t.ISP th~'; tt~~hti~; poW'er o·f n.·,r:tPtf*-~t;~~~~tffi~·ticrifi 
;/ j'.' ' I .f~ "~'. o ' ~-'.';:, :. "_, '. .i ~::• .~.:--~~.~- ;_; ; ,:-'. ·, 

: l . ~ 

language, together with the Siil formalism,. a cor~~!O.I,l~iin$ word-
_: G'-. - .: ; , ; ! . ' ~<_, · · \ ··:~i ~ --.:~ ·._ . : l --. 

assb'eiation: md~l -attucttrte' and' the" ff' ti'uth•'te-tfiui- prbgnn, e0.ni1!'i"'); 
i ·' _:_•·: < ;,_. 1. •·• : ~- -~c:_.-·. .·.' »-.::~~\_,,.-' .-·-.-· ; ·'. f·~1-.:· J«: 

tute ·the' bdi.'-a fol': a ""i~t,'!"lirizeai• j~lh'i!lAfc:ffil.t'ion t-~tri.e'Vitl sy9tei. 
• .. [· . ... . .• ,; '' ' .> . .. • .. ' -- :. 

On the basis of information. gleaned from the develcpnaent .of SIR., I .~ave 
.; i ·1 , •' ", • ! 

beet\ able to d'esi:'t'ibe' thu· '"'ge~r&1b~,.•·1.tem· ~C'fr·lta~ all tfie 

questions. More importantly, new :t~lations can be added to the 
· .. -' ~ '. . :' ' 

modi f'ied 1 ri thoot? tidy ~ef>W>gr abmfiili; ·. ·ilM ''4ud'tion.'atdJWftll.nl · pflicf!d\tt'es ·· · ;-: 
.. ,. . . ,_ : ' '. ~ ,. i ; . • \. '' -. . . '·. _:» . ., . ~ . ; ~ :.... -. 

can be introduced and modified much more easily than they can be in SII. 
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Chapter VII: Conclusions 

·, 

:-, . 
,<_I 

,; .. ·'. 

A. Results. 

1) 
>:_Y,·~.:·."''~ J.. :t·;~_.,:. U.~· '. l··. __ ~·:~.J;~',::f.::-\ .. ,/) ! ;. ';.;.::, r·, 

Question-answering effectiveness: Chapter I described how ___ _ 
i~··.-:tTT/1;'1}!f)';r;·· r "i'V~:1 t,)_r··r··:.:_;.· j .-~\~: 1. _ 

question-answering behavior is a measure of a computer system's abif~ -·--

ity to 11 u'nderstand. 11 
_ , .. c,·,; .. 1 :~~- : _;Jdu1q ~.:.~-: . .. ~ir:.;; :;,_ ... :r .·i:::rl'~. 

SIR represents."meanings" in the form of a word-
i . ~ .1~ ~-,;·(;,_~ _i.i_..\!{ :<~ q1 .'.i,.J!fW ~·-i:~·J ,:~:· ~: P(. 

association, property-list model. As a result SIR is more general, more 
~., ~--. . : .: - - ·._ .-;_! : b~i~:_.-4 ,_f:) ~-J-.;,? ·;. __ ,·_~·~) rrr: ·1.,,. :1 !·._. ;_.,~:; r'.:°,:..:b 

powerful, and, judging from its conversational ability, inore "intelli-
.- - -':< ~.1 .. : l~ ; -}_j I: (i::n:.:t·) f· ·-.r::.·- .J::J::-,i~ . ;~~,-:-~···. :~ -;~~ti.t 

gent" than any other existing question-answering system. With respect 
.; _; ·_:,-~ -.d.J :.:~~-! ~:-=.: ~ Jit ~- , :- -'.(.J::q. 1~ iir:..:·1 :;u :~L-.i·! ... ;Q',';;:1 

to the fundamental proble~s of the other systems discussed in Chapter II: 

' t . ( .· : • J : • .' .< J 1 . . ~ : i : J J .1 £:; q .! ..•• ·~ ' i. --..., ~- .:_- ij .' ~. ; ; t--~ . i. 
a) SIR is not limited to a rigid prepared'data structure and corres-
ponding programs wtth sp,~.(;J . .f~i8~o by;Htr,~:n,~ 1~bg&,~~j.o~ 9fiJ'~-,>..I 
ings" as is the "Baseball" program. Rather, it constructs its data ---
structure as information is presented to it, and interprets "meanings" 
from "learned" word associations . 

• · ; ~.•:·~ ~~ ~'. -.. . .. ~ ~-~ ! . :_ ~ ·~J ~ ·.:dJ '~ i'rr· "T·-7dJ~F:: \ j ;,: ···~-~r_.v:5. bl 

c) SIR, unlike SNY'i'HEX, does not require grammatical analyses which 
bece>lfl.~ ,JnQre_, '~-t~,.+e.d, '1319- !fl.Pr~ ,~~IDf~i~ra;ef111 *s· ,~J§Y-f:H~mr ~1'*'r Jt> ~'72:. 0 
stead, question-answering is based on semantic relationships, and the 
pt;Q~.;-~m ~~i;~+we, c~0 be<!;impliill.f!,;lllhi~•::.f!Pil~ .;~-,'JCP,p§stffs~·e,Jx:1 
system in the manner described in Chapter VI. · · 

-~ f , :-. .. ;. . . ; ~:r. ~-~ ~)':1:-.- •• -::..!.: !:c~::"£.-.fJJ"Jl.J'l!:i -~-) '-:: 2.L- ··_;1·~j ·.ii) 

d) The SIR model is not tailored for a single concept like the family 
relatio~bips of ~AD:~~·: .. ~ve;"' .. tNaiff~r!.Ytrl.i~l:!l.~tH-ra_,P<fg t~:;d 
model can easily be used to represent .various special-purpose models and 
thus .t;ak~ a4Vfl1t-S' of. ,th~ir. ,b.eaji~"~ -~l'-:i ~qi~~4°*1 J:~:~@r~-'. P..fn p 
.!!lY relational information. 

; _ ~ ~: . --:)· ~~;;;_ ~ J:rJqr;l -~ 1 ~_,; .. _ . ;-.;; 1 ) :_ }~-: _.:._!l"J 

e) The SIR system is not restricted to testing the universal truth of 
a compl~te stateme~,..,;eg.,,.rdle•• of tq . .-d.,§.aj.Jp.gs0a.f r4~•;:~@mP~fn~ie-,:11-M~::' 
is Darlington's program. Rather, SIR procedures can be devised to ans-
wer JU:lY .. fo~, of. ~.tJ,()n, a~ ,t~e1 )*s~-~i~f.,,~;~AW fRs S~~~:l ~r.;~P.~t ix> .. 
"knowledge" as determined by word associations in the model. 
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!) Although c<>nceptui!llty 'Sifuilat t·o'~-tt•s ~'rd 'telatiorr' syttmti.:, 
SIB. representE1 a va,st i.mprov,ement in th.at. its list-struct;ure mod~el 
pemiit$-':1 'Citrect r'epriil?erh:8.tidti' :ror'(~~\it1~iYJiwbdf nt.itl~ ;" tfit{ ,,. 
system ce~t;~~~CJ. Pt'9~X:--~ f~1;.bandl~ng ~f!-~r~, ~~~.fe.~nl .~la~ .. i_o~ -~··· .. 
th~ir 'i:nt~Yactioruf;' 4ttttr 'bOtli' input fc>':riita~ls 'aha pt-btrimt'ltiitc·'·ttaly eilltfly·:.· ·. 
be modified. 

·.'"'1 ~L; u -.. i '. _.-:,, 

'i- - _, ; 

.. '.~t. R~I\~~·u,on I ~,,~a~ra~: ' SI~ -~.!?'?-d~~" 4r :~r~~~r~.}<>.f reason~ 

abl,y,Mt~~~~ _col;Dl!Wnic~tion between J>~~J~~ ~~ c~t1,~~;i;)s)-, , Al~~o~,gh . ,:i, 2 , . 

some~~ .13~,ilted, bo~ ,t~f .i"nput ,and the.,r~~J\ol\s~ ~~~1!.~ usied by,. 

SIJl are s~~~iciently, p~q~e ~~. ~f1tp,ral B~f.~i~~h.~~~ f.e e~s:ilY. u~d~rstro.od_ 
.~ ' ·' , ''·" , ~ r , " • ; .\. , • , ,_, • , , ._, _ >,, t :~.:, ' ~ •, _ _.. • , ,_; , . ' ,_ 

by &I\ u~~~~ifled h~umaa.. ,T?,eJnput fo~t; 5~~0.~pi~~o~ ~fp,,~~ss. p~ed i~. 

SIB. (Section IV, B) illustrates how far one may go toward "unde.rstand-, , . :' r . : ~- : . . .· : ., 

ing" natµF~l lan~~~4!, ~n th~ s_eµ~e o~ i;:~~o~111z~ng ~.rd associa~;Lpns., 

wtt.p()ut .r~~ere.11c,e t~ sr~a:~icall,.st,r~Cfl-J,re.;. O,f c~pJ;,S~'h·.!s~~r .. a ~~he.me 

canno~ .. b~ '*•~~er~U:zed ,~o cgy.e~ an;yJ~_rg_e J>.p;rt~p~ o_f ~. ,n~~~ra~,}a~g~_~ge. 

It was used here simply as a device to get past the input. phase and in~o 
' ·,,._;; ··_r <~1 .. .-~ , : ' r LJ :·. L .1 

the problems of representation and retrieval. However, this format 

matchin~. p,roFess ca~ ~asi~}7 _be exp,ande~ to h'11}~le a~ s:uf.~~~ie.~~Jy r 

sll18ll po~tion of 2nglish. 
~ . . . . . . . ,-. ' 

Eveu :1.n. its pr~sent pri~i,ti"~- sta,te t:}le prqc~.s~ is no.t ex_ces_~iy~_ly 

restrictive to the untrained user. With ~ti~ p_r~~ent _s_ys_tem,_ th~ u~.er 

could be ins,tructed to present in complete English sentenc.es simple 
~-.:·' '. ", ";:' ·: . -~- ,. ;:._• , . , : ·~·,.; ··; .·' r~.;.--··. ~·'"'!; ··:<'.'. ;','-> . : .. - , 'v" 

fact;s and que;;tions, 1:1nd no.t to _use any sentences~ wi,th subordi;na~~,. 
, J , ' ' ' ~· _, "> .; ' :;. • __, "·" ·- , -~ .... ·~;. ' 

o.laus~~-' ,ad;j.ect:lves, conj.\lnctions.,, ~r, ':~s.. !hese .se~~ences ~y ~ r:"·· 

about cl~ss relatiOt\S, part:·wh~le relati~~s (po~~ib~Y, ~J~;volv;in$ pum~rs), 
_. .·, , • ' ' ' < ' ~ ., ~ ' • .,• .) • ' •• - • 

possessia~s,, and left-:_to-right,_, Q_~derin~ .r,ela.tio~s. ,Wh~t\ UIJed in a 

Hme-s~aring envir,ot\lllent (11) _in ~ich e_ach s.ente~ce rece~:ves an inaedi-

ate response, the system would have the effect of a "teaching machine" 
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in traiµ~~-Jt1JJ. u_s(er, to f;~strif~- .J,liffl¥tj/ .frPi it'..,FP8PfMP~e".~m~~~"u :r.. ( .' 

forms. After.~ J~~ .. tfi~t t}ln,a;,~fl~:;~;pg~"r;f~:·~i>!; a~{P!.{·p~~~ ;,,.~~~ 
sen~FRf·e £~~ ~iph. f ~~~~nftl' ,ti,;f,;,,;,' th~fl~riiW-fu~~v~ ~~4~'. .~~~~~f .p{ ·; ·. 1 .: ~ ' ; ~ - ' ,: - ' -

success for the next user. If this training process is too s1<;;~/'d1e'·' ~., 

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

fer i:~ an' outline '()£ ~va.dabi~' l~~t~I:~ be:fi:Jt{~~~thlf~rtk-teJ,;hts 

to SIR. Theke :pro·c:~:ss~~ are much 'simple~ th~~; {~a1tritkg' 8.Q~tJiro~r:.i11i!!Ihg"' Le 

languag~. A sorted ·1'.i~it '-'ol tbrmats anli'inot~11s~piihiPc~te"cf' s1nl1f~rit!}i' .· Y'l-~ 
,_t-,-
' _., c. tests in;:-the' match'ing pr~ced~re' l~ti:1l'a1r~; tlik ~itJiti'on''citi mahy'~mof~· 

formats t:!c/'·t:he. syst:1~1n with rl.o t:o't:r~8'M>ti'diri81 ·l'nc:r~1ase Yt t'tu~Etr~q,ufr~cf'' · <: 

for ·:r~cogrii.Hon. 
'.At: the output ~rid' the syste1~t <fefuohijtraf'~~j {h1at 'irtritetligen1t",:::v~-'' 

spons;es· ·a~~ 'trequeritly .Pos~'i ble WitM~u't:1 2arl '"e1:r.~6¥iit:~ 8e~ne~lit1v~: ~1r~!r:; 'ri 

88 lotlg AS On:e CSttantfcip~t~' tb~ ela'°Js~SHO( ~~~~~~~~-'·arici·J.:tr~ ~~ck:L•!•,~:· 

(, - ; :' 

3) 'the~ ~o'del :' All importa~t' fe'~tur·~- of' srt{i<:~ .. th~' £{k2xtbility cif'' 

the property-list structure of the model. Indepe'n~eider~\, 2relate{f''fac
1

t~-r;; 

can ·a~tomB.ti'cal1y be added to 'or' exc~·~'°ct~cf 1(.f~ 'tbj~'ic~y~1t:\nr;' and th~ ~ame 

data may' b~; expres~ed {h ~cire tb~ri on~ ~y.'·: ;, :. ;:,·r 
') : _-; (_. -

Sev.eral existing comp
0uter1 sy'st:'~fu'.s1,: ti.ir~"':i'.rfi'.iie' ~eserifation sys-b 1. , •• 

tems, permit dyn~ic
0 

face'.stor~ge' and re<;tr:Civai': 'ilowevei-, t:he'f d~pend" .. : 

upon the'. ;:use of fixed,' unique r~pr~se'ritai~!~·n1s' ·£gt- 'the 'iiif~~t:·:ion 'in:.:.:: .. ,, 
, '.J -1 , I• ' • · " ' . .-, • : -, ; i: •" t _,, ., · ·, -r, . ! 1·· t .. · , .- : •, ' •{ 

voived''. '·In 'sn, .there can be many ·represifntat:ions'-i '4tiich ·ar'e-''equa11y , .. 

effective 'in proV:idin8 c~rrect ans~r:~:.·~· 1:'}.'.,g'., ttKe' 8-ls't:~rii t•ienow&'' t1iat~,,-,c: 

the 'st~tement, n,{lfnse·r is. part: of ':rob.~1 • ts i.lrJe Yt'(&) ther~~,i~ c~. 

---~------------ ------------
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e·xplicit' part.l.wtiote link from r~ 'to'\l'Oft'N; oi.' !f''(b) there "·a·fEF .I. i i I 

link11 by< means of Which• the· retrl~vaFpi6gH:titcCiiin' ai8uci1 ffiae:i~ ftitger. 

ie paft:lof 11'person·and .John is s.'pet~$t\t or:·tf (c) 1 eHire at~ U:ftks by<· 

means of which the retrieval pr6gr.... a'11, dt!ildck;ttilit ;)is''fii\get 'is part 

of a hand, ·and' a hand is part of~Jdhii;'"!t~.~ ~'·'!ti?ad!fttOit;fJtfie sy~t;~ 

~an"aut0inatica1ly tran1late · from ·one'·reptesetit•€t'ofilTto 1 ~othe:H:· lda:vftig ~;' 

li!Ome ad.,t~;ntagea. !;4., the' 1•str~amltne":10petaftoit 3de~ed~d·fti Sectfoi\1 1 

v. B, reduces stol'age space 1 requfr•~ei By tetllcWliif' t"•dufid.anc.; 'fn: th~ · · 

othe,: 'f<)rm Of lilOdel ·stU!lU m()re ;t'latiJttll ~;; ?dt e~~fei,'°"fef~-ltO"'rtg'lif '.~ 
b:. -

spacial relations !seem most ~ahly· repr~•ent~d 6y 1 4''l!i:rlear'16iciettng~ 

i·$•, ·~ ts fo ·the 'left ot t' cotitd'~ i:1'ld84!tie'dnby 0pfJ~tti1f·3{'al\iid df:i<:m.J.\ 

X, in a l~ft-tQ-right list. However, incomplete infornaation can cJ.'use ·,ur"' 

tro~bte 'for ~uch. ~ model. tf 'tt ·ts ~1.tnl.t'flii!ithtl€ 911' '!is ''fo iRe ')1~tt ofr' 
- I 

i' and n~ i.:s to;"dte fie'ft:lof t?l·Jt~ 'lffd4ifat'1atderi~g1 sjs'€sffl lf~ot:L '~12 ' ·d 

Ul\iquely mad~l the ;,e:lative'.posftiatis Cif i>':.!l;~'S:rtd 0'.,£f'~vfhe·{1topt!rty;,.n<,:n' 

list syste'ln> on the ·other hartd, rt!prJiie'Wt&'exiiC'etyltfiebreia:ff~jg'~'dt'i:llh' .. 

are known; and tn~ ;lineal' ~rderirtg''(Jf'.'tlte objeetil~)sitti ~ ic'feduced'"ft8til' ·''' 
I 

4) · fT8;st!itt 'ft·ate: · '!'he prodt!?ssirtg tfiitf! 1p~r 'staeenMtt.tt Jtor ~e ·-fil · l1\.' 

system with· a standard LISl' configuration ~c:m<ijit IM i,~·1cOMpt'.ltet •-Ji'tti !>J:'.'. 

32K WQrd• of me1n0fy was about one second,. All the examples prepared 

for Figure l and Figure 5 of this paper, including loading and compiling 



all progi:41Jls, ,t,~k.a,qo~t ~,.miq~J:.~.s qf 71~'tt~J;;~hJ~t It,f;,;Sii;~)fst,111, ... 

with,~H th~, N. lat;~~H~, :,pro~~i~~~c:p~qg~~~ 1 a9qJl~"91H48!ofP~A;sv,9e;:;:A!,. 

scribed ·in th~ii, P~A~li,, u~qiz~~ ah@9•~. tqeAu~l;;:;~ap*fPi~~:-·9;,, tpe 1 s~~~e~ • 

· I~ 111:~s~,b~. iewe~~t;e<J );l\~t: ~~ 3~r~l~~~s~ •• ~9~ 4~1fi8~•4,;tf!l(,S9,~K~r 

any pip;t;~cul~r, ,p~~st:l,ct~i,.qµ,stiq'£l3&~fl~f:i-S lH~f?.):il,,. [: ,,~~ ~Ol}fl!&t~n9~ ~ . ( 

coll~s;~;~n qf r~~at;i.~n1t:,¥9i.qq,,~r'1"•!n~J;BdMf~~, .!~ 1 ~~~qJiQ~dh;• ;~~~~pnfl,, , 

II~r,Jl ~ i,~ ~J;de1; : to .. tqy,e~;iif,~~ ,_1Ehe .M~ilr9.\\' :t!••~H:t;e~ , !1'.l! POS.lf~l>.~JrH~"s .. 

.. ":Al:t,h,9u~ cr~~~~1;qi::,.~lll9t;Y ... Po!J~~, >.~,a ~PJ~~f!,f?rt rJ~8t~ :Q4l~. be~ll, 

succes~ ti~\·; 1~ j tq'r ,se~e\'f 0~•t; \S·:1ha~ ; 9,~9~t ; .. f>f.d ,Jnll~h u11~il1l1u~~s ,.,q~ tile,,. ; 

word ••11qc•!~~OQ.,.J~f'.qlte~t~~l~'3~r,~9qf1h~· 1~~ j~~ ~h•,dfPU~ft,~·Lth~ :lllqr~ 1,. ,~ ... ,. 

gener'~· ~¥~~m-~ds~cp:;~.~~d\'.~nt,Cl]Qf,t;r . .,~;,~~~h,'?~~nq~ 5~h@,,~S~~ 9~ ~lae, ":· ~., 

same .11odel •. 
·,.;-,:;.i.··_, . . 

T~~. S~QPe .~~ f~e , .. P,r~•e-qt;~Y~~~.,ir;.cJic;'t'~ t~at;,)~fu Wo\tl.5~-b~r.~S4\~~~l.E! .l 

to use th~ . .q)l ~~d,i ~~:\:~t;e,~e.nt;:f.;R.f;ctlJr~'.tol'4Jf'~~·t:~~ ~:~,Jlrfeti,eal , ;, __ 

info~~i~::,;~t ~~va~ ,'.si11r~.em ,,f'?! 4~ ~ 1 ~~~~t,s !i~'h~~u;~i;, p,;<>,y.i~~ " , 

the !i~~~etll, j.nv9\ v;~d ,~ :!re,~q"ably ,~l\ ,~~~~frs~f ::r"J:'.~~t ~~s ! ,""19~ ~~~et;:. , 

actiq~-. ,a-.;~ ::c,~~'-r~ \Wc\e~~tood~, ;~ 1eo!:M~l.,1N>etJ~~1fi'W! 1i•,.-A-. r~~"'.;· • 
_,. ~--,·--· ,.y,-- '--' 

tr~4!V~k·ltYiS.~~ wb:L~~(pas ,;~e~. P~Md~;~r.t94' WD, ~~tf»P~'!:ft~J~'fi,,~- Li 

formation about documents in Soviet cyb~;¥;t\'~~Ct')r;~•:;~lp.!F"sntpf'~h- 111 

users will be interested in indirect relationships and implications, as 

wel ~ 1,,s ,,~e ·;~~oi;qe '?~d, r~tt:;ie,~L, Wi r~,c;~~~f -,~t~ ,};~e~i:~'~,,,~t~ors 
and :~t4hj~~;~c,<>£;t,.~i~~ 'PfP'-~sr·.,;~,,.;:,i>i· ~;:L :.r:,;;:,•,'J;. ;· , , "'" 

.. .;!, .. ,, 
; '.' 

-·- .--- -- -----
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5) Q!les£idrl.•anawerin:g det.aih1 '*.Hie ·fo-ltbw.tt\g point~·, dtttou~ ·of>i,; 

v:f..ous in· hihdsight, diet' ·not· becatne· a)t>ait'Mtt' \itttifl~- tl\1!:; pftbgram Wis 

faitly:·~ll· t!fl'eloped~ 

a)' ·A questi.on•answet'iftg · 1ystem ca-nh•t give 'd~finU:e'· negitlw 'rel>li.Les:' 
without special information about the completeness and consistency of 
its d&'ta. ·The f&eft that: ftl. dO'ej n•tJ"*":; sUct\''{nffttitlitiJorrc it~t>tlftts '' 
for frequent occurrences of the "INSUFl'tCIENT INFOBMATION" re,ponse in 
place1 where a clearcut "NO" would be preferred. "'''· 5 ' ~:· · ' · · 

b) If'~ •taftds in relct:hm I tO' :I~ theti· a ~e<.:.•:f H.n.k; !.·l· ,. ff'Olb .! 
to ':I. through attribute I! on the property list of .!• ,may be sufficient 
fbr l!IOtt que•ti...,.a'lle•rlftl a:pp4.ltWti~~ 'IC)~t-,"'iii. tile' co11he 1 tff' 1 

'·i 

expanding the system the reverse link, from,: to.! th~OUJh attribute 
&i. on the .x-propit:tr-lht, may~ 1btlttr1.ote 3'e~nt.ftt~ : 1 !o':aUow'.'.f6r
any eventuality in a general system both.links sho~~d be provided from: 
the sta"tt: · ~Y Unks aUo'\tit'Mi.~"ttw at:c•sHM.litY'·~~ded to-' ix~;· 
periment with various tree-searching procedu~es. 

: ' . - : ::; f~ J ; ... ~~ ;·· 

c) It is frequently possible for search procedures, even when unsuccess
ful, to :provide "extremely useful trlforiiltioi\-'t6'' tthFttie'r 6r'p'i-Ogr•mm.¥· 

~~e:p:~;~:!!~7o:iv-~~~Y were unsucce~~f~} •. _ . Thi~ ,~~i~\ ~~'1' ~isc~~se~ ~~~,~ -:. 

B. · Ext'ensf6ns of Sta .• 
,., t 

" ~ . 

1) Adding relations: Two inajot obst~les; in;addftibn'to ~omputet 

memory she, stand in the way of· extending· it '9ll-Ul:\!·; systetn' bf- adding· · 

new relaticin• and their associated 'programs: (a) :·t&.e; ptobfem of· tn!l!r'" 

action-between a new relation artd these"'already in ·tl\a system; ;tequir

tng-iftOdi:Hc::ations th'l'Oughout the tynem.'. :f4r· e+Jeft'mi~or addlti.dils ~ ·amd 

('b) th~- problem of the- t1Dl'e requir~u! td- seatth-' ihtd~g&»tit-ii!ti · o!' 'wordi!i' 

linkeCl by re!ilttiGtUr. This time ·4'1l•~eft.tly 'mtlit gtoW' eXJ>ertetit:ially ·as 

the nwnber of relatioas inere4ses. 

The problem of i.ttteractions·can. best be ovetcome by teplacirtg SIR 

with a ~eneralized system. As discussed -'!rt ·chaput VI;; thts change 

would greatly reduce the interaction problem and simplify the introduction 
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In -'~tion ,.,~e p,t;o&r.• ~µ~4.:Pl'P,.~b~y; .~. si.gnifi-
,_.~- ·~H-•~-" e..V. <•' _____ _,_,, __ ' o• ... - ..... •·t.• 

no" type question-answering programs be replaced b1.'lc•~,. ''theo~ 

I '){· ' ":· -~,;;·( -:. • ~ ,.-._q 

the g•~ralize.d siY~t~rWO\i\ld r~aµlt ~ ~ Jt~~t, ~ .. ~U as ~ " · 
:~1~, . 

readable, programs. ; .!· i ; -~ ' 

Tll-• oth~r- opJ~41cl~ to. tR,e. exp~s~~n. .c;>f~ a,, aeJ¥llt4-c. i,n.fp~~i~n, J:"e-
r: ~:: ~. - -/.:..>" . ~- . . 

1 
,_ J _:;._-•_iq ,·,: !_- ·, : i~: 1Ju '._, :.:J.f. ,-._~.,. -- " :·! 

trieval .. sy~t;~m .h ~~e s~.oest~~~ivb~~~';P,~cw:~,-AP-cP,l,"O&~ .... ,.f~r:~~ai 
. ~ . ~ --:: - : ~-· ._ . - .. ! . -. ·-- . ' ·i ·-' ' : " : 

prov~~g, g~e playiJ:?.i,, .. ,an4 .. other a~e§.8 of a.,;-,~ic~th~aJ. j.~~l.~i~e~• .•;; · ·-· 
~ . . .,,_, . ~ . '" 1.". ' -· -~j .. ;-·:.r ... J<· / .-: !_ :: ' •• ,· '- • 

the~ pro?l~~>cof ~•r~h~ug,_ th~pugh. SJ?.· -~~i~l!y11ir~~& .wace_;9.f 

possible solutions. Here· there "i~ n6: b~~:ic transformati~~ ~hat can be 

:- _ ·1 _: ' ..... ··' •. - .-~ ~-:-, r.;- ...... 

m&4~ to avoid t~ ~tll~icaj, f~~ fff't, ,tih~, p.Wllbfu~ .• of pos1Ji.~~e i~te~ ... 
• , ,· , . J, ~: ::. ·~'·-~·1 '.-··_I_ ·.J 1. ' 

connections between elements is an exponential functi,Ot)i'C>}; th~ .. Jl~e~ -: 

of elements involved~·. ··Thie. means that in SIR, the time required to 

search for certain relational links increases very J'pidly.ow,i~h<qoth th~ 

number of individual elements which can be linked and the number of 

diU~:;eq.t :relaU~ns which .. c;~. d9.rt;he.;;l~µki1\1S· : U,,in~~!'f'r ~,ma"-~ of tlul! 

heu~istics. foi:-. rec;luc;j.,g ... ,•rc;h ,effort.· l!fhi.ch pa.ve)>efeJ:l ~\luestE14 in. 

otbe,r, areas ,~•P.Fei;nep,with tr~~-st;~r;tMred da~a.c41h~ 4ffliec:l .l\e~e~ .. 

IJ:l. the first p~ace; ~eiat~pnlh@~em.t,p be·d~vi4e4.Jin~o. iiideptln~".'. .. , 

ent .. (non~~~~~ra~ti~) grcpt.Jp& ;.11.•&• a 1pati~~ ~e~at~~l1~ are qu~~e inq•- .,'. 

pend~11-~ of tellijlq~a~. r~l.atiq-q~.. . TA~ @~4rs:ll .~p~~ ,a;~cted .. ~Y. a ,~ewr1rer ) 

lati9n is really .1\Jst. tl~e ·llP•c' q~,. i1"JlJ•stiu,.,,tatiQ~i JP~qh >llJ&Y)~~ r 

a very small subset of the total space@f;;-1;8~-~~~-~::/l'he:a~iO!Ja,;o,~.th• 

general,;i.zeµ system ca.n b~ .use,d to ide~t;i~y. tqe.,,srq~ps .gf ;~~el'act~ re

latiOJl&,., . ~e~ondly, the)~:lt~$t~1tc~ of two•.W4lY li~•:P'~it;• .th~; ~caa~c\l.: 



for ·a opa:th between two points in the data· ·S~'I'Uct:Ut:.tt' t:o proceed 'fr.om 
.- . --~ . 

either end (whichever is likely to produce a more efficient search), 

or possibly from both ends simultane.ously · toward an unknown common 

point. Finally, semantic information in the model might be useful in 
•,' 

suggesting intermediate points to use as "stepping stones'·' in a larger 

tree search, thus greatly reducing the search effort. I believe that 

the use of these and similar heurist:ic devi~es, along with expected in-

creases in computer speed and memory size and the introduction of parallel 
~: 

processing computer hardware, will make a large.:s.cale semantic informa-

tion retrieval system practi.cal. 

2) Adiectives ap.d n-1ry relati.ons: All the relations in the pres-

ent system are binary relations. The model ean be extended to handle 

arbitrary n•ary relations as follows: 

a. Unary operators could be simply flags on the property lists 
' ,. 

< i ,'io'. i '.--

of the objects to which they apply. Or, if for· purposes'of uniformity 
.-< ..... .... 

we forbid the use of flags, then they could·b~ attributes whose .values 

are always a dummy symbol which indicates that the attribute is to be 

interpreted as a unary operator. In handling adjectives, the following 
l .·· '} i; 

decision would have to be made: should an adjective be modeled by an 
' ' .-. ' 

unary operato.t', or should it be the value of some attribute f For example, 
-; ·.1' 

"little red schoolhouse" could be represented in the model in any of the 
; l ' ':).'{ 

following ways: ..... , 
·i 

i) An object which is an element of the set "SCHOOLHOUSE," and which 
has on its p,rqpeirty list the fl•gs " J;.n:D;E" 'atild : 11,:Ulh" " ' 

ti) The same €>l>je9t, which has on ft& p~-0p$~-ty lii.st>t:he> ·at.tribute.,, 
"MODIFIERS" with associated value "(LITTLE, RED)." 

l' 



---- - -~- -~--

:' ~ •i • -::"" ... '-'~: '--"·'"· 

134' 

iii) 'Whe,ca~e. obj:e.c:t;,. 1'ilhieh ~.,,bn dta iproperty 1ist .tlJe. attjrtbute
value pairs '~(SIZE, LITTLE)" and "(COLOR, RED)." 

r • '· '.) i 1~ ·: · ; {' :. -~ • _: . 

The second representation is equivalent to the first but avoids the 
" . 

need for unary operators. The third representation contains the most 
r.i ,:·'·:<:~· ;r~ "'·'J ·.n' -- ;.", -·~-· J.:-.., 

information and is most consistent with the present form of the SIR 

model, but has the disadvantage that it requires the use of a dictionary 
.. i. -,-., ' l . .. • ~.. -' ~ 

to establish appropriate classifications of adjectives. The "best" 
. 'f: .r 

\ ( 

representation to use would have to be determined by experimentation 

and would depend upon the organization of the information retrieval 

programs which use the model. 

b. Trinary (!.g., those involving transitive verbs) and higher 

order relations could be represented in various ways analogous to the 
~ / ' . _. l.~ . . • . . . t ,., . . . . ~·~ 

treatment of binary relations. !·i·' fhe n:..ary -relation ! can be 
'CT~· ; ; ~ ;> i~ '.:1 J ~-~ ' _,:I(' ; :; 

factored into .n. relations Rl, R2, ..• ,!!!,such that 
. "' :(.' : . 

(x1 , x2 , · · ·, xn)E R if and _only if 
: ·. : ~ ... l .... ~: ,: : ; 

(x_2 ' •.. ~ .. , xn~= Rl[x 1 1r;,~ 1 , ~3 ,._ •• , x;?• R2[x2JA 
_i; 

• ··A·('xl' x2,'. ~ •, xn~1> = Rn[xn]' 
or' ....... / ' ' 

where the value of the attribute !ti. on the property list of .!.! would be 
- C . ·~ _.!_ • JI ..: ; ; • • 

the ordered s~quence(x1 , ..• , xj-l' xj+l' ... , xn)· 
•. ' ,__ .. _(J· 1' ' ... : ••• -i:.. :' 

More specifically, 

the trinary relation established by the statement, "John gave a book to 

Jim" could be factored into the three relations "GIVER," "GIVEN," and 
I • ·.I' ,., '. J ·., , f ' ~ \·' 

"GETTER." The propety list of "JOHN" would have the pair "(GIVER, 
'.. J ·~ . . .. ' ... 

(BOOK, JIM))," the property list describing "BOOK" would contain 

"GIVEN, (JOHN, JIM))," and "(GETTER, (JOHN, BOOK))" would be placed on 
·' ~ i ,fif' l :.< '--' .:.). : :-:.: .·.::..· .,, l _,,. '. . ·. ' 

"JIM1 s" property lk•:t,,, · ~e qain, ·t~0 ip;r,aat-1cal.i.t::y aru:l"1.ef:ficiency 0-f 

'i ; ' 

menting with working computer programs. 
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3) Ne·xf st~ps: The ·present Sl:R system, and ittf gE.inetalized version 

discussed in dhapter VI, are only first steps toward a lrue •iuhder'Stand:.: ... 

ing". machine. · Eventuaiiy we ~st solve '1tile' 0ad'vice..:l.ik~r'' probl~m (2zY,. 

which:· involves .:conttoling the ope'ratfon "ot ~the iriachitleJ merely by "advising" 

it, in a suitable fngfrsh-like· Ian'guage, tii the de'si~ed procedu~es or· 

results. 

one approach to the '1advice-taltet'' is tcf devel-~ program& 'which 

can produce dther programs iti accordante with slmpli' 'instructions. 

Such pl'cigram ·writing piogr'ams coutd 'be ·an ':dtrtgro'1ith' olr'cttrretit work on 

cotnp'Uh~r langtiage 11comp!ters}1 if the inptlf and otltp~t forms are suffl

ciet'ttly Well;.definecf. · S1moh (:i9( is wc>tking :cnttliie' &-pproach ~Y de

veloping a system which accepts a b"raad rang.i; of''tn~thh statements as 

input to such a program-writing program. 

SIR suggests an alternative approach. R.athet:'fii~~ developing 'a 
program which writes other programs to do specified tasks, I propose 

we develop a single,· general pro~r~ wlii&i c~-dt> any·:tksk pr~fded 

the pr·~~rain is pfopet'ly c-ontrb1led' by iiftdrmation in f~s model. ,,Givthg 

advice'' would then require only the. r~latively 'Simple process of ill;_ 

serting appropriate· control info~tion into 'the modi!l.' the st~ model . 

p;rovideii its'.progt'ams with ittf~rmati.on
1 

'a'bO~t'\:ti~''truth!:'.of .partfcular re..: 

ianoils ·'between sp~cinb cibJ'ec1t's. ~e ~d~i" in' 'tht·(g~neraliz~cf'syste~·' ' 

~lso provid"es th~ "tneor~-prover11 pr(;g"r&'iU' ~th
1 

ax:f~s ;~ith d~scribe 

properties of relations and interactil>ils'hetween ~ef~t/i~ri·s. · The neii:: 

ge1w,:al j;~at i~ri 11'houl.~ ":1,~vol.Ve.' -~~~i.~g ·~P."F~~ :~94.~.l . .(nJQ~ti~~ wti~c~ ~lJ1'· '. 
~~· ~,,.,/,··_.' ;•, .' > ·.•.} ••' • .".'.;! '"'cJ\}J J,_,~l• ..)+;..:;',\ !.'._,', /,l •,'•- ,, \,,h_•,l,J..,;., ;" 

spe~ify ahd cbritrol :t'fi~~~~·Tfrsry'ihf; ~~J· ~~t~Fs~~ic~{Ug P;foceP-~i;es, £~{ '' 1

' 

the ~.!:~.~r~m,. 

./ .) 
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Aft.er: tlte ~b'!v~ t,wo a,Prproafh~s,, t~ ~ J;mt~?,~,st')~i~~" .~cll,~,~~f ~ve 

been deyf~~ped i11de~~l)dently, they .~h~~l<:l. }~~ ~X~:th~;i1~~~.· .. ,}Pt:;, ,Pf~,~~~~,-~ [,. 

writing program .fihop.~p .~~· \ncorpp1rat~di::·i~\~~ntt~,~1 ~·We1~~:J'.~gra~,;o{ ·:~pe. :1 , 

model-dependent syst~m_. The, ~~s;u:l~Ml& ,s,1,sq~-~ ~~1111'\ :~r~P: .. ~;e }~.l?,~~.1 .,~~ '?o~~t. 

struc.t arbit;ary proc;?;d_u~e sp~c,;fic~~0.~~~~:'l i_~, ~~c_c~:r;~~~f .~~R~, ,~f:omp,l~, ,i~-r 1 

structions which had been placed in its model. 

Ultimat,e~y th~, ·;~flt.~l.ligept" ~1c~~~:e-.:1IUnl:l#lV~;·F~ be :c8,~1~}7F:~:o ·:;~-J?J

stract from tfl~ in,~o-~.t~Ofl i~, Jt~. ~~,ci~,1r,~:.;'.r~~l~~~r~t, 0th~: n.e~e~si~! f~t;; m;::, 

addition~.l ~c~io~, ~n4_ cr,e.at_~,,~h~ ~~C~1J~:¥i1-''Ji~~;~:,~~\~·f~c,~- 1fP,~nJ~~~Jl; _ . ,,: 

The_ d,e,si$n1 pf sue~ &fl , "arti~:i,cial ~ntel.~ ~eQ~e;•1 :}~+,f0&1 .~h~~;,;~-~;Jvrr~,1:o~~p,Jtq1g~~· 

automa_~ic cp~c~pt , ~~~~ion,, an.~. _iU.~~ct,hve; J~/1!i:,~-~ S:if.~-:f"~~i[ (Z~:·'~~ »: ~~, . 
well as !=he generali:Z~f~~~~ o.~;-~I~;~~:~Rr\~e~d,qap~_y2e.ri'.-'J,I'. '':"L 

c. 

1) Val~~ of pro~f~f~~:, -~any o,r ~P-t!_;;fe)i,~1"~~~;811,~, ~~F_lu~~~~- , ', .. 

wr~:f,t;?;·~fter the ~e,velop~e?t o~ _1a ,1~~~1. f~,p"'u!r~[, P,ff>.Af:~ fucp ,~~-; ~I,Pq 

frequen_tJy ~Pj>,ea~ ~s ~.f 1 ;fhey, cou,l~ rayeJ>~e-~ 1~_,st,~t1,f~,~~<hJ1-fl'l~u~.JI:\~ , j . 

tedious eftgrt e>f p.ro~r-~icf~· _. :;r~~~}~.,r~;~~~~?' tr:ru~/o:~~?,Ri~r (f0a~·f,'0~ n~~~; =~-=' ·' 

sy_s~2ems, which are described, as!,~~pl~~~: ,:;~~~~_.p1t JP!.,, ~~i~r,-~~?~f8P'flfn$;t t<:'.>!:\ 

usual~y re~uire f~~~~n~~l: ~~i~:~-7~~~ns_ ,ft~~~'~~; :f~~y r~,~-~-! ff_F:csr~~ff,~ 

into ?,l>,erat~?g p_r9gr~~·- . The: re8;,~~s, !qf1 ,~~~Hf~~t;_f~'i1~' Of1 •2".~Uf.Hl, ~ff.~ 
ing the prog~am includ~ the following: . 

. · ·:·: ·:,; :·· · ·;(: .. : ,-~ :~, 1· '·C .. i-!'f[;J-::··1~"'.':.:i·:..;ni· Jh ::f!C ·; ':·l'1 ! 1"; :. ·.~ .~· :-~,ij{;-;·r; 

a): , ~i t};10~~, a ,Pr~gr}l!'l ,~.t ~~' e~t,i:~mely _d~~#_cul,t tp" ~~lf, )~~-ethef'~ ,~h~" , . 
spectfications f'or Ii" Vy'Btenr atei.r1ea<i1r>r~ei:~1 (1ali«- c~n..-fl'te'HL · 'trruclai 
dec~s~1+on~_ -~Y be co~sic;le,r~ci ~~or,,. <\e~~i,.,ls.,. ~nci_ c~ntradipJ_i.~~s .... ¥~.Si~.µ?~ ... 
notih"i!d, utitti ·an:e '!S' compe'ilea"fb 'Hu'l11d·u.xiPipl1-1t1tl~ sy~t'e~: u .. ,, , , , _J.J • -

b) The process of progranuning not only turns up fallacies in ~h~' iiJp~'b{l.:': 
fications for a system, but also generally suggests ways for avoiding 
them and improving the system. Thus programming can be much more valu
able than just searching for errors in the original specification. A 
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CCJl:llpieted ''debugged'·' programmed system usually c turns o~t to be a compro-
mise b~;¥!89 i~~1:1llY~te1a-/~s ,tt lf4i ~..-~gi~,11y_ 1n~!!~~fl,f!ld~r:t •~me~,r;sv•~em 
which was more feasible to actually construct, and a more elaborate sys-
tem whose new features. ~i~. l;h9ug8; _,9.f j 4¥r4na "e ~••@l.tMll!fillll .i:BJ~e•f • .. · :· 
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 SIB., for example, methods for 
impleme~~iBBJ tlp8 ~!M~eR~~Pl\dP~iru;i.pla'' rrfnd: !~9-~~~~ltt•j~~.!.~il~J!~i!es i 
arose from the design of the basic queation-anawerer, an the specifica-
tion• .,~ei:. ;Ju~: g41~ .. i;1Hz•~--IJ1'~tfllf.,,q( Chttt~ !lfi,)•r~ 1b•1t11d1 l~Jil@~~o9~ P~98t!Jf~ 
ties of the final, working SIR system. · 

.. : ·~·c~_r:, :1 ···_· " , · : .. :~· .. :.. :.~-:.~i.- · :-i·· , 
' ,·~ 

t 

c) The programming process frequently turns up insights which might not 
othe:p!~IJ~.J~e ! p~.ipi;;911:~r~d ,(•~4' f<n: e~~'J,iP•~ai~ffqr~~111Jb~\l~) • 

d) ri~a~b~;!, t;~~ r~s~~t,i:t;li;Pi@iJ;.au,, prov~4~U~: J!; ,t~er:loMt@:~t~1ll}' ,,,.~e·~~~~l;-.-· .... 
tion of the feasibility of the ideas upon which it is based, a measure 
of t\n~,Pf@C~!saL~tYJ~f t~e 'fY•t~· ~11.t'fN ;0Ltii'lllf.1MQ'i8P&@@.1:;r~fi\J~tlf.,J 
and an experimental device for testing variations in the original speci-
;fica~ioo.~,, ,_., ,0 • ·,. ! " ... i, · J :.u ._, '.. ,r'. '" 1:, ~ ,_,._ • 

. . 
~ ) ' , !.' >. ~- . :. '.> : ~, i ,;:_; ::_,• ~· I J,.', fi ~I~~ : 

. 2) Us:i.'9BitYi ,9£ 'f!PtM1JBta}i!i.9!U ~c,lpliiqQi;'1i.IM k~llk-a&~d'1ld St\4rQh,, i 

proqfqur~~wo,1i11.d:>.lf'igi,u1 ~qd:!Ag ·~ aUo.w•tbe.. •~•t:--r r'o C'Q~ntrr•t:e: ... 

on th• •~re ~RM"1jWtt,:P:tQbl~s ;0,~ ,,pr.<Jgf~ :.~l"M11\~MtMMr-4'\d ·March \f!'t't'ate.. -

gies ~ ,.,S~lJ,,,~rst~~rci ~~~etS4Ult4t.i~~ WCJ!414 c~V~_jtq_r!WiF.ne~i,~leoel.1Q~·:.;t~L'; 

han4~a. ~h~ ~~t £"l1Jlll,~,~c1 <e.af.e~. ·:I:A $11\, .ti}4t,..;Ull:i.ioJtD \fae ~ qf ,,-0alJY t;ype,., ·)' 

3 itpks (),J:, ~l~ p,ljOP:8fty•Ji;11;t~ -~d. <ml.Y t~"'il. li,Mf 'A.r4'!U ,~~".!,P10,l>tt:{'ty- ·•· 

what 1JUOt;e, ~~fl,.c~e~ .. ,~t, pu;u;e .e~,qgom:l,qf~eqf ~'ll&e)ow~ ·~ c:JlQ.ki;~V-··th~,,; 

same t;'.~~'~lt 9:~.:fir,e~iq.g tAA prqg~.r fr,oim,AC>~tn·'W"cdet;•i1'ir,,2wq~l<!.~ t:: ,_ . ' -.. -

to ..,1),0,w ,s~'!~r~l ldnc\s ;of l:i~fl. to ~. 'I-~~ ~'1WN'•;:t~y, ~r% ~-. 

su.j.ted (s~~· ,._ t~+,,-2, .an.d ".'·.J li~) tf!~;'jlf'1fU~ ~,Ji .f;e,t:V,ie~l '._:9.~' 

grams to be.,~l;~. t~i¥cogni;~ ~~e. ,t;ype.~~. 4 ~c~i~4~. ·~.~ :,;,:: .. ';:.;;. · 

. ,.J' J 
, l - . _J_ 
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appropriate for particular relations could be stored in the model on the 
,/;,) ; j ,f ': j:, ·i.1? :, )i<~~·'.f~:t;·~;\J { .: "T".,•)d,,i,:_1.'; ,?I !:;.~~ _:;~ •"il!t~>' 

property .. l:I.sta 'bf the r~laUons. ·In tlHi ay the.:;type~identifi~IU.otif 
:0 -~.'.:. ') ~~-.l~f;13-J£, :")J ;::_)J:·l.i2£,~:··} .. YJ2JJ 2H.\,~· 1·. ~!LJ 

would·be ·reiidily av1tUa'bie t!o the-..rettie'i'lil':J;ireg~.ae.;-:· : '"':" o:· " :;'; · 
. ;,.i, r i J·JcJ- - ~-- 'l: :·~: .>.:r,)··,· · ,-··;, J~-: '(.. 1.1.t: ur -;· i:LCri1 

: --' j ·JI; '); 

3 F ·Pregtta~ng· t~ee•search: · In 'order' to·.,hji"'dl•Pi6ile t:1f·1 the· rt!"'·'··~; i '· · 
- >._.t~? '-• i· U.nr. · 1,,, .;.J~~. n 1:,~J ·'.1•·.J '.'! ,j ·:;(; r:.::-; 1:::-:;h 1J.1J ~:r:-r=t J;?.O.!-

trft!ival proeessefJ. I 'hatl tO"'develGJ' I a~ gen~fat @rt!iStdtt:trtg' fttiictith\s ;: : ,,; 
_ .. _;;._,·_,·;;,_ itT 2 ,..,_~: ); J "' •• : e~:_r1 st· 1 10 1_~,~ · -: 

The facility in the LISP language for defining functions of functional 
,,_. ·. _,. · ···1· ·~. !'l -~.:.- · , , _.,"-.~~ ~._. ·;~1 _ir;~-.-i·:; ~~;;,~-:.,-£~;(~ f,: l ~-rrh1J-.LIJ--=:''1q :JrlJ' 

arguments permitted the. idt!li!gil ,of '1prosrna p~6vtdfag )a°'jJowrfHFabftfty · '' 

to spedfy'.Jt?ompl~x s~areh ·pr~e~dures • 'Jor: eicmi{Hil'Jloi\t!a~f tfil!! moatJOfi~i- i 
.4·~u~~~'-" ~--,r·r '.!·:,~c .1 ~L-Z: - -.-~'.-~i. :~;r{J 1c: \'JJ_. _ _;.,f.,;_ L :··!_ .::~p:: ·t df):_·-,-

ful 'futtcf!fofiS.'WSS' l.tftftd(start; Umt·~.:.:teat} ;' 'R<ib~«! UgtAtCllCc.tt:.lbe' any; '·'-
. _; ·:~;.::.: ~: · ~,· ,. ! . ;:···, _. ~i. - :.)"~ J~~·)"' r~-:i-'- "); .. _:'."1r~ .. lr;_::n~::r::l.!1.·:-::.q_\~.1 L_j~·, :1rr;:. 

word in the model structure, "link" specifies which attribute to ute ·to'',·.::· 

find succeeding words, and "test" is the name of a function to be applied 

in :1rut1n to'•aah ward i'e4ehabl:e froiit "st!U~~ .. 'aMngAf•• ~iiiid 10f~ sp~ci

fied •byi 11!H?t*~1':!. l!f .tftre!. vaWe of ·"'t!ett~ ap,1£edhtl§ a.11fdiitJ!if:sLtfPf4!- speefil':.r; 

s ymbdl>-1"'NIL /!···the • e.atieh •eonttimes f · ·ot'ket+wift ''·!We wllue ''Of !fll)fif\oidlf. j ('anct'' ' 

the .rcwsutoi:::::iof tile seardh)· ·is 'just ,the 'ff'iue 'of·-~.iJi:: 'Jrttt~"rersl!r~Cmay:< 

cone>atrt the 'Word -'Whicft &atli!s:Hed the trest -andi~b~'~Silftil 1'~~i:if.ei.1 ;;nf' · 

the U:st ·-of •.words lfh.id'l· MU< "stet!'! t.o •lfhe1'<&e:teett~d''wora:0M ~~ ~sfre'ci 

an<>t:her ,appt1'f.catian.1of -ttf.f.ftd'' it·set-f. • '!i:!.-, 9i!ft'•'te*1tiui ~ft!':e\rftj'r% 7 v•v 

is p>art· 'O'f ·1some 'B, we ·'tinly Wish :to. 'te&t ~@16f" 'th~ w 1ai·ce:J!:ast' .!:!'. isuc1i "w:c 

that e'l'fty Jr :i• a .!! a11ct veYfl'y .!:! ice· p-ilrtJ.of· 18~' 1JL t ·:irh'i"'S' te~; ·11."tt '~a~ '.i 

out s t'l!Plly :., ·executing t-m! fO'Hcfwi'ng (~~t'ibn fftvett -irl "lt.18'P me~•':' J <. Lj r :n; 

1 anguage 'll'Ot ~"fan) t and t:~s ting Whethel:'l 'it:sl{ 1v1al\fe 'i!S ·.i'tifl:r.Jtl ar (rtor'~ • I .:. :£; ') ;,: 

:find[A; SUPERSET; A.[[u](find [u; SUPERPART-OF-EACH; A.[[v}<:('v"4tfr~J]>Jl}'. 

If a unifcnm :iepreseirtacfon'·'fas··ae~t>e'd 'iri (t>Wagi'aPti··'t ;> abd\r'e)'. had 

been used througholvt :s.ra, :then it wouil.d· hava.··b&A ~ •lfbl d~.!t:c>p.' a· ;.1.s 

-- -- ----- ------ ----
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c~l-ete set of general network-tracing furicti.~ris lik~ ii£in(C 11 
· Such ·~ 

set of functions could be the basis for a language which makes programming 
. . • J 't •y ·' ~;()•! (.\ ' j •O -' 

tree- and network-searching systems much simpler ··tniin rtdli now·: Such a 

language might thus contribute to resear~h in th~ -are~·~£' patt~rn recogni-
4 , ! t !'. .~: < ' ··:i [) ! ' 

tioti, g~e:.:playing (36), and network analysis as well as semantics arid in-
~_·,t;. , .. -.~1::-J2.: _.:!---~rt··_,\_. _:-·:~: __ -..:.::·i'"'··=-,-._t-

fo.rmation retrieval. Note that the success or failure of an application 

of 'the f~~~tion "'find" detlends only cm th~:.; c~~n~ctivi·ty of ·the· ~ei~ork; 
t '.;;' ,: ·1 r '. ;' ; · • ~. ,. • "._ ; ; } ·• 11 \ ~·1, ' '· 

the order in which nodes are generated and tested, and therefore the 

' · <" i '· ~ l \' . • '! )J ! r " . 

effid.ency of the system for various kinds of networks, must be decided 
'·-:., ; ' .q ;<~\ '. 

in advance and built .into the definitiem of the function. 

4) frogram sig>iification: 
,..,.- ;J; ' ,, 1 ::. 

The "procedures" presented in section 
~- ' ~ ~-;,., . .' - l r_[ ',- , , ', ~ , ' _;..:; ~-', ·p • ~ t:.'. ' ~ 

V..A. ·which were described as "rough flow charts" for the retrieval programs, 
)- ' ._i-J __i.t.;·,~o~:~.~ 1 ; :...:,··r. J _,");.Lf1 

may seem unnecessarily complicated. This is true for the following reasons: 

a) Each procedure was written as .an explauation of how a particular .p.ro• 
g~~c;W>~r~~~s, .,lp;ld :ciie, 4>:l.ape ·~~ .tll,e.se,,prq1~ .. r\n1t;;h~ ,~Vi@'f.,"'A'll ;~~~- J 

structure was de-emphasized to avoid confusion. There is must more hier
arc~i;cal .. ~tir.uct\ll;;E! :•d. u~ pf ~ ,.~l',f,U~l.n•· .it\ ;:\;.\le. ,&;qtt&Al; J~ ;pTO

gram than is indica~ted in those procedures. 
I ''. ' ~ f ,. - • 

b) As with most programming tasks, many possible simplifications occur 
to the programmer as after thoughts. If I sta·r.ted ov~~ ~w,, lc~4i:0~,1'.i . 
tainly construct a neater, more compact SIR system -- especially by in
corporatiQS some of the ideas -discussed in paragraphs 2 and 3 above. How
ever, I ·would be more inclined to ignore SIR alt<>gether and instead start 
pr~r~n.g the ~r4;1.ize4 ,s~.epi;;.p~ ~~·VI.~ ,_._:.: __ , .':.;'·' ;I_: ~-

c), µ~i;tuna.;t~ly .•. l¥1\Y of ,the ''simJ?,i.:e" r,~QP.:i.)M; pr~.~ ~W&li~, ·.· 
must. go throtigh really . .!!'.!. complicated. It was surprising 'to me how many 
possible ro~es .o~ ~y t~ ·ti<> ~~···~ ~~~1.~t :J~~ "A 4;~ P.~ ,of ,, 
B." .. . 

-~, ' - ! 
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-~~--- ------~ 

D. Subje~ts for Future Experiments. 
i' I . •";' ; ~! , ' _, . I .-·.L ~) : . ,_ 

1) Search procedures: The relative merits of different tree-
'"' f :TJ:) 1 ·1 • · ·r.i..: ~~' .. }) '/~. ·;'' .:.1:"'3:2 ,,. ,,,. ,r' :.C ]~.1·;;·, .,, '.1·.;~: 

searching procedures should be investigated, since any device which signifi-
· :;-1" . __ _ !-i ! .. 11:,~=i·· -~ .... ~-,··:.::.- l-it,; ._ 1r.~ 1 ' ... ¢.:1 ·~,.·~,ttr r,..·i t-!r'-1 1r. ')~-S' ;..:n-.... 

cantly reduced search effort would be a valuable contribution to the 
-· ;:: · ':_ j J • .-• • ' ..: f. ~ ; ; ~- F , "i f, _; f ~ ·-:; , -~ :· \ ) !1 _;_ '. r: ~ '~ ""~jf~H ~ J 11 .! i 

practicality of SIR-like systems. In seeking a path between two nodes, 
nc.; r .:.J .i •;t~ ~·1~ • -~ -)if.:; J.r:.·1

-; __'.;J!;' • L·/ -.'.l-_ .: ~ ·1 £10 ;: ... ·. 

for example, one might compare the procedure of moyins one ply from each_ 
' .. • : ')~1 . f '.-' .i '.. ', ' u·.· '; :')fij T1°(~ .. ! fjl-_' :; ~-~Jf3\j ."i'.J !L"~-' .~:< .. c.fJ :){~;!I '.'d1:J ·: ,··, 

end, alternately, and looking for a common node, with the procedure of 
~ -r f. . • l _ _.I , " 1° c"h 1 1~! ::r"l :_, I { I n 1 

• l ( • f ~ '_) : • . : i.} 

continually branching out from one node, searchi~g for the otber. Even 
j .J 1 1· : ._,, ·1:--.L·f\·: ~ _,.,:'.·;:_ ·, - · t:__;· _~ _ __,j :·-:-': t,:~u. Jri.t .•1::1r ;;J'~1-, 

this latter procedure can be performed in either a "breadth first" or a 
::\ ~-~ ' 1 _1 ;·.d __ '._ ~ f-Y ! - ;,~ ··' ~ l u ::.:i- '. l '!. u:.-: "•f;.('" ';_., jJ:. 

more naturally recursive "depth first" manner. While the first procedure 

mentioned above cuts the effective depth of a successful search in h~lf, 
- '1;:~ l--. 1.. ,·' q . - '. ! (.,-. ' ~ ~ ~. l i. ~-~ ' 111::;_1 . iJ!E:.·:.J~':- . 

it also introduces matching. proJ:>l,e.ms-'fn order t;:.o re~o~n~z-: ~uccess, _ ~n.d , ,, 
;?· :0.":1·; ~_::.- ":i'....:-·r ii.: ~,v0·1 ,,·_, \~~:1:1.1= -.'.f £ ... St 1 .,!~).o;_·~-·u ~-."'!"~.· .. _; -~ ... t.1t';~· l'i,.'.J 

makes it more difficult to discover the complete successful path. Which 
)ir., ·: l ·; ~:,;·:lb·~:·. :::t(: ·' \~ J .{-·1L.-::'.:".;_;;'"J:·: .. ':•, \.~·1·::.:2, ',:-;'d~ • i -, ; ~ , I r 

of the various procedures LS. "best" will depend on the size of the networks, 
·i,' : fJ: '< ; ... (-: ..._, i ; ~... '.: _; -.: ':, ., 'f l: '' 

the ~l!4tt'ii!e 'trequenc y of rrsu~i• ~) "th~ <!~rage ·Fc!rt~IY ·10f f.;~ces'sfUl' 'l>'aths f, 
_-, ~-i ·1·-i.._~)\:' . - ' 0 . · _. ~ .._; - ti.ff) • .• · f ;_:::J;:~1:~;\r'.1 .. !L~:.:·-::1u (:,BV.J '_;·.£:;; ::·:·~1 ... 

etc. '' 'lbelt~fore the 'fiest" way td dete'l"mi~;;'tbie \~n: 11elfi'cf'~ 12t'hods is '·· 
·:.·1.l.:.·: ·L:;cJq ~.:.;r..;;l.:· ~1J ts·-; :i:>.)!-~)JP: .I ~~ I. · i::, 

to experiment on an operating system, preferably with respect to a par-
. t2.~,..: } -rj. "'; ''", t ~(;~q !(" 

0
,- !, ~ • I :,;:~ (_;-! 

t !clil·ar ~~llem ~a. 
- ~j ./,- !:::; 1 ~ ······-·· :J J ",j i'lJ .. -~>J 

J. ~ _) '/ __ · 

2) Linkage structure: · 'l'We'·~timmn'~r JcYf .i-e!xpfl.:C-1."t 1.1.bkS ni!!etfe-d' ' 

shottPd···~ invest:igat'ed~ ~; Ofte'ttii.:ght' elqjet:t:a fud~~f.fl"tier-ci 1~eri's'p'ate; 
- ;:--_\: .. '(i( ·;·· .. '. .~·'r; 7;~J--_r:~-~ 1 .._., , :- .J'.)J;:r·.;r f~~.---~:-· ~ :~:.-!.£ :_Tl.:ri·_=--r .-~d~ ;::. __ ~ i~~ :':;; .~,.. c, 

"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. 

,;:;_;>)-. 



~pfich' link$ 'save· dine. only ,wlienllth~y''~forldi{rcc)rtitt~·~11its~~dr dtfUH.iifie 

they use time by requirlhg ·spurious }pidsdl;£ eheiilif!twori:(it!B'ltie ·;.; s.aat8hetH•'' 

~ich redundant links to weed out, as well as which search procedure to 

uecr~ d~~ebtfs ott3 1:fiec;'Cbatacit?risitt~s tH'.:the''ialtetcttnd: ~Q,,t:li;iiil. 2 inC k par

t lbu1ai-l"applttat1.on '. aruf'iittl~t-'bei: d~teminel\dby8 ~*Pff!ientiHt>1L" ·1E :~rr: "" i: 

'' ~ Arioth~r· itbicttit!fti:-·pt-t>bbtti t6'il~1~on9!aerea:~t'Swtti•£ Bf ~Bititst!~ticf'! 

At p~lefii. st\l 1 t riesr''ttr~. t~-$t the ci:)f>.st~ie~y:: tH i el~Ji01 1if>it '-'W~nt\~nt~EWf tl\c 

th~'l i~fi)~tibn h: atr~'adj' 1b'a's !i'toted~ 0\eff>~j it'fldt~f{ti<·fti!~1~1afii"bni0fO 

th~:Uio<lief: ''·tt ttif~ht~b, 1 1ilbr'e 'eff'foi~at:t'b'l>iftn\!'tt a~c~ptd~a~h inptitc "·'d; 

ij sen.tei'lee 1n~pjtide<At1.y,. ittd'·then i c~k. Ule"~bftii,~ellt!y bt tt\~:;~ite1 l fi-Oifi

tifriie ~to' ·uin~'; 1 1Say- l>M~~nir in:put ~ 1 Wntenl:'i~ ! .o ~iib\SfiiWHtg"0 i ¥, j;TI;Meid ., ') rr i 

ot~ur";'" 1 thi:s~•prcitemtte''won'ldi'~l.f'~(\1.te+1 il\foda'ttbnb~quil'.jpl·ic'e'd~~; ~'; rr.i: 

with earlier inputs, which migth:~~e;aljpritftttd°affii'~'t"'ro~ tQtilif_;apoi:i 

pitcatlon's. -

-::1·'· 

· ~' · Aliibiltuitt'"itr'\'!UBuage: · '_N:·9y.tt~·11 •11'f.li~-i ~~lm:.;co'til~be-'11~~edq'A~ 

a 'basij i fd1: i j~t'tldy"'et9 aiabip'i.~y ltt':langfu\i'j· :ltf>.i~ ... ~~'f~dki~~ii>:i~~eh-ih 

sectibii1'9'.:lhtiorio1ftbW"stR 'c\m ·t'e-861.V"e ·&rt UitHiiiou~rr~-die~1i\i2 bn~~he'·' 0 ~ 

basts· of'· re'ittt!d wra;m~1m1nks'. 1 sbnit«t'l'Y iW''~ipii\di\11 ~fl'iofi' Wstt illiiht 

be able,.·'tri'' res6ive 'ail;igtioti'i!F' seninc~··t™ll'iti"'btfii\i 1>~1'1¥'&~1 d\~ 5.ltM1afi" 

ings (or, more precisely, the contents of the propert~\i'$t'8Ylofvtf\~i1<, n 

words in the sentence. Thus the syste11l could be as effective as people 

in recognizing th.e structu;'~l 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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d~~~F!~f: ~~ :r ~-9,~;~xtu.~l inf~JiffH~nA~ 1 n~~~d./ ~Ro r~~\ ve,., ~b!IH! u,, 3 "'~~~ 

8:!-M~dP.f\!~p~e.);rQ~b~~'' ·~~Fh.,~~ "~h~¥~tp~e;;8~f+~2P!~f,~:; ,! i:. '1ff:; ; 91-:r.r ··cH!; 

solving amb~~HH~~/fo!ffie~~s,c§h~,~''.f~:•l>l°&&g-~mj~HP~~lt~afiJs5~•1~8¥f~t'1 

'?f ~;ll~s ~lie' ~8' H~: D19,'1e~j·1 , ~~' ,,!9fR~~iP.~: ~~8!N~fJ,5H.f j ~~r• '" m?rd 

bx ;W,8 Mn@:fn;P.e:t p~qpe~t;f:; 1i~t, 9,~. ~9~aw1:rr;d it' ~~!8i9U§'.:I f.9.J tJ1fE i31~~ffff;, J -~ 

~~o~'_rl?,f~9n"~1'8~t&flrfb¥~tb-,~:;gb~8~.fo9~ Wf~bi~ ii£• 
111Jlfll,~~~ 1i1H1~~ ·. 0~d.: 

the obj~~~r -~~.Jih~P,l•~ c;:fPrfft!9'_; t~!,.r4~'?8¥-i~r~Jtefo,,_M U·Y ~~~&.J~iqR' 

c~;;~i"~''§~ec~' ~~ -~9~::i9~~~iqrsq:f .§Dri'rt;c.;~!~Jtr, f'1H1ffl'NJJ·.-d?t!RfV~~~"'::Ee~n 

the r~P,;!8~~&:f fOR.aHJlP ~ JP4l~J?1Jila~~99r 9fofflt"°..:~fhA~Jl~r ~sli~J.~~ ,,, ,t,JJ!\l~ 

info~!PIJ:;Jifl?C,!.§~~Sr,J.ey~,f.R; tji~.:iEfPJ(i\,,~fEJen~,~ 1~PPiMoi0~B3"~,3 

ce~11r~~o~ f~S9R-:J.1~~~mc 09~~•1hst}1illlif.i~1
1

1'.'l a·)J:ri" , .-;; !uc~d -j .•th , iiJi'·: 

Psychologists have simulated on a computer human problem-~9Jgf9f:,P!q 

havior (28) and the process of memorizing nonsense syllables (14). Per-

P~P~L.~~B.:,5891p~ ;c~i4•r~!J1 Jlir;P~~~fgnA of:59!\i~~f:f~.f~~\~!.t: le~rning 

~11d~~8J.~ff1fb~\l~;,:E9q_e~~t ~'lff£D~rrsf8Xf~f~fA1rs8"8f~MPt! ~1~.i:~~;veL 

to b~d9eHJ.sfl1'_~!?,,;;~,)JhJ.§nS~,'?;fl Rl ~1'.-~Jqf we~e'ffl8$~~e~oi1fP!.~1wJ!,;-;;~ 

.1rl.~Hr ftf;;.SQ.~!f0 p~~yi.ff~!)~eq~~R !;>~fV~~-f~ •. ~~rRf4'dr~.f0~bwtlf51 <>¥5-8~\1;31;(: 

Y~~~bJ~ i if.~8' j /e.1 98~h·:~DWf8:Y~H~ ~h.t:)maJ~ 8P!l~f t~~/t'9-~1 hptpaJl,: .: ·. ,), · 

,.dJ.. ! i 

. , .. .::...- J 

I • ) : ~; • J .._j : ; -.; j ".': .. ~ .: . : l [; ._: , ! ' ; l I 
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Appendix I: Notation 

.t; ·' 

' 1 -~ '-

The purpose of this section is to present some of the formal 
;·.! 

' - •• - 'ii 
~=-{:;if: .t \' -.-·.:;. !l. 

logical terminology u''d in !tQ~~ pa&>eli.-:: .:;In, !,be_.jfctliJ.rawS.n_t:.!_ia~.1.::!.l!e 

examples,, .qJ;: ~;,c~tEI .qf. ;i:nt~9!1eit-«ttea. · . 
. ,------~--:.....~ ...... - __ .......... 

' - ' •• r ~ 

, i ... :)) .- ·J"t -= .' 

''.: .. ~'~ '~Mm.:.~.:.~. 
r (~ r, , 

and so forth. 
A,a,,.~_,, ~··:· "! .~t•-:sypaJ>qla,;AtttJMU.JHt ~ l~ l.ogtc•l .ti>t:11111.BJ1;.< ,,.c 

_.-,._y:::,~·.· ,.t~.~p,oa~fi.~~j.VR•···~ ./L -A iior»Kr· -·A fsTa!ie.-~···----· ......... .. 
' ') 

i· 

A AB A and B (are both true). 
AV.B .. 1, ,,,, l\:,~1 B ·o,~, ~-,;;r:. -.<:t -~ '1 

'A.:>:8' ·· - ··armplies B. 
A~B A if and only if B. 
x~J1.tt~~' ·":" •,, ,, :Yatj.~~J1r\~ %~0WI\ RJ>j~~s, ,or seta ... rr:;n .. c: 
ar>1 _ _.,y·,. ;.~r~,1 ~ f~t,a~;:, ~1oj,•~ ,~ dt ~i:::•B: 
aEx g is a member of the set ~· 

, . ..,, ~-iYL·n< ~· ···~~a- is:. ~~4; ~' Nt.;jfn;;.; :. · ·<>:.1" • ,, . '1 , 'lvi!U 2 
u..:A [a x];,,;(I[ is.~~-~p~-r~e-.Aet::~. . .. a:',".H 
x=y ~and y_ are the same object or set. 
W..·:-i':c: :: c·c.:::4~•;: .. ·,i_ c•'J?. ·1u't .f.L.:g·: .. ::: - . .it:·~J,,C._· 
.V: 1 ·· :: ~~sA_l,,q~i;_~Jt ... &yjnh,al,,: '. 
·c~~)' universal quantifie1'\orl( J \, ~1 . "i. "" 

: '; ;;J 

' ; ' ~ ,., ' 

('V'x)A A is true for all values of ~· 
3 ,, ,,, .. 1; e~p~~t.,.l ~j.~t\.J'j~lot" ., "·' ·criu:u. 

· '('ik) .. ...... existenti111 .. qp~ii.U@r ,,c.ig . ~ • , .-, .h 1:· --~- !.'..':. 

(~=~~~~" ~r .iJJ~-~~;~;;!_;_ :; ::~:9'~;_ ~•-~::~.:.~~~:::.' .~.,. 1 , .. 1r,,,,2. 
(,,~1!1~< .rr ~h•:9J44~d1.pal,r"~M,4MJObjffl•u ...... ..;1 "·" "; ,., 

=df · equals by definition; is defined to be. (' i , . :. ;, 

B • 
.~r,.·_ , ~ .: . • ._ \ .• _ . ; .1, · ·- ·~_!j.~-.:2~-~~222~~~.E.l. :··. 
Subordinate Proof Derivation. . L V' 

• S:.t 

.u. 

• 3[ 

• P.[ 

(• \ .. ',, 

. j ,: ~'.~ubc;>~df.;na,~e .;&l•~f', .. :h ,;a tll@t\lCJCI fQs::11re'f~!l..~-~!!!!.':~educti01UJ i iii tlut'" 

f;nt;7{:>.rd.-r-r1i.:-.cti4'~1;e ~-~•twlys , C'.,btt _L~A"eaci•~l calcul~a'! ~i.! L-''ltie. ,-•..:, 
. __ ....J,_ .•• __ - .-.. ,., •. -~----·-·--~ • - • ·-·· ·-·----·----... ·-~-_..~ _,"----~ -~i.:,1-:-Y .. ;1 { ~:-;-) · .. r:-;_, n-r: \·:~)it . :·; .. ·,1 

fo~l~t,1,~~~ ~utl~,ne~ ~~~e .. i~ .)~~~ •. ,~~ ;~~o{ :'.)~~~~!~;~ ~er~.,, Jr 71 ~f1 J/ . (i,; 
si~iJ:;~--t~-~the s;;~;~ of. "generaf'lrtfetJnt~ disc!~{be'd by·fi~·~3). 
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Rsfipition: - sub()icti!nate i>'roo·f''ni'tLfvat:ioil.'''.ij:f L~· 'ici~ra: l irou(k: 1

finite, 

poutbly e~ty, s,e,t p~ .fqt'mll~~ a~-dt. ,,. q ' ...... , •. '. - i' "-. -i··· '>! 
an arrangemeht' Cit '-foltnPtlte' -·inFl"cM&~ ijif /ttt~i:1 s · .,.ia~.;is tyl. ns jtli&- doiial t i.ns : 

1) The fttsl:' ~ Yiiie~s~ ~ 'th'e ··cre't'f~~\idti'i1?o\'V1s1i"'6.1f:iti{Jlrjorii[ita~~ o'f Q~·.,:_r 

2) Given !! lines of the derivation ;''~il~;"~~t~'l?lit: t1.0rt1e .1uiay1 'b\,ii&lst< df i.ii.y' 'd: 

formula whatever, _if ~ new 1qe~. bJ:Jlq!tet i,s -~a,un tq .th~ ~e~t. P:t F:\Mlt ( ' 
formula inside al1 e~is't:ing l>iac1iet:s\dt"'p~e\,i·bh\ry0.rt~~lit~le<I. · · · 

Definitlbh':'. fti. ·a suhl:itai~fe1 i>t-Jb"'f1fe{.'\iatro"h Jifl:.r1iJ.: 1~ .. i-~.,f~1Y~<f : . . r 1 
, .,,,. "~ '4!f n1.ll .. l ".>,, .- t • • -AA·; --, _, . ) 

ancsstor of line !. if j <:...,/and line .1 occurs insia'e no l"ong brackets',, 
other tha~,fho~~ C()~~flf:fl~1l8J~~;:,.~· .' 1 u:;. r i.') J.~~,,-)J -•,<,J ·, 1 10 , , 

3) cl''{(eir"J!" iihes- of' a'derlvatlon\' ~if~;i~-j 11~~11rifal:Y; c~hs\is"t ,~:f ~~~li· 
la A (without a new long bracket) if ·' ' 

i) A is,ak~~~ _t:rpe.,~h~or~ .. , .. -:' ,.--·.i;,r-'1,- .. ~" ,_ ';.- ... : . ., .. , __ ;-· ,,_,, 

£o~1~~ 1:~r%I!:~6r~~1~~:~ t:~tMlfJY»f1111~9ll~~t, ~~, -~y :s~i~ pf -
ii A·_i;~~ ~h~.1:¥ie' obtk.im;~- 't. roM·.:· .. ~·"(f_:_ :fr.i') /-'':r,, 'a~c"~.- ~: l'~ .t. :"'fi'n.e'.:."-J.. "''an_ '\'. · .1•· 

'"rl.Jil' -«~:--r:.· .. · .. -, - c~-............. >.,., .• ,,,q;.· ~i'"''b~t--ijf fPJ:,ti,t .. ,, .... r~m "'-· h-·.:1 allowsn ~e·' l.fse' of toe me'thoa-' o:r.; ·" ; : "r • . . ' 
• )I:::, t t;•,:;•f""- , · ; ,y,,;u 'l"H' ··~"r:-r;--:,,.., '<!'~ <ff' :1r., >: -Js;f ,.,._,, ') L' • -. ' ' l _,-,. 

fl. b1~'i6h~: Let A be ''kl~·- tbnuid.J(;: 1"'~" 111:0 :.'npP;' l b;f 0t 1itiri~-,, _ : "- :. ; '1 

~f the foPDUla-obhiJ\l f'roii' A1~Jl..l~t'ifJ1~-1 'fo~ •.'ire'~jt triO '"' 
0 

- enc~..._f£i ~~"'ti!11-r;;..!?1 .. ;~·~t> 1£erisF.Y1~nfCR~fftflft ?k~ "Ptf l..!~Ple fH 
. scope of"'. "luan r er con a n ng g,. ··· 
' US -=elf Universal Specific~ti01,1,r by, which. (Va)A. becpmes /;_. 
" UG ~1fh\':l.vtts•l0~'ilet*1.1~4t't~<i Wf wM.~ l.'-'~~k' (V&)1'!0 

· '· •l;.; hh 

=~ .:::1 :;:~::~~:l ~· :::tiii~!r~~:~t~:,~,~~nt1 A~~9 j ,, , • 

~: ii~ :!:, ! :~:l.~.i:,:!~.r-~~:j:~;~::0r .. ~~1~d ?fq fh:~ f:~o;'?· . 
Certain conditions restrict the allowable usale o.f 1110st of these quan
tifier transf"rmation methods. These conditi.on1, whieft9 Wiiit:e'c•to·"; ·· 
conflicts between variable interpretations and dependencies between 
constants•; ete: toohilWf>lved: to-, pst'ldht lea tM•-::••utJlin•h : ·~ ·~ · -' J,_,;, 

4lhAn inn~rm..o~~ :loqr;lPra.ck~t,~tNf-0.t::! iltanateJ:l.-,atJ ~Ad>.ii.lltl~liag)! dJiel 
.n line if we write as the n+l 8 line (~] \it.ere A and C are,respec
tively, the first and last formulas in the long bracket in cro••tt.01ltlnn1-

5) An innermost long bracket may be terminated at the .!!th line if that 
bracket begins with a formula -A and has for its last two lines C and 
-c, for some formula C, if we write A as the n+l 8 t line. { ::~« ,,, U 

6) The last line has no long brackets and is the fot'mtl!l->'B .. · .~:. ,_ /\ -- :: 

- i: . , ·. ,/ -' \'-"' L" \, 14-.. :.: ji:; i ' . /. !-... - «:: ·-z :;., . • '· 
!ain Theorem (given here without proof): If there is a Subordinate 
proof Derivation of B from Q., then B is quantificationally 
deducible from a. 
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g~~~ral.ly con11ist ,of _fo~ -~~~~PfS::;>'. .11 •• 

i) ''?hk SIR d~'.duct~on ~~ii~~d~re~,)is~~~t:s.t;eJ!' ~n' .ta1l:b. b,.': ·~ 
• ' • ·.; • ,' ... , , ' , L ' • • i p •.I --::,. fl .J •J J< '-' :-:) ~ • ·• •• • >_ - " 

..; .>. : .'.' ·,, 1.·: J ' : .i 

r.'. , j ~ ~ r ~f ;, . _t"'t. j ~~ l° I : ' , ·• r. f: ; ! :;. .t,:;}; 1 ·j :r ~-]' J.-, 

iii) The quantificational calculus stiltement' olitained from ·tne 

~-~~lpa _i~ i~1?,.~r elbni~~rinaJ:.~~~rP:f i~JGC!f.~A•fl:r'~e~~rAl>e<~J!11 ~1M?fu <. r 
t , f ,; ~J_>l ~.; f· Jd }-_:;.::_; ~- :" ,· ~ t_:r fl;.... : t.\. ' 

. . • . .. -.. ,. ; . ' •. -· . ',-,' ' ·_. f-1 i .~! ( i: 
iv) The outline _of a Subordinate Prop.f Ife:HvatJpn 'tor t:h~ ·sta~e-. ·

1 
< 

ment tr.1 ii) • Th••• P"~?t• , ~!~. ~l<iiii,,':'. }n'~ ~.M • e,11, ~ ~.Ii,• t, , ~ , " : , , 
~~~~s}~-~:!i~~:;:~i~~; is.~~~·fa:lt;~~r0 fi~~£~~~1!~~; ~~~iVrA;~~,; , 
rules of inferelt'ce' su'ch- as~oltes' 'i>1bnena•t1 'are us~ When con'Venlent. 

::;;rf•s~t~.~f~irft_~":~~~~~~f~;,fJ~;;:.•
0

:·t~•t •. ~~~!::~~ 
1'J:iie 'aiioms of SlRl) as"" lven·1n(T bl. e .. d-~ ' rid -i:C:s.·:· ..... ,,. i-. t ... f· - •. - ·. ' g t :1,,;.! · JI . - -, 9 i f~~f{f,,~ ~~ o '.·(~!: 'F 

' ... ·· ..,,.·- -'~1 ,~f ""(·t··.· 1-·~.r:.- :: .:ii._,.,-.-·.-:·+!).~ 

definition~:r. ai,:~~: 1f..t~pd~e~· µi~~;·~- ~~J-i#~.)-~9o~~:~.a·.: ~·~~~(,·_ , ; 
,, .t·, : _l r;{;.' »-- ,'..-\{ "" '. .. ! .J ·f-ii ·. u t r;o_~: J;;_~~..; :. ~ .i. ·:: 12 . ~ -f. ) ·,; _. ·:-~ " .. .:. ~~]. 

theor~. ·~~ve~ ... ~!;~.as~ry~; ,-i1l]n,~err91~J.::F.lff~,+~tiP.ll:;PY,~l ~:~l '· .... 
·'·'· :. . : , r .J. ,·it~ • ~ . ;-:~~ ., ;-) : . . _:··~ t . .. L··-

free variables in the inJ.t.~al amJ,,fl.ii~ ~~tEtmented.n the .following:<• 
'·.: •.: _; ·i)f::' 

proofs. is a,ss.wµed~ ,- ; ~ 

1•., 

In some cases; the:·preofs of Siilt-:decJuction p.t"iacedures foll01t'-·'·· c,_, 

imiedt~ely fll'om. Silt.1 axioaaa;· Oil'cdeftt\iti.onl, r10:: that!0 ~;SPD .. s:u-, ne' '\ 1 
• • \,' · -i "-; \. -: .: ' :- n :· : 1 ~ .i ·t·' ·-1 .... • .'. ; . " ·y : :~ 

unneee11ary. j ;'./ ... 

1) :J'(C) 

xCy/\yCz+xCa :1 
.) 

(\la) CaEx=taEy)A (Va) [aEy-9aEzl ~(Va) [CJEx~aE z) 
i' , ) ~ ~ C.1{)':£ ~' -

... .- ~ ·1 :r:. .. \-!(. .. ~ff! 

:·· ;c-. ·1 J ';; _i ("i : !J'") f·,; 



1. (Ya) [aEx?aE:y]A (Va) [o:~y:?aEz] 
2. Pfx~PE-y 
3. pE-y::}PEz 

4. [PEx 
5. PEy 
6. Pf z 
7. PEx ~PEz 
8. (Ya) [aEx?aEz] 

1. ~ 8. qed. 

2) x=y=}xC y 

x=y:p (\:;/o:(x) [o:fy] 

x=y =}(~a) [afx~o:fy l 

1. x=y 
2. ""'('7'a) [a€x ~aEy] 
3. (3a) ""[afx9aEy] 
4. -[pfx=*Pfy] 
5. PEXA""'Pfy 
6. PfY 
7. ""PEy 
8. ('efo:) [afx~o:(y] 

1. 98. qed. 

3) equiv[x;y]=?xCy 

x=y ~("'°'o:fx) [a(y] 

afx 1' (-v P(x) [ PE'y] ~o:fy 

afx A ('<IP) [p(x~Pfy] ~aEy 

1. ~fx A.('¢ P) [pfx~pfy] 
2. aEx~afy 

3. o:Ey 
1. ~3. qed. 

5) ~(equiv) 

.?"(=) 

149 

USl (by US in line 1) 
USl 

4,2 
5,3 

UG7 

2 
ES3 

12-1, 5 
5 

same as 2). 

axiom. 

USl 
1, 3 



--------
' _,_ . ., ~ "" ~ 

6) ~(equiv) 

8) 

• ) '.1 
"'i, ~ .- ~· . 

-owng[x;x] 

""(Va.(x) <313fx) [ownb[a.;1311 
~(ownp) 

I;',' 1 150 

axiom. 

axiom. 

axiom. 

- -----~ -~~ 
-----:·-.·.'!<_;,· ... ..,-

j.:. '-t~ ,Y_ ~-"'-" ~ \ ::-:; \,c" )"-•1 .. l. 

.. - ;H '~: >' :~:~: l _. 
-~ :,,, 6._ ,.- ~·-1 : . f ' . ,., ' '-. -. I 

x-;~~, i ~, 

v :<fl l ; 
' ,.l - i " : .,ti .J l . :J 

~.,.;:1<~x"'f! I ,_., f~ • - ·1 

,,.-..::;:-;,.-;.J(c~\;"')_j ,£; 

! . 

I • I.· 

V"'· .-r i . • 

9) owng [ x; y] " z Cy :+owng [ x; z] { d ,1; ~ :· ) 1 (· "'' ) "'"' ·1 I · -· 
\"' '-~-~:.-~::''~ ·1~,,.,ht~.i.-if) j ~ ~' -- . - I , 

<"-'N'YH3a.fx)[ownb[a.;1311 A (Ycxiz)(a.fy1~ <~ lilz> (JCl(x)l~~~eU l I 
(;.,<ja.J[Pfy~(~a.)[a.fxl\ownb[a.;p)J]A.(llf'a.)[cxfz•cxfy] , ~-~~ l 1· .L~ 

~(v 13)[pfz =t(Ja.)[a.fxl\ownb[a.;,S]] 1 · 1 · . .J -

1. ( "1' 13) [Pf y ~(ia.) [a.fx" ownb [a.; P 111 A (v a.) [a.tz .. afy J 
2. YfY1111>(3Q)[afxAownb[a;y]] 
3. yfz .. yfy 
4. yfz•(~a) [afxAownb[a.;y]] 
5. ("' 13) [pf z ::+(:n) [a.fx Aownb [a.; 1311] 

i.•s. qed. 

10) owng[x;y] A. xCz:>owng[z ;y] 

, __ , ,~x-:;:-11,:, 'VU .a 

USl 
USl 

('-'13fy) (3afx) [ownb[a.;131 J A(~ a(x) [a.fz]• c..-pfy~t~J:~~~~t~m~~;~.rV.-. ~)' 

(Yl3) [pf~~~~~ I~;;~{~~I~:~!~~~~~f]fx·~~]~~ (v~~·~:J:)B,; (q ~-; 

1. (¥13HP~y~(Ja.)(a(xA_ownb[a.;pIJ]"'( ... a.)(afx~;o:z~~il':.1':' _- ~;·.·\ .'.· 
2. V#J~(3a.)[C1.fxAownb[a.;y]] _ '71

' 9l'St I 
3. ' .~y '~ ,,J • ,_ 

4. {'~a)[a.fXAOwnb{a.;y]J . b9 p 1,"i .I 
5. µfxAownb[µ;y] ES4 
6. µfx•µfz USl 
7 • µf z A ownb [ µ; y] ~~ , . 
8. 0a.)[a.fz "ownb[a;yJ] .,., ''<'-!t;'r 
9. 3. •8. 

10. (y p)[Pfy::+(3a)[a.fx "~*;13])] ti(;gf' 
1. ::;10. qed. 
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11) ~-x;YJ-1;:. xCe~z;:ff 1 <'·· ( ·· ,. 1 '· .v; '<;· • f • · <f'- ',·: : .. 

(~fx)[ownb[a;'yH;..:;tv~>1dfth•~'ff~~:Jj~/~.~'~' ,~ ·:: .. . /' :·~ __ : :.· -· 

(30) [CXIXAO~~~~~~J,l.~\~~a)~lait;~~'~.l·1~,~~a~~~.~~1[?;y:.J 1 '· 
t ~.!"'-;~·-.·" .. -~· .... ·~ "'· . ., \"''' '··:--.,,1·,.)GJ'."-; ·. 1 .;\,. ·, 1~.~-.1~ _, .. 

1. ~}jaf'x"ownb[a;y) J A(..,. a)[Qfx.;af•l ' . :. '; ·i: r. 
2, ~).....ownb[,;y] 1·Ji1c:u "· > ''t'1~' 
3, ,~.,fz ·:i·t•.-· U6f' 
4. ,t£~ownb[J;y) ! ·: 2· '.f · 
s. 1~~af:~~Ca;yll , , , , , , ~? 

,- ~-~ ' /~. ; ) ' : 

,. 

12) owng(x;y]I\ zfystowri{x;z) 

(V~y) (3a:tx) (ownb[a;p]) AZfy-+CJafx)[ow.nb[a;z]] . , 
. f · .~ (': _:··-;Thi.~:.;:~.-:-\{~·-..., ,' ! ; / · 

<~~>Iffy •<Ja> 1a1~ ~~1_sx.;_~u~.~~rt:,.JIS9sC~~ t:~~J?-~~V:; . \: ) 
1. ~<'-'.P~-~-<J~>J .. a.f_ ~o~Ja;,PJ l~,~EY,: i · .. •·.· ,_ ............. . 
2. zfy4' laN1A~·fei';z] J'''"' · · ·· ··' ·.. ·· ' ' ·q -
J. (3a} [afxAownb[a;z]] / 

1.:t 3. qed, 

.:: ''.l I 

axiom. 

14)· · partg[x:y) A.zCy=tpartg[:x;~) . ,; __ 

(vtf~)(fafx)(partb(a;lft'.tA<~Yftftt-•~~)'~)lf'paftt-~tttlf-

Proof is the same as proef of (9), with "ownb" replaced by "partb." 

15) part[x;yJA}~Cr~61f'."~i(Z'.;j':'l', ,. !,::>;: 1 ~:·: >:',>, ;~; ;:, '' \ · ''" ·,:: .. · 
(3afx}[partb[a; yJ,1.1.s1.~~~Cf.'~l~1q,?f.zr~,~.t~l?lr?;J:l. ,,, :_ :;;~1 : ,. ~ i\ <'·:,, ! 

~roof isl'th-a'~W-ln~-~fi·Of (ll:):idtffls~t?~~l;yl ·•~rt·b,TI 

~6) part[x;y]"-partg[z;x).::tpart[z;y] 



17) partg [x; y 1 A zfy ~~~ri f J;(j~r(;; ( ;.: ~1.)tJ ~- A [ r ij ( r:J:inwo ](x)';:f:) \- y:!)G',,,') 

("IPEy) (3aExS1 fli1t;ikl'Cf;tfj3~1z~'}r~<=t~'X)'ClJ~t'tlj(&&'11 x)f·] (r:t)~ ()r j <fl 'v:: 

'0~ A [ ~il: s::hpv.:~~.('}~J,i~;)<fi_..S.\8._1i..( ~ 1\?')·--f • l 
Proof rie5' the same as proof of (12) with ~own~ [J;~A~~J,~4!::v_:-," ! .::: 

s.,r [is(:C]d11wo/\x:i1JH:o~)j .t' 
• ;,9 p . f '¢:: • l 

1. single[x) /\af.X/\ bEx 
2. (3cx)[cxex l\(~P}[tsfx-.tl-aJJ 
3. ytxA(VP}[tlfx~-y] 
4. a~x .. a•y 
5. a=y 
6. bfx ~b=y 
7. b=y 1,6 
8. a=-b 
9. 1.~8. 

(V~)~i'1)~~,~~Et~~=t~~; A cmt:o}dj'fi:q] (x)i:.E) ~~ "v') 

18) right[x;y]~-right[y;x] 

(3cxfx}(3PEy){rightb[cx;p]] "s:J,ngle[x] /\ ·~~q_ .. ~:JJ. 1, :,·-, - .. q (cl 
~"""'[ ( ex y)( p x}[rightb[a;•J ]/\ sing'leiy1 i\ nng1e1x1' -

(30) [of x i\ (3 P) [ Pfy A r[i[g}i't\jf d;pft1fl~\>Jl1lel~x~j~ xs'fnttet'y ~i X ; s] d j H-q J ( x-,Lt) 

-~;fj(~~~~lff~~tAJr~) ~1MMJ-~~lai loo-,'i 

, --- , ,'.-', _,: :, , i:· "l .c..-j ', .... j-'i i"1-!.:-'·l ; '1. ··· l i~l-~(r . ~:· ·-~ <,. .. ,. 1, l'i. -r.: ... ~ 0 -~ ..... ~ /\. L n ( .. -'t ~ . ~ :, i (Jl 
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l. (30:) [Ofx f\ (3:i3) [Pfy Arightb[o:;f)]] l ,._singl~ll'1 J.,.itfiglE{y~ · · 
2. yfxA,(3f!)[PEyArightbiy~p]] 
3. µ y f\ rightb[y;µJ; · : '

1 
4. (3o:) [afy "(3JJH•fx A rf-ghtbta;JJ] 't · 
5.. Wf.YA (:i~)~~X:A,r~Jht}>(~;']] .. 
6. >-.Ex,...r;Lgtithft'.r;).;j-' ,·, " , 
7. singlefx1'·~YfiA~i=i!!>"Y~' · 

;.:; : 

8. y•r.. 
9. .:,;insle{ y l /\ µfy A wfy=> µsw 

10. ')i'.411:1W 

i1. :rlshtb{r..;wJ 
12. ~(rightb) 
13. ',rlghtb{r..;wl•-rightb{w;~l 

,,,: 

'·' 

;'' ' :- ~ ! : { (' 

14. · :..1.J.rightb{w;"A.] 
15. .. !ghtb [w;~] 
16. -~, 
17. ~4. A single[y} I\ sing1e[x}] 

L=+l7. qed. 

19) ;.r (right) 
~:- ._, ·: ·. 

ES4 
···:i!s§ 

' ,, 

(30:) [af?C ;,..r{!f3 >JPIY/\ righ.~bJ~;pJ J f~ ~}'1~~ {gp,)l"· ~c~~!i3htb{tx';•J lJ .. 
Adngl'e1x1,,.\'ki:ngle['yJA_slngte[zJ ···· · i ... • ,, .. , 

0 •1 '··~""\, · · ... • ·'. 

~(30:) [~~,J!' 9,} ~.~z"' r~ght~[(l;1JJ ~l) A s\~).1f (~~·"i~;i~f;!i!L~l, . '· . 

i. C3a~~::~ii~>.r~t~"r~.shtl>Eo:.;p1_.1J'\fia?l<Jf!;~;~~JJft~,.A-t1~~lc;GPll 1 

2. VE~A~P){PE:y,A;rightb[y;f)] ESl 
3. ~y I\ figbtbt\t'; µl r: . •' · ES! 
4. wfy "'(JJ3)IPtz;1~.~i~.h~b[w;p]] -· · · .. 151 
s. ~YA rlghtbfw;~) ,; . · . '' · ES4 
6. single (y] I\ µfy I\ wt'y.µ=w US-Lem.~ 
1. µ=w r,3,:4,6: 
8. rightb[y;w] 3,7,12 
9. G"'(rightb) Axiom 

10. rightb[y;w} A rightb[w;r..J ~rightb.(y;>--;J . US9 
11. ")...fzA rightb[y;"A.] , · '.<·;; S',5,10 
12. (3p)[p~z Arightb[y;tJl EGll 
13. yfx; f\12. · ·. : : ' ' 2/t.-2! '" 
14. a)[alx I\ (:lPHllf z A rightb [a;~]} J EG13 
15. l.:tl4. I'. , ;·, ·.. . • {'.''\ • •} 

1. Asingle[xJ,,._sing.le[zJ::;i-14. A.single[xJ,~single[zJ; · qed'. .- · 15 
' : - ' .. . '-., ,,. 
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20) jright [x;yl ~Ji,t,it[~9:y] . /\. i :j;, ] ; w,
0 

. , !', , :,fl i :.\ U i'\ , , •. 

(3~~~ (3PEy)[jrightb [o:;p 11 "single [x] ,11.s~hllely )' ·~. i,, : <~ ~ ::: • '~~~ ~· ·• ~,. 
~(3aEx)(313Ey)[rightb[o:;13]] Asi.gp~Jf~:l~P~~fflf>'~t ., 1 ', .•• ...; 

(3a. )~(~x f\ (313) [p£y f\Jrightb [0:;13]]] I\ sih~~.k~t~P ~'iith~f~. ftJ;~;;E.1 ~-.·;~ •. · ! 
. , ~(3a)[~xA(3PH13~y"rightb[a;p]]] /\.llJ.f!h~.1'~~~~£,gr:»tJ:0 i .·:; 

1., J~~~[Q£x,..(313H13fYAJrightb[o:;l3111 
2.. )'fx,,.. (3p)[pfy 11,.Jrightb[y;p]] 
l: .. ~r~jrightb[y;µ] 
4. · .~")(~) ('t(/y) [jrightb[x;y]~ rightb[x;y]] 
5. Jr:i;ghtb[y;µ]~rightb[y;µ] 
6. ~~fJl\rightb[y;µ] 
7. (:JP) [Pfy "rightb[y;l31 J 
8. ytx AJ • 
9. (3~~ [afx A (~p)[Pfy "rightb[a;p]]] 

10. l.~9. 
1. /\ single[x] /\ single[y]~9. /\ single(x] A single[y] 

21) jright[x;y] A zly~""jright[x;:z] 

qe<l •.. 

' ' . ' -

' ' - ' ' 

~: the sti'1 prbg~k~s a'se~ea ~fi1'i~ ~·~~y .. :: w'~s' ~iw..~~i'~ttt' ~-~i.~fo<' :: .. 
assertion, "the !. isl ~tl Ji~~- :t-'.'/ i f1lJ.~1Jatfif& l ¥r6lf-fr~~:,~f.fir~,~;-
tation can be expressed ditectly l.n' t'tle Sftl. f:ohnal'lsm by · - · · 

i: ·f· 1'~h*'1hf)h8fHf~~ P..."4'1~t;~}~.· .. .. ~'°fi$._::..J1 : jrl::il:~A.\.'/~i:: . .tJ ( (i-2.~;" • , . r 
11tere ore t e app'ropriil't~ ~irl: s ·at~~t: .:firfJ~sp,~~t~r~~ j';; :""!! _J..s: 1 , 

C:i~x> <3P~~>birt8nttk2¥J;Pl'1'~ sihs1k~i~1'~~·irikte·r)r]f~ ~riln&1eflf 1 
- • .· r;~·· 

, · '~~~~~b~ii~~)l)jf1'8ii:tbtci:}~)]~c-i.i'nkiiMc1·1~'stili~t~~f~,1 ,:·1 • ·;., .. ! 
' ·-· ,' 

' ,( 

... 

( :> 

; · ., --1 ; f •• - \ r ' . ~ , l--~ :. ·-t • r -, i;:; i ' :'.' ·.- } ., - f" ; 

(3a);.faEx A(3p)[13€yl\jrightb[a;13]]] Asinglk'txjA_ sftlg~,f[~~}1-,-l~¥\eJ~1 l , 
,;~<~ ~~~~~~~13):£13€ z /\ Jrightb Ca; 13~11fl;" :silis\~~.~t~~};~*~:~tzn 

) ,) : 
Prfo.of _i!8 in the proof of (22) below • 

.r l; 

'~ ' J .. 

22), 

As d'isc.ussed in the above note, the appropriate 'Slkl' ~t'~tement ,, is·: " 
~ .> , - ....\ • ~\ ; ... l, , 

; ; 

(;o:ex:>(3pfy)(jrightb[o:;l311 /\single[xJ ~'sf1Wiile[yl"~-'ki'nsti\~i~~, '· ·~ ~: ~"-~-· .~; 

. ~~c~ic%~;~~y) .[rjti.ght'b'.[o:;plf~~ing1~Tz1]~E/{ris~k'ty'.( · · · '.i' ·' " ·' 

; 
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1. SET-INCLUSION 

ITHE NEXT SENTENCE IS •• I 
(EVERY KEYPUIK:H-Ol'EKATOR IS A GIRLI 

ITHt FUllCJION USED IS •• I 
SETlt-SELEt T 
((GtNElllt • KEYPUll(;H-OPEllUURI IGENtRlt • IOIMLI I 
I IHE REPLY • • I 
lrHt sue-FUNtTION USED IS •• 1 
SEii\ 
IKEfPUNCH-llPEltATllR lilRL I 

::T~~=~~~D.~llE SUPERSET RELRTIUN tlETllfEN GIRl AllD REYPUlllt....:oiaRATIJlll 
11 UNOE11$lMIO THE SUISET RtlUION tfhEEN ltlYPUlttH•OPtllUtlll 111@ :$111LI 

ITHE NEXT SENTENtE IS •• J 
IANY .;IRL' Cli AN EUl!Plt Of' A PEllSlllll 

II Ht FUNt,t ION USED IS •• J 
SHll-SELKT 
llGENUlt· •. GIUI IGENEl<lt • Pl:RSOllll 
I IHl llEPLY • • J 
IT Ht SUl-f'llllC Tl DN USED I S • • I 
SHlt 
( "Ull PEllSQllll 
I ITS UPLJ ·, • I 
II UNDHU'MD THE SUPtllUJ MELllTIUN 9tTdEN PillWlll MIO IURLI 
I I ,llNDER~ THE SUIWT IKlATUJlll llT11HN C>!RL A110 PIR'9111 

I nU; NElU, 5'11TENtE IS • • I 
USC A KEY~H-DPEltATDll A 'PEllSON Ill 

1. IJ\l :~UllCJ ... USED IS ·~ • I 
,5trat-SELltf , 
• 111iiiii:111c;·:'.··'11nPUHtH-UlttllUUlll 1ilftu1c • ~llMH 
Hilt ,,.fl'Lf" ~ ; I . " 

~~:.r•-~HOJt UUD LS • ~I 

I IHt NEXT SENTENCE IS • • I 
I Is. ~ .. P£ll~Ol!I " P£11$Q!I Q) 

lrHE FUllCTIOll USED IS •• I 
SLTRQ-ULitf 
llGENERlt • PERSIJ!ljl llOENERlt PEllSllllll 
11 HE REPLY • • I 
I IHt SUl-FUllCTIUN USED IS • • I 
Sl:fRW 
I ~ERSON PERSON I 
llTS REPLY •• I 
vtS 

I IHt NEXT SENrENtE IS • • I 
I IS A PEllSDN A GIRL QI 

llHE FUNtTION U5ED IS •• I 
Sl TR!i-SELEt T 
1 CIOlNIERlt • PPSONI (liENElllt GIRLI I 
ITHE REPLY • • I 
CTHE sut-FUNtTION USED IS • ·' 
SHIUi 
l~ERSIJN GIRLI 
1 IH REPLY • .I 
SOllETll!ES 

ITHt NEXT SENTENtt IS • ol 
(IS A llDllKEY A REYPUICH-IPERATOR QI 

ITHt fUNCTlllll USEO IS • .1 
Si: rllll-SILEt T 
Cl!ifiNtlllC • llCllll(EYI IGE~lt 

' ITlfi' Rt'LY •• I 
CT"*'.SUll-FUlltrllllt USED IS •• 1 
SH11Q 
( NlilltlY llOPUNtH-OPER;ITllM 

-11 l'l>c•EPLY • • I . 
I 1"611f'Fltlell1'" lllFllRllAft~I r 

,'. ·c\;,,_,; ,>.' ;• 
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lfHI: NEU SENTENCE IS • • I 
lllU IS AN 1111-10941 

ITHE FUNCTION USED IS •• 1 
SETll-SELEC T 
llUNlllUE • llUI UiENERIC • IMl-109411 
ITHE HPLY • • I 
ITHE SUll-FUNCTIUN USED IS • .1 
SEJRS 
lllAll lllt-10941 
llTS llfPLY • o I 
II UlllllASTAllO THE ELEMENTS llELATIOll ilEfWEtN llAI Alltl 1911-1"""1 
II -·Sf- THE llEMEA AELATIOll aETwEEN IP-f094 ANO llAAI 

CTlll: NUT SENTENCE IS • • I 
IAll 'IM-- IS A tOllPUfl!AI 

IJHE FUllU I Oii USED IS • • I 
SUA-SILKT 
1151 ... IC • IM-1"""1 15EllflllC • CllllPUTEllll 
ITllE AIPL Y • • I , 
IT .. sue-FUlltflDlll UHi> IS • .I 
$1lft ' 
lllllt-JOM CllllPllTEIU 
11n lltPLY •• 1 
II UllOIASTAllll THE SUPEllSIT RELATION IETWEEN CllllPUJEA Alllll 11111-10941 
II llllDIAST,,_ THI 511UEl &ELATION llT~ll llllt-1"4 AllCI COllPUTUI 

ITHE llfllf SlllflNCE IS • ~ • I 
llS Mii A CGlll'UTfll Ill , 

llNi MIKT"* UHD IS • • I 
suae-uucT • • 
llWlllUI • !Mill ltiEllHK ., c1111Pun:1111 
ITMI UPLY • it :; J. , , 
IJHE ~I°" USIO U •• 1, 
SEHH . -~ :, ' 

I NII Clllff'UJEU . 
llJS AIPLY • •1 ~ 
YES ::, ·t :.i.. 

::. i_,~ 

:-; 

ITHE llEXT SE ... lfi~c i~ ) •'t, 
IJH( NY IS Ai 'lltr..S1'•N'fl ....... ~:... . ...., .. 
nttt FU11CJ11111-usio··,5-. -.-, 
sua-SELltT 

' ··• ,. 
'..._' 

i. 

~ 

llSl'ICIFIC • llOYI IGINEltlC • lllT-ST~IU II 
ITME AIPLY • • I ' 
ITME s-FUllCTION USED IS •• 1 
SUA5l 
llOY lllT-STUDIMTI 
llTS IU!PLY • .I 
ll;OlMG IS & 90YI 
11 u..asu.. TttE 
II Ulllll!ASJAllll THE 
II -.STAllO THE 
II U-llSTAllO THE 

ELEllENJS RELATION MofwEEN GOZl40 ANO llUYI 
llfllllER llELATION BtfWEEN •DY AND li028401 
ELlllENTS AELATION llHWEU liOZMO A11D lllJ-SJUllEIUI 
llENeEll AELAfllll'I ~EJ•EEN NIT-STUDENT ANll &021401 

;~ 
·" I~ 

.. 

I IHli ,<flf StNTtNCt IS • • I 
ltWtMY lllT-SfUDENf IS A 811lbttT-PtR>ONI 

ltfft FUNCTION USED IS • • I 
StTa-SELECT 
lllitlltAIC • lllf-STUDE~ll IGElltRIC • BRluHT-PEKSUNll 
ITHt , REPLY • • I 
ITHt $118-FUllC JI 1111 USEU I S • • I 
SETll 
IRIJ-SlUIM:Nf llllGHT-PEASONI 
c ns IU!PU • .1 
II ta9111ST- THI! SUPERSET UUJIW. llETWEtll llll'"T-Pl!ASllN AllD MIT-SIOOENU 
II -•STAND THI! SU95ET RELAJIOll BETWEEN lllt-SfUOENt, loNO alllloHf-PEltSu/111 

IJHI .... SIMIEJllCE IS • • J 
llS ffff IOY A llll'"T-PtllSON ~·· 
IJttE f.-CJIOll USED IS •• I 
SElaQ-UUCJ 
llSPKIFlt • IQfl l&.eMEollC • Bal'"l-PERS0.11 

:::: ~ii.crta. USED IS •• I 
SETASH ' . 
1111\' Ml4iflf-Piliialll 
llU Hft.Y •• a 
YES 

nttE 111n suniu 1s •• 1 
I- IS A HYt'!; 

HHI! f..Cflllll ~IS,,• .1 
Slffll--ICT : ~ 
I....... • ~ I wEU • 11>¥ 11 
HHli"!'lkY ~-- .t~ ' ". '. 
Hllt•Ml-flll!IPl'jr. WSIO IS • w·l 
Silllt. - ' ' ' 

" 

. ;; 

,_.;...,I .' ~ ~ ~: ~; ,' ;; :: :: ,~.;. 
::~;-6::~1' 1~.;.s •atm81 ~rwif.I ~Ot411 iND iiiii 
II ~UlAlliD ,J'flC .... llfLM°icJll"8EJWffN ~ "i'ID JllHltt • , , 

~ ~: - :1; ~~ ~ ~. : ~ ·:: ~ -~ ·: .~ -- - . .. : ~· ; ~ :.~ ~ ~ f 
11111 ••T u'lu'ia 1 s • • 1 ., , 
1 A_9:. JJIE ID~' '91!t ... -Pi'IJON 01' 

If .. .._ft'* lisl' l S : ··~I 
StTAO-HLECJ 
llSPKIPIC • llOYI luEllHIC • MRIGIH-PERSllNll 
ITltE llEPLY • • I 
UttE SUll-fllllt fl 1111 USEll I S • • I 
SEJllSlQ 
llOY Ml4if1J-PERSONI 
I ITS llEPLY •• J 
lwHltN IOY •• lt;02840 JOHlllll 

- l. 
'l::: •o, 
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I 
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llHE ~Hf ~E~TE1'0Ct IS •• I 
lfHt NAii JS A JER~I 

lhlf FUllt;flON USED IS •• 1 
SEJR-SELEt T 
II SPEC If It • MANI I GE,.UIC • JaKI I 
I Tttt: KOLY • • I 
CfHi illa-FUNC TION USED IS •• 1 
SEfRSI 
1"4N Jtllll 
II f$ llEl'LY • • I 
l&02a.O IS 4 N4Nl 
II ~HITAllO fllE l'LE•mns NELATIDll llff~ttN li~ll~O 4JIP NANI 
II UllOll$Jllll0 Jiii MENIER lltLATllllll •ElWEEll 114N AllD GDZl~OI 
II U!illllllr•lllO THE EU"tlln UL4TIOll lltflfttN GOlUC ANO JHK I 
II UtllDHSUlllD fME llENllER 'l~LAflillll itfflftEN JEH 4110 &Oll"lll 

Cfllt llfllf HllJE!ftt IS • ;..,t 
I JAC.K IS 4 OOl'il : ,' 

Hiie FUlltTUlll UUO 15 • .~ l 
su11-nuct ; · 
llUllllM •:JACKI l&fl(tRtt; ·• OOl'Ell 
IJME Rll'U:.. •I · 
lflll: $111-f-TIUll.UHD ti·;:. ol 
SUtlS ' .. 
IJM:ll Wtl ·· 
1115 ...... , .••• : :::. 
II lll!OUIJjio Tltti't:Llil!llfft lltUHOll N:Tlff;EN JAClt 4llO DOPtl 
II llllDIASf';*J fltl:;flllllll"' .L4TIOll ... flfUN OOPt AND J4CKI 

. -, .1, 1! 

II.. ..... ANHllC:t IS •.• i 
IJll!!ll U '4Jlll ,, 

-Ii: • _.,: -

lnttt':fUICJr uu• IS• '..f 
mi$.=r.1Qljofl ~If.I~] J4Ull 

llllt:;;HU.' f• • J .. : : 
lfttt S~fl@l'flDll.llJEO IJ, .1 , , 
EWli "' " 
'"'"' .t&ll I"' , . llTS11"-IAY • ·I , , , , ' . 
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!flit SUl-FUNtflON USED IS •• I 
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I ITS KIPLY • .1 
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1 rH< ;ur s<r<rE.;ce 1 s •• 1 
llS THE MA,. A UUPt ~I 

j Th~ fUllt f ION U~EU IS • • I 
SL T~w·S~LcC r 
llS~tCIFIC • MANI lli<r<cMIC. CO~Ell 
I THl >eEl'LY • • I 
I THt Wll-FUNC flUN u\til IS •• I 
SCfK5UI ' 
IMAl'I DOPEI 
Ins !(~PLY • • I 
I lllSUffltlENT INF~HT IUr<I 

If~ llE•T SENli:llC~ IS •• I 
I~ IS THE MAIO\ 

ITl!i~UllCTIDN USE& JS • ·I 
SU~ILKT . :_ 
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I !Ht NUT StllftNtE IS • •I 
llS fHE llAN A 00,E QI 

I fltc FUllC fl UN USEO IS • • I 
SE flQ-SILlt f 
llSPt~lflC • MANI l~ENEKIC • OOPEll 
I Hit REPLY •• I 
!THE SUll-FU.OCflUN useu IS •• 1 
SkfKSlQ 
1114" DOPEI 
I lfS KEPLY •• I 
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!TH[ ~E:Xl '.>ENlE:1~CE: IS •• ) 
ll::VLRY FIREMAN OWNS A PAIK-OF-REO-SUSPENUl::KSI 

ITHt FUNCTION USEU IS •• ) 
01o1N-Sf::Ll::C T 
I I LENER IC • PAIR-Of-R!cO-SU5PtNDERSl !GENERIC • FIK<HANl l 
{ lt1t: KEPL Y •• I 
lTHl SUB-FUNCTION USEU IS •• J 
U~NK 

IPAIK-OF-RE:U-SUSPENOERS FIRE:HANI 
11 rs l(f Ply •• ) 
(1 UNOERSIA~O THE POSSESS-BY-EACH KELAllDN bETwtE~ PAIR-U~-REU-SUSP~N~EK.S ANO FlKtMANI 
II UNDERSTAND THE UWNE0-8Y-EACH RELATION BETWEl::N FIREMAN AND PAIR-OF-Rl::O-~USPENOEk~) 

I nH: rH:XT SENTENCE: Is •• I 
IUOtS A PAIK-Of-REO-S~SP~~DERS OWN A PAIR-U~-REO-SUSPENDERS Q) 

!THE FUNCTION USED IS •• l 
UrU-t~-SELEC l 
llG~NLRlt. PAIR-Of-RED-SUSPENOERSI (GENERIC. PAIR-Of-kED-SUSPENDE:RSIJ 
I rHE: REPLY •• I 
I IHl >US-FUNCTION USED IS •• l 
Uli!NKQ 
[~AIR-OF-RE:O-SUSPE:NDERS PAlR-Of-REO-SUSPENOER~I 
IJTS KEPLY •• I 
{ 1>tU •• THEY AlotE THE SAME l 

(THI:: Nl::XI SE:NTENCI:: IS •• I 
fOU~S A OUCTOR OWN A PAIR-UF-KfO-~USPfNDEKS QI 

ITH[ FUNCTION USELl JS •• I 
or..\j1.1-'.:>l::LEC r 
I (LlNERJC • PAIR-OF-H.tD-SUSPt:NDERSI IGENEKlC • DOC TOH.I) 
I IHI: M.EPlY •• ) 
CTHt- 5UB-f-UNCTION USED IS •• I 
uio..~M....i 

IPAJR-Of-Kl::O-SUSPENDEM.S OOCTORI 

flT~ M.EPLY •• ) 
!INSUFFICIENT INFORHATIONl 

I IHt NEXT StNHNCE IS •• l 
IA FIKECHltf IS A FIRt~ANl 

llHl FUNCTION USED IS •• l 
St TR-SELECT 
I 1,~t::NfRIC .. FlREt:HJEF) IGE:.NERlC • FIREMAN I I 
I THl KEPLY •• ) 
ITHi.: SUB-FU1'4CTIUN USED 15 •• I 
SETK 
lfl~ECHIEF FIREHANI 
(ITS KE:PLY •• ) 
11 UNOERSTAND THE ~UPERSET KCLATION bETWECN fl~EMAN AND flKE:CHlEFI 
ll UNDERSIANO THE SUBStT RELATION UETWEEN FIRECHIEF ANO FIREMAN} 

II Hl NEK T SENTENCE IS • l 
!OOtS A FIRECHIEF U~N A PAIR-Of-RED-SUSPENDERS ~I 

lTHt FUNCTION USED IS .J 
OWNi..-SELECT 
l l"ENERIC • PAlll-OF-Rt0-SU5PENDERSl ILENEKIC • Fl<ECHl<Fl l 
lTHl KEPLY •• } 
lfHf SUB-I-UNCTION USED IS •• J 
OWNKr.l 
!PAIR-UF-REO-SUSPENUERS FIRECHl!cFl 
!ITS REPLY •• } 
YtS 

d. OWNERSHIP, GENERAL 
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I THE ~UT SENTENCE IS •.• I 
!ALFRED OWNS A LOG-LOG-OECITRIGI 

II~ fljll(.l&Q,ll Ul.ill IS • • I 
utlN-"t.~t• 
ll~flilU(. • .l.OIO-LOG-OECITRIGI IVNH,Ut • ALFRED I I 
1 llj6 .11t•LY .. • . • I 
It~. SUll-FUC tlON USiD IS • • I 
~--
11,~Llli":""Tll.IG ALFRcOI 

.. ~:~· ~· •• 1 . ' I~ . l$t_fW'D THI .POSSESS RELATION BHWfEN LOl.-LOG-OECIUIG ANO ALFMEUI 
I'. ""1A~ JHE Otolti:D RELAJION ~EJWtEN ALFUU A'<O LOG-LOG-DECITkli>I 

I~ 'ttUt stllli!IU 1$ • • I 
I A Lo.i-LCiG-DiCIJlllc; IS A SL I Dk-RULE I 

llHI f.-,l4Qlt llUO IS •• 1 
Sfi---~· . . 
ll!iii. Ni~" • i._OG-LOG-DfCITRtc;1 llOENERIC • SLIDE-RULEll 
I~ lltAl' •• 1 
IJHI! SUtt-fllNCTIOll USID IS •• I 
SUR 
ILOG-LOG-DiCIJlllG SLIDE-llUL£1 
llH UPI. Y •• 1 
11 ·---TM· Tltf SUflfllSlf liELAJIDll liETWl!fN SLIOE-RULE AND LOli-LOG-OECIJMlfil 
II 81110ftttflillll TNf Ml•SH REUJION •nw_EEll LOG-LOG-DEC IJR IG ANO SLIDE-MUI.El 

I Jiii '111lW' UlrnNCI 1 S ·• • I 
IDDH}~~~i,o.- A ~1oe-:-11uu 111 

1tMf''•111Wf18" um 1s •• 1 
DllM-llLKT 
1 IGUllolllC • SLIOl-llULEI IUNlllUE • ALl'Rli.Dll 
IM'..-.·'.1·~1 ·• . · ' " 
I llHi · .........,.,1111 usi& rs • < 1 .......,..,.,,,. 
lti. ...... f'litl'alDI 
ctft,._ .... ,. •' -Ns·' '"!<·,, • 

• ··f'. 
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, ,.. ,,_.., '.*n..u. " . .1 
1m1tv Mnilftflli1-stuoENT lltlNS A suot-lllA.fl 

IM: ~Qff UlQ. JS ~·',.1: OW-li:tfi ' . . . . .. 
llGENl!lllt • suot-RUl£1 IGENiRIC • EllGINiUING-SJUOfNll 1 
lflli lll'LY • • I 
IM ~t~·\fS:Q'(<i' I' D.tlll ri-~~~~r~-, ! ff.f'' (, ',.,.~}., r ... '. .. 
ISllfbl!-'lllill~ EllG'lit£ERING-STUOENJ I 
11"9'fll!fll.¥1'.'"~' 
11 'UliUlllSJAlll>, Tlli. PD.$$~~S:-•Y-EAtH ULA JI ON IEJWEE~ SLIDE-l<ULE •NO ENGi ~E• ING-s•uo··~ 
11 IMI>~ ''.\'Ml!"blffli:~l't-UtH RELAJION BETWCEN E~GINtERING-STUDtNJ AND SLlot-•ULtl 

~, ~ · r ~· · 

lntl'lftX~ '5'E"f£Ns;~ IS, .I 
I VIMffOW 'l't A Httit;.•C.111 , • • 

llllE l"itM:Tlblf> IAEo 1 S • .1 
SiifJW-'$£(1Cf '< ' . ' 
llUNIQ\IE. WfRNDNI IGENERlt • TEtH-NANll 
ITHt MEPLT • • I 
I fltE SUll-fUNtTIUN USED IS •• I 
SfTRS 
IVEKNIJN TitH-NANI 
I ITS ROLY • • I -
II UllOl!llSTAND THE ELE,.tNJS llELAJIUN BtfwEEN vtKND>I Ult TECH-IU .. I 
11 UNOUSTAi'dl THE "tMHER lltLAI ION t>HWEEN TtCl1-MAN AttU WkMNONI 

I llttt •1tk XT S.t'4fCNtt IS • • I 
CA ltCH-MAN IS AN tNGINtElllNG-STUOtNTI 

IYHE FUNCTIUN USED IS •• I 
Sl!-fll-~Etel: 1 · . 
·f'fGtftFllJt • TECH-MANI (1;ENtlllC • tN(;INHlll..,~-~IUOENll 1 
llwt ~El'\. f ;; • I 
I JHt SUl-FUt;C TIUN USED IS • • I 
SH"" , ' 
lt!.'tff-oiY!f ENGINfEo<ING-SlUDENTI 
llT~ ME'LY • al 
II UNOEMSTANO lHt SUPHSET MEL•JION BUWUN ENr;INEERIN<>-STUDENI ANO HCH-14.t.l'll 
·u·v.oe,RSl&NO THE SUb~ET MtLATIOH ~HWEEN TtCH-MAN ANO EN!.INHRINii-STUOENTI 

t1"t 'Ni:xl''n'Nh11te 1s •• 1 

··~~. ~IUIQll - A _il.lllE.-JIUU ~I 
; .•.. , r~. fJll!l ~EO.U •• I 
. . CJ . 
.· . . ,1 .~lH-f.UUI IUlllQUE • Vflt-11 

I y • .I 
l!JlhJ~~·Ylfl'Jllfl Us.l.U 1$ • .t 

' i11'.'tiE:'IU.~" VEllNCIN I 
llU olEl'LY •• t 
1!;5 •• 

l ~ ' ..... ~ 

., ... lllU '-"HllC:E IS • • I 

..... , Alf'llNMtihlft"'-SJllDENT OWN Tlli LDG-LOG-UfCITltlG UI 

U•·•llllCttlilt ..... IS •• 1 
·~•aett .. . . . 
fftNCl•K'. ctGJ.L ...... cnu" tlll•1tlt • ElllolNHlll!Mi-STUOtlUI I 
•ttMii ..... y_ ' 
' ............... U~ff IS •• 1 

;ft=tL--oan '414f1'i11t1 .... nuocttJ1 .. q ~ii., . 
, ...... II • Lflltoolllfo-ill,lfll51 
ti =t- ft!!I ,,ltllf.ll~J lllLAJIDN IUWIEll GOU.ii ANO LllG-LOC-OltllRIGI 
fl' fM'-.."llitlifilflt tllft:AJIDM llll:Jltffll LlllO-LUl.-DttlUli. ANU Ci02UOI 
I ..... ftllllT INl'llllllAf IUNI 
";;·,· l-,: 

1'";' ............ ,,. ·' 
........ "Ii• flttl-llANI 

{~,~,~~1';1'.'" ~~-·~ ,., ' 

'•i:.;-WIC'JION, UHO IS •• I 
•••tt''~. ,, . 

lf\lltlwt • ALFlliDI l~"!'lllt • JECH-NANI I 
> n•'•ll•~ ... ..,, ' ,. .,,. · 
"l'*'~t1oitu'SEll' IS •• t 
SURS 
IAt.fAED TiCH-llANI 

. II J5 liPLY • • I 
; I l"Wlfi1tSTMoll flli HEllENJS RELAHOtol MUWEtN ALHEU ANO JECH-MA•I 
H"~"tltl MElldEll MELAflON 1>HWHll IECH-llAN Al'IU ALHEOI 

lj\ ., 
1Jflt'·f<lXf SfNJENCE IS • • I 
•->AN tltlc.INEEU~l.Sf1Jllf11r OwN fHE LUG-LOl>-OlCIT~IG ~I 

~ ; 

.. lJlll<'ftllCUUlt' 115lD IS , • I 
(}wfN-SfUI; I 
IHl'IClflt • lilb'"l.UCi-O!Cllt~U;t IGE•ttKIC • t1<!.l-•EERING-STUC.£NTI I 

"IJMf·,Jik,lV'. .. , . . 
I JHt SUB-FUllCTIUN USED IS •• I 
OwNllSr;Q 
I LUW-LOG-OEt I fR IG b>GlllEER ING-S ruut"J I 
I IT> •EPLY •• I 
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I ~HE 1~EXT SE,...,TtNC!:: IS •• J 
(A NO~t I~ PART OF A PEK~O~I 

llHt ~UNCTION USEO 15 •• ) 
PAKIK-~ELECr 

llGENERIC .. NOSE) (GENEKI(. • 1-'l::KSONll 
I THi KE PLY • • ) 
I THt su"-~UNC TI ON USEU Is •• ) 
PAR TR 
INO>E PERSON! 
1115 <EPLY •• I 
11 UNDERSTAND THE SUBPART-UF-tACH RELATION Htl~tEN NU~t ANU PtRSO~) 
fl UNDERSTAND THE SU~ERPART-OF-EACH RtLATION hcTWlEN PEKSUN A~O NUStl 

ITHt NEXT StNIENCE IS •• I 
IA NOSTRIL 15 A PART OF A NUSE) 

llHE FUNCTION USED IS •• I 
PA<IR-SEUCT 
I IGtNERlC .. NOSTRIL) (\i!::NEKIC NUSt 11 
IJHE KEPLY •• 1 
llHE SUB-FUNCTION USED IS •• I 
PAR JR 
INOST<IL NUSE! 
I ITS REPLY •• I 
II UNDERSTAND THE ~UBPAKT-Of-EACH RtLATJON BEl~El~ ND~T~IL ANO NO~tl 
II UNOERSlAND THE SUPERPART-Df-EACH RELATION bETWEEN NOSE AND NUSTRILI 

I !Ht ~EXT SENTtNCE IS •• I 
IA PROFESSOR IS A TEACHER! 

lfHE ~UNCTION USEU IS •• I 
SUK-SELECT 
II GENERIC • PROfESSURI I GENERIC • TEACHE-RJ I 
ITHE KEPLY •• ) 
ITHE SUB-FUNCTIUN USED IS •• I 
St:_ lR 

IPRUFtSSOR TEACHER! 
III> •EPLY •• I 
ll UNDERSTAND THE SUPERSET RELATION BETWEE::N ft4CHl~ AND PK.OFE~'.>ORI 
11 UNDERSTAND THE SUBSET RELATION ~EIWEtN PRUFl:S~U~ ANO TE::ACHtKl 

I THc NEXT SENTENCE IS •• I 
IA ItACHER IS A PERSON) 

(THt FUNCTJUN U~ED IS •• ) 
St TK-SHEC T 
I I GENERIC • TEACHER I IGENrntc PERSON! I 
ITHt REPLY •• I 
ITH£: SU8-fUliCTION USE[) IS .... J 
SH• 
I TtACHER Pl'RSONI 
llTS KEPLY •• I 
[I UNDERSTAND THE SUPl::RSET RELAT(DN BEJWEL~ PtKSON ANO TEACHl~I 
{( UNUERSTANO THE SU8SET RtLATIUN tll:ft.iE:EN TE::ALHEr< ANO PE::K'.>UNI 

fTHt NE:XT ~t:r..11£1\Ct IS • I 
(lS A ~OSTKll PART UF ~ PKOFl~SUR ~l 

ffHc FUNC.TIUN U~E::O IS .... I 
PAKfKIJ-SELl:Cf 
llGi:NERIC • NOSIRILI {(.[NftHC PKC1t-l'.>SLKll 
llHt: REPLY •• I 
ITHl SUB-t-l.Jl..,CTIO"I USED IS .... I 
PA1HR(J 
INU~TKIL PKOrtSSUKI 
llf'.> KEPLY .... ) 
VtS 

I THt NEXT Si:NTENCE l S .... I 
(I~ A NOSE PAHT OF A NOSE ~I 

I fHE FUNC I ION USED IS •• I 
PARTR\.i'-SELECr 
llGtNtRIC. NOSE! IGENt><IC • NOSEi! 
I THE RE:PLY ... I 
ITHt WB-FUNCTION USED IS •• I 
PARIR.Q 
IND~E NOS~I 

1115 REPLY •• I 
CNO , PART MEANS PROPER SUHPAKTI 

lfHE NEXT SENTENCE IS •• I 
(A P~RSON IS A llVING-CltEATURLI 

!THE FUNCTION USED IS •• I 
St TR-SELECT 
l(Gl::NtRIC. P~RSDNI lutNEltlC LlVlNl..o-CREAlURUJ 
ITHt REPLY ... J 
!THE SUB-FUNCTION USED IS •• l 
Si: fk 
CPEKSON LIVING-CREATURE) 
!ITS <EPLY •• I 
11 UNDERSTAND IHE SUPE::RSET RELAllON dE:f~EtN LIVINL-CKEATUkt A~~ PLK~O'JI 

(I ~NUERSTAND THE SUBSET ~tLATION Bl::fW(EN P~R~UN ANO LIWJN~-C~LAIUKl) 

I fHE NEXT SENTENCE IS •• I 
llS A NOSTRIL PART OF A LJVIN{..-CREATUKE QI 

ITHc FUNCllUN USED IS •• l 
PAK TRU-SELEC T 
11(.j,ENERIC. NOSTRIL) lliENE:KlC LlVI~L.-CRl:ATUKl.:.11 
llHE REPLY ... l 
!THE SUB-fUNCllON USED IS •• 1 
llARTRQ 
INOSIRIL LIVING-CREATURE! 
llTS REPLY •• I 
SUMU IMES 

[THI:: r~EXT ~t:NTE:.1'4CE. IS ... I 
[JS A LIVING-CH.EATURE PAKT Of A ~O~E: ~l 

IJHc f-UNCTION U~ED IS •• I 
PARTRQ-SELtCT 
l!Gt:NEH.IC • LlVING-CRE:AfUl<tl IL.E:NtKIC • f'-.IUSEIJ 
(THE r<.EPLY •• I 
(THC 5UB-f-lJNCTION USCD IS •• I 
PARll<Q 
lllVING-CK.l::ATUKE f'-.IUSEI 
Ill~ r<EPLY •• I 
(NU t NOS!:: IS ~tJMtTIMI:~ PAHJ UF LI>/INv-CRt:AfUKtl 



11 Ht: ~EIJ UllfENtt IS • • I 
IA 011-DYllE IS 'Mr Of FUllENI 

I fHt: flllltl 11111 UUll IS • • I 
PAlllll-SEUtl 
lllitNElllt • VAll-DYKtl IUlllllUt 
IJHli Rl'LY • • I . 
llttt: 5119-fUlltr&DN USED IS •• I 
PAMlAGIJ 
IVAlt-DYlll fHllfHI '' ' . .:-' 
llU REPLY •• I ., .. :.:.•.:· ~t"'•'>'"-~· .:~" 
11 ~SJ- fMI 
II UllDIA$T UO TMI 

wel'Akf llUAUllN lilllltil VM-DBl1MIO hllNNt ' 
SUPUPUI UUUllll KlWtll HllllEll - 'IAll-DTllt 1. 

llHE NEXT stNJENtE IS • .1 
IA VAlt-DYllli 1$ A HUD! 

llHE fUlltllON USEll IS• .I 
SEfK-!>l!LEtl 
lllitNl<lllt • VAll-DYllil l~Elltlllt 

.. q~ l.ifLL:;.~1 "··'"° . 
~~ Wf-:~t C!ll,¥s.tD A' • •• 
IV All-DftE HMO I 
lllS lliPLY • el 

• HAl&Ul I ,, 

. ~- "-; ' ~ ).. '" )• 

11 UllDIHJMO lllt 
11 UlllllAS l- TMI 

WPUS.U lliUllO- .,,_..,,.., .. ,_ ....,... ... 

SU9Sll llcUJlllll Hftotlll -- - HAllDI 

ITllC 'lllT SElilENtlf IS •• I 
11 S A HAllO l'Alll Of ftltlllll Ill 

ITHt 1-11111'.JION USED IS •• 1 
PAIURU--SIUt I 
lliotllPlt • liAilDI IUlllllUE • Ftltllllill 
I IHt AfPLY • .I 
II Ht $\IS-flllll'.TI 1111 UHD IS • • I 

PAllJlllOUCI 
l~t:AllD FUAENI 
Ill> AfPLY •• I 
YtS 

llHt: '11!11 SENTEllt:E IS •• I 
IA L~I IS A DISPLAY-Dt:VltEI 

I fHf NEil SlNU:Ntf IS • • I 
IA tll.l IS 'PAIU Uf Jiii PDP-II 

ITHt llEJtT SElllUICE IS • • I 
ISMt IS Ttlf --II 

i ! ';;~ ~· -' i ... :w . . -~ 

,. 

t'. •' • • .• '~ .. • 'J,• 

f'i< -:;. '1 

~· 1 {rl.;l.;. 

EQUIV l.liUflllll IEl111&1t1 ~··~iio~1'''~lc • 
t:llUIV llUATIM IH ... f82~,"ft<~;i:"'• 



ITHl .~tXT SlNTi:::NCt: lS ... ) 
!A )(.KEEN I.) PA.KT LJF l:o/l:::KY tJl)PLAY-!Jf.YICi::.) 

fJHI:: fUNCTIUN USl::D IS ... I 
t-'ARIH.-SEU::CT 
(IGi::NtKlC • :::.cREENI (Gl::NEklC. 01.)PLAY-DlVICl:::ll 
I THI:: R.EPLY •• ) 

(THI:: SUti-FUNCTIUN USED IS •• l 
!>AR TK 
l'.>CKl::L~ 01.)PLA.Y-Dl:VICti 
( 1 T.) t{f PLY •• I 
(I UNDERSTAND THE SUBPAl'(f-(Jf-EACH RtlATIUN 6Erwtt::"l '.>CtH-EN ANO u1:::.rLAY-UEVl(..f:) 
(I LJNUERSTAND THE SUl-'E:RPAKT-Of-EACH RELATION ~Fhd:lN tJl.)f'LAY-01-Y[Ct l,~[) SC1'tlf/\jl 

l 1 Ht NEXT SENH.NCE IS ... I 
llS A SCRtE::N PART Of SAM ~I 

(Jt1l::: f-UNCTIU~ USElJ IS •• J 
t>AK TKi..:-SE::ltC T 
(!C.t:NLRIC. SCR£ENI IUNIQUI:. SAM.I) 
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