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ABSTRACT 
SIR is a computer system, programmed in the LISP language, which 

accepts information and answers questions expressed in a restricted 
form of·English. This syst• demonstrates-what can reasonably be called 
an ability to "understand" semantic information. -SU's semantic and 
deductive ability is baaed 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 anaver. ·In all cases SIR 
reports its conclusions. The syat• baa aoae capacity to recognize 
exceptions to general rules, resolve certain semantic ambiguities, and 
modify its model structure in order to save ccnputer memory space. 

Judging from its conversational ability, Sll 11 more "intelligent" 
than any other exilting question•auvering syste. The author describes 
how this ability was developed-and how the 'basic features of Sill com
pare with those of other systea. 

'.l'he working system, SIR, is a first step t~ard intelligent man
machine cOlllllunication. 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 proposed system contains a generalized 
version of the SIR model, a formal logical system called SIil, and a 
computer program for testing the truth of Slll 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. 

"understands." The method of st.ully-'i.tffb'l'O'ed'' tft-e' conatruction of a 

computer system having certai,n,._r;:o&a_i~v~ 4}),Ltj.tJ_es ~Q.d exhibiting 

; ¥°" ;~ ,_ ~ ~~.c; 

This computer system is called "SIR" -- S811\1,P,~~c,;, ~~formation 

Retriever. The conversation ·prt!l!ettte'tf m"Fi~~., '!'between a person 

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

capabilitie~. Although it is capable of "understanding" statements 
Ii.,_,,. c>! -. :.;k· •1• I '-, ·~-! r<c' },' < .. H, }!1t 

dealing with set relations, part-whole relations, ownership, and 
•. • '·, ¢'J"l,f• 1°'?1i:..,.._, :("•' -i':c~r_: '' ·,'!4c1,i,. toi'.'1L • "-1 .. 

"Understanding" is difficult ,no,,defi.oe,,pcec,i.eely •. The present 

study makes the following -~pe~i~ic ~ss-~pf ion,! fnd o~_~ervations: 

i) "Understanding" can be demonstrated by diaioe-e~~'.11bich requires 

the participants to indicate ·an. 'awar~ness of'the mean.'ing of their 
,~,; ;I,, :'l ">,> 

subject matter. Therefore a computer should be considered able to 
. s-~ '_:,;: :~ : iJ;; ,"h, 

"underi;tand" if it can converse intelligentfy'~ ~,~~k;,, if it can remem• 

human observer considers reasonable. 

* The term "computer" refers to the combination of digital computer 

hardware and operating computer program. 



EVERY BOY IS A PtRSONI 

I l UNDERSfANOJ 

A FINGER IS PART Of A HANO) 

11 UNOERSTANOJ 

EACH PERSON HAS TWO HANOSI 

(THE ABUVE SENTENCE IS AMBIGUUUS •• PLEASE RE-PHRASE Ill 

JHERE 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 PARTSII 
II OON•T KNOW WHETHER FINGER IS PART OF JOHN) 

JOHN IS A BOY) 

11 UNOERSTANOI 

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

IIHt ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME IHASJ MEANS (HAS AS PARTSJJ 
IIHOW MANY FINGER PER HANO QJJ 

l ••• .. EVERY HANO HAS~ FINGERS! 

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

l•••• HOW MANY FINGERS DOES JOHN HAVE QJ 

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

HOW MANY AUTOMOBILES DOES JOHN HAVE QJ 

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

WHO IS PRESIDENT OF THE UNIJED STATES QI 

!STATEMENT FORM NOT RECUGNllEDI 

THE BOY IS JUST TO JHE LEFT OF THE TABLE) 

lo028•0 IS A TABLEI 
II UNDERSTAND) 

THE LAMP IS JUST TO THE LEFT OF THE TABLE) 

IG02B41 IS A LAMP) 
ITHE ABOVE STATEMENT IS IMPOSSIBLE) 

THE TABLE IS TO THE RIGHT UF THE CHAIR) 

IG02B42 IS A CHAIR) 
II UNDERSTAND! 

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

(THE LEFT-TU-RIGHT ORDER IS AS FOLLOWS) 
IGHAI• IBOY TABLEll 

FIGURE 1: SAMPLE CONVERSATION 
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§ote: I am concerned here with the computer'~'• ft1,tft'nal1 'itnfot"IIAt-'lon 
repreeel\t~tioa ~ ret:1:ie'r,,_1 t•ch~iq~~--• . for tail purpo~e .I &88~ 
tlfff' lft>~t' n~4re ,~ the" b~Lijipt1'1"«~·.1 '1'~efC£a '~!luf11W' to 
be concerned with BfUJech rec?~it:i~n,

1
, ~~ory ~~C•ffOfl, <>r _?ther. 

pro~le.ae b1.volving the phys~J:Ctia.~11lfEctliW''0011!1.11Rt~ ~el? 
~ 1ign4l,e. 

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

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

implic~tion.1 of thoee facts. 

a iarge data stoi-e) facts whic;h are t;'~levant to a_p4rticular question. 
• ~ ~ · ··• ,: •, • : ", r ,•·!1• · _ ·,. ~ -~ 1 .. · :'.; 'J ~;, ( ! , __ : :. I. -. 'L, q: · -J f~ ., ~-: ":: i: l -) .· L - . -: J d J r·: .,. ___ . L r, 

iii) The ,npst ~m,Portant i,rei;equisite fo,r the ability t~ ."~derstand". 
,( :.- ,' •1 ' ! . . ; . ",<., ·:_J_..i,.:1 ! J,'J_. ',:~' ._:_ .. '• ·: ,, (_1 .. -J ' ;.~r-: r ,,:;..· '. l ''if:, C -~J.1 

is• sµitable internal represent•tion, or 1110del, for stored information. 
,·, . .,,.; ,·' ; :! ; d,_1 ·· . .::.: . _.:·;_~ ·c'·l i .' ·~;1: :. t,< !_:j :~~fi~\~l •. '>:J.(i-: ~ ?'·::~);"('.(! . .-.~; r'., ~:. 

This -,del sbould be structured 10 that info~tion relevant for 

question ... answer:l,.ng 1• easily ~cceaeible. Dire~t storage of Englhh 
. :-_ ) .... ~~~~ '-, . ! ·i ~-- ,. • :·, "; J.(:.'··.1:Ji·\d;~ t:: 1 ':tJ?"Ti:2 ff;,:_,:)..t~·:f)'.l rt;;·_[_ J,t_":.i'.l- 1)~f-_;· 

text i~ not flUitable tince the atruct1,1i;41 of ,a.n lqliah statement gener-
. 

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

ally is Q.ot a good ,;epree~ntatiop~of ~b.e .-,aui~ Qf the statement. On 
:. _) -,_,~- : ~ , .., :.- "!_,:; _., : 1 c•1r/·: ·· "i:.:1:01.: .. :Tr~i-~~-s. ::,-1:rJ ::-1t:.i:F;rf .. t 1.,,, ~·1 __ ; 1:'~"'-;i'~. 

the other hand, piodele whic~ 4re di~ect, rep~••entat~ons of certJin 
t~1:··1Y , ;(11 L · ,i· :.:"'!r__;Jq (.; ___ - :'. . j · _:"j .::·JfL~ ·?.st; rr~13r1 ..... :}.!~J · ··~•.·_:,,: 

kind$ Qf ~el~tional i~to\:lB&tion usu•lly ar• u~auited for use with other 
1, · _: ·; : ,; • • , _!; ". ··J ·r1:~':H·:· .:-:: ·: .:•:}:~; "! _-2,')~ ·.'),; -a j_t. ·:•~1 ·_ . .l , ; _; '·t 

rel~t,io.ns:~:-' _A ~•~~r1~l .. pu~.poee. '
1un~~r~~rn~\~~;' ,~~i

1
~f ,,•h,0

1
\ll4 ~ti~ize ~ 

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

areas. 

S~R is a prototype of an "understanding'' machine. It demonstrates 
"'!-'t • ·: · ·;: · ·' .'.'°.:.CJ ~·:i:. ;_·r .(!. ·ij-.I~ t:\~.-£1q :)rf ~;~·.![~} ·.iJ•:.•·i 

how these co11,vers~tti(?nal and. ded~ctive abilities can be obtaiud 
, .. <-;::.ic,·· :..,··;~: .. -. .1·!.;_.-•t·-_.,r._:._j~·-:r.:::;·1· J;;·,~ t·; ~.:,·!':. ;_.·. ·;~-:, .J_,.:. 

L4ter c~apt~~• will ~es~ribe th~ 
·, ·1 )rl t\·1 1·l;1 ~'.JLf1;;,;'i1•, l :~ :·µ:~ ··1 ~- :·· ?~: ·'-1~: 

Dlf)del and du1 SIi. progrea, ho~ they were develqped, t.iow they are 
.,\'1 .-:·•·· .: '\• ':·;.,., :_'. : - 1· t J. :•i1,:, J.•·;. ,r;ffC.J ,;:r•; 1 J,£'_:l .. +b,fh;_}u£ 

used, 
. ' 

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



10 

--., · ::'fr-Jr., . ·! ~ ~-·~r .. _! ···1 .· 1 ·; ;_ ;_. :·.:,-: !·_:._.; . :: . ,j, 

~ll.e1 ;-need for. AAlllPuter,s which .'~~~~~P.-1" .~~s~,, AA,•s8:V-W:aj, :Af"~•• 
,;•._, 1 , - ... • :.• • -~~ .: £" ~-- _ J 1 nµ.c --~-"]: :f·-;:_.• -1-.1·~'.' -1 •: >·; 

of qo!fflq_t~r rF~a-~a~cq. So~ ~~iµes, ::fPlrlrPJil~ -.;i, ,;,•ij i :• · ,,'.'· , ., 

.r 

~ ·-)~-- , ·... ~.-,.:·~· ·t?::a~) -·i.:tH]t).::c:· T "'L-~z.;1 .f:: ! ,'." r.; -~: h, 

capacities of present computers could be of great aid in scanning 
_: ' ' ( · .. f f:: ~: .-t .. ~~ .l ~-~! _; :_, • ; I 

scientific literature. Unfortunately, high-speed search 'is'use'fes~ 

unless the s·~arche'r is capable ~f re~~'gn.
1
l~i~g eJh~~! fa' \;~':i'o: '~'ia;c}{~~ 

· .. , _: . __ "~''._,_, · - · ·JJ'l ~ l_.Jl!.J-1,_:- q 1: ;·;;--_.t
1
n.11 . .,1.t: _:, 

for; and existing computer systems for information retrieval use too 

crude ·t~~hniques for specifying and id~~t,if;i~~ lti~' 1
ob}ect's of tlie ,: 

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

Information retrieval systems generally provide either document 

retrieval or fact retrieval. 
::J .. i.f·; ;:.', ',) 1_, ~·;.1rfi?. !;_-;~ (~!)j __ ; f[- l-Jf .j .f:-_;_}j 

Document retrieval programs usually 
,, l ,,1£J.s:tr1,:,~. :1--t:.;(.;; ;_ .. ~;-: !, ..lt:.·: .• .. ; 

•~ depend upon a human pre-assignment of "descriptors" to the documents. 
l i :: . ;;:~ ;,' _,'; ;'.::!; 9i_:(_:,~ . 1;.;;;._.;!l '"'<;:)!t. ,,• ,~(1 l 

A user of the system may know the list of descriptors but cannot know 
·:•~~: ,. :_1 ,,. _ l ,r3:_; 1

··,~· ~..:,:·.1::·~:1.~· .,hi! ~.'..:-:.~)'f; ·,: -:.' 

precisely what the descriptors meant to the cataloguer. It is difficult 
,·, '· ,,· . :- .,/•CJ., ,C.: ~ ;;:'•,' J::,fr-J.i 

for the user to determine ~hat the semantic fote'ractions between the 

descript~r's ar/ a0:d how these interactio'i;'s help d~~'e,~i~'e \he ~;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 ;~ig1<('i~~ a.';'s{gn;;r"for a part{c~f~:r 

'_,_1,~, r·.·~,, · -• i ~. ;: .: ·J~_i:t,:....;..:):_; .:-.,,_::c', _ ;~.t-uf Jh~: , _.. -Jl"::.,··-·1.JJ 

subject area. This rigid representation for the data, and the corre-
;_. ' ' 0• I ' ' ' r • '• • • ' .· :· ' : ,•: .,; ~., ": __ 

sponding rigid formulat,ion ''dt the ~etrievaf requests; ;ould -'be pro-
~ ~ _; :_., - :·.: "':Ji:.-; ,_~ 1 ... \.l(,[1 : ;: 1_. 1t,. ~'.}? f· 1 _;_)~;;.: • . .l.:-;;_, 

duced automatically by a computer which "understands,, statements 
--, ., , .... ..,~ ~-' :,¥, ~ •·~· ' ~ :" . .J 1,r.;·.J t ' ~ .h 

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

computer could "understand" information expressed in some general 

manner, specialized formal representations would be unnecessary. 



In. orae~ to \nait'e ai computer setve ·'.,'J ·i. 1fitlr~'11ci 11'.'ib't'tr'i~~ ;1 
- 1t· ':ti 

not sufficient simply to store a large vdf~i:rg,f fnf'J~€t'dif') 1'h~'' .: 

cotiiptit'er";.mils'e' 'ai:so''h•v~;·eli'~ ,btfrt:':V''to il'ridniJJ'r,t'tdve1"in!8irille'ion 

in r~'sporiJe~ttf tr.edi1bfe 'ctiidif'pit'i'e''~oaia6cts:1-;1F&f't'iier\' >t~i iiJotllJidiet ; 

sh6uta'be' abfe;•to ~<fffin6o,tli'""th·e 1{~f~~·i'.ori111fridi'i&age'"'artd 'the "te- ,, 
queief·'tt'['i.s 1 'tibir.Jing·~· · i'iiJ i.l1isb6titd l¥J 1ib'ti~f-8jctlsitt~e''!fls act f6ii1~; 

and, [t(j re<fti~'it ~lfar'i'£-;rng :!n'fo~ftoti:"' 'file tii6st
1

'1'.lt€£lif11·lrif
1

otui4tlori'':; 

,,, ·teit1:fevat' sy'~'tetri{~?f1 c:g~1 one "'tifi:J1Ve~J8Jlori'Jirs~'I>wfi'r?te~ji-j~si?J t"id 0 

malik'irJ8te tliif ~l~h 'fi(J~it, \{i1w~if~JJttit~d !aliJl/:.1rJrii.&f:j "'dttifet'Jt8WJ. '' 

-- 21 · M~c11a.n'.:&lf 1t1fltYjfittJii?utJ~~t'c"ti~r'• rll'tbl ,t .. :at '.Jc1titfr~1 

translation of natural language have been disalG8i.d.tJc1'fo 1ci':tJcover' Wbw 

diffic,ht \h,:iti 1fi'sit 'if 1~~ Ylrtt: Jofd:!ffi-~jJd€t•kf1ittoris;1''J.nct''li.1en 

word~tc{--.,J~a- · ~~'~-A'it1t~tro\is 'tgoJ,pfe~' i.wff\f .;;gf~t'fcii ~;rt~:t's'!wr~rr·aJge

ment, a:rfc{ '.~dcititgit .;~i~~nclint' _[~·,ied.dt r.JJ.' ~,:u,.fo6.Jeit"r:JJ.13,i~t.'e "£6t' 1 

coliptitei :liirisf~tiri'~'iyGtems iil!i11th5iii~f'fity 8fi\i~ti' ''t1&ii;s1,'j\:&·il:s.•e10·-'i:J 

"uri'dttit:a'nd'' Jnit tlf~j 1'~id' irt' &&Jjti~igJ:1 'irik t~Jrr 111 ~'A1f th'e°:~~:'. l 

tbirig1t' · Iir'-ancitlu¥t'/ 4lii 'nt",-idmp1Jt~1r ,; J~t• ·liri 13€J& bf ait, ,'-' -~e r' .> 
1 

humiin c1Jriveta'at'li&i'.t w~i;1

i6t, -'~ad' :f~e're(6~e c' ippia·tri ~'er W~\}~ ~l~I ~uc1i 

"under'stinc!itig~P~b'hfty .' 5-n'fe miih~ij.jfl tJlifJli' Klf p r;rt :to 11UriJ;et'itai~• 

ar~(111te=1;:tri 1fif~' 11f1,io '{~ ''•.~1Vrn1 Sifi'l rU~~atdafV:rln~rie{Jn 't{t~M~lii. 

3) 
·,i:·",J b9)0J-:. ~-~-I .i'!(.,\J!J .J:J.S j!£·_: b1.10 tJ..f 01 b~Jn~)cl!)-:.c Lli">i~:L::1,,.-•i;i 
Genertl 999ut!r aalicatio91: During the past aecade there 

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

problem can be tackled by a computer someone must perfO'I'lll the arduous 
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fo~. ~ccep~ab].e to a c;oml';uter. 

v;~riqus. "l'r9,blem-01:iented" comp~t1~ :~a°:~age,!, •;h~!~ _b~~1:1 deve.lo:ped 

to ea,,,e this encodin~1.lrobte111/. ,,,._Un;_a,Ij\'#}~t,t~JJ., ,,~~~.3WS,1.1,&~i, ... az:e,. r.r. 

useful only wh.en pr,ograms < "~()~~v,~rES,',', P~i '',!P~:~1¥r'.)~tter,s','.). ;a.re, Jl'f~~i1:

al:?.le t9 ~.r,8:nslllt,e a4.,tomati,c,11.f t~o~,;~.h~ iPl?,l? .. l~7ff?;,i;.~~~,~d Ja1'gu~~~- t,o 

the.. basic ."ord~r-code" of the. com,Pu~~;;;°c ,: :1~ P,I
1
~~-,I_l~u~V ,~u.c,y. J.)ro}>-le~~ •. 

or:i,ent~t lang,uages are very _r,j,g!,1° sr.s;}res ~--; ,1'~ lt,~f~;}i~~~i t~,e P,~Q.bJem 

.. do~:i,t>: ~1:1.st. b,~ one __ lrilich len.d~ . il~~lf,"'t~. l~q)f1i~8i, if}t,UJJ> \1,7!!, • l?F~,t:-, 
. ~. . . ' 

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

~nx .Jntere~tJ~:&r,o,b~~s. are t~o~ ,~~t~fie~,1~;;~~11. ;~_ef:l~,1. ,q~, 

cl~ar;?' un1er5,tood ~o be, e_~P,r7s,,t;~ ,}n_,}f',l..:,'1f ,5~~ Ji~Y~~V9N~-1, ~~~-:-;, ✓, 

pu~~r P~9-~,r.,~~n~)anguages,. Stil,1,, J~e~~lE\ .,J;,fr,.~~le. ,~-'? 4-~~c:r;-,+:~.e : 
- ~ • ! ; • - • . - > ; • •• ·' ': .. ., ' '. ~ J • . .i ~« ' - ·-· -,,I ._, ';. ., • '1 ,,,., '·1 .,,, .! f -- ,,, •' - ,. ! ',. j , 1- • , .. ;;i, ~ ' 

t1\~se pr:ob}~ms ~,o E:~~h .o.th~_r a1}1 ;~~ a;'ff!;i.st :,~~Jh; 69-~1},\ri ,11?-)c~f~}~& ,t;~~

problems ~ore preciEJ~ ,a~d in' Ef0~':.in$; Jt~'111rnt H} {?ltr,~ jt:q .,'f:tll,iz,~lh!~'' .-, 

hig~.,.spe.ed_ a,.ri_d l~rg~ memory,, ~~Ra,c\ti,t\,, 9~ 1ii1?,P.ute.~;9;- ~hte •~_,<?5,~f,n~,.~w-,,, 

such Ul-def,ined pr~blems' P.~ople n_~~l -~()lll\ ~sirw.- w~~.lfri Cfp~u~~,at~ 

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

,~omputer "aware" of fa.
1
~t:s a_nq e~l>;le_Jt \9_; :','.i~ft~f,\,~1'-~,:~~-e,.);lf"t~r,e_ of 

t~.~ ~roblems which ar,e de~crib_e.~ J~, i,\~ .• ,~~ iEJ, 1~ 1~x:~~q,t:y~e ~f. a . : 
'· . - •.i 

~ompute,r .~1st~. which c~p~;u,re,, S.,9f!e .}!1:~a,~u.:,e ,,qf ,-~~i •~~~~~''. :of t~he_ 

information presented to it, and can act upon its stor~d body of. 
, . I'' C • ' , : : " ·- , ,. ••• • ; -· ··~- ~~ ~~, 1 -~ 9. '] £',_~ .. J H l{~l3 t).') -· .L r. "' ,,, 

knowledge in an "intelligent" manner. 
-t· ,. ·-.. ~--~-Jr-1tY:1~ ,'•,.'..J 
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. L • .. , 1 

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

response to questions. Question-answering was chosen 'kcauae--:ii:t •i• 

'.j--_ ~ .. :-.. 1 qrnf...:: .\.ti·_ '.j i?i ,:,.._:<.,'.,- •· ✓·,: 

.... , ''l'liejSfll, 1y1tt11111-0ci.-lhes,:1lesulo• fv-Oli Clio iaajoi,r~esearabctareas, , -
! •• i· -~f_';. ,.~i. , :.1L. }i"i ,:, .i ,:_,_ . .,~;_ ... : f, J:_) ~i, · -··Jt: '·t !_: Li1J ; (::; l;. 

the , •~tuty,,,af ch4 aeliatttii/C)I' :of ,1natlut'il,,1laagaage~ ·rand ;,thev•tud:,toof; .1 ,. 

A. S41d&aUtiCI • 

• •.l SeMtl~ica ia,,;genet:ally aoudieci1 from 'Oflei.,of wo viiewpowta, 

: 0pui,e,·and • deaeriptiver.:<; J~11nwtli.ttc•• asustudliedqbyncariiap ( S), ., 

·Hala l#ICh .•tbe }itop•rtte1:,gf :"Iarttf 1etaJ.ly -~en1t11:Uq&,ed zoitmal J ::L· 

sy1cesu r (#hich ,'fflay ow may, aotphave anal:ogues 111 . the :ual:;worlfl); 
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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. 

the. meaning. of words, especiaHy 1that "t,Lthe,t-oucl "tnean1.ng." ,x 

Therefore one fincla. it cliff:hault to ,distin&U:hh bet.lltO\\JObjec:t;- · CJ • 

in a very ,apecial:iaeci sense, or to derty,bhatt ,it can ,b,e. rcleftned &tc:~•11. 

paragraph: . ( 3J) 

"One must nemember that an .. expreuion' s 111eaning .(;Lf we ,a~~.uto,; 
admit such things as meanings) is not to be confused with the object, 
if any, that the expnessi.on designabei, ; ,;.Sesmeaota.i..4eonotn'ile~i.gtM\t&~hat 
all ••• , though words in them may; sentences are simply not singular 
terms. But· sentence• .. atHl lJaye •nniags;,Uf nre,,taah·~•utitll?thi1Jgs as 
meanings); and the meaning of an eternal sentence is the object 
designated ,by :bbe ,a:i.ngu)ati tetm:found.:1by.,b•&ent.Ma tiho aen~~,. "/J 

That singular term will have a meaning in turn (if we are prodigal 
enough ·with meanin■fJ) • :but it · wiU ;p11esU1Nb\,,cbe;:;..,.egb£og < fvGt.Q4tJ; ~ 
Under this approach the meanin~; (if such there be) of the non-eternal 
sentence 'The door is open' is qot·,a p~positioa,;1.1,,p"·JJ.'.1.• ··,,· cw.\·;, 

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 ,on which the statement "The doox U ,opentLwae utteJ:iu~. Clearly 

to construct a computer system,.whictll .bahavea ias :iif iq undeJ.1afur,ndt:;~e 

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

which can be re.pre&etlted,.withi,n ,the ,.,computeut.,s ••motrys,Jyet•:wbichrisoae

how .captu:i;e the,. significance of tht stateaa1tt:1t1bey teprUe'bti.s : ,.fl,.:. 



• ; 
1

' 'Z :l M ;-(¼1,y;t• Mi' e .:-1.t!45 ttt.sb, 11alltil9 YOhj 1 !o H.iewi!'4g , 4it\OiMt!f,ht: r · .i 

.:110f.'d• tiuy",tuvll CJmUliJUi~-:b~C. dot 1•flllf,tkaitae f - vt;te.,.Hj i.•(1>l'{it&H'1\i 

cttae~&1Fattat,•i• '"~ ct»e , • .g,µ1to1Ne•I•f~i1lllOl•~••a:nMc•ii0ai'laoe ·be 

00tat7l«..SL•t~.~_l:&fl'&il•l:,.t•i.~ CIN ........ '.!gji:t)(liwcm:ili'"'N the,', 

'UCC•twn~.; , l !ii:14 iZt;ff!,alLJctifCftlcl:ifaa.alfel111Nd;;wj!tf,rwM_,,,_,. .,:Jtt«'-

. , ,~:p~r- •mcei btnh '-::HtiHptts -"<:~i~NlitJ4fhati• •if JfkMlloh4.,-) ~•l'W•": 

'hlleclliMg,.J! ,, ~t9e•nltf f does ~. pNMiltt 'flY. ,;;fu~ fleiq,lalliefmt• t¥t" 

sitld114~i 11\lt> JD.OSie ,~1>4JWJ:ct:lsNNimtLilJy u~ {~<i ~ ·:c ·,; s, ,, : · , . , 

Ullmann considaH:,·,'lfilk4,'4i•,:t1MoMDfttiJeit:i •~~ 1iri:JiC'-Wi.'II\>) 

i~lllftld \"•~t&R,i~ sWhft.,.i,tir••, •. ~--~r•• ~1,~· 
6 ,:;{._:.c:.rai'!r; .. ~~1 ... :.~:!J<,'-) .fl \ 1 :·: "'f')t'J·_j~_.-_.; .:,.st~ c:,;1r1q~.1~•·1g Jo ~~~.,n.:.;,~ 1 .. s oJ~JJ 

'~1'INIW..idle~--:Nh aU(c.itJ~:bt...-:IJ.lily·~->#i-t .~,; 
L-~./.i.; '.-1.ti>~P.. ~1<1 \(-1,1,·.1.f,;~n·f:-~ t 1c :.;~2£..d "JL.!J_._Jf.J_f_joBa.S e8!H.?ITS2: .._,rf.:~ Lint, L--~u11f:.i! 

.,~",·:,J.aJ1~fimlkt"4is ~,~d~1'WlwO-MWib. k-twien .. f,tw: ~ 
.. --'.•:·:-:Jn -:) ,i. -_,J~-t ::_,:,;::.;:_ --1~.srfj .l1; lr:1·:i;,.;:_t H:D'8 9rf'r ., "~ ; jJ9l a9vle-~i:J':J··:.: .:_.,.;•.~,:-.rn 

and the sense, which enables the one to call( iaf>i tkc.~Z.:.:~ lP:,J 1• Unse" 

represented by the word. Note that meaning hue relates ~i:w:fttt;b 

· .tho\ilh1: ~ coh_JillJ:).U:j,;.l\be Lriece~~i:«tl,,rot, J4!ic11;nf.~M i' i ,_.,,,;i 
;, en, ,. '''t:houWWt -~ ~ •~ :fial ·.w,:,- · ...- • ~ IM,· ·,~dilfpl.ftNI.{ .f d'llnal>J.f.At;ton. 

~c:,!'we :9"!!!!11Jb1r&-Vidf &i ..:tiw~ -ofs:a illbo..,; t-.1,-i.,·t!M1 

~ WJ.lch:,.rutllie 4bJ«J.t•-attdi fatlllMW~~-¥!.llltelW:tltoutlh.- 1 

.illWL«n&)t, ~~ 'tluj,11Unmtf of.a, --•~w~-a.t'obje4'~~--

·· .. ,(!c].Q .. ofi'•Ject.si ~-(~,:CbEPi._~ *:;~ ~, -~ 
.'. -IBOlf:t: ~lf didu~ ~le~ fl{ll~i,dlll~Ct:~r.ubing ~. 
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In. e:~ther ease, i.tl tbe s1.a. •syatg,sl MPIIIWlfe•,,a• ••~$ iof 1,the 

wor.<i .by-quU.di.Qg Ulb il) .the JCQ1Jlp,~terso41 cjeactpS,iill~f-,t.nev•biJttitt.,or 

be :r,-ep~esente<i -1i:n 4 ·l)atu.i-.al way,:,b)' .pa:a,tt.uaai: 1~t>i•t tn thencieac1:ip

tions of .the obj~t•~:QiiUQed .iq.,.~O:illfi"l&n<Uh -, ' s ,i:£; ' 

W•l.pole ({45:) .pQJ:i.I\ts out e,i•ilft4ttl' t~ -,a 2.~r.:4.rMY 11;,e,.!de.f.ined ti,;!•, 

the ~l'l:b\& ~f ,a ~~cl • .mayJJ.e ~JA-1,nri)r l!y &nJ ;lc,ln4Af 2&s8'Q~UJ~ioffi,' 

usually desc rib~ Y,f'Mll:X.: -lh'-'f>; t,~ eHi&WM~;if01ill ;:ibe ,p11t,t1 oi. : tlw 

computer :,a des£il7:l1tt,~Qi of .ttl}•p~f:'-d. ·b•~ .-f i;n.«l.,L ·.- , . , ,, 

''Wo~da: ;IJA ~t ,l.,i.tve ;.,:f.Au~Latt. idl,-A i~ril&'a't;~jrf.l'hey Mnt.41'.. 
into··a:it-kinds of groupings held together by a complex, unstable and 
h~:Y ti.jel?.t:if'M,r~k ·.• 1~1141, rtlaillC~ ~--- :ctAie 

·" names and the senses, associations based on similarity or some other 
+~.l#A::wn •. , it! j:t.. ~-;~·:t ~fie~:Mlitti~ue .. ~.., ~o~~is 
make themselves felt; •••• The sum total of these associative networks 
i,#'t:1W,ivo$.!RJ,w;».f'(;.5) !>·1 ,.u ·;1, -:,tU ,,'.,r,•Jsr,:) ,i'.);• ui;;: 

Wal-pole Jll-%Q ,note~.· :that $0~ l4Q• jli'.4J:Jlt'iQtl~_c ·,St14,hAlS p~.l't1,.to 

whole~ s P;l' c 1-.e~hto subc.lass,l ~t:•~e ,p,u-t,,;ftal o~in&4,c0£ laJige' .classes 

0.-f. nouns, and :thu . ._.~an be repz-~ed;~ treei s.t~~ .. ,,,Xhis- fact 

leads . tj)i _ceJ.'~.ain ~ai:c:h proc~t»r~, whitcb,r&Cei 1.tMtiul ,;iLn,,our ccomput-e.r 
~ .... ···--~-· .. -

.. nQ:t ,n~,;.atw .m,,~t i,n qy -s~c.U:,iq,~JH!--~e6.fUu::Ebi 11.q QOt .lend. them

seJ.ve.s .t;o. 1~11Qh, -oi;-p~.it}S" •A4 .~q~ ~IP-~i t~011t.:,ear.ily :HWB:ion&:.,of 

computer representations for semantic information. 
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2) .. Ollt!!!!!!cfH il!!AAtu:i :\'lha•·:,flllritl ....-11,ta,u..,,_r IIINU-' (tuarian• 

t'iea)·w1':U,e.J~iaauC11le ;_ nf.•-->::ot ---~--' ~er.;n: -' '.);,' i, 

advant4ga afa.wh__,.r ~ol illlfbrmtlJlt•·cit• ,:a,..,,_,}.- in ,-utiei iJl:'anlMIWi«eriJ 

c•l stmci._..w:,f d.1:1&;.,inpUtp JA.laof'JU! ~ Oi1Ul<8~'ff Chb1.iglup:: d:c tdw 

(discuua.hllile (l) ,~u.)d10UQ,1,t~'~!c:f ~~U i.faqinl~UtV·t i g 

method, :.for :~ht:.•flmJ.tigi••alllllll&ia.1_:91M1rllft~1. ,;"'..,._~, l:etrL:\18' ·.e01t• P<, 

wh iqi,l; ar:&, JUrt- • _ l Dnjp,tng ,.: ll'auflllift.' rfbn>~ ~1 ~ W .• n 1 s r! J ': I 

eeq,irical ~••-'1 S:tmeai¢he:.i-1Vlawte;c,tJeat,, :c;f ~ W>liMt~.11-,;.ssm" 

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

lngli.~ra.rl :fl!!'!!e,Jt!?!!li!t~-t aJflmp2a:l;l'ltllllHp&Hal1 WHti ft,c-

a S1Ul1 part .-f::..tb11l•ngildi.ga,2.bt.¢i t.Ptk8"11~•_..~-•~:.lm'J·'. : ;,c, '.1:i.c~j., 

''watel'" }.-,<&a; auppllrl'.lde rgrl (&Lllc•1':i \lltUJfiJSilnqtail:;Plllfl ct():, M.t:rta~r.tM,i a ru::., 1 

artic.le.,,t,~Wtf.'1':~~lwi dt:tJt:4-~ttPA; ~11\,.~J ~) .. JlU'_, t ~,'r~ 'W!Ml.HJC!1.,d 
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even more sharp, as we shall see later (Paragr.apm££t9)i~., svthiwe _.,i: · ,:J,.c· 

3,). i'.n]pf 14&4,n,&_.MH:ing.tu»c Xhe;; iat:e!~!i~~ has:r c,r,UJPjer .... i: j :1s;J 

stand and remetn\)t!l',,:t.Ur,~~illC'•o;f~wh&t:i i.tuds .. ~f'Eheni;fot'e it.>" .: , ~ E r; 

us now examine so:ne of the formal .re.pr~ntasiqne~;ocjma.laug3:wbibhG ;:, ,, .,:_ 

handtJed,1 S¼"'ntlat ic'a1,1y;1 (:t):'.• .. ' Thus- 'ftt,;,d att~~ l:,bi &tmai1:y'~bde ·, ' ; .·. J 1 "' 

all of natural English seem· 't'O int~-e .a ~)b'f'G'ie't'ail~<F1Wo'tatlM18 Jc; ,; 
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which o~aourea tlhe real _,,,,roblemt,dicni tbe,::pboblam1~f ~••ntiq meft*' 

ing must be;..aeli••d .ia·-011cle:t 'tor'developva.L..-c:tvtMlliai.t._1..,...,1 A.fJ '. 1 

describing iluiull ieehsvtori.J !.1'1ctu•l•ljf tK• LlllGOS ••1__, l:fiti:~ ptukt~c•F": =r;t1 

since i:~. raaaumee tUr 1ceat~l'J·abt1'~ t«f li~vtFiafMtela~~q~,f .fru1491t · ".2 

and situatiJcllaa;lcmr.tjie pe:wc ,l).lfi,tihe~R'«' ,Cka,4_.,,esprec-t~,of '~' J · ~ 

usual langudige _r9twieJt . .( .. ; , -: 

the numb&Jr,.Jand 4c;.inti8(::Dfi c~t.-- :La-•C~ ,,w;wil-•r~~:--Iya:r-si .i •. ' 

systems unti¼,ftme ~tn, p,:opatt:iWf-llAi•~,i.-nolbdeck ,, · 

Althoughi\8i:dQEl'rof:a.tffll);r&:lli1tu ~~"'$ti ftellfl~_,-dlife:;~ ··• 9 :; 

as sets of "concepts," which;caa w cod,:iftelll:, te ret,.n•ttftlr'-t ...-.:tnce 1 J: 

of phrase:an..._ ile.M:.,. .. ,._;_ Wd.t:b, tMFbuic.i: p't'_,_ll'ai t•ac:- tw&tltl_.;._ 'lillW'' '-.: 

word involvo ..... iap,tt.a w:al.eea, oa:·a 84Wil,f';tftanct..-aadrt¥w,is ti-ying:·r:;'.; 

to build?liif a:).are,ercod.:ta:,of ailitald~C.....Uaaca .-.1•lJ ,;ldhl~otd'-' 1s,>.-l ,· .. ,:,,n 

represented by ;&i seC:,U •due• ,,nicanare: ganua1(y.?lnu.tttfie'; ••t••••"" .i. - \ili 

atonal coordid&l!ea;:sudh •u•:length•,.:.tiM.1;Jaad,Jtiue.-e::4'al.1Ctatt1ialao, ~~t'lalU· 1
'-•-·· i <'

defininartwottla :ii• tenar,84kp1:edeH11edIJWO•cla0ai£foOC4tucasQ;;i"1Jly; fQUag : '' '()vC 

is that the :re~tione,,;9tpt!!Fwdrcljc.amr.-.ebtapo~1uc,,CbanJ,tll• J#OnO~iuat J a 1. L 

1Naniq toiA;1iiJin!\ :Jvoi;d•,, and, ilheteUre adsflapl:fl' 1:,appaaolPt1htoll 

ignore, ,!~•~~ .-eaat.na• woul:cl ,be ,an:e ;,._..tacely ltait fat:.; 3 ·: - ' i; 
, -· .l ..!. .~ 
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So~fs. (42) is DlOre eonc.el!'ned ,with permiasible,:wor.d :c011biaat1lons, 

than witb- th~·:JM411illig,8 :Qf dadtv~l ,.wqrda~ , , He ,f:f.r•t .desc:bilbaasa ', . ·, · >c i 

hierarcb~ of 'liU~QteJM!~ .tl_yl),e$: lL ;Ung~utccti; 1 •2.) ,, 'GumaabilcaL hut.· 

nonsense; 3) ~sible .. ,wt ~fate~;· 4,)! : T·ltu&., : .Be that •~1H.th.a1t .• :'l _,:,.:.i 

the ci.{!cial sem.a~_c,. ;q.j.stinc,tioa ,lieA: ~ndthe·~11--l'1iaal ~m-a:4 >id:~ 

tive sente~~ ,whi~ 4re n()nseo,ae, ~ .J:has•,whic:h .u; signi:ifiiaam± JP.:.i:J '2, '.Jrc., 

(but may be true or false). Any pair of monadic predi.CiJ:tlhl; .P
1 

;c;~n, ,i:d ·• s1:?:. 

are sai4. by S~~rs .Jq have il .sense· v;aJiu,ari.O(i\-.:~), aUi ,thebt;r:exlbtts:;3,,j,,r.,,,. 

any significant ~@teno~ conjqini.Jlg ·.chera.: :Dtha~- t:h2~: :hawe !.vatue,, ."H'. 

"'U=N(P
1 

,P2 ) .• ; .· The, U-reilJat-iion. i1t s.yt1111at~ .amLia; 11t1eserv.ed :uhderi ·:. 

certain logical ope.li•t.-i.oiw,-0n., i.t,s ~? hut: :i.ti:w,noJr'::t:rans'i..11:we.~:.,_•,y,;iJ.,:, 

A strong~r .f2~i~ Q~f is tr-ue if 110A,ri(Mhat ·ta)., P~•it·, oanJ..:beI sl:lisn£13tv-:, l '. J:·. 

cantly said thatd.-td,s Q •• •.!.•.&.,.,, ~ madl~t,e Q,-.rpid.dhr~'.i:-~~ ,6 ;r,, ,rn 

permits the arrangement of tji,ell'e "~ ;p~~M:-elt"Jdl$w .a; 1ri'mplre L ·.J 

tree, whe:r-e,,~u. ~rils "ill the Bute :mea~:e:-- ,0!_.~qmtl.l.s cb'iorsv.;o.rJ;, (; 

all word,~ de,scrib,!pg we.ignt, occupy, 1 the, same ~e1 ,1 dw ", .~ q ci , ,, " ' · · 1 . ;: 

My mai.~ obj,ectiou, to,. tb.hc worlt. b.i ao:Jwl:litreritl>:• impottaM::c:id.iM:d.m:""i"'' :: ' 

tions lie, Sommer~ would arg,ae that. "i'he:, itlea. i• a.lirqalpeanff lla ·, ·•.· ,:L 

nonsense, but '1The,..Jellow sky is al~e:.• gsee,au i:.:ia aensib,le~ ,$in.ca 4ky: 

may hav#:,cieil.or, "The, eky, is blue". and "TluL sky is0not l>lue~•,, are',.' :, . -

s ignif ic~mt) , aithf')uglll f iii se. Note,. tha.t. '!I(iea•!sG.tnnotdbe,~ green!:' 

would l.>1:1: col.lsid~req. .. nonsense i;atbe:r· than1.t11T111e.,1..,ey1Sc,mmers" · I feelo~&1',. ·,·< 

distiact:i.on between \~nonsense" .and. ':'caensible ,bwt: •net ;tniue,:of 1che real · r,,; ·. :::. 

world" is not ,precisedtnough t:o,. be a baaiaflfotva co■povet o/eir:tte,tttatliCh'l ',,: :.r,, 

of a semantic system •. SIB. is coneenaed ,wildbdeductwoa1::01isooasequ~e1 ,. ,, 
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frmi"'a gi\f~Lfid-dy'·'of1:iffat~ei, rattier 'tfnih Ju'd~~· "f•m:;nw•~" 

or "senaible.•i 

In summary, many schemes have been dneloped in tire :ffttt,_tttte- f~r 0 

forinally d'ilc:tffffflg Sffie ·-•~tc yir~ffl• · bf :.~•~<:'ZS&ie df :~ese' 

were descri-fild ilfJa,<ijj 1'bitt' 'lit ttie''atcfiemi•~ -h~fGAmi ·mlt6ttg1t·:, ' t ·, 

Klein's and Quillian'•, among others, are being progr .... 1fbi'r ~«•r•}':; 
none1ndft\fe1 "pr>eat~<kttittt,1., ~:t'd Jtyatt0ni'lfttft ~~ -<ttev-ei~~d'(to: · 

the point where they could provide a lf~(basft if'd'f c!~ter'lttRidW..: . 

standing." Ht>1tever, i have used some of the ideal·~~ t:&i P~j>x~ ( :: 

systital..::f:d~~f:\fg :1$'):l/, =,rfte' JiSM~iil"-t'~serfti.'fig -~lfg·tij ·~ · 
'j .f s "J(: :.f brr f~ j a-1-3:,-: ~; _l : __ L ·1 .:..:·,; i;j :.- u· ;., -~, .1'::l!: ::1 ~;, L :~ :)•.:td ·; - ~ nq _-; .1-:L . .} ...... s :, ( } ·:· ._, ;_:--1 ) . .II 

assoc ia~£f i),ffi1t€d'lffl; ~f'eai\t' 1W 'tlM {'tlfdrllif £iHf "'r~~s · 
l10tJ ,,,)'3. -~t-;:Ji .-...r:f; 10 "~{- '' ';. -,· ~~'",•( ,;~~..::-;·r...,-., j ~c1: ~f-, 4.2vfl;, \ . "!,,,. ! •L. il ! ~-:. 

tion uald.i:ittCSitf-· 1' •~ li .ir,: _,;,,. ,~:,.·,;',, , H).-•1:i' ,r,. , '· •.· . .-.••i J. '.··· ~-
,.~Jc ;:,.,, .. 

The rstj .-jit:eti1uieliua· ~cfal :,~jlf;fentetttre -wWfe1i'lf :eaH 't~ 
,. (: _f ~-;? ~~ ·_, .r : i · .>"f • -1 J •:;;rro ~.i-,:-·: .i ','- -· :;··~ .. • ~-_. .r:; :J ,-:_, ~ qD9ti ·10~_: - r .. .l ; -.,Ji.:~ / .! J f: _; _., ·; :;,•·; ., . 

"mo~'!!•· ·•1'hi1'p~ Nf~a; tto eiff ~:t•-We'nb-ff 'Jft !~ r;,eoi',Pbt ' 01 : 
,.:~L,;{;·,,:; ·1.-1 '. r ·::; ,"': ,, ~ . -:_.,j·•1: i}(_)J.1f.~;:"'_it.J1(~f' •:-t.~•·j-~'.t!fl'_,--,(-.' ;~. :' :-t 

retrieve semantic information. The purpose of thie section ie to explain 
s \,1f ·•,~)J·:,;:-,:··;j n-.:.,-.r..Jd :._·! 1 ' ;.,,~1.~ 1 •. i ''f-HTT'._!1: ··:i \~~·_;,il;::, tHJi r- - r•·:;'!;-•1;j_ t",.f{ 

what I ~iati: &f~the :e~i~pw;: irt''genetittf'·~d'to'~tne>;t~~ flit :tncifd'eil:' j!l ,_, 
"f(,.(·J.f.:irl._~.,::; 1E~1l)JX:..~ ·H:J~~ ·;~~ ·.; l,~ . :·} ----:_-; ___ ,,; ~: ,:·-~- .. ·~~'·'':.'M•• t-./r:• !l_i\•1 S--Ifll..i.. c:; n:.1··: 

in J?&ft·t1!ti~;-~ •. ~>-; ',:J _L)i ... :;•.-· 1 
_, j --.. ;~):..- · ,;: ·- ({ ':~ fl 1 ,- .,- .' ~ .J-l· '·' : ') -· _,..,_ ·! -~- ' . .- ' ·-·":f -~Ci') 

:;-....n •·: ~f"":J ;~].;. ·:; .. 1.l ,~; ·;r: ·-: ~-=- ~-7:½t; j:i.l: ;i.1i., ,o:•·~,-i 

1) l>eiinition: The term "model11 has been grosaly~~twoa ~,,,. 

it doee ~ 1we.-.. 1·ft9Cff~ ~y ~rll'.ll:f 1~cl~ rwf fffl~ (HtJ.' r ~ • ":. 
G'J1::1J.~fTT(>2 ~ . .;:-: ·:)+ .i.,.:.. J_. :· t ::r~5f!J ::'.-·;:·\ -1~1•.Ju -.:::i..-·.··.yt ·_ ;._• :.,'."; ,:i~r -,\,,.!,'.;f 

purposes dr f!!H•'.~£,_ l'·\,ut-t ':th- ·f'tilltiwi~'•tiwftffM: < • . : 1 ~ . 1 "'}v.,,J! 
:jf:'--:., ,2,n 1 :::,,:.r.·.~-< ... :..,;.-::;~~: 1._,. ;=:,1 1 !·'.::':>_: ,l:.:~'. :}J ;_.;_sJl_;t~;;:.➔ IJJ;.:,.:; - J.:. · __ ::rt_~:..;,;_,,..·::. 

A ~1''1f\ff _itl:-eWt'ift'~'fij:Jtb~PFdl~ffii·jr8#irffet~j; '1.. ,_ 8 \ 
ii d:;1r~ ·_;<)··' :L~.:~-·-~ -:1 ;· ::: 1.::_!-~8~1- .. i. _:F> 1 ·=:·: i,·1 ) .:L;(~~·s ;,._J''•f;l ,...,. ' 1 n · 
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to certain features of~• 

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

C. ~: ;[hei;~ b ;~some. :}!J~H,AC ti: ,~d.;~,~~ '>~ -,~!:,~ '.)w ~~ ~~;,. V .i ;_ !<,,, '. 

effects of c~es .~on J,t :i:11 o~d~r;•;_t",,'?!-)11e~+B ~~o~~(• i;~1:J;l;~ ~~-, ,,,_,t ,;.,. 

stu4Y,~S.q¼; dir:~Atl.:Y:•, .. 

i) A s111&l);;-a_t;P!~z'111.~-~.;,;~'1~1s~.t~i-f<?J!1Pai::Jutf gID_t~~i i:ilrrA::s·,e" 
model for the actual part because aerodynam.icists understand how air 
flow a,~ .tl,11~~,t~tj-~~}i9A :i.Hr::1°mt~l;f:Ac~ ~l'!f.A~tf~la<i~~sl ,,8 :,p. 
airplane part (whose shape corresponds to the shape of the test-section 
in a well-defined way). An obvious advantage of such a moqt\::ii-'11:i~30 n .. .i: 
convenient size. 

ii) A verbal statement of a plane geometry problem usually includes 
statements about line segments, connections, shapes, etc. The Uf!~½b.·,H , H 
model is a pencil or chalk diagram which has the geometric features 
described i», 1thEL~t'!t~. ,,·J~;,M,Yll~:~ 1~!:ttk/! 1'f>4%~u1tfo:i~ li1i2i~,lT 
conceptually easier for people to interpret geometric relationships 
from ~,-fl~~~-~ 1~r~ .,&, 1M~•~ ,,~~,!:le1'!~, c~~'A1~ ~tY.iqa~,1'\ncoo:ft-~--:i/' 
of the geometric information into a linear string of words. 

'.f, - ·4·:-~' :;. F, : _: .1..O '.'i'<!.'{Jr:"tl_i(i '.:.lr!T "nu.i Js:n:ro1nl -:ii':.!1:st;t;13 .,'/~7J;~r!· .. 1'"' .. 

iii) Problem solving ability in human beings has been modeled by a 
compq~,,:-Pl~SJP, _.de;v,~RP(il py,Jjew~ll~.,-~a~iaaq ~t,pnrrliJ,S,) ot>ff:!T~ 11\9;4,~). T ;:c.;:w 

can be improved by modifying the program so that its external behavior 
corresponds more closely to the behavior of people working on .t;l!Etr~u-i ;: , 
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.1;<0b~-SR:lV,~ 0

-,,,: •• ;.2 n·:,. ~-·,d "b:,,:,•-;1" "11'·,_, $,-1-_t' :!7~1·:'..J.,LtJ.:::1}_ \.'.: 

iv) Lpsiq~a.n~ ~;v;e.~~.E.~ 1'J,~u,dI,,~?9-lrJ:it:i;~t,~. ,:nQc<eKif>~l!,y,)~p~J~ 2·v)h ~ 
have no significance other than their syntactic structures. Sometimes, 

:~~:;:~i c~::~~y8:1:t::~:tJ~~f~:~~~~t~t~li~~!?£0~; ~~:,)·j .uq 
says that statement, A~ 1~,-~;,o~l.z(iff'-1q~iff>~Q0~1',WAd~. ~~nq~;,• ?. 
interpretation" to facts about the relationships;- 'l'he model for·suctr a 



fot'lQ&l ~~-o).i~ .-suan,y,~•i••-:-e"f':1 ~ .trleb-~t-a•1'M.eh r,, 

satilfy our intuitive notions of the "meaning" of the original relation
ahips ,-y..-1~.~~'Cft>_.pitlae itl> -..itM.ASifla'tu'e\oof'!th a'''.:::.• 1 ',· 
ayntactic etatements. Thus one may study the abetract formal system 
by •nipulating a aodelSWklrJhW"! i.-thM.• Mtnft-.ace"'j : ...... tiWf' ,,;;r:, 

in matheutical logic, refers to the stwiy of auch aodel1 (6). 

There mf.Y not always be a clear-cut dietinction between entities 
i i r: l ;_ ;~ n? .. 1 _., ·: 1 :,: .. -1 G: J i:; Lr, 1fi: £. e. j~ 1~·•--~ : ,; ::1 '<. a 1:, \ o ~ "l L ~r G n -:::.: r_ j n,·:: .1 cd r1 i '· d T 

which are models and those which are not really representations of 
9_dj ;n .. :, ~ ~"~:.~ J')S-..1:.-!::-_";j ~d f!.:cJ n,., · :{w r1i..Jljst·;._i:.,::j~·i.t sdJ ..J2Uf-~:):J~: z~· Jr;>;; ~1 ._.,_, 

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

For exaaple, Newell, Shaw, and Simon's problem-
.-,J uj bIJh ,c.-: ... ~tl,r ~-~-:-ri]~~{_jb-Ji':y.;: .h i·;l ;;f~·:~ .. 11..:-:,.·:·ru·~; 

solving program discussed in(iii) above is truly a !94el, in the sense 
.:.-~''.?<,f;-Jjp~j;;; ,rfj r;i '.d;::;}j,£~-·.,L n•_;.J:'S.f'.i'.~(;.!.i;t· -~;fJ ··:o :_;f£;r:~:-: .1~;1:-,al ·11> <:;()J 

defined earlier, only insofar as it is intended to represent human 
'(~t- :?• -Ji:-1. r ·': ·:·. :1.;<·'--·.::.~i :.:.f ·.:J .1~~1-! ;~- ~ 1 ·~horn ~ 11:)r;p 1c1 :::J~S:if!SVL1.,. : -~,,_r'.·.¥·· 

behavior. Otherwise the program would have to be treated juat on its 
s•.ii H.• _;1;:} :·::1-.1:·;v1 J .. i tJH.;;j l~)born ~;·1J r .. :)::1 n,::,i·..::b~1t'J 1~.1:·ui b'._)··.Sr::~ .. b :_1,:._is_<,ix::: ~.1J:.1.~ 

aerits as an independent problem-solving machine. 
-}(1"',/ ~!: t!~j~\.J __ ;vf:-JI 2<· j;:_·1:: ·:~1-..-J~: .. r.-noi ~_,..,.:.;:i.1:) * :: ~')Ji3JD'EJ? rL _: .r-1~'.-<'i ·):,.:.-,J:.1~:' 1 

3) 99estion-answering model: In de1igning a queetion•an,we~ing , 
-~:-:.f.I~ :~JfS 2-:·ri~J·1~-;~2 _: . .f~)ua io ~9;°(i;n1.:x9 :tv:1ofl)i-1<.1so ·1rlT .. ae,.1:;'Ju? :t.<"i e'.·39,·i~:<.:L 

system one ia concerned with providing a atore of information, or a 
.q.L l::)'.-':.J J'.1'..:,:·,~ri :)!(~~ 1t> •)'J;._JJ')U:!:2. c)rtr .. n.c,lj";i~~;-~ unl:wr:;IJ·:;1 ~d.J .::l : .. :~8~-~1:.; 

•chanism for developing euch a store, and a procedure for extracting 
3jf]·: -11, 1:1 ,'HJjr{sdJ f}l b~::H:~UJF~lb c,J: rftSJSXr!i ?i'..(.i'·l\ti'c3fl$"·flci.T,-?.·.;1u;=.' ~_.:--;, ~~--,: 

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

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

form of simple declarative English •~mtences, •• it is in SIR, ,o: it 
.. <~;n•(_, : .:, .., (.' • ..::·1 J ~;:1.,.'8:,,-iA- rr 1 ... ;: ""!a::: ,::,-; ~~:, ·; -:: . : 1.. :;.c.:..:. d?02, 

may be a prepared data structure. In either case, it generally contains 
;.' Jiti<'.·1-r i:·r:i·: ~,,,;J t~ ~)B.c·--lw n'~: 1 j·-f'-~ rJ~)·:,;d svfarl .:::;fnf;,.i~-~.::, ··-: -.r8J.u~-rrr.-<.,~"' l.E·. :.:;v:;2 

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

1 
-)~~ (. 

1 ·11 9;-;.-;,./~ 'lI? :i:) ~r.uri·t oJ f>~:.-:js,19·1 :11•~:'.-\_.,.;~Jr.f.ir.:'. !:1-·fi 

English aentences. I consider the store of info~tion which is the 
··Gn:-_u1 tn .. t :; _::'H3!;l: .? b I j.f-d·· :, -..:.t:._.\ Xsborr: s e9eu C':m!:fJf/'.~ i;i.'."·ri .-t~t.;?irt., 

basis of any question-anawering system as a 110del for any set of 
-~i~'}':(!,_;2 -~-·. r.·--,-~-} rt.";f:).'tS::~ jfl':~~·: _';d-1 dJ}t-i/ f;~::,L fll9rf:1 7t0 ,_:;;ion brrL. 

English sentence, which contains the same information. Of course, 

"information contained" refers here to the semantic content, not the 
, .~i .l ~: :.i u,~J l 2 <, L '.-), d:; :·i.1 ./L_dJ I :'t n .: J-:11-;;J rf :"J l rh.-1 ·1. i :;.TT,:; .::i . ~. ~1- 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,.;;.. ;i,_,· . .. ,,;""_:;:-" ; =~~; 2 . .u,>lJon 9\:·.:~L~;,3 ,:---:1 -t 1 .rt1 --::2;: ~i;a 
system's ,s,i!ilre,,of, 1-PJ«!>'~j.011-· -iii <t~ llllikq~.t~~~ -tUNt:ti»na,·r-, aq.1 rla 

, :. J~~,-~.t;:~J :-:.s.:~ •(d 
-~~.r. i.:::(!Jf:n~ d __ ( 

. : _, · , ::: .... ,~ .. i:~:~.i ') ti 0d 3t{f~\,, ·. :'· 1 \.61:.: ·-,:'-.i 
The information store of a system is a model for a set of English 

· ~-_:..:·-:, .. ,·.!. ~,:'\:· :j~:L ri.:l~fvr ~aurf b1J..-.i- ;:'~.1~-'~Ju;J1 '.: ~1:> :.f:;-d-::1 

sentences because the information which can be extracted from-the 
,..• -~ .·,n~-. 1;{ .~ '..-9t:J'ivl ~3lqn1.sx~ ·r0·-~ ~£l~:.:. ;:-~.:..::1')•J;J~-(~E 

store corresponds in a well-defined way to, and in fact should be identi-
·Ji ·.J--- ~-;·:: ~.i: a·./o ..... :tJ (11 . .:) .L~ b.':~Ga.v.,,.~.f.~. fi'.f:·.~_:,,,_ :~ µ,nj_vfua 

cal to, at least some of the information available in the sentences. 
•.;;,. ~ ~ .• : _ _j -·1 :·-n··,J __ :.r;_f ~ ~ ·J.~ ~h "1.h~i.O(inl '{.f.r1 ! "f~-:-:,1.I--,i:~-:? L1Sn! tsb 

The principal advantage of such a model is that it is easier to identify 
. . _ :;, · _ . ,, ~'Jt::: i 'Jlu.:iw i"f:.'!::·1;.~t>-1.q .91-L·1 ~:•r-.i-:~-.i~:tI.:C' 1 <" f .,:; ;;:'j.> 

and extract desired information from the model than it would be from the 
,::; 3n. ·Jl,)C:,"'l;:~:).!:do'lq Jr: "i::.;fl':):(/, .. :ti'. flL ~-·T-- 2":J.i•: 

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

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

degrees of success. 
:~-r, :. ;"": _:_; · ~ Jb :-1.t : l,,sbvm an .t 'l ~~v: a nz. - rrc, :· .:J 2 :.:- up 

The best-known examples or such systems are dis-
J: 'fu J (, __ :c.; :.: z:r!iLJj VfJ'it{ "iJl:v.r J,.:,9[.i·J:J Jt:;,-~·,1 .;,,_, ·t;~y\,,a 

cussed in the following section. The structure of the model used in 
· ci· j• ."~ .. · ,. .. r_.1 ·J •q:;_, ,,, t_!Jg .. ci·,.;.c,Jc~ .s d~D?. £.nlqo·;-,..:r..,;:.:;·J ·";_,..:'f!_:._,./' .. ,'''..L:·; 

my new question-answering system is discussed in Chapter III of this 

paper. 
' r. 

C. Some Existing Question-Answering Systems. 
:·_:_;:..::n~):J ,, i .,.·:~. -;:::, ~,,; __ G·- .; __ -~; !.;= ".:~-~(uJ .>u-::rj~ ~~.'!.Gb :.,,:1·:l: ~-·::_"~1 :·~ ~;,,, \~P..111 

Several computer programs have been written whose aims and results 
;; Ji;;:_;:'.. _,t,.· :,, ·:r<~i -.,!i:...i.u.--•t)Ir hluo•:: ·:-t!qo~--:;tq 1.: ·;·,.:_,/ .; ;,:~r;· 

are somewhat related to those of SIR. None of these "question-

answering" systems uses a model for storing arbi~rary semantic inform&-! 
::e Jr;,t:, ~!-. _j' l~ L(j:J ·.:-,'(~ ,:'}LI~~i\·1G!IS-rro:··;;..-:,.JU}.'· <~-.:: ·-i .. , ('";li--!J,J1 

tion; and none of them dear with the same general kind of subject 
, , . i'i(J.: ., ::.. , - 'J:1Jf:e ·;:._}·J ~1,1rl£.JrJc·) r:'-_-, __ r:"'. :.. :.•.'.J1:~J .. ---;:--\~~ :·::: · JJ.::::f 

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

features, some of which have influenced.the design of SIR. 
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1) n~:} W ._,~ ~::19'f!!~ ... ~11(1117) --- ~g»af~ f d 1.: ·sq 

•writeetr ~-~ '.JJ.lllr'ft1(-N~ lip~----- 'l--•'911i •• _,,_.. -.c-lldeato1111biw :i · r n 
... 
verbal £nglillh ,qutrsti.ona about a set of haauall is-•... .JbNmp'le: 

; ',. :! l ..... lb~ oii· j,fJ ~-~i ~'RGIIIH· lli8:lSOX.. u '· ' ., .. r, ·, ; iAI 

·.The .~!~,l(liied§tl)lilc\lilOldlM60f -cni1-.a1hioU_.60dlltla~id:8.:.,~.1,:

.all tbe rAe~i'~~ jlMe 1~-.nt·.-r-- N0olll!IH•11trlt•Ja"ttp,~ '''"'" . 

aelected 'lliKarchical format:. 'ffiel."-e ,.ts ·-~~i.ren Ui<~COll&Ci•1'111·· ,,;r• 

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

list wid~-...i-Hd i1'U~ttf'dn i~t:tt l U M·•:llt JWI fl~• _:atia1~lfica

tion-liiti·~•6t!Mhi W~"'ll'g•Wt ~_..,,..._1,'I\OMJ,~a'¼eilll.(djl :ak4sJC1Ni ·11;1 

entire ffilil.f ,;epec:l!ftdeien.lJ!i91la,tri111Hdf\lQ~.·,'1Je~-•"u .... t_lk> ':, B:r·L; · 

respond la gr .... tical English. 

The bulk of the prograa is devoted to the task of tranilatitlg a"' ; :::, ;;x,J 

question sentence into a .1pe-c.t/.l~~fijij';i:H1ffiliii~\I-U..c:lN1king Up:Jqni 

words in a dictionary, f_{Wf~:~lidlMiaS:~f•Wlilis'ijif&:tMt:llcf&l 

aulyaia, reaolvia.g atbiguitiet~-~. llAflie~ ~--I~ a eet 



probl~;., .. :£he ;~el, ·~ansi.attt,:-Qf. a,-fix~ .~~~~~j(;!L~Q~~~ljl. 1., 

arrangarid~."l, ,fac.:UJit•te .ilJ.e. p~~,,. c.qf .~:t~:A\,fl~« )i1'-IIJ!Ctfic'°'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 tpecJfic,,:~m_~t 
,; . ) . ""~ 

must be pre-arranged in a., ,tilt.ff cJat;«Lit.ti'r\l,~~rallct ~Pr, d~J:;,~~ lend 
)..\.} ~ '}~ ! 

2) l)hUUN' 1:Qn-!ttj,ol):;Au}Jt:r,4¥,jW;u5H:}9g.\l: ,(;ili) ,:~~,-N~,, ,, 1 •· .· . . l 

writ,tlon";i;Q l;"Jl.lSP ,PJ'48ll&•:Lng l..luutJM, :{~l~t.~:t~lr-IM1!J4%~~J: •r ,,;i.: 

English sentences. 

Example:, 

(THB 'I&t\CllKR :lldW>S BQOKS,,;QI t,l:JE~.~S~}), : .• ,, , , .•,. 

twHSRE oo:ss 11ii,:mcH1R.~ .~) . 1 .r ;,,2., Uli!J:, 

output: (,IN '£Hi :CL6S~lll0QM). 

sentence in the, corp\Js, .and. io:r;,,eh~ .j1Jest;w; ~~Ja t'-P"=~to~l ,, i ,.:,: , ., 

in the .,qu&ation-list i4entifies the ,~·::Jitl411}'10qibtlr1qu~a"14on•·\iatmi•,<' · 



u 
aeaJanoo h_,qend., it,ae.Joer,-.t, repl70ii~··,-.wmt• 1fr-~1:lbe ooi,r ... , £.t . 

apo.......,,,..noonc• klt;ae;-ori,ataala"G!'p\18~,,. ,J J, · '''.< • : ; t _1,_, ~9':):;' '; ,;, ' 

1:biJ . 1.•~ 8p1!iJdJtive ,e,asem ;J• ••veaali i.olnntoue ~•i u•1 , :: ,,,, ·1 '° 

in.io--.itflc;:b, a·JNiD~ -~ :rtbm t:M ±fner~~-~i .-,:•. 18'· · 

aa7 •-~•l11bica c-.ot·•~•ysady t.1...,lllid~b-ita'e:llJ idw1 '11tc:the,ck:1;, 

-~ttflll ,~·- ·--~-stbe eante !..._ it .... 2.te·,,_. ~ '.a,1 MlW;> -., · · ·. 

4u.e•tio11 au•t ·be •"• , .. lepc>lt,the~r- L6 ~(- tawciei«om, ', 

ti._~qtu•J ::.·:.11U¥1 ~ :,aaeel -6;,~ •~ •-1tite~ DMtllt:~ ..,. ohe4j .n 

ld.~il.y, 16:>rl;.,.. ,.,....., co, .-ca ·••t.b>•; l .......,._+ ~:liiclai .ro,-,., 2 J j 

qod,el,wjri.ah ,Jbl: iC......,.,,, ...... ·ea¢&11dlul iaca:#J.•1;.....U,,y ,._, w ran~ '~"" , , 

au,~i, Mlid •u:h,.nniea· u:;• d.nw • t '•• ~;;iiubJt:. 1itti, t •,; ,· 

finding ~JUl j;O,j .... ~&,:, U Jin :Wftilldt:~ . .,:l,:•~«Lt,iiJJllttd:l.~Ji, 

pnt.-.,I~ l8)l;At•. "'•, ...,; ·t, •cha ........_e, ~~dtl>.id b;1; s:i 1 b;:, 

Pb.i~•;a:,~.,; ;·1.-. r:.,.-1--.. ;f1E~ -~.·.:,q~1··"':.., sn; .":_,.__,. '(.!.,;...f~-i: . .:tr.'~:n 

~) .,J~,~~(.38) 'fttj;a: 1tr~~ tnJ.t:h¥rJ0¥DL.~ng 

l411guaa,~..17}, -~------ ._,wule.,~ec; ~ wut---•••• ;t~--' ,. 

~~in,ichtn:: •:·l.ar.a-::~; ~-- •~s: ---~j ....,U,ak' .. ilut.&,.._ t~..:_.,, ~-, .'. 

, •• i -;i.t'llhllt.~..-,biftla,eatr~•-, ,; .' Li: .:,,d,. 'C <• , "'f:12 y, 9 i 

OPl¥¥!t£• &n. Shs sui,191e1Mt41; dW.ru,..., •--•·•yb.M~ ~•,:, , .: i: j )'", , t 

UFR':!£: "Bh·ds -.t worm, ... 

Th..e prop•_r~.!~~1;~~..Mi!_~:Jiwf:tfM;:IMilti' IMttai IAfl 

aU'u.etunl :{A,-MlU).rripif~ea~i,~~-t~,.,~•.if!l?.!lit1a~!iC~~2..r::i:.0 ;_:_:~i:~ 

c2ntcant •"•·~ ;-.iiGA!'¾bave •wMit-ci· staatf4•aaae, ~jallfl'Ut~,iO..-Caot( l,, 

words are any words which have not been chosen as functiou words). 
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Initially .tlhe corptaa ,(the .encyeloped\4)=',ts .. :tadued•.itdtJar,~eapeet to,1an·:,;, 

occurrences of all content wordai1,,.;'JbtsJt11dp ,ocodpia• aboudnolle ·,••"'.lf 

matically from the corpus, and information from several seobmces' ~ L.i'I 

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

A model based on such semantic relatiortaJ ~ s~~~s.i-1-il~J~:;. 

the question-answering procedure. SIR illus'trM:es,dtu:l £•s1~1ty of'.~~ 

4).,Jl.ifffff'' !'i'Us+P-!+Ht ,s.nteua.t'-ee!aa..HVa.il&I!':Y!aaarat1 u1t;,01 q sd'l' 

Semanti.OJlWl7up.s;Wt:chtne.lJ . (21),~'l'!llse,-e.griDj;,:Witaea:.,tl,\ttb~ t~v~ :': ;3 



•. , .... -.,.;- ._.,.., , - .J..;,.~.-.. ,,..l::'"':""(;~-~,)i>,:.,.""1-. ·- .•• -~--,~- -'"7 _,. /"··-:.- ·,,.·e;f-<S:_::;-f_t~f.1~;~-~~t!'~··~,..._~'"'...;-~-~;j~• ~£!':"'lf~:.?'1,-' ~~E>~~~-t_:,.~~i~¥:f-•.;i:.· .. ·~ ~.:~·-, :--·•r.:-i;-•, ~ .. .''.- ~~ ,~~~."',{,--;"<-\ c,~".-~ .-_,-:,"•~-

""•••; ...... "'.? ---~ :·'\"••'._~_ ·-
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Englisit(:J6), e,ctracts trom it- ~ny'i~toi'miltlon 'J~ric~~iilni"kinahlp;' 

and adds this informat:{ori to·,~t'•tamHr'~r~. ,F 'tiauipi~r d f;' 

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

efUYP:c ·.Joftrt:~ml iiny·m·~~iaf pd adloi&ib:t'':i~~ ~~~~iif:s-~~!~-.!: ~ 

they' are repieSented as. des~ena«nt.~;,i i 1&.!a.J~ i ~d-5 tit': ttii'' fa,dfy: 1 

tree. The: ar~r 'ts· suff i~ ient 'fg1t~~ie' ~ coi~ide~~6I~1'pt1~t tot\:,t 
-~··1·! •' 1 --- - ' ': -~ ~- 4_l.~'.: :, 1.";· 1 ;,;·:,,•:ft ~;, ~-, i·,t,;,-i -"f''_l t" -_ .>,_:,•,; ~ 

natural'. 'inglis& in recognizing faUy relat:i.ortabips: .. A1tiiough ·i::fie · .. , 

author d~~~l'~f ~ c~uiaer 'que~~loii~~,~e:l~uln 3 a~tail; it ii j~t~ir' ih;t'' f : 

the famiiy
1 i-~1.atfon' lntonaati.ort i; "iaedi~t~l:Vai;al£lbti ln the ti~~ : ~" ·, ., 

U10d-el aa.d specific requeats could be answered almost trivially. 

, f,,, ~~c:~•x•t~ .~ti~~ i-,i~•-:;t,, ;e~t.~f t~·- ,a,.;riqt.:a 2 ~~j~~4 · ·' ~jd _>::... __ ,u:,~'~'..' . . ... 1~ -·!-' ..... - .. ,.~ , ·" ..•..... R_, 1tt,t ,,.,.,"' ffiffl ~.,~~ JL . 
' . . . ' . . i . . ' f 

for .·,v~i-t:· '''~(he:'~- .~~_._.LJ.~•*' a~i~.t:i'1i~~j:if12 ~;·.:~i:'.'' ,''''i.1(7',._..: . ., .. S'Jlij . . l ,, .. . .. , , 1 .,fflb , _ ,, . ~~~ 1!r', ,~h~ ... , _ _,_ L 

~elat~Q~~litps,~t~ :'qt_~~ ;,;e,~:j.• f-'~u:..-f:aj~t_ ;n,ft' J{'r -... ~~r~1•:: ,,;: 
. , .1 I. . ' ·--- . .. .. • • _,.. . oi R '' .. n. -~ . ·• •· j~,l ,i:lrL .... ·'. . ... ., ... 

1'l0del for lam{ly relafio~ships: t:'l'her·~~t:~v~i iel~~falrif~~t~q#;.,j J:,:i,;/ 
w•,;~~,~~!~•:~•~•--~1f~t~--~-~i~~~,s~"'Yi,!1~v1'1~t,~,~g~ ; , i"'' Jv., 

nothin4_,~~.J~~ 'doll• •t,,~f!t~o•i•nm11;~ ~~! l' . ,· ·, 1 'j ·: .1 _; < r,r;'j 

}1~t~~~-,•l:e 1y,, ; 9~ff•r~'}t l ~~~ ,ot ~"'~~'-r fo~~!!c ,;e nr~,~ ') '. 
for dl.4~~~~; ~i~! <?tiafo~t~9,9,., I~t-•ri.,i'in4~1Jf~~ !fS~~,,rr;\ ·•·:.ti. i ., 

Olight :l>e. ~~#,ib,~e, t;~: ~e. t~ ~,~. ft.Y,f1l&~l'r~l:'t9~l;t;<> ue.R~,,,enf,pi~!9F""at,v ✓ 

m.atio~_{q~ e~~,JJUb~t as;ea;,'!'~.!•iH. ~f~~E~f1~•!Ye~~~~t;~,~'t• '!,,L[J:;,r, 

Carted~~ ~pc,f4,~~•• fpJ 8P~~i,~; f~Jiat+,M' Ii~~P1~ri~\lft1,~h~n~~~~i~l . 

text i11}it"•·-~Qt: ~ijf,ill ~laete 1,,.~~r•Qb~•!~r/~~;!~8 rMr!',,~t,~~~~; :r,, ,. , . 

but t~\: ,~ld -t~ ·;• ~oq~~e~ sy~t"r'-~tq: ~,,~P~'!A ioipii~~!t~~t. J '"· ,., 'J,; 

prdbl~ •.. -~~- ,$,!f ayst.ea it .based 9,,,,:"•~!S!~c~g~b ~i~~bc~,;l~t,e.,JU , ,, 

i'iJGIH of th~ advantages of various sp~cific models while permit~~O;I , ,, 
.... ,•.J. ( .. , ,.i 1,,, •' 
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uniform process~n~: ~~o~ed~res an~,i~e~f t~~~g ! fh~,_, ~tor~ge, ~nd re.tffe~at 

of arbitrary facts which aris~ in hU11llJn conversation. 
~1 'r h fi ~ _ r~ ; 

5) pa~}i1}~~0~
1

-~ 2rogram !~,~r.~h~ ~;~t}f~~f,iei:i,o~.~es~r}c~~d. Eng~1,~b-, 

into the _;1yt~Tio, _Ot,' S~P,olic >1,e~i% ~G2~ =, .. }~~~,c~ros,ravi,,,:;~~!tte11. in :fh~ 

COMIT (34~'. ~ro~ramr~~g lfn~uage, ·; tr~~~l~~e~ :~~taf~. Efgl~~~~ ~!?dl~_s 

into a lo_.&ical fQnµ .which ma:r ;heQ._ be 1;t~f ~d ~o: va~ idi ty, by., t~?~_.h,ei; _ _. _ 
~ . . • \ . \ - - . , • ., ". ·:::"> - • ' • - ' '· . - _· ~ 

prog7a1!1, -~~it ten by the sa1,11e ~uth?r,,,, -~h~:~, ~P,Pl~~s ~\le Davis~Pu~n~~ 
,,._. ,.,. ••• • .s ( , ,, •• ~-. --~ ~'"•-·.•, .- ~~-. ,, .4. J. .• ) j .. ,_, . l 

proof pr~cedure (q~ _fo+ ~tatT111ents in the ~f?~os~t,iona~- 9~¼f~lus~ :•,_. 

Example: 

input: 1/I~. t~~- b\lH~: was _P!,ese~t, _ th~i:i. th~ ... bu~!er -~01,1~d !t~v~ ~e~-.;i.-:_seen, 
and if the·'btitl'.er ~•s seen,. then 1th~ 'butler "w6utd hilve be~rl-' quesddned. 
If tlur; ~11;ler had qeen '1U!i:'3ti~Q.e~,, thep. tll~, bll~ler wo~ld. ~-,~er rer,lfed, 
and if ·the butter 'had 'tijpH'.ed'; 1 tit~K' t:8~ btit!tit'~ooilF'ha\te 'b~~rt 'he«t<1. ,, ·« 

The bu~ler was no(: hear;d. If the bu;lef was neither seen nor h~,rd,. 
then thi! htitter must:'ha:ie-'bi!~n ·,Hl."iifofy, itftd' if"t8~116ut'ler 1~iisc:~o. ·diH:y; -
then the butler must have been pre~ent. TherefQre the butler w~s . 
question~d."',"' ', ")!'T;:,-,/ ·,·,·, '. :,;. ,·.,:-f'1' ,:._ ,;.n,-•·;_,. '.' '{:.L .. ;; ·;(,· '·'' 

output: [ [L~MJ /\ ['H~N] /\, (1'i~Pl /\ l P$QJ~i.iQi~( £-Jl-iA"'Q]'~RJA [R'.~L] }':>NJ 

The input is typical of a typtf;Of pr61:SI~ittwhichjappears irt Uenientary i 

logic texts. It has b~en pre~edited tbtl~~tf6rtrr-' certitin" t lartf!eations 

including removal of ~ost pronouhs artd ins~tttdrl 6f necessary itarker' .!)_, 

words .. su6ti · as 11 then~ ·~ 'Th~ progra.ni"t~iln~ltift:!~ diis input, by 1 meaiis of ' ; , 

dictionary re:feretkes artd gr&11lttatical a.rui-lysis, into Yhe rnod.e:f, ~hich': 

is a §tatement in niiithematic!al logic"hi'1inf the saine trt1tiilva'.l:oe as ... ;-~·.ri.; 

the orig:truii tnglish stateitient. -''the Uqu~stion'' 'tri t::hese problems "i~. 

understoddto'be, "'ts this'argu1Mnt ~a'.ltd (_!.~.;•'r1Jdess~r:t:ly ttue)?"~ 

and the·a.rts~er ca.ri 1 be dbtained by applying establhhtid meth:ods·to·t:he 

logical rllt:>'d~l. 



31-

· "'Ai lii tl114tay'• ltfnalUp syitem.Jf4) •~•'11M.rliqBo.li111''i:Jfrojnm , 

takes d'i&taa• of a .Ut iicleill'.y 'WiUdut,,-ideTtjlpe ·of ·pf6fJl:M f_ ;'';,' - -

involved 'aftd ·ad-'1mee ,luioi,fji1e',of;sffij ontj',,,.tjibte -:4'1Nti6t\i';,Hlf cme · ,r' .: 

considjii'a -~tlte 1>0•1U:'&Ufty of ·4uot:£diii ~ '••; fa"'Wfij~ ::WtFtlre 'OC!C\ls,'-"" i ·,, 

tion of the suspect who was question•df,tt: dr'''lffl:it .wrjs'~iito:~ffe · ,r, ,,; ' 

butl'er?" ,:lt&tht the '1e~lfcated procen _;6f?'tt-it11ilat:il'rg'1tfN! 1cctrj.Ui1 :llrt'o 

logical tiiw "°1ild -J.adt ;be o'f'-an,,:af:d £tF'fi&fidg"ii~r •• 1_; drrl'i * 
aall ffe'rt. &f 'the ,bifoilutt'o1f"fteaded 0:fot )fltti«Plf~~~'~: 

be exp~sM:1.-it th propoiat~llfflal <,eia1'C'dlu••'-'.;. ffi-yiJ;f ~i '.idf~~ct !tf-: ~1 " 

0\apter i'ff; -:eYen a·~•foft of ffie q~fffriti-'olial ~~luaJ 0 fe: mt ·i.:.' 

suffitl,~) :i<i~fonjal-ifl ffe cCCKWffN't~Y~ffli~:, olflffi:lril' ~edur4'fi,'.,, 

6) lfnpett' p coaouter pr9&[9 for werd relat199f, (3): Thi:-• · 'I,i en ' 

program, wrie~ Of.Ja l:t~ c-c4Mt'r jrogr~ ·t~ ?°wfl'f' ~~pt' '·' 

formats. ~~e: 
'! 1 )1•1 ! ; C •• .L. .:. ';;;, • 

input: DOG IS ALWAYS MAMMAL. 

IWl(AL IS ALWAYS ANIMAL • 

. . 'WHAT; -H' l'IJM.¥-6' MfJlfAl,''Q. ·. 

output:·. .-~ lff MM'AYS ~-

-rbe input;•~~ mu~ * Jfn t>ne --ttf-- five ~•· (,!1~:1--, "! 19 AIMA¥S 

'be hetd1 true -at: one time for atty 'bile ''Its '!•;':-i>.ffiitar Jf.nput hlfortiatttm 'fit' · 

t~1ati!d> £tit-<> 'Ithe' model, which baa· as~tatt!d Wllth ~Lftem !' each -' .i -; 

corresponding item.I and an identifying number for the format which set 



up the gCqrr~ap~n~n'-te,• .,~~ .~q~l :t.c;t~H~,,c~•nJ\lJ ~f H~M~ a,Jrj.~s 

of tagged ~qli~~~' as i-e- r~tui~~dt'.,qJ_1~er~~i1l4q,\lM~·L ~~U,t~J.Y, . ,_.;;;J 

there i-% a ,s~1,l- -IJ~1m~r ,ofi al1,.e>w,tlpMt, g~stj.o~!~~~~, ,.,~c.Q;.~st,9,c;,if,t"tedo·ud 

with aue ,.pi£, the ill[l\l,t~~~~s ,a"°' ,x:e~~l,l~Qg, in:~ ~;i,~l;ft>:C~~s ,~f,;;,, 0 ;;,):i 

.The ~J.'lf ,f~tu~6l of ~llis !sJii.tqt; -~~c,,,.!tf ·A~~0 t.,he,J~a~~f._tfe~';\t";«lJuc 

of SIR, i~ that. ti}~ ~~J;\"°' >keM ~ctl~fwmq9-,e:Lri~Mt:1'!~ ~t.klJ~2:·· 1 

kinds of s~nti,c ;~eJ.~t,~& 1qe.tw:~e11,;Bar.,t.;«;~l,a;~,'fqiM:~, ,,Que.s;t.iGJ?,S ~~ , :J,f,;, 

analyZffi W.,:i,tl;l,.r,ifft,e~ tQ~ aw;l, aq.~WJt~4r:bs ;~~~lf~u~ t~ ~ •.. 1:~!~'1 'J .,,_, 

informati,o,;i abo~t,,. ,t.4!.•,e 1~ '.~.~~~:ii9.4f<r, ,~i~iWM.,.:BAQ,t'~~~E! .oGf:., !<..:• 11~1 

Bentle:~•J1~.s,.~s:t~• ;~iq);i,, J; •~!P't~RDl!.a:IA·~~, ~~~f!.~e.tf~l~~L.us 

1) Relations are identified with particul~l'r~r~~-t" +~qq.,.ei;, it~u;,;nsJ 
with their intended interpretations. 

2) Logical implications based on the meanings of the relations 
are igno~4d· •. , ·:'-i_,.;r,.£ _ _1,~•l.2SJJ(L'l:ll~,.r:1i ! >:_ { 

4) l~a. jS~,iDig mre~1;,,i<H1 ~?P~~~ ~iel!IRP~A-:rlll<?!i-A L,:-iuL r 
difficult than necessary. 

· :; l (;;,.; tL·· · • :, :J w:n o ·J 
5) The user must know the form and content of the model in order 

to make changes to it. ''"\';;\J. ,>:'Al.,: ,J ::,,), •'."1\; 

In sUIDml ry, several computer ques~~~.WJ;',¥)1:/.§'Y~•::n.flVe been 

developed to solve special problems or iJA,~t;~ute.m:~l ,~ies.: .y•j::v, 

None ·DI;,~~ :C~s~.i~t-~ a; 4iF~t ~mr~h.,-~ M~~&I ~Ml~t, i; r· , 

"undersA~d.iA&;''., ,b~v,io.r. £9,: . ~; 9~~X'.~In~~~ -.~i~~ :~J.'M.: ~• 

models ar:.ei ~, µi th~, ~~~!l.ng .~~~11:;n&l~ :r;~pr•.~ ,~ i.fu .1~~d ..Jd 

tions ·¥1. an ,~n;t;u~t~},fe., &Me&fl:ao ~~~~;'.~,,. , f.l!ruh-:$~~ 4~J 
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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' 1sta ttio'd~f 1s':.th't? c&tt~Hiow·of· cr,bt·\Wric\li.9 <t:W's't1rt iftt>gt'mttt. ~ 

t;ef'~t ·t:'6 in,.; 'the 'coui-~'t? of" -qU~tt'iMi.-1.tH~eiriig~;,;;rrt.rr:i.~ 1!1 ~1d-'wbde¥;:1 \n 

th~! '!tier,.-~e' that hew' inf6'rniat'16tt"'Hit>. Wl(J~l.,iut~t1i1 a~·t.<H.tfris' 1cft?Hiii-Rt.Js 

to the dat·t{~ - 'l'il -~ttdit:1.t>'n, lt2 \i a'-'~ht1.b;ih~dMr~ 1.'ti'-tfrti;,~M! 'f-iftt: tl'le 

data are organized in a stru~'fti:f.?~f8tff'f!~~tes'SRtsf1fhe'.I~animfs;Wr:; 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-



izaij,o~-,f~ ;,ei~•~•ti~::ll~~-••iil r ~'tl'11lt~ilk~~~,111,~ bl ~ilJ~! t;\l,e ,r,

choig4no~.'\· ,1.Mti .... tttpul1U.q(,,M1UAM-:r1MflJ49a ilfltJt~,, ~,Pi:tli\,;~t! j ,,L, 

develo~•-~•)'f, HJ.1 i~ · §8~ stf0r~h-r'tfhftif·tl!,.,,4i8SM8fol~* &!8f!::i9fhl~6-:)·1ci 

1 

the., ~~ft9.:f.~Lii~e~fli .. ,,~h9Jq f ~~lnfiZ!oV!f:}gO(i.s~-;cftrJ!i!o8f l ~~§re.t .1.r. -:i 

Question-answering and other areas of l'l§ff§::>~\fJrrt4f~ ~!l!\J~~,1 · 'D 

the UllfHI' -~u~?•(t.1',ilv ... ;n_,11s:sd"A~1Mf3 01 iA.r!JflUgf,lJrg8§ir

tlill•~~u~r438'~,.,,n.e~~,i@thbJjmff ... ttCwtusr,i,~itMl n~v,~Mt'~~~~(; !(j CJ:! 

vtll1n4fol~;-;SP.~if.tt ,o~IHJ! vf2.then"tM•11g11i'IHr'(•YIM9~8'11\~tiiN~1,:; ,.~,, 

or l ru.Jt,IT\P~fi!tlin1H1ffUM.\etmlMP410, MYtulte,g,,,.eyfl9184~qz~@ntU,,J.td uq 

the•t·181e§i4lnfrt~911iMqlJ9~1•rir:.~sMJIOfRtnfi.::>1Ntlffe~fH11lb~~e, l41J.IU~n,>.i tr, 

ages i11:ttMJi1:CWf¥1itfll!fMlrJuU§CSnit5h4ttAl•lWfillf4teUM"'z,fflt~ P,'fn.h JF 1o 

pre11tt4~1,,,,t~r-,af@r?.tMbof~rM§t~t ttMBltnte4P.~§ii•!~Ic as,•;:.: r ·:./ 

as it,, i8nP.,eflr84 t 1;mth••a • ri!Yll\>@1.oJMIJllttf.Hl~}fMUP!dl.1!f b4-r8J01ff ~ vi 

a ~w,~fMlr IHtt '~, i1''ft\8;c; iOJb98•~ll.9l,N:;~CflMh.,i;h"l&fef~,.2wa~UMs ·r j ,: 

search, or otherwise operate on arbitJ~UgR!Ufl4u!in•nhtili~fi3cJft~8 mth-:u,; 

out :,R-198:) ~QQift7'D~J ~,~n µ t~foi»hJH!U\ 0 l~t ~, iM§u ~g~ltt; 1 ~,riqf! tr 

1,;he.n~!Srrlf\d!~YelJf~,:,~~}r!!Jff.MWA~,wr1CJoP¥t85j!89&1f&l8!::1~1je,,fr'.ll;.,.~, 

I~_, ,a~), ;~~i1,~~. rl~:i~I~ (2~) ., ~11ill,,ati}Sff9lrnalhtn~k1~Ull?!ff::im.s ,, 

"Mth~::t1Mf•1~k4fflf11Jinaz8J•\~s4eft5i't~altJ ~6•11JfM~9Ufmi~~B~,r-zIJ 
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is one of the: 61d eiit:d l!iymbo'l.r~miH1f~ul1!i.Eittg:,1ai'tgthig@s¾ -' '•tfie· baste utUd0 t,f 1., :: 1 

data used· in J?Pt ih.'iPH.'it:1 sfruef:urei*' t«fa~oie«! !c,fUtPIF iiyitaha4s~ '0 Att,)lPBl Oil:• 

program: de!!tcd6~if s:,mtiol ''lrlsnit,1uts.tton"at''1f·verym~aiie 'lrie1, l teavUii',J. v·; .: 

the programmer with the problems of keeping track of st6rlig@ us~d, c1i P.".;/d.,, 

symbols as!fgried11iete.. On the 'Otifei'''nan.i, :·•tFi!Pquitt!1 ea'iy 1 till 1PJ!.8 t8 

build 1 up"U.'e laBorlte 1prbf!;raiil.s' 'thlt , of ,;nmt,t~t "pt'ec~H~iUind .. ~d..i.ntal\!p£ilit e ! • 

to proCi!Sli ftts.ttird iart~tiage," 'and waiJ tUSN· ;ill 'tw lef:'f!h~ r4uell!'ldn•anwer:l.itg 

systems21deserified! a~ve,· · Altheugh.f·OOMIT':tsr1 genettU p'lltpt>lffec0sY'tiol''lllA'1t\o: 

pulatien11syst:emY ,1tj :t21:Jhe~t ·suttecl U3p¥8el~e ·ittvWffinsqitttag«'C:mai\ipuP< 

at ion; ·_!>;;'._!•, JprolHems, lti 1wh:icnntfte:~t111ta51~an · l@c➔r@p11e~tnted ·in the 'form:.: .. ,: ' 

of string~ df' symlto UPwtt!kt,uti, in.t!t-8duetn.:>tttWu~:ru-,1Hatttett .cirttd ~the 'i 'y 

processli\g sigofitfhl'ns> '!luPtftMIT iystenP}iro\tt4i!s:i.§lstiipte_;yet ;po,tetfel, u; 

fotmli1J.lf: _, for'·desctlbtilg· 1st!tinif~ni~tiH!oiil(i,GVfhfs2:f8t1nalt~ 'C80' be.! J 

the one chosen for programming SIR,watfs,.ori~t~litly:d~at~ite~Jilto 1be a("fer-' ,,. 

malism 'ti.seftll' fbr' studjf.nt'-ther1tfi.at~m,ued'-'~~pet<tf.~s 0 b!1'flinet!'.ons·;6f 

symboH:c ·e:ipr~!Uti~n!· 'as"•eu,· as· tt~~fui · ih ~• ~tA~ttcil •pf'ogril'fliil1g d,~atem~; 

LISP.ipitigrims; ·~oruHit 6£ ftmtti6rie; rath~t~tl\ain se4oett~ei0 6f6 lttiitrliet:tbttti ' 

* See ref~~e~~~ <~t~efn9,fi~~~i~.~ 9~~!!1f~~P.~9~~;,,l~tJ~~,:~~9~ ~C?,r~~~J,;,: 
detailed descriptions and comparisons of these languages. 



or de~fj~~ns. s,j.: P:At.f. fp~aJ':,:•~ ~f!, :~~J.~r Mf11m_p<>,~ ;;~Pt;~~J.~J\ft 

into:uJIYDl.~1w,~~•iAA~ tjl~ l;u~.,Jfrhl~J>Jn,- ~:i.m~M-F:i ~~-P~~.,~oq,,) 

is A;•~~:,; ~.,~,r~ ~:,~~ ,~ ~ ,t!¾ ~J!P~rJ.i.& llft:t}lffHf~~<, 

~; ~J'- ,' ~1 PJ:~~AAP. r!itf.f·~W..:PGP~ :~ ,J;'1?<tf.1-9:3l-~rfI\['.( ' 

•~~.,~ d~~~~,~1tf~-t>j x~:1'i11,1~1l,l·:Jl~r:.z~ ~J tis;_":,;f, :' 

s~G:,t~~~d~ PJ>f;~t.~sa~~ ~H~~J ~,llf!~ns ,~f ·i '.:HU J.!l 

ch~~.-J.lSJ.> a.a ~4f! _MP~ Jf~,tW"O~MlJ .N:Jl ~µ4,, c~: ~~.t1r~i~ 

•111.y_, Wllft€~· Il'liP'-L-ffl ~et ~S\il.~ftbrebtHtft"o~ :cottK• 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:: L,::-, 

3 > l'Hu ctst:SP'· :lf om 1t-11W 1:e,1 Jp M-i.M~•~etti aua etP, f0!'1 -~ ~ ,, i; 
the recursive tree-searching procedures 1'hich are an important part of 
the-~ ·:iVI~ ~pf;~,: _•V)i-,fj •:? :JJ hf 1•,)f•<, noJ lf,.\ i:ia,:pc f :,,;• ,;fr (.i 

!·,J1:cdi:·: :'~:.1l.ii .. i!" .. ~\.:·1,~J :-'.~-~ ·J:~ .- :; ·: __ .·-.r l'.ef,•)~f.t~ J:_, 1·.-i•.:31.~ -1 _:, -~ '. :.ll::'f e;biv: }~ ,11 

In m-Iear'f-fW°'Vt!r'w'ibn; of "SIR, 'OOMPt-Wf dffd, ae ~q,~~(i.ti.Jt\)b(i' '~ 

translate from English sentences into a function form better suited for 
~ fr.~urtt:! }]: _)·,·. ,·,c ;?L! --/1\•·.-· ;~·-1~·c,J_ ·;,.•·,;:JfJ '.·"i.iJj nl ~:::.:\.1 l-J~rnt .)A10±1:::; (:rr;,· (il 

LI~ :fitJ)\itPf, ~r';" .lsimf~ ~~;y~~'-~lffl1g ,!~(\)~es(, 
', _.-;-...;r_j_;~' l!-~'1·.J :, 1 .tr-;:~ ,'.-,-1 ·t:.;!/:J_(l)VJ 11 J~-1b".)'.~) :-:_;1J <rtO!i (•_ ... , .. -, .. •."';f~f:. ~r""'i·'.,_!~)J-,f"i··5-·1 ,,(:. 

finally chosen (see Chapter IV) could just a~~,.. -W1-b.ri6tedl lh'P~tsP-, 1 

to the LISP language. 

'),L ~-Y~;ietYJ of.~~).~ .q~ei:J:\~·~ii,g .r~~Jnr'l'!~it.f'r~lj,8d i~ ;n,~. k 

prev_ri~ t-!~h,,wte1;. p~tit"~es,.tjla;, ,~ ,4-Yf~~t_i~~ ,,~; ~~~ls 3fpf_, 1 ; -, 

i ,.;r_,j l .-s:r·::.~,.-,.l,~f:'"1. r_J ~:b·.;:(.-..·,· _n~;~-Jw.; .1~f _,,;;_;Jr:. ---------------* See reference (4) for definitions of list-processing terms and tnore 
detailed descriptions and comparisons of these languages. >:c: .. J.::i 
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re'pres'imttng the fnf!tn.'itati't'rli 1.1t1JttgrtWi'text"~ ~bi~.;; '·'Otltf£t:ttf 

d£Ne-Tbp· questioh-an'net'i.~ 'Systt!m1f•WiW't~ ~i.t-tif~~ip-: At b .•. \ 

ori-e. ·mteine are' 11~1:·ean111
; 1 !'• ,I~ i, ~ --~ ~Mfp> ~"\!;i iffl\di1 i~cft. ~ l 

ate 1Y1'proceiss 'the 'tili ::iwto: 'ilI l:o'hni ,frifab ~~l!-lptitled ~-cdbiw 

be answ-ered ttivi1tl1:y, •bift• 11hi:btr''ttfe¥etiy ~'WtltW"t>if1 :~, :fftfot'ilia~rr: 

in the in~iit. 'At tbe rlth~ ·tHcft• aWi~~,J'j'.~._c, ~~:-~•~ 8 

t'E!lf/~~ff ~ly1kcli¥e >tlfe ~·•~)Vhd'~t'WWi'ffl ~~e'asaW-t•~~);j:,. 

atione Ji~~.;,~.rllfle~ AAN~ ~~W ~-~edc_ 1_in 

complex grammatical analysis. 

I :feel ;,.that: ~. -~ '~~ ilJf-; ~~p .iAA ~ l~ '" ~n-: (:; 
· . · ' ,_,,.,;• , ; , '; .i r;,)_,jt:,ifb&9'.!q~-, !l93,;)fl:) 9rJ:; nL '?c.;.:-li: ·:' r·_,f/C"li}j.) ·,'t 

like behavior must l:i,". ~wmtQI 1ih,i!~ ~M~:.n:~~~y.,., ~ 1:(>l J 

de~ ~J:"8'1tf!i14iJ; :IAJi., tlJe;•~AA~1llfll.~ ~J "#~? ( T:' 

r ~'Jt-:·rq .i 1 .1r _[·: _,;-;'.t.,1. ;·,;~ j;'J_;fi\,' ➔ :.L_ib-9:)GJq 3t.rlrL.)"I.£:)d-:..J~)"J.__'. "-.JV.tZ''.("~J:,"'J~l ~:idJ 

i) The model organization should be gen~~ eo'~e~ sdJ 
in a wid.e variety of subject areas, yet the stored information should 
be speoJ.tli:b~Ji9!1>~ ~; 1HMl1 wJ.'Mlmr ,19:~~ ~}!A?~l'f,&, GI 
process. 

'"f~J t :_.,~ t.i·ur; ··1 .}:~: -~;·i :"iJ'J•~,J -.:. _ JJ_:su} f'. ojr;l B··;:).rt9lft9a 1iaJ l.rJi1:1 rJ(i'l] ·:-1 JEiclni:::.J:t 
ii) !he effort involved in the question-answering procedure should 

be, dti.M.~,p~ ;~:.1M1..Q,l~HJ ~aitl\8J~r a~t~ ~ r 
of retrieving answers from the model. Reither job must be prohibitively 
c;otl,'ll[lJl~~!CIR11-fa.~n-••-"'•· h-,; Li'-,(''' {l7J ···~·,r,c-...lr• .,_,, ·'l l'l'··>( ,,•~ ,,r1··,,,.,;.~. 

,.· ' -..: ~ , ~---~ • -.,•-::,~~•l. "·~-V--,,,1 "-'". t,J..J"1,0J!.._,1 ·.,,le, •. t:....<..i.'\l.J \• ~3J .... :.\ 

for meeting these requirements. 

Words are the basic symbols in most natural languages. Certain 

words, usually verbs and prepositions, denote ttffl.lur@#W• -~~~a]:<.f 

obf~a'.' 1t1Ftni-11sft~~l :i~rsWM-ti'W~tfs~~ e'oi'~e~ the 

objicf¥s;•dr,:~fhs'B'el't:Nrlbciett·,syJ~·~at;>~9~~'-lan\far'tff11l~f!~•(f 

ations between words to represent relations between those objects or 

classes. 
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.i -~ :-~ti(}',,, . ~-

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

SIR model,-~~• consider a simpler 1word•a'8ociation model structured 
'C ' 

aolel(i)y clH-==e~r~ rC"T •~'.;;:.~•--ber~;~ r'(~ ! 'relatfoliB; -::;1., 
'l'his lDOdt!::~ch was conside~ed earl~ in thi~estigati,n, has certain 

possible ap~lications, bu~ al.-o h~s ··sijgnifictt drawb~~s-~ch-p~evenf" .. _j _ 
f :1-·;:,\;·1··. ".!.!.t- -~ s 1Jcib IJG<' WB2,.,~9·:c~ _;0.,1;(! 

its u,fe-In"'~t1r.·--Ifll,1 structttred as ~!-te~ ! •tfl ! be words 
(;1i.;m·;,,;) ,,r ,,!_, ·,t:c: '. 1 l 9:1"1-y2i:,.t 

whi<r denot ► the objjects or classes rEh,reaented b~ ~ and ,i, respectively. 

All lsuclfwol~s are !a~raiij'e~ iJ a t~~~:>r~~~ :d~-~~i~11;n ordered, accord-

ing ~o1 ie t~llo,;.;i~ti~ul~';j:\t1.ct--rr ·eltner-iCy orx,pnfaaaffIJon, to-·! 

thi., pr~~ ~rTef1ng;-'18~t~;~ k1;:,;~\f seco,..W.~;ls ~
50ta~i~!~, c~~)6e·,.-,J 'Li 

1 . ) Ii i OJ 1 ,, i, >f '.> ~. L l ' "l :, l. I ' 

indicated by special additional; Hn1s;-"flmpai-Ty-~ e-verlis catj be 
,: 2 ,i/;S (w;;i:..;,rl:)) wt,.:J :>SM 'CJ<,r:,, 

partially ordered. For example, if~ and z1denote the subject •fob-

ject, respectively, of a verb~ in a sefen½e ~, we 1hall orJ~~ verbs 
:I~) rl "IS ::t 2 00'1 

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

For intransitive verb~~ th~. ~rite~:l~n· is. a~P. if~. blplies · ~:, Fig. 2 

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

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

included to motivate t1}1e- organization or·kne tree. _, __ . -· -- -----c, ,-··~. ,.... ..... 
i.' :, . \ ) \' l J : r~ i 1 ; ~ L \ . : '. ·:·: ) 

Having ¥finec} the:$ tree of no~ the tree -·<>f·"VJi!rbs, I must now 
' . M' ( • 
, . .,__ ; .r ···-.._ ! 

complete qhe-moae1-by-ciefinlng· qonnections between these ~--·ttfees-:·r·--·· .. l 
11{Sf~·q _, . ', t: q ;')/ ('.·!11.i i ~:j_;J 

Although a formal ifotaHon-itr- sudh cro-_1 .. links could be defined, for. 
.. l ~ 

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

following examples of state-
.... ~ ...... ,~,., ..... ~ .. ~.,. .......................... , ... ,, .... 

ments describing cros1-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 

I l · · l;'..• · 4 
boat see-saw ball doll 

\ f 
Betsy-Lee 

a: NOUN TREE 
; 1 

so~~~hins_ 

vehicle 

."1 ·'.'.7·· 

airplane (helicopter) 

kitten 

....................... ~ ..................... . 

I 
(move) ....Ji!> 

b: VERB TREE 
·•· ' 

do 

.r 
··1 / --,,-.-,-~1-1 

run jump hop fly 

eat see laugh tal~,s~y 
' ~ .··:- ~ :~~ .1 ,i ') -l-

............................................... 
FIGURE 7: A WORD ASSOCIATION M>DEL 

mew 

i. 
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ii)•''>fi,Aij 'rlotln:Jbitdw''ilo&e '2 'h a. luttat;t'e'~J~t '"lot ~.iij• 1.J~rb 'aloft.· . .i,;·i.~-

node 2'.., . . 
1r,; : .: L no .1 :.J !., -.L .. :-" · : 1 ,-~ . ,.. :·f I ' r .• ·. __ ,) -_r , :· 1 1 ; :0• ~: J n ,J j· :i - i 1. • ~ s "'1 L, · .r, : -i ! 1 ... ) ! : ,. p _: (l -.: 

'111~ :~-t~. [atd,h~f, ·ie~a-4 :of btr•-:)jtWd1t11 jrfB..,,e~t'1dt~'rit;• ;ii>o\if"' 

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

12 

poiit1i1i .. ~&tttii ::, ii·'8i'het :1!h!.td•; ;:lt htitiriaMtiJ.~ilc&i~utJt•·t·k&~

ledge.iof ·efie wotf'd; ··v, ti~ have .• -·IWecHiiil:" :1l8f' i,~it~0tif~lu&,\lten'iiil"''j 

or •~fitiitd~tub\ellli*mot'Rei i4bttpieti isl' eiii:£ql.R0 trtl8tmktidd11i:iimtJJ' '.!8!6 ii 

a 'ltif'eui'\Ahdri'Wle,ctfi:!§ 0~cJe'i, •f.ne\,~itilri1~ufJ J~yYt~ve ·ed~!!rtriettrfj 

fA "tiilJNd'KjcJf,.J~c{at 1l6~ec!t'ioJi ftie-t1ai,:.iiicsHe1: 1 i.ttfi'1tlf~;.~d 6wJJtd' J: !ii( •. 

dilt~njf1111 1't"ffc5'Jt ;~Jtii~ . ..mtcb .~1i!uir.1,ti~pi-iM H&i:Uffio•e 1,,\\'illl;'Ii.tJ .~.r ':' 

Just 11~8ticitv~f'e" ,",fcf')chi;;~ompJt:.1ii: 'we•ifJnj''3iWJe0iwe ~'{iip\if'')ilite- ;''..Id£ 

ments coutdWeiidb~➔lii.Jit~ '6.;'~iifetf1inf;;fJ ·it1iibJJt'utJ1 i••J j,ff(fch ·~.r;•c.m 

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

such as Abelson Is (7), to test the credibility of -~itoJtfilt. Bf6t1cr;·,ffFft 

could idetrt~1£f dsd1'1tli, -'crf fii'·ta1clilli'1 ~lictie 1y eli'ei'iUe'lifJJJs;-"'.,~ 

-n,1\f&<ftbril~taiy/ i4ri:Wda1et'r~esi't'tf~)WJ.r ll-JHft Ji_;6Htlk6~11clir ' 

.prevJ?fi)Cftl\rsii~h ~,1~en~iafCswiti~1i111itl~€r~ 8/i;JfjJl:l. ... ~1Jt.·. 
It is Wt¥~e1jjj'arittt\tt 1tJ ~~tt'.stftu~t-J rm,it~f'hiocrif 83rWe ljto~ '\f~.:. . 

cribed, fo¥':'a .s,i.gntftc!'ant'1-1amo\it\f rdr :itif£Jt\JtXr(rff-\rfitliirj fDpftig&m ,-l] 

which would add information to the model '¥~-Jffit°!a Ja'ue<a'/ th~ l-,. ,_ 

que•tt'ori.l' ''ffie '.t'Pi.~na '~•r· aJerM:inJ 6aiJlff/ie1 jlff tfct
1

liii jt1f'lil~~t't~e 

many uieifJf111.!Jili/1tii• ¼5'}t &u~s,2 Wt;r1:'he ;t~focfu&:)fln oi 0J tW ·1Uitf<i!Jlti 

i-elati~1ls ~1urcf1fonfJ.ri~iieH:~'tJtfct'ti'iJ1 ~d~g&ttrifittcfif Jfit'lri ~if)(1a1icf :r·H):.i > 

fo"r3c/,tih~i/~-~/ssr;,,ol1~{-~ulii1~'tttjt°o :1be -~~ .;~~J;Jr:,1lfat9il.ii Lth~1 ~:.C"t;-'~- 01 
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groupings' J~ ~rder L,to be U~!;'d}' }ll~!~ J~r ~afjf~1!f>..~ei,"1~E~d,.~£,flO~s.hng ( 1j_ 

; \. ')borr 
to the ill-defined restriction that the resulting configuration ailow 

simple and useful dfoss--Iirif;~t~feuieiits. j•;Tfiif'miy i{gf:'a1;~ys" be' ~o,si,t~, 
11:" ,,.,. Su ..... 4 .. 

sidere4 i~~reas~3._. 
! ; . ' _, :.; 

t~,7 m~de~ -v~,~d i~ ~I~ j~~-c~ .~o~d~?tS~~'r,f:-ati<>,~rffi,d~t s~wt},J' ,i~ r~!o,; 

r~,p.ects to_ .t~~ '.o,~ Just q~~Cl'j~~~~: sc-,~~eVE;,r,1" t~ft ,wds 1}t~~,, l:t,,~e~ :,i1:h i,; 

a &~~e,ral ~nnyr. so t.llf4t nqt.Paz.:;1~~1,r) f:,\-:1;tJ~n~t.,ff, o]DQi! s';~%~H,!r.,.\!t" ; ,: 
tha,n ot,~er1;1. The ~del ~,,J:.canfi~,~,1~d,;d'3n ,~tu~f!\flPf: l~W>~}Jrt;PSt~~~,,,. 

complet~l;f:}lu.to~i~~ly. : )~,Jf~nf?1tt'3~, ~L:~~(!) 0~'1?l~.v~9,1 .. _.o.~ .;P,~,t~~J,~~U" r 

relatJc,n~!~,}fhich ,ff>iUEri~,br 9;~7r~i,~8fl~r1iu1~,, %"~~-\\',\t.,st~~i,~nt~ J~-,~1'ij b 

abov~ ,~:(8:~~~ :~re ~-t~p~fi~~e<it1~1lt,~--)~'~ ~'\;1!fJF~A4 ~n1!e~~ ·P,8ffm}if .)~l,,~" _;,L'L 

mo~,«rJ • .. r,~7,c,tion ~' 1h~l.,9,,}e11~,r;Aes _t;~~<;;"f~~~~ ~<!\\,,Nlt:ei}lJr.ci~bllt.J u(o a 1,1•,i,; 

Th~ ,?~,trucit?l'.e of tJ;te, ~lB~ 1e,99,~ Jlof.,.,.1~ ~:"rt9i'. 1'?t\y~t.t4.2b~.i1:~T~--,i:l ~;J ;Jo? 

structure of models in ~~l,\45~~Jc~l,.:,\Q&;c ,}(, lq7-:,s't,~°'~\'7~_;ffi<l,e~,J f~-J?lr~)7,,,·,:, 

sent the ;,
1!~,#l~ip~~"nQJ \C?~\~}t,\ s.t.~'~'~>! ,}tP4 s\iYi1Wi ~,:~ j~'Jtr, ~ .. thr~-

t ic ian ','.,t~i,nk" ,~~~t;: A~:8 rf~°:~J.~i~ ~ i-1~ 1'"1Ni/!i\DlfL~"lu~r,~ rfrh~.,?,~.,.~ ppdfifrJv';, ,:,. 

is s~pP~,s~d to .}·~;~is~~1 JP'11.'~~l1~_n11i'~u~~,.~1+)~ JPP.t'½i:~. L~q.l .,,~1p.~.r}~P.l 2 1 j :1 

help th~ ,P,:t;',O~f8' Qb;t;8i~~ waq~~~,.,.~'kti'ie'\~io~,/0,,,,~~t&~8r 1~'~l1;,a 1,11Q~_~1 ,. VJ.: l. ·.· .I 

detail~fl l.to~~:;~t"~og,i~~l:~?r1~,l.:';~. 1 .,J•.1m '::.>i1: u; i;:"cjtE,Ldn.t b;.,· .. ,: 1,,w .:_,:n·,r 

'P,>;ei .. •:s/~~~t~~,EJU: p; ~tq~~}5:.atJ~~\~,,A• 'tt~ u,fr.Ud'f::,Qt ~del_~,,f<>.r :'t,f' 

10s+r~_l., ;,,.~te~ ~;6>t0 .-1~}-fAu't?~C?.#1~1 ;;5P.J1~J,r:~ ='l'?'"~Hft Yr.f ._,\t1¾'lfl,~~~~8it~-;_; \ ;,(.iJ 

( corre~mo~~~J. ;R _.tl\Er i~~:t118J,,th~ ;·l~}f:)'t_r\J 21za\\f']>\\Et)1hc,P~,; > ~:~ .,·~~cpj bi·, J 

logical prf:!_dicate Ol'. .relation, a, set of ordered n-tuples .. of indivi(iuals. , 
a~~-··~•, ,·j;lf ,f;,~.:~;.:1:·J.r..;-tHO~} '.)~rt)T" d ['>"7 •~rf c,J 8Jff.'..;ITT·~ 1-s:te iP,:.:-•J,~f:"l·.; - : . ')·~~101 



A relaeEoit 'ttt ,t~;-Qff/e4'ft1t'111 '.l.ndM~ti;"ifcwd-W.y !~>;1 ~1-tt•;,tihe: ; ',.' 

model, ._ <>1!-~d f~le1'0:f ~~ i;dcffi;fldlaiFe ~ '~~leiiient:~ ilfhe , ~:1 ., 

set coff--,~S ,~~ bbe ~~6'i'.-• ,J.'ot? ....,l.•;-i • ~ (f,d-1.; • li-t,gfcaO .b 

syet• ~4eatlJ!&f lwttili" ..'tlfe flttbffi' ~liW ·di :.e~ ~~ ~~~ &'• 5 

i~• -..13 dw'lfft'-fdf 1.~' ·'('Ui; the' iiciilH.\f'lff lf:tid~t~arii1b4W)1B 1 ' 

ad ·•· euti 6!1.iofrHcffedl lp~ 1:+E ciin~~ &It-~~ & ~ ~~<11. >: ,1 : ... < 

(less•thae)-:r•Iat~.J£ fflis•f~t:1 Mt.,1fdu-1dc~ 1tff.¥~s 1(ai b) · 

for[ -Wtieh 'tnlt!'ege,r ii \• *~ i1m1 tlwti3ltit~ ~P ::lf)A! :1) ifoi'• 'Sfti!a.t ·'the-'"'•: · - - - .... 

: lffieee 'ffiliiiltit!k 11b'ClA1t -ilN ;~~1 ~ii-¥ :fa. ljjg~ ftir- . : -· " 1 
· 

studying cer~1'f'c>perl!t-e•·•L ~ u~~y.;,rtd,~ne•i~~),;c:., 

the &Hociat-ed ;fO'i:.'al: "ai~·.. -~-~~-,..~'141)~ uj¥fuP ~- aids 

in proviag ~u1Wr-Ntltc:Weiaa\ ~ ·11~ tliet1f0Wlbltf M~tcf:tift93 2 'U 

between 'YH't~ -~•elatl~.:,,,~ 81.W~ ~dtl.ou)·lliuiit: be ~-t!et; •· 1•' 

ThtfJ.!Nlft, c, f,~~4,ing• 'ft• 1re:lat£0teW ~ 1eiet' of ~-«fff!d -tt-t-up!J.~J ;,: , ' 

is a gooo"'fft~tng ~tVf~r 'li>'q~oo~rtlig ~~-~-~ . ' l h1, fc 

However. c~~l-lit1 liibdlftt.ationis are,', t\~ J, finee:1 wel are= 'tritueel:&d; L . 

in conversational· il\i-tU:y:,fn -1:heJ~e¥\j ~ 1'1tWRt~s1t:: fh'6'lr .:u:.;2. ~,. 

model should repr,1ent concepts which c0111110nly occur in human conversa• 

tion, such as set-inclusion. and spatial relationahip1, n1dtfif 1:~'' ,C] 

abstract •theMt:teai; yt~i.i.tt." ,;; M~rinoteJ,'; -\MMl:ef ~-''Yo~tiwibdel, 

the sj'lt:fatl~'l'i'c hav~ buUt:4.-h-''~i~ rot' ·~~
0reettlet:ildfts~ 

ex tens ioff' ·•· at-· '·blt~ai.stftc4eif iJ.-it' Ulec .ae1,, ~--.; propert:-l'ff'l iof'.1 ·tfa:eb.' 
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relations,,;i.JlVOlve,d. : !;..-.,&•11· if t'~crJ'lu~'~fi~q~aj,M, :"4tli,),fi ., : :::.:i: {\ 

aCb -~rui :bCP· ~~-,:b~ ,~;t;h,,e M.'-kl,ti ~.~~~~[~l~, ~,, f;;o;'.'! 

aC,c"'--~µ14, aj.~ '.hiit,J,Jl .,the; ~~-1 ~~, ~~~ ~\.Ac-R: -~-"' .1 , '), 

t rQ~" $:~At;e~t:).11 ,fx~ --~ "qui l;~--~ _1q:~z~~~q&lla . .tJ)M: 9'ff¥= ~-1 ~ -~#3 m ✓ ., .,., i. ~ 

traq-tti~~~., Fwlly . .,, ,£Ar :~e~~rOfHpp~t~ie~U~CNi,_1 ~ ~ ;, J l: 

ject whiclL_is ~~~.- Cf?M~~AA-A-~ ~J.ioa~ ~<flb·.AA!Pkin}$_; ~ti:.- ()qi.~ 

tance i,~f p~"l,~F:i.iqw. i~er J9.tlit~ ~~· a~-AA~i;onli )-,,.-,,;.f 1 

must.A,~ ~~ aa~il)' ,ll,Cf~~ih).e ~q.,~~ ~ ~ ~~ ~ :'f~ ,~~JYr ; 1 

of unordered sets of n-tuples of objects. These c.~~~tt~ :Mm,,,:1s-,_;, 

to a cho:i:AA ot,- tlle ~SC:.I'!iR~,i.o.n .. J.~~).~~~rW ~;~ual- :'Jffird 

ass~ia,~q.,~~ ,-UJ~d ,in. -~~~~'MiJ':\RA~ ~~'~1~~f!\~!::: 1ni\ 1; ; 1; 

..\it_h~ ~eJ ideal ~~r~ -p~p~r,fro~J.~~l;_~tw_,,. ·,,_ ~". 

sysl;~J &}~·~Mli ~i.~~t~y; ~~~ 'ffll'\~~.,~1,J~M·~ _:, v,. ~q ;, ! 

mechap~. . _In~4., t~ ~,l ~,~~ 1'J'qjffllm8. ~P-U-YtAA· U.r • -, ;-., ~ ,, ([ 

wer.e ~j)fligned_ .4Cf:..~ns1 1t.o;-, iqJQfJMl\~~i,~d>J"~~Mf <>:f,~~-c:::,J: ,:.

ing, which I believe to be the most con..~ -c~~t4,,fii~.r ;: ~L .. L,u 

exp,~~~µtaL, il}ltlt~ 1;9r j.-p~ 1i;.~j,, J!91W~~.Mmi ~E!J\i ~~; 

and human b,ai;ngf.-, -· ~e 4l ~~:•.Yi&.:~~,t~¥ ~nJ~l_QP~9,s9Jl~.,,;,: 

through., ~f·~~u4~, ~i•tiK>~-.: -~ ""'~G{fl.t-1-PA.J.: aJ:'~ 1f E!!PJ:"~~:r ~f · 

"~•~rwtJ.on-it.&:y\1q E;~tr;~. lJl,;;~& ~~p.qp.0; i. ~.i_.,,sY.,_~µsa,. t~1 , : .. ·,; 1 :.:; 



., ri :1) ,·;9~1¢rl~ttdh.LUjt1! · Ttte! 'mB8e1·-·t•£•Sil l ii-i.fiised 1 rarie{!y- tipt:ffi'~ · ,.< 

the use · df ~detertptf.a&-ffita:; ·1• &e1c.fa:1petoil~llit'IfiiJ_;a ,·; .. ~~utirit!@!:!Jf .• " : , • 

paili.1oftI§lenWt\.ts1,1°•rta r cfie ')i!ntfre ?ffs€0 is ·:,iisdcfifei(1ittfi.Gll pire {c3ulir'';' 

object. ·tfi~ i fir.-e'.1ifMefif df l~aefiI~ift;:,Ubtffe1'fia1Hj8f IiiPttttilb~te 'J') L · 

appH'C£itH-~ ·ft'd a:tc'IWW. ''df jc,bj'eH:i', '1'1ta 1ethtmiicof«t1f1U.tk :.l(if l.ffie !iJj£i' ·:,,'. ·'.' 

is the value ot :,tMe tttrf'btit~ fdr the 88Jt!~f'lfdi~rffi4'cJ~n,ot 1'e"1tip1~ ,:;(, 

if •1tfle1·•MJ'je'et' i3ir 1ttre "~~t·.t13-1t, its diitttfp~ibtt~lifeJelgh@ic!dniifn the 

foll6Wi\tg ·,e-~~e ,8fIJtttibute11; (uttct,i11lfri~4JI;ari&latto~Ut'ec!'1'+-ili1~-: ii'J~"T< 

-~ES'ftll, Jf;;~:'YJlj~IIliJAl!f;:oCURVY;.;~·;,w 'Eu,hlvlb,r] :1.s ,u ·< ,u 

The ~ 1"1:tiW Irrjd:tf'&l"m Odd ·~e!'Icf-00fd ~#i1~i~if11/idt~ated L-,f'td{t:tt 'iC:.L ; 

by flt'e1~sie\iti¾>t .rt'ftle •:·tt~~tJ "'•fflni. •t'\htifi1§ 1iaJ&!fa&td~flte:Jw- .s ~'. r 

or rtcf1~ iit; iaf1:'\ir#:fdeNjtfteib'Y"Jli•'T.d~~;,a-ilt~ mm~kon.ltftts ... , ; ; ,: 

is capablit o'tri_r;e1ed,n£b~"sucli •~ --.:tf•§~«•1~!-' {'-iiilw'.Uttlasricttfi!Yttf', i:_,: . « 

ffi' 21.a'sN(;af "'t'rt~:'ln{~fit 'be 'cfe••&t1,id by'•tfnPf.fif: '.Hi i ,[(\ l,;;j: i ',:,;r: 

SOUND, MEW, qot.gR, (BLACK, WHITE~ YELLOW, Bll<Ml); ~SSi'¼i, j~. 

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

with COJlitl i"s' a''lfwt''i:>f''~osaff»'1'e1'~',1@:loH'. fKiiifS~iut:IUti£ pAren

theaes :1ttdftat:W1fl'~c<~tuF~f~e "lt'tt Bi 2o'tdt!i0 £a 3afJsttig'f~ ;;eh!m~t [•. h;:,;;: 

,:Jdf~ t1.:rurtr-c& f1ie ..r,iy-a~scrtp'r1&\·~Pt1s~s td.ty':tti"1s-ed'iffy l:!eiitiiftfer-

1ng th~tf·'i,1ac'1!11fnrtlte''l":f'L ('~)' p'tdgh'IMbtfY-syslt'Ji:' \tjyt·eo~ff:cffl~si,: . 0 

every :tl:'tf~ "l'f'st--hill ~h 'a's1s&i¾tttct ii'elet-i~tiort.it'fitJ· ., ff/€ itt't'ifl&teifJ 



on ,lfl, -4~sc:pip$;.~fln;-U~t~, ai;~;,;J~r sm,i,, ._.,fl,iad, tq~, v,~l'lf~S j~:r, ~1,'lll~9}1J ,, , 

which may name arbitrarily complex ITI,nlilJ5: ~~r1f~~)fJ8!~ ·, k~ic;, ~~~~ ")'! w ~ 

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

secoqd .~lE)qteIJ;t rqf;',._,,,,R~i~ 1 (!, Y,&~Je) .. ,fN\mtb.~,-1 de!f!iiPf,1R~1~~1~-~-~'-~'-ve\'; the 

first ~~e~~~t"'t;li,e &Hr~~~•e)r.•IJ4 ilr~fh~ <?{ Jit•~~!1Jo4at;f::1!i1fb• ,,,~n c:;: 1 
J -·--·-"'·-----;,,-•..f.-~,,..,___ __ _ 

An ,a:t:t,:r;~q\l~~ £&R. 'lill,}J£<rqJ:: ,9\lc~ tOIJ:.:,'fllY,tq!'rr"e~;i~~!ot;i::;#rlJ;...1~ncJ. 0 t~~: .:q 

order oF,,t_~_,~ftf:.~i~µte,~,R11 .~+d~!pCJi½ll~i~qs~i•f. ~~"'~'gr~~,!. ,rgl',, . , .,f,,.1c 

desc;~p~io.µ 1lit~t 1HP,~,.._ti~p~ .e,~~~t',nt11, t,,qf~~t~y;e ,,Jt~ri f.ont;•~~ c;cH, 

ar}?i,tq~~y..,d'}Jileript~~e.,i,g,;~.~1;i~ f~:c, ~, <l,!~~~'4 q~ct~, ',.,, v ';f{j "'; 
'.., -~ -

, Tl;l,e, ~IS)f,,,1~t, .. Lt2~u1~;H;~e,, ~~e~op•,~Y"r~~" c;W,~i~ ~r.e. u,ed,,1:f.n: I 

much ;q~; s.~~cllff.YS, ," .;1~.~;d,~(;fr~etr!~B:!i~;~,:dt:\~:;,\I~, 0;Mc~~·c~Yfe,A i ; n l 

objects are individual wor4~ ,9~v':14'~0~~-~~~••:c~~Y c~~~~~s. 

LISP ., .. ~P'!ia~t;~rW½~;e~sl\aUt\W~b,~'i::t~th" ~Oij¥"l•:f'!'!l~~ ,➔ riT 

is a de•£-~1,~ti.q~i\i,~~,,'llt~iWJ;f)le,~,,o~1~J.r,~fVJ 9~; 0a~~~~~ vd 
~- ··-- ~ 

value ;11,4trs~, Att.~~ 9Ji~8~MU•YrP~qv;{d~4fjtt,;~1Jf~~ st~ ~~_aj ::,, 

operati.gl\~ :qf .t,h~;~L~~ if,X.S~ein~ ,P"?~!lf\>'·\i.,,t~1~,~fff,c:p~4, 4-P.4:,,rp:,) 2.J 

modified by the .'~;qijr~e~r, l'.~~c;\il Jp ~rrP~e,t!~ tWiO~B~he; ~ 

model J.s,~.,t,o ,,asit¼~~ ;:,tqe ,,qo,pµ,~(ar it\\ ~<tEtr~~,f~«:\Ji~~~ ,, :c ,,d J 

with a person in English sentences. SIR works o~~l'ti~;1~~,,, ':n~t 

-~~~lte~~e,s 1Wticl;l ,.,co.Qs\~; ~~ ~liqt<;.~,;~~\CAc>:iWl~•"' r,w ~t~· ff rRHYes 

of ob~"f,t~r~1W,;w,or,,~s '!\µ9). ,.,x~;'tY,~~.~c't~~ ~~ffii~L~,p«~1j ~!'ll 
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as the incltvidtial eleaaertti ii\'~a forut •t•t'-1
, :,ttttn;::t:11fii~'1tilittf<trittlti)ts'j 

between o1,j~cts ii\d'. <:ta.,,,, atti: Atl&iogoQ~vto 'eM~Dfi~1icfdnir~df1fo'tniif '. (J'(c' 

logic (dis<:tiblcf.i. ttf' cf abJ~e) ~· . fttJi\ctetistacidfitjb~eL·Miattfugt''~df''i ii/id- T'O, '. 

te®e is: il.\terpt~t:ed. ,. ;dit p:toee,,f\of·'tecdanti1tig't1ie 'oSfec~s tiPtti~ · "' 

s~nteacil aiif'of ptUidg"etttm tn 1•'1pe~tt1~d')t•tattotP€h 1Stt~ aii8di.iff>•,' ·_;, 

The· propet'., reUttok=t6 'ui,e 'le, treqJ6tit!y 'd•tetitnicldisy"'tfie••erl1s La'rtd" ~ •; 1 

prepositiotis in 'th~ Uritencie', -~!!th' 1Nt1-'i!nf11'itf:c:ii t8 pficJ<'•ch'ii'1<>bfect• 1 

inf6 . thi t~lat:J'.ori 1;' dete~f'.t\ja t,yi t:he; t8ti\Fdt""'1ie; ••i{t~n~l~'·' Fot; ; j ' ~ J j 

exqple, l ftfi~::iirb 'Hd1tt \iluli'.lti \tec•rilf,~ • • h.~e~¥,tatl8A. '· 1tri~ t6tnir ';.· ! 

"!verj £ 18; ' y"; cf,i~~d~s tl\•t'"ctiie~~r)u <J6 idtsiet dt cfa,~ J}~ ,,,; Ev; 

fn jthe contp6dr· 0t4~tii"es4!ftttlti6i'i 1tl\Jt~itf 0o8J.~t·,~: ;aril{ie1f· -4B1Lt?i,~il r 

names of"·letitionJ; ai4 Jtiptfwatdi. 9 ;ilti1.:,lt!ti&tei~t«iarifrltati.Bn :.11l:u t 

th1s---t4pr.,s$i'.fafi8n ·t• 'iii. foll~s (:n8tipp8simfdif4 1j r1·1k1~ocdtted.: iri 

tbe madel ,:llith '~td.'';i'b;Vniile&Ja' of 1riif4:lt8fi,l:_i}bGfh,,P~f,Jf6frt~en~ti 

:s a statement which "means" that the object or cla•• denoted 6:?lfri ·uJr:rY 

&88QCiatid''wftli 1th~ i,a'lsj~ct''l,t' 'claai' ,u.M~ttid kf)f1JSyLrJ~,.;-5f ''thifiela

t ion named ' R. 
. -

1'hEi -~rocedure :fdi drie:tdpi'ng t1'i 1 t6ra'of tfi~\aodif·1,iic:l::d{H0
) :,;:;mi;.] 

asaociated storage and retrieval progr ... ws appijifjafeff 0ai ·1:tot'fow,fr : 

A Jfrtgt'I ·t:J1,tic:>li J~tiet 1inctusion -- jlt'aa~at6ijn ·~•H~i!lft .if• ail 

easy concept to recoanize from English text and:':tiwllid.s(f~HBt:tit-Qeti) " 

~6'/iine'cics''the ~ .. ~bf ·s'{lifte :.eat~Ei•!6 ~A1 ~iitWnatE-J~Ster 

repr~,;~~~~~~ ~• "·t;~n. ~~~"1 1~h~~h ~,~,¼.~ ~-.,~~~,.-f\~~r)~~£~~~~~~a,1 
info~ti,on~ se~':ge11er,f"inoligh to -~f any 1o~,f i::'iiftds :;ot 1t-·et~~'":'{2 

tions, aud also had connectivity and acceaaibility properties which make 

it useful for question-answering. Progr-&111$ were then developed for 
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reY;qwii;io.s,, sent~J;lc,es w9ich 5\e~l wi~JL t?e,.ghye~ _: r,~
1
\~fl.Oljl. ~¥: ;he~r 

syntijctic fc,rms. (lfEl~. <;qapJ:er .~V); se;ec5itHt.r~\fYtf~ !,f?~d. ;c:>kett~ s: __ 

from ~(.: ~.etltenf,~S; ap.d ,'7'4d!p,~ t9' m94fi~ying'- ~ff ,~le,rf~in; ;4~ •. mo~ei,. :,, 

acco,r4i~~ to ,t,lt~ ~result~ -of the z:;ecog~iti9,~7-rprR5eu. ;.,!h~ -~~~i:Th 

progr~~ ,Je des_igqed. ~Q "know", t~e J~~c1,1H~rr,·R~QP,f.Hrt ot t~1L 

relati?_n b,eing ,~at:C:hf:d, :.S.,~•, trans~Hvit;y c:>r r~f~~xf~ft;l, ,,~Ther~- . 

fqre,,., speci,al ~.~~ of; ~eijr,fh yrogram§ ,hf~ to:t>~. 'ITHte.n/<>r e~ch '; . 

relatioq~ Eac~,.t,ime a -qew ~.o~~~pt or I"~l~H9fh,~~~::,a~4e~, ~a, ,:;he sy~t~1't, 

the abqy:, $,~eps ~et:e,
0
repe1~~dr Tpat is,.:tll~:~t.,fc,1'?<1e; 1 ~tru':ture ,_,f'.r 

was generalizeg,, H nece~sa"ty; new synta~tJ<: fJs~9~:qi~~~n :fo~m~ ,were., 

intf;~d~<r,ed, ,~nd exist t1;1g, _on7$. ~d,i,Ued,; ~t 1~?,J }J:~~\S't;~f,~~ . . ~a4 ,qeeQ. 

int~'i>,d~ced; ,an1 se~J;'.C~ J"tld, JesP;9~se ~r,q,5~.JRt 1;,tn: ~~!, i:~i,,t~on:. 

were writte~• S,e,r~q pr9grams, de~,~~nedJor r~l,f_i<?,_1ls -:'!~r,eady a~~Jl- .: . 

able i~·:t,he S,Y,&te1' ,were,p.10diU~f'W:en_t~e ol.d ~.n<;\p~•lelations •. ' 

"inter~~ted"* 

strate various aspects of the information normally conveyed in 

human col\versatiQn. Th~y were introcluc~4_J,11,,,t:);1e ~~j\l<>,~ing ,Qrd,,e-; 
1
~d 

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

* '1i1:{t~rad:
1

io~~,'/Hb~t:~~en re!~i:lbns, and the stru~;i&~e ,;o'f a ~di'fi'.e;d '·' 
syste~ ,v{hish J~ easi~t: to ~:itpand, are, 41 .. s.c,1;,1,s~4 ::j.A ,qh,m~if,I: VI •. 
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. -· 2, '.1,:! .i; .-;rJ.1:: ! .. ,. ,. l • :., : _.;.! , .._, . . . · .rr .: .-. !. ·1s l tJ :t 1 ~ 1-0n~Jg n~ ~1 )nJ_ ~~ 

different-from, it interacts strongly with the set•inclusion relation 
r:i>lo1; \111·.JlJi.l_~·- ·.1 .:;-;;i~,'. (j~ .. , ·~;: L~.r.-:,: lJj ar.vljJ,;.[ . .11: -'J1,/:t <_;,_nl b·J-l(;·f . .;.s) 

and has aeveral common propertiea with it permitting the use .of coaaon 
·1,t!J VL~~ '1l::. -~:JU J.,;.,_r , ; t ) {', t;~:). -} i t}l:f'~l .l:1 .• );_it.,[ n[ i ~,. -•D:i;i ;•f ,,J :c~ 

subroutines. 
{ :J ·:1.·_!:.ii~.:.j'i .-.~•~r; 1:11~ ;•:-:!·c; :·~ b .. -in ;.: oj JA nolj.!•~·~;; :~... .lt 
·- - c) NI.Beric quantity auociated with tne part-whole relation, 

siuce,Ji~: is; ;~~t; au~~~ J~~1i'a~~l~~ l,\f ;~tti1~~ f~~sna1t'.1tt
2
s' of

1
~~JecY:i d~~cr·rp:,j 

tive 
1

i~~o~i1~1 ~whi~h ~~-~ :~~ '~ar~i~:I''~1~~~ ~1;~ ?e~~~-¥on~IiJi~1~~i:t~~-

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

<:!1 ;{,, ·:1:[,_. ~{.d h::).~~;:',Jl ~)d ;{.rd:: '.~>l ~,.:"if-> JJ,:i -:!.iO.iJ.s.r~j-} J9E1'•3qiJ~\ ·;•,"1 ~" (1f~ 

inclusion but re.quires attention-to propertiea of individual objects 
i.i·,~·::.1 .;-r1:. .~1} b,::1~- l>~ (~.·~.mi-:.I~ ,2,;' 

as well as--claues. 

j;;••; ~~,- t~'i{:~~J-~:igh~; a"piti~l te
1l~t1~~1

, \~~:r~~k~:rho~r~h~· ch~~~~L u '(; 
.,__i ~ 1.· .. 1( 'f!';.;1 ·i_;1.-J'W '.JL•,•·1•<11 -, , tin) tl:)fJj noJ:j.f,lf;?'J'. '.)l:'l:J,,m,,ry2 l:, 2.l ;\ 

model works for a different kind of relation for which there is a 
.,.htJ:.!~\r•·:~.:1 .xV ;,rJ.'.:l \'/)~i.-~X ·.-'.·3.:.[tjff•t {;{)/~~'.• l.f)~t ;'(l.S8~,.J.'..i·~~r:; ~,Lr!? .'.J~~~mF,fl 

different, more natural:.appearing model. ~ · 
L1rrc~ ·.1r:,~·1 l~1 nol_!p, ;',··,-~ ·- ~if" ;,£·; J .... stdo .. ·· _,') VlH0 t!]~~ ,. (T) Ji 

- f) OWnerah{p; since it is quite different from the existing 
~1:.1<i 1:u 9:1t1 .. >:-1 ·::,!LJ : '.TD :.c. ,__.,·:• tr,;) x :to 1.51 1:JJ1.i:Lt 1.J •j•; :o · ___ aJj fl{/ ~Jd: ::.".>1·:..3 

part-whole relation, and yet frequent'ly isapecified by the same verb 

("to ha~e'')_.·~ 1~1
\e,~h~~'~f~~~l a~j~1lt~blej~~~j~~~ 

1
f~~-•f~~ ,~~p~riinent

1 1'~/<' 
.:;-:~; ·jfiJ 1o ,;_;rqn:.r;;,:-• 

resolving ambiguities. 

. l __ ,_;-;, ., .·~,;;;1... z: ri·i 1... :•~·11.1.1•:(JH :d : j;-f;g_(; - f;_ .. ; • .... J~ 1eur 1
~ 

3) Model structure: The basic objects in the mocfel are the 
- ~·:-1-).lYL) ·1lE,c>· ·,,..u(.sv- .··-:!: d_i .. r::t:;.F.. ::1!1~! n· .. rL1 :, ~; }~d·, ~·tri:J ~to jd~~i.•1 ::1dJ (1J J-;.~ 

words which denote real objects and claaaes. If an English statement 
\,r.1.:J.sr~):; -•~··;slff!f ·':Hf] i.,· .. :1., :-;Jl/\j-jJ ~tc~ J .. :.:~· ... vj:t9qO~lq ~rfj OJ b,;I.Jb.S .~:1 (1!.;i.t\J 

i8 interpreted by the sentence-form recoanltion program as aaaerttng 
.;1. •• -·~·r.,.-_;9:t·~ (.,_rt· · . .:1 (}i: .. :.) i;-.;_,.;i~t~·i:./ J.lhq ~~dJ t~n.ib.b.a .. {d b~JJ".·<:,:.iili ~~'-' 

that relation! holds between objects or claa1es naaed ~ and z, then 
• ':i -... ~ .t 

this relationship is represented by placing attribute-value pairs on 
-~ ;_·,J .!.-·:;i:·(J t~~ Lo~·,.; -~·j.•:;,.:.,;·:,d o~i~.~ 

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

F, ·c .. ~ .!./'.!.[ . ..:.:, 1Jn:1·} .. t t'.i'.) :,ulf,,,_, ·-;.:f::..; .:1• 1 1/J,'.;,c <i£'J ·.;-}..-:_-td..J 9'·f-~~:~ t -1.:1.t-.:1.,:µ .. ,1-,.~ .. il l'}:IJ:~ 

tion, and the value of the attribute'indicatee which other objects are 
,;d '\.DJTT ,., :.J: }' ·.,' ;; _1 ; · 1 ,; J')',i?Oi·i .. 3<:· t l ,,. -~ ': ·,-i·j(}l :~ :l~~;v t~ l> fJC •✓ 3! 1 6 i ~r·:1 Ji, [1:)V_{~·.·: 

related to the described object by means of the specified relation. 
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5.0 

Since in general relations are not symmetric, relation R must be 
·-.f1 J -.~n ~ .-;_,;_~- '.:: ~·/ (-; J.;{10·:r:12 a.j :;f . .: ;j1;l :t :· ~ m:,·: x:r- .:.fc1-~rt.Jl t .t ~! 

factored Jnto two relations Rl and R2 so .that if relation~ holds 
· 'j f:1 -.\"' J ~-r ~3'3.t "j'JSt';(1·:rq _t()fftffJ·J_·) f.SJ:J·- '.,.1~-; ?L;fl .'>fi;.:1 

between ~ and J_ ( in logic terms, if {x, >¼ f R), then one can say that 
. :,•,;L_J·, .. .)jt, 

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

to J..• One !fl8Y thi~k of!!, and R2 as maprin~s from individuals into 
-.--~·.:-.·~;:r:,r· :,t•;c,,-:.~ le. ~; ... },i~;"}\_:' -,·-)(,., ,_;_,: 1U<. r:v.r..1£1•.)X ,,..,,,.·~~u J;), J_1')r~ :..:.l ( ~1',{ 

~,et_~,_/~c~ ~h~t~,._\xJ,lt,f r !; ::~-~[i~nlrv~tcf 1l\~~]('; ~?:~1.I,f1~2,<_?:~,;'., '~O"f' 
example, if R is the set-inclusion relation, Rl is the subset relation 

•~ ·' 1 • - ,_ ! ~, _.Jj:. _;~ x.·: •:-·.;:' ::; 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 
. ) .. -(..: _if:.i_,,.?.J ,:; jQ ::: ), .) '~Q";.C ◊JrJO!~fJ()j_"j.fj, e9'1iup•).f JLi; Ci<. : -:,£ 

SUBSET and SUPERSET. In general, the symbols l'l411ing 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 ··,~ fS'ji:._ ;~,F,r'l-l~: t,.l ', 

if Risa synunetric relation then only one mapping, which may itself be 
- ,., t ~' ,, ' .. 1\u .t (.J ) - , .! • ~' r. ·f ~ ' L n I )i 1 n ':? l:::) -i r b £, ~ ( > ":. •• - , ~; ~ ~➔ l.h q 

named_!, is necessary; for yE,R(J{) _implies :x.ER(y) and vice-versa . .. 
L;n:,.1J; :~\n_:.-:r1:.:.,~ -;~f-:-.l£."!:.,1jbn :.>·1:_)fii. ~ J12-t~:", k,. 

If one and only one object can be in relation Rl to any word~, 
'-} •- L.-' ,1;:~ D~( -::'. ~f --\·_1 }·_: -1-1·} _()j!up ?..Z !I" :'•.)nl2 ~11,_::-:'.r~,.t(! (-t 

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

1.:-;J·. r':., 1·-,,- \:~Jn-.::.1 ::,,~} jE:i\ :n"lf.: .. !:e,;_:,sI2! ; >,"¥-.J;...,.--.ci 

object. In this case I say that a, tfpe-1 link exists _from!. t_o J.. 
. ; _ ,;·1ffL. . . ' . ➔• •• • I ; ,·_,c,;:.rIJ?. ;j ·;]"Q:1!)"! _rJ·, ,~l l} • f_ sl/!' ·.:!I'/ 

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

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

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

If the system learns that "The lamp is 
( CLnrJ _,d'r ,: __ :·:_::, __ ~,'l JiJ_l!_> __ i _,. ,i { 1 ' 

just to the right of the chair," then the attribute-value pair (JRIGHT, 
.!"T:·>(J·'J.-~J::: · ·, -:f.1:: ,. · -:.::·.; ... i~j_·) Ln.b a,j·_;3t_do fc-;1 ·J.:Jon:J~J .d'_,,f:-jw· 2b~~\~t;1 

LAMP) is added to the property-list of CHAIR, and the inverse relation 
:,:.11::;;;.>'.i· •.<:~ ,1 1£.''f.~:,:,••··. r:::_,! _;_::.-~ __ ;,.i'.;')°-r n::ro#1-"')fit"~,.J.:.1:) -~rr.: i::_c r)'i_; .. ) .. :'i"l.•.:J.cl:. dl 

is indicated by adding the pair (JLEFT, CHAIR) to the property-list of 
·- ,,; ; ·-,,--._;;;: .. ,: n'.Lt::' ,-~J.J-.}i_d ·1;J~J1t1J:;;d ab[r:d · n, : .. ,,., ~.r-'. __ ; 

LAMP_ •. 

are inadequate, since there can only be one value corresponding to a 
, ,,; J:,) ·1: .. rf ,'.('!',·:' ·., •i;''\: :: --:.cJd.t"l:JjtJ ::;)rLJ ),::: -~-,.,~£'V -;)dj : ~ 's. .. ;/t)i.:: 

given attribute on a given property lis;. H~ever, this_ value may be. 
ft~ . ..,4"! '-,•f• f( :~•:,tJ ':~:,: j~~Jt,f)Ci ;J'•;"'~~l~), •·;:·r:1 =: •~Jj,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~ 
':;."i.-;{!OCf'·. j"J ~-'nL 

by relation!• 
' · '::t ! ; J ) '1' n ~! : ; ·' ·.:fl .= ; - w ,.:,;_:. :· f : ! -~ J ,vi t::.1 j }~ :> l flUITTfJH). _; '!'"' ' ;:~ 

For example, in the set•inclusio~ relation we may learn 
rn-:rJJJ!"',f: (L:; ,· ui~: ··rlrt/~!1··._:.;~:- : ~;,_: ~r~·od r~!d;>,, {::}jcva }1J2 ··~;; ·l ;·o 8'-;~L,.::J,i_:'[J,::.J 

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

every MIT-student is a person. 

This type of linkage is called a t:ype-2 link. 
9· .... ,_.;j2 C~ ·-r J }Uf;:>'g)~.1 ~~-U :{j_i:J1t) ~fjJ r;;_ ;~,.:.,: ·1-JJ.fl.~ . , .. ,¥ •• >~. ~ J' .. : ff. 1 , 

Occasionall.ydeacriptive information pertinent to a particular 
J 11•:,-:;-JJ 1 ~J-·t,\r' .".~·"JUC~o·ro ni 'J"t,_1 fl; "r0~t.:.'.£'rfol-r1t' f£H"fOfJrc,f~.··'I ···.- ii..:_, :,H_.B 

occurre~c~"' of· .-·r~lati~n- mu~t be ~epre~entei~ in'. ~ddition''t~ th~ 
I.l'l"':f1;j£;f..: ~rJ.lnr;t)J;:•:nr,:~.: .~ __ : _:1(,t½. :;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 
:~

1N :;;~·.<t·J·.1 Lr:J./IG~·: · ,·5 · .. :.~ t:.~t_ft"d _; ;_ ~w r!:J.:../j_ )!-fr<~~.r ;:..; t~.·.:nJ Jlitj~'. ·:;,. ,,1_;-Jfr.::i 

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

that i~"'th~ case: ot11
·;,h~rida~''.",';her~,·a~~c•.~~~~'i/ t..;~/ ~~h~;ai!~~-:,·:, 'l'h'it r: ;:it; 

>~i ~~-'J{l.~'.-) )·:;;~~ hr:·:, ;.•,1::~Jjd(;_ -;.:;-. ... ~,i_["~;J-"1: :Jrrf:. nei .. 1 j,r5,j(1~s~.:.. 1 -:rq··,tJ ~Jn; io -~fl:7br:c~cr 

relation can be handled by using t:ype-3 links, where the value of · 

an attribute is a list of itema,l:~-~~h "0
1/~\~h_)t~ its~lil

1!0
;;~p~;f;y::. c'FtU 

, ,; ~ -.r,_,·,_ bnL 1.i ..... -·::..;~-~~ -),/·_,- ,,_ J;,_i-r0 Jd1~1:,2.:.;t lrF.:·J~ l ·.(~,Jq_£d., ~_:Jc~_. t1J 

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

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

on each sub-property-list whose type-1 value is the piinc:(pal object 

on the list. For example, after the syatem learns that "A person has 
i}f'S~;c~t. · .; ·1,1<! • :\ 

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

of 
nu ·JHCt; n•0

;-:,(, •oiirl ,i·_•·~r,•.::>y, rL>i;;_, '.' ,.:~1 ·; n':J: . .J:l:l-i ,.l:t :-i9J J,~,,. 1 ,,; ,,l 
PERSON would contain the attribute-value pair: 

') /simi>m ,''"c \~ist\'\l»if/ :iw-m'.1 NtMStt:11) cWis\6:
1 NAME1,~'-FINGER) > >. 

ID -th: ;:~-~/~-~t ~-i ~~~~ra1\\y va~~tjurttic:~lt~' {ii,e-·lV1~s°~r"e tl[i~r"'e'.):nq 
·j~o,.I j. :1·-:.irn OJ \{f~'.J" ')_::~.J~, .. •:.,tt'-~tJ~.:::iJ4-:.._;·::~• h!0 ~'~".,:,t--1J.,,-1 ~: t-,;_,..J ir:n.:g 

d01Dinant mechanism for structuri'Qg the model • 
.. , ·t 

:) 11 '. 
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C~apt~.\,~V: SIR Tr.e~tm~t,.~,~t R3eitt;.~;;d N::::t~t~\:~"~t!-:~81~~ J~U iJ 

' .. --· 
SIR must coIIDllunicate with people: therefore the input and response 

v •• ,. .. , ~ "·})!_;-,:~~-: !·:t,:.. i., i. -.'"]St su·t :··L: ~Jl;,!J)ci:../: 1 • ~c,·} x (J(,_;.:~·1'.~~.:-·t -{~j 

languages of.the SIR system should both be reasonably close to natural 
;J1.:..· ,:.i' ~ 1·; ,:.·;~ f1J;., '.;'·.1·_·-:-:., r:..:-t,)f'"'.~t-1-q .s ~J ~(.>d "'(-l9V~:, :;L.-i:,; '{j.Jr:..:-.,.r<1·:-qsh1.i· 

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

d~ftJgilt. f.fO~l~,. 5>.f e,~~:~c}.~r~ .;,~}afJ0::rL irf:~~;i~;.f{0t~c·:~~f~~:1\ •1qc:rcr 
language; text. 

I am primarily inter.ested in:c:the abUity_ of_ a c<'!11put~r t~ store 
·::i__.;u.·,~ _,-1 ".,..-,~:: (~ .GulJ£d'J_,0Jn1 iJ"'lIJq.rJ .. )~:'.d.,i \,~!1L.;l{,-_~':";j3-:):)(; 

and utilize. relation~,l information in order to prod~ce intelligent 
i;·_: :-_t T"!,:.J . .;,1~~·, -.1.1 ,! _ _.._.,·:'1<2-.:,·::: 0d :1;~_.:)1t; r1::._,_.."jr.:"'c],11: s i-,-1 •-jJf!:.1-r·1 ... .c·:;:;c~· 

behavior. Although the linguistic problem of transforming natural 
.,,·,;) :1--1~; ~ .. ' 11."f"'f._. '':_,-{ ,'..1)?.lt>r.J rr. ';sJ l) Sldw; t.sdJ J_,si ').(?,,;.j 

langua~e input into a usable form will have to be solved before we 
1···2•.;. · -~, :~ . -~- ~<: ,,_. - , · ·, -~i-• i••; :.q ? '- hr:.srl £ :Lf.dj ~ln-::1 ji:-1n 2~,. L_i .,~i:r..i 1 .~:.b-.u;:i 

obtain a general semantic information retrieval system, it is inde-
• ,; <"f" 'i.h ·, ?'·;·.·.<•:• TL~ :,Li::H1J ",,Ln.stf" Jo s,•f:.~' •;r,J 1;.l. Jl:)i':U 

pendent of the representation and retrieval problems and therefore is 
1:J <i;J, .. _,;;· .. ~; .r~~- :::--'.~1:f .. ?~~:IY...l t'~-ilai,r '{d h.s.tbni<l : ,, !1.f5.'i Jjct.'1LJ;;J1 

considered beyond the scope of this naper. · 
-···~::·:~_~<~·~-"-·- ~~·.,::_·:J ._- -~·__;J:;11. ... ~ -to AtB:J i!trnr::·t ],t; _,,~.jJ n r .... i ~juii:·~·_:;.Jf'c HI..i 

In this chapter I shall describe brieflv the background for the 
,.I? r1 .... d ... ,:, .····~1:--{J'i":1qo·tq-dua i1:Ji)\:i DO Jl'j~j~ ::t~.o:"lil •01:'1 .j~j-J 

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

still utqizing_ understanda_ble English-like input and output. 
i 'Jc, Lu,, 'i,c ' -., ' -, -· ;' ; f: : • :Hf'(J s:::cr{w ;: ai r-"{j'l,,"JCi]''J-•''J.ii:, rbs, fl"' 

In the past ten to fifteen years much research has been done on 
·,J;:.,r ','''tY-')1udJ:;:L:J.s ,,,rU nl.sjno:) Lduo:1 vJ02H:•Fi ·"'' 

the ,:sfr1tct:~r.)11f n,'\t?.ufr,~ 1zaS,ng~r~:n~A1 1_na~f~di~,1A~~¥e8r~h{~r- .r:J.q~:l;ic 
--.,.__..,'" . , ___ ,., -·- ---- - ,- . -----·-

proces_si_ng_ by c~mputex:. In virt~al,ly every case, the form of the or~
_,,,;•,.-.• ··" 2:-;.; r '.""'Yf✓~ ·.cJ.·,1u,un.u bns yJ1.l£n$n:'9g :to J8t,:E,.Jn..t :c•i:::i rd 

ginal text is restricted or pre-processed in some way to make it more 
1 -<:-or1r '...;.{" J !~nJ.1:uJ ... n.ilJa ·1-c./1' ft1:JlnH11:->'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 pap
1e1tby''ib?;'.t(ril11 th a&rveya ',~Hirt~ds · ipjif6.ic~i~ ittd c'1ta: · 

logues exiitiftt t6'~dt1it ~rdittiis'\}Kt&l''.~ucBiftib',ltif~paiiiit!t iRg1t:sh 1frli\; 
1 

text. 

Thi1 o~f~~J6! tbdAttof'the~~ ily~t~i ij t81tdiWr!fy 6 tfti cltitoitcai 1
'.'·! )' 

8rai11Dat 1iat ji ruc@tr,s. otr iiie'' •iet1teflci~t t8rJJii~pi'liis9 Bt tfn~i~t'tc: ·· ·' : ', ,;,-r; 

analya:li1
/

1~~ctiai-\i~ixi..1tiiit~ia:eton, bd~ 'trli8~etoif'r~tllt¥v~t. [["Urge! .>,.,c'. ''; 

dictionail:~s"ot1~~tt\st1'1i~ee8li''attd':,gr..W~Uit'fuUia ,lkt'e ji"it~ralty' ;. ~;~ 'F, ~ 

employea;(iifid"'tisulfif1tkc'/~drl.&idiri~tdn°1.i j~vti,?t,Pfhe -~~attf6g1VI(tn .. J.: rL . 

any acceptaf>t~F ,~ii of' tHii'f' etfn;;, "mi!.lntWr'~ Go'f f n~'.).,tcfs ~iic:t0jffirWaes "j c,.t : q 

A t~8~tk L~~c-ipttdn'1 ts\1the<w6~ft at. ttiir"ii~1cs~!!:;lor~a1f:a1 st•ililILi ; '":]; 
., 

dards13~AiiAi"•i~!"i 19\H.f!t:tit~~l1aii*uiii'')iiiii1n~•8 1(llf; 'Iltitl'1 tlli0 otijeei0 toq 

is to di~~~iili at\if'~~t i·'ii\t~1rri~t1jft1~iteUtit(i•· isit,H-~~ct·tii.eff{8i\1 l 

about geo&.~rl~lt fii11tibft8tti~;jsik'Sa) g1ii%i1jictute; ·tlititot'ebtffl! ;,:,, 'I! ,.,.: 

"meaning" or1 tl\ej ~eiit~bcf~'11L ct1~tta1r~s tfii1 ii6ielifl':!t\ied1 tj3 fo 6 trQi\si;_:,w:) 

late the tngHsi\1 sent•tiJ~ ift~l{ a'' ii>st!a\ 1ittt1ail~ntd 1~;Si1Tihgbgebmettie');I();, 

predicate~~;u~rn! fh~ri.i.to~;~est 6 ~1\e' t~~t~-l~f1jthi6 'l6if~il rI~i•f~~nt ;\)';):.} lrn:5 i ,' 

determifl~ng(wh'et~'i!i tbf/r'~l:4'ti6til'·'s~ciflid bf~tr~1 p£,1afc~tii1:\\iid:lfl.i :, -~i:,rr 

for the given picture. 

In the SIR search and retrieval programs tam concerned with a 

problem similar to that of the picture lan~l~J~iHW.:"<>~1,j,·' 

translatlnk1'f~ofll1-1fif{'.to\A 't't!l'A'i°t.bnWi.1\lit:~itt~irrad::i~;.ei'fd-t!~it'11i~ 

min inf tii>,:;iifut te1.iii%itiP 1fat~i\iit lf~'Ct s' tfif_,~'1'~ 1ntto~et~ d.::~,.1: 1 f iwrc: 

the m,r~etis a-'~11iih~d·t~tiri!'1 aut:'bMti~i1ly' bWiit~-tij,1 oifk~ b_.'il'· 6f-~ (.;l 

inpuf1}'~'iatrl;i1i~ii '~titl!in~tN1 ' r'ath~iflall,~~.lMi!'p-'ftn~W, ~vtlled<., ' : ",:d 
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English tq ~h~ l,o~~cal _ lil£a~~~~t}nx~lM!$S:iM!½~§:i:~ ~g!r¼~~~ ghr~lil~-
/ 

structure grammar for a fragment of English associated with picture 

descripti<>9~--:~ ~~s,,:,,~s _li~~ an ~~;li'.~i,s,~t/JPPfO,~h,2. f!tl:}~~f~oitn 

may turn .,Q':t; to J~, \l?se~gp~q~~~t .. ~.paJ?!n 8,~ '*emr!'aHz~~~ff91wJ~ fh~ l ;.:,:,rn1n;.' 

present V:~t;ij!On Qf .,~;,;;-~aut, 99f.-1~8DF.!ri,~d '}!l.!i~Lf9flt~sur~,1i%,~:)t,grn,i'.l:wJ ' if; 

logical H~;~'.ent <lf ~lJ~::1ie}Jqqp,\,..'f~fO§Jl!Z~"-'f~~~5htj¥~li~h2 ~e~;:". i . ) ; i) 

tence. ,-i!~st; ,~~~- ,;ee . fi~c9gn~H·'?~ if0 ~5fl~A!f f_85,Y oh0 ¥Yf~i • ~he;J!f;P~~:, •j ,-~ l qm,_ 

priate"~t;~i;~ge. QE 1:~;;!e;y~q P.FO~l:~f,Ht,def!t.'fi~HJt~g ~~~~~i~flL" Jq,, ,;.; ,J>-

recognized. I call the process of extracting relational information , _ . 
• J,;·,~f t, J. ,:; :Jr) .t 

from Eng~i.~~ t~x~; ~'.~~~~~C.~l?fHi'S!ft,.';,: it]~.,,rN,~:1wgrkn$lt~~~!~~dj~~g~~ A 

poin~~., teo0 J:1.P. 1 r$tq.~r ~~~~siY~1-it~Ri0 tff,_:fR!i 0 P.H,t~!~8 Ehk!tee},tffR~f1atns-' 

in~~~;i9-p. J _l~~;t;?ex {.f) iR!~ ~f!fd,i~~i f~~:Irrl!~i!0 t1 Py.f~J~!IO ~fiifif"tl~t) 

form and WQ~d,~~,9-~P.#'t·: ~~c~,,np,y.~p':' <i4t~1li~!;f.1l~~J f:!~9-:r~l'=~',::; 

c,i a .i 

cuss t~~::1 s~a!lfi~,.J?,r~+Hl,~;rqbl,rPilt a~c.?,fqp1)apfrg~R~!R:9 ~i-H :un::; •·~rri ,,ram" 

doub;f'}lY,.~~lil;: d~x,.i~~~?;; bl, .}i:n,:i.i~~t !G !\lr ,;pe~; n~,i; f~;MEti':i If Jf~' '.• r:j cl J.S f 

signifiC~fft' ~J;bP¥i11, :59,,ewha.t, ,urgr_i~~P,,c~.;9a~cl'.~9ecJ1WiJ~ lgrn~r~ ,, '.d L• .c ' i 

matching,)ilJ?Rrq,a.9~.) ~~e4,, i,n,f'~IRi ~Hf ?~l~Y8 ';'81 tP.r gfr~riJ ~~J~w~"' 1~,J~lrr'.r. 1 ,L 

effective as it is. 

. ; ,: ...... '. ,r , ., (7' j 

81ll.r&0Jve~ • ~qe_.rf~~J.,c._, \>,r1i?&:Rf9P~-~ pye3·e8f,Pf,¥~nio?f1l,1 8 , - - - . , ·, , 

small numb~f .. p,{.:~nte~~t.,~o~jl, . ~,~, ~f_,'ff.~.irt~irfl/lgfYff ,.~n,~ye.~t~i;., .::i,.n 

ways_ to p~JiS:-¥}8rT;r{._f,JaHpp.s. _ :rh:t aq,O,¥t'~ifl.~.llt¥!>9.f:,J-ar,~s,e:,i~~~fiffi '1f! '. 

by a li s~. c,f.. tWSr• : e~~b,.. ';)J 'wpi,rP re(:O~~~JI:, a~~"'R~:~l'!t J, JJ_'fflf}: ~ •. P~ft +l;(!(J; 
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q2 ],.l ; ~ r ·- -~,.;:'. 1.~il · ~; ~:, l .~• dli:~·;~_., ff(JJ ~.')"~(! -l :'}~:.r·,t~_:: tc '(;;::, ·;,,; .J!.fl_i.,\; ,,.!j 

cular form of English sentence~ Each sentence presented to SIR is 
J:"-143;_::lc;IO:) f.1.t ,~{fr.i ·tJ?.du2 :'1dj nJ].i;_:'r .f; :.d,-~",:;.::: 

tested by each rule in the list. The first rule applicable to the 
,,;!: ?( __ !'J t.: ~- 1;:~cqr:1c~; .1,;·-;·J~~.-a ').ril i'32-lv~119;:iJ() .L:;1J·_·:iS~J :::i :;[;.,.; 

sentence determines the action taken by the system and immediately 
":>ftj OJ 1·-2 ;- ( · ;\ j ,'·~ ·:: .. : 1 ··1tff'."T·r-·rc-:.: !n·;t 14 1:-::)j ~{.Jj·Jjds:;J Iqqs ,~riJ 1o .:~jfr:r::' ·1 

invokes a program to perform the action. If no rule is applicable, 
, r~._\ f 11 11olj')f,'' :YIJ .,,Iwr 9fij 1o j'JEG _:,,FJ 

the sentence is ignored, except that the system makes an appropriate 
,• l O l j _, '. r I ·.1 '~~ } (j ~,:n L~-!- . .i ~ ~ ~: l j ~:~. i ,; n Cl. j:) b •;;) d j ·t O :t n-::-, fil~:) 1 ·. I t ~ :. j 1 :~• 

response (see Section C). A new rule may be added to the system, and 
3rfJ ,.:d :)·:.;r11.ip'·:~i no.lJ-t-1f·qc, :1~.J 1rr1c11::.,q 0.:1 J-_eborn 7:1fiJ no !.J,"•, Jl.i•H d:..i..trfw 

thus the class of recognizable sentences may be enlarged, by executing 
no_:_ JcJ ~J·.~ 1±:,:;1)i:JJf:1 11_ ·J-~dj~d~1 :Je~:,j ,.PlnJ-I b :JJ:e,.,;.1_.i ~'.i:)n·; 1n92 rf::~.J f~Jxi:i 

the LISP function "addrule[x]" where~ is the rule to be added. Let 
1?i;·'-'3X~'} ";C ::: -!11.2.~ Ji:., '.-~;ij_:,.fi') £1,,.s1·:;~3:, :t·, . .::_.°J.f1':1j2lx:) •:jrlJ :~:nj.>L;:;;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!Jt·J ~)'1!1 J:~.11 J'iOiJ.'.:)S 

.'fhe'. fe>u.r cOJDP..-•t• of a ll!1t are a foe,t,- a list of the vari-
nul J:H" niEr., sdJ "J', ::J•,')n:r:YH, 9.'.>ut,o-:rq ,2:lasJ v::HlldB-?l [qq.s ,;rjj ,no·,i 

ables appearing irt the format, a list of applicability tests, and an 
.CTO(j:)J1U1 

11!£tion" list specifying the actions to be taken if the sentence satis• 
2.T 'iO<i .t,)'' ,i>rr·•:1,,·:. <: }, gnl21£tl .JJ:jmom<Ja •.,!fa ,9Jqmsx::, '.l:~,·1 

fies all the tests. The format is simply a string of symbol• which may 
;-.: '. !:,_.!:_,:.i, -j .. J"'i £:, yd tJq1fr1•y) J:1(1 :;;d Lfi.10:-1 t'(>IG-3}}Jq A 

be words. The list of variables contains those symbols which appear 
\:. - _;,\ -I riA'~, ;;r; .i~) (tT5-:L/~ li-ih) (Y X) -~'f A. 21 X)) 

in the format which should be treated as variables. All other symbols 
Gl 'l'C{J A) 1

' ·~J.):, .. Jf1: 1 -.: • ., 1:, i) :.tLJi:ni.ii~ L~:...,:;Ln . .i ~~): "('£ ,4- 21 .i~)!f j~;J;10) ').dT 

in the format are constants. The first step in trying to apply a rule 
'.)CJJ r .>.d r ~t. <if:.":· '. .. ,h ·•21 · 2jrr£,Jan,:.:.; sirfj ~,ar.rn'.)s,d !'(f10i~:.·_t'~ !, 

to a sentence is a "similarity test" between the sentence and the for-
;,c i ·1 >: ,.,,i :, ,; : i ,,.. '! .... _1!,.f ;c•~. "r ,: J Ji. ➔ Id eJ:Hw "~ o J 9 'lo 1 ~' 1::: dT , 1:9 b, 11 ,,n,,J.:: 

mat of the rule to see whether the constants in the format all appear, 
ri'JJ,!·~-.i LC.ii·.:.ouJ :~~ ·r:.i ur: .. : t"1L

1 ,l.-tHA;I u_,~:;02~3'J P..," d-:!rw ·x Lrs£ "Y(xI A1
' 

in the same order, in the sentence. If they don't, the rule-is rejected• 
J:~j J.:'J]-l ·;1_:1·:: :(1,{Lldri1:~; ,;._.;:J Jr~ .'}fL[-fja fi e:,l "J{L)i11JJQ'!,:·: ~~j') ·1~➔ rf.:..:<)dt.t.1 ~,,j20:! 

If the sentence !! similar to the format, the va-riables in the format 
·f:t ~1 ''I~n·' ·tt., -~~.:JL.r1 .;.+ (,j~ }1 .·~l·)Jj~ro <:>:J.lr.rl:i:Jbnl nL ;.:·, 1-~J.tif~, 

are indentified with their corresponding substrings in the sentence. 
" .• fl½" ':,j ''I.Ai:.' '-' ··1;:c.· .. I ,•c,;cJvn,;dJO .f!_fLifJa 'HU rd Joci1~·,:-.. Dr'.,.')'-)?, 

The applicability teats are then applied, one to each sub11tring 
10} .. b·-tC.Li ,:~J i·r_Tq,/~' 1 

<l!"i_i-·J . ·:,·; v_.jJJ .. :.:-J~::>lI,:rcp:- ~)rn&a •'lriJ (l.,;2,~~1.) ,,)Jnj .,1.I 
matched by a variable. Each of these tests is the evaluation of a 

"•i':1 ..!'b i"iJ·_,,< !'~- ;~:--~G~·~:t· /._r- ~-~:.l~) :t.yoa, ,...~~" ~~ii1.i:l .. !c-;;dvt:! b9d::.J)f;:i:·;· rf~•Crd 
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 

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 • 

last part of the rule, the "action" list. 

The first element of the action list is the name of a function 
J. L~ l \•/(;1 !! 1\ • ( :: f1 (.: ;_ ·3 ·) ~J 3 ::;. 't ) :· 2. L; oq ~ :3 ~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 

certain information from the model. The r8!1~lli,~~2:f~;l1gr~.~ :I~. ~~.~fO~l, ( 1 

action list are functions which, when applied to the list resulting 
-~;\v , "~:_F!.s -·--..: k..; '3"'1.ki :a,J;;t a lo a 1neno<1c!o:: ~JL<J't ~n--l' 

from the applicability tests·;···produce arguments for the main action 
.l .L 

function. 

For example, the semantic parsing of the sentence, "(A BOY IS 

A PERSON)" would be performed by a rule such as 

((XIS A Y) (X Y) (ART ART) (SETR CAR CADR)) 

The format "(XIS A Y)" is indeed similar to the sentence "(A OOY IS 
·r-1 L \"•'(i_,c .;1 q·::_;,.~ ...,.G:r}: )'fL +r}t.'.·.~!-::·~oJ -"~··r·, __ :g rr)l ~JdJ qj: 

A PERSON)" because the constants "IS" and "A" appear in both in the 
;,~. :~-:;J :-1 : ~1 J__,.!1J.L'"::~:.,_ ·,n. r.1.·>,.1~?J: .... -d 1

'-id--~;; .... :r1 f~.~11.rrfJ~d .Ci- .:~J ~:~·~·.:1JD:)·-~ ,;:_, f;J 

same order. Therefore the variable~ is associated with the string 
:.-,",r~q~l ··1!. _:,t.•,'.J. d_: ot :~ ,;5.aJ:_;J2,,!·:i:-·J :,fij ;•:}_,.~_j\;rf",.z _:J'~:B c-: '"l:i~ -:3:· 1 :~-, JG1c; 

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

tests.whether its argument is a string of two symbols, the first of 

which is an indefinite article. 
.,J;__:_._vr·:ul ::,d:i (;) 1nl.L:1:.f,:-; ~.:.t ·:;, ~1::t~n:· · 

If so, the value of "ART" is the 

j, '\'f 
"; ,;. ' 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 
: r~ :,./ ., ; . . · , -1 . ~ :1 · · •; .:~ · .J 1 1- ,, .. r-. · -:-: i ., -_; Id t . .l 1 f:: -. 1 if \, .: >; l ;. ·t .: ;. 

both matched substrings "A BOY" and "A PERSON." In both cases the 
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results of the test are positive, so the values o'f
1~~

1
~~~ ~~~lii~tio~~

6 

~f ttARtit~~/ 11 BOY'{ ~~d ';'PER~N::, f~~;:tt~!ty: '.?The 
1

~~J~~\~;:-x~~poses 
,,.J !",:,·Jo ,u l~·'Hlti ;,1 (,,_;:_1•-1 Yr.·) Jsm:tol :3lsrr.ia :: w,r.lw ':'.'HJ·;;:.>o jJ .vjJu 

the list of these values "(BOYt •PERSON)", and proceeds to the "action' 
>.t~io,,:, ;-· .. c;,~r1"0:1 18·1~- •. ~ d,'.u 1;d; L··.-' r~ ,-: J'"luit!t-l gn{a~~•'.:>0~1q hni; s.Jf,\(!,:~ •";11.1::,G 

list. Here "SETR" is the SIR function which creates links indicating 
.:.:-!iJ ,.,.l..!. ... ~ .. n{_i·j:.;-· f;c:J"/ 'J;J<1·:1 ,..:i:-::- ·.,rrl1;:1J:1t:";b 1,:i:-1i1p_tn:J oj \~rnaa.:."!)')ff ~!d 

th,e existence of a set-inclusion relation between its two arguments. 
?l I vod" -i~ ... ,.., 1,Ifi-.t _i!-"dL! -~~),i :t '~-'.~L.i2. HrrOe'l:)q B a.f. "YGd x·1sv2tt? ;_;JC~-\ Jn~){~ 

"CA.a'' and "CADR" are functions which· obtain the arguments for "SEta•·• 
~)_it<.,:q:, "no21:;q r. ?.i ·:,;, -,dT'' C:JJ;rlw ".noa"J-~q" ::t93 srh ril b,if:)LJ1'..JfI1 

by extr.acting the first and ·second eleae.nts, respectively, from the 
'-ii'.:i ·:·.: j[~•j;.-,,,.)j. f'J.h 0(!fL. ;-~ .. ~ q?n""."ln -•1 :J'• ,:,,1i.1 1o _j1:0Jf2::t13 'l£1LJ:)fj'j'f',s .90102 Ji~aL·' 
value list "(:OOYy -PERSON)~II · After this final function ":aetr [BOY; 

••"J•,·."➔ "1 ,,l.:i.u;,Jm1 c:d /-·i.,10J ,'c>:1ns:>rsc;c ln B3qVJ nwJ sasrlT .n, .. :n;.1·s·,q" j 2; 
PEROON]" is executed. the model will contain the relational information 

(L,'~)12.01 p"\ Eal X ._;,r;rrP f.:i;.; 1:V .f.:. ai X V'l9va 0 tajfi,H11"~1 ~~if:_i ~~:o b~,sln 
which the :tule extracted from the sentence, ""(A BOY IS A PEllSONY." 

~ tit) ) -'~ :.r1 ~➔ f 1 :! :~· i. !:,\ 2: .r 75: n ~ 1~1 ! .:/1 ':, d j ]: 0 j arrrl O l '➔ i g fr 1 C"': F· ~~ .. L:'. u H I 2 
The recognition sch.eme do~s not-distinguish between declarative sen• 
xl 1 ~ )~ ~· ~)1 '1'.tl 'nd) I-\ r 
tences and questions; 

•,J{:rrrn·., nuJ::;::,m,·, \1olj:>s 11 :,d:J ,:H.rrr101 2.lrli dt1ioii-u 
they each have their own formats and corres-

:irl_'. •,·,:: ~;·; !JdJ c..r gnIL,:.;u.::·;T.J:O::> ,J!alJ. rrolaul:.wl-j•;a s 'l::,11:ti'-' P'.!h;:,1-r::> 

ponding action fu~tions. ot course, the e-ffecta of the action- functions 
0flj o, '.,.1 .. bnc,qc:'..l'.lJO:> , in;J ,rlda.i:s,dn,.mr-:198 s -:10 ,arroljs::i':i"I<fI9jf:u ,'lodn 

fot; questions are usually quite defferent from the effects of declara-
"i1 i:!2.f} ! )H )~··~i 2.l: id-;>J ·\~~.i r i· -~:j.tJ.r;<;r·:; ;r.J ~b!;5,:Jar1I .nc_lJSJ"3j_d"i:Jjr..r.L d;t)~92 

tive-sentence functions. All action funetions, as, well as applicability 
.:1,' · •; L·::!c .. ,ii;nJ fif, ,v.;,i ,rn.:..1:i n,)j_j:H, '.Jr./j oj ;.Uirrranr,"Jj rbtrlw ,:,.;lJmul 

tests, aTe programs which must be provided to the system: along with, 
G H f { ·J ~,; ~: 1 ,: .:.::, j iJ £ j- °ii~ 1._; \! 

each new rule. -
''j·," i ;~ C- .l !·.i'. 1 > r:· ~-1 tfU_f '(,;J l nol 1:)£ sdT .r~nl-:tja ~~.dl [li ~~-,_,on <jd7 

Fig. 3 is a listing of all the rules include~ in the· present ver-
•. - ·f-, ·:--n; f: ~=-U-.; 1u '< :;.~ 11 .J.i.Jir:r";t _t1_.n)1r/t ·Jrfj e:=1'vlo~-',.t·1 d.Jlrlw no.l:J,:,nul: lo 9qvj 

si~n 'of SI.R. The synibol"Q" is to be read 88 a question-mark. The .. 

rrn.i:J'.Ji.; JY'nl<.;'o :;;;/J 2.,Ji;4ov,:.i f1'.-,U brr<,, 11y1i:cu:sl:)" l(_d 09l.fqqu2 -:Ic.:!i,,.i:.bn.i 
significance of the "classifytt function; h explained ill:. paragraph 2 

below. 

;,J;·r '-' .,J ";; j ' u c: fi!1.i: rn.;· ,::; ~ d ·-' ·u "'HJ t ,:, .: 1.c,l 1 :;r; L-~ -:r l a:.1 b ~•l '<. j.r.ugl r:h . .::, , 'i J 
2) Ambiguities: The above translation from English sentence to 

fy,, ;yJc)u~:_,-.. ,., •. cr :~1;izu n, ·.,·,·Jioa,Yl ,,d jC,fHJJ!',:) ·,c:t.iu;;..cdms n.D d::>;:;2 .O:➔ vJcv;i.r 
action function·-can work only if a desired action is uniquely deter-

r .. t ··:· \i f:;11 t) ·_1'' ._·; J ::· ',l ,-

mined by each form.at. 
a-... -... ,,)vr-.r.,f ;i11;;~ nl b.JJn 1:-11u~Iqn:rl ::1ign1H;<~,:;1 0dT ~2:~:·b.rc~~t<).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: . .l.'.J"fJJJ•j(!~:•~'1" 1 ·~,tJ\J2-5:L ".:" brr£ ·',-'\.: _1·ri:, .t ! ' :r) 

uity. It occurs when a single format (and rule) is used in order to 
1:t,,)_ ~l i ;::._I>.,,_,:-~:-~ I,ufi ,n(i,;0~)1?~·({ tY<«J)•t :::,3,uJ5~r 0)J-:td·1 :10 ~1.:-; _ _._f , 

save space and processing effort, even thouf~ sever~l ,f~~~ts would 
.,_ :, ' i, . "·;J 1• ". ;-JJi.1.i :; ' ; ~ ~·; !l;f ' i<~n_p·f 51.1 ~ :-Jd:1 2.C Lhl.::r:· .. ;~1--! ; 

be necessary to uniq~ely determi~e the re~uired action. !•~•, the 
:·:r,·,1 ... 1 ·,1,_ -::·,.._,_,-f .;·_,· ·,-J·,.,,J(j ,1;-,l 1 HOJ.::..~;;j 'JLJ ,.. __ ,.·_;:?, :: ,i{) ::1:J!.: _, ~{.J 

sentence "Every boy is a person" specifies that the set "boy" is 
-,,, ;· ,!2'· J~,·1 ·.:-: . .,u... ·,, -1.: nSi Jdn -~ .fd"1 2rtrJl i:>nuJ: ·:J·t~. ,, :r· -.:)• .. t;,r:~--

included in the set "person:,:n while "The boy is a person" specifies 
;iii_~ :.1c.~· ,i~_\1.;,,·_1 ,··r,:~') ~r:\J<'i:]f'L).t ~H1c·_;:-)('! >r!f~ .JB1'l:~: '°.:dJ ;~_,·!_: 

that some particular element of the set "boy" is also an element of the 
.~,.:yJ 1 ~~ .j(J,: ..,--11-t, : : l {; '"'I, : .: "f·; _; !_:\ ,: . (1·J'JG5I3q "Y')ft) ·, J:::_;-_r 1 1 •. • 

set "person." These two types of sentences could be uniquely reco$• 
\c(J(.'i,"3!).:. .: I;,:.: .. t),,J~~:., j • 

11 I ,mO') }J,;>/J J--.)!')'!,i)i_fI i:_,flj ,h.J! .\J•,; Ci f 'ti:~Rt~-1 

nized by the formats, "Every X is a J.11 and "The ~ is a l.• II Instead, 
.. ~·- .;~j~:•:j•~; '\ c·1 ·{(i-~ ' 11 ,S::..c9Jn;)G ~.J-t.~1 rrro"1J f-':.,j:;.s-·.r:Jy~) ... J:~"'" · __ ,; J d:;Jrh..; 

SIR uses a single format of the form, 11,! is a i;" In the rule con~: ·. 
, ·,;:~ .: ... } , ~)')1. ·--;_, \>'/j~;:d de,Ju.:.:·n} !~l~) ·1r~r.r \: •ot- ~,;·;·13(1:)~: il'".~l~il''f' r~.•:J · ''1"··r 

taining this format, the "action" function cannot be one which directly 
~.~.-, 'J'(), ,. ~_!j:,~. ~- · __ ([",;.,:: il'jf.{j ·',\··.0d :dJ!3;; ':_fjrJj ;;~110,";:jf:~,L-> :)11.:; >'}:)(i'J.1 

cr~ates,either a ~et•inclusi~n link, corresponding ~o t~e f~rst of the 
:·.; '." . .-n.'"';·r ~rJ..-;. • 0 ~• •d·1 .I.U .:-; .1:·_,~.1·tJ·.: ·-.::tJ 1,:3a"'lIJ0:) }() ,a.rto.r:~1:,u.r C• .f :,iL, ;:,::1 :;c. .j( 

above interpretations, or a set-membership link, corresponding to the 
l · .. •:,b ·r~· ·_(')·_~}~: 1 ,::,d.~ !~1/)~Jvi Ju·:;~:Z'•J't:isb :-.,J.iup ,:l lb.Ut:!0 ":.'"I£ ~_::·1· •. !r· ·, ·i:·)!:. 

second interpretation. Instead, the applicability test is the "classify" 
·,: • i r :.-~:,, :,i lqGi· .-" ·. l !:~,.-.,: 1., , r.in.~ .J ,":.J:u~ irf.,[ j:;r, lJt\ _;~rc:OJj~:·tu::i , ·,:•!.·,; ~·,7·:.,.~1 ')'IL r 

function which transmits to the action function an indicat6D of the 
•t-J ·., .. ·u,r,. ;,,9·Jc~_,. "1 •i j ~.:1 D 1 1 l.l.V0'1Ci ·)ti i.-;:!3:; rf~:..trh,, ~1:t1r·,·i,\{-:·, ·_;·1 ~;.;.:J·:; ;.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" 
·,_ -'/ ":;~•J ,1.·.: -:ri' · · :·.·,b1:i"l. ·),~_; •:,.-;fr;1 :•.:rf-; •.it- :('_, ~r~J·_;c: fl , 21 ; 

type of function ~ich resolve~ the format. am~j.~i;ty by ~xamiri~ng ·the, 
:: 1 )!T::.:".1-!.tt)'" .. !.:._··Ji-Ap 1~ c~# ;~~~··)~1 .,.J \-;1 ::;:.,! rrp.r.:orttn~;., :Jfl·i· ,."~i.•~ : . ..,, nor: 

indicat,or supplie~ by "classify" and then invoking the correct action 
' r:tr-tS.l, ;")'l 1 ,(f :::.r f, '[:,..:!.fq:: t : :.. ;J_ .I twJ :0 1 ·~\rT taa£I.:J 11 

-~ :i .J i 1;;, ~ ct. j t 

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·,~'. ;h·!.lJi~n:I ::·rc·.-c't r:<~.r:1nJ2rrc:i.:.t ~.Jvuds ~idT =~)l_:,;;}!_::LL·:,½':: (~~ 

involved. Such an ambiguity cannot be resolved by using more-detailed 
i· .. ~: ·:i JU~J.if:_ru ~f ;;n.J. ... )f'.., b~.-•rl,:.?'d> f•., 11 ~Ino >!~ct-.v HS...J rrot~; __ Jr1.u} H1'.J ... LJ1 

formats. 
1,L:t 

The example implemented in SIR involves the verb "to h~ve," 
ru /;J!,1(,~ ::_L;·,•J ,· ;,_), :1j -,v,rrc.:J'! 'Jon 81 2j1fT ~·1}1.f!'1.-:-:'j r'.:,r:•.: \-q ··,,..rdJr:! 



((XI;) nl lX ..,l (CLAS::i!FY CLASSIFY) (:::iETR-SELECT CAR CA[)RJJ 

(Ir~ X ~l [Xl !DECOMPOSE) (SETR~-SELECT CAAR CDARJ) 
( lX J1,;r,.,:;, Y) (X Yl (CLAS~IFY CLASSIFY) {OWN-SELECT CAD~ CAf.?J J 
IUJE::, X C\\'N Y ,JJ (X Y) (CLASSIFY CLASSIFY) COWI\I-SELECT CADR CAR)) 

{1-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) (PARTRN-5l:.Ll:.CT ::::ADK (i!.l~J) 

1 (~HE~E J::, ONE Y G~ XI !Y Xl l!DENl CLA.':iSJFYI 
(PARTRN-~ELECT CADR CA~)) 

lll::,XPARTOFYQJ (XY) IILAMBDA 

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 IY X) <SING CLASSIFY) 

!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 (CLASSIFY NUM-Y) (HASN-RESOLVE CADR CARI l 
I (HJj ~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 I~ J~ST TO THE LEFT OF Yl (X Yl (CLASSJFY CLASSIFY) 

IJR!GHT-SELECT CAQq CARl 
((XIS TU fr1E R!Gr.T OF Y! (X Yl !CLASSIFY CLASSIFY) 

(RIGHT-SELfCT CAR CAJRJ I 

I IX IS TC THE LEFT OF YJ IX YJ !CLASSIFY CLASSIFY) 
(q;GrlT-S~LECT CADR CARJ l 

( 1 I.:, X JvST TO Tf-lE RIGHT OF Y Q) (X Y) (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.:i X TC TH~ ~lGHT OF Y Ql !X YJ !CLASSIFY CLASSIFY! 
IRIG~T~-SEL~CT CAR CADR) ) 

! ( I~ XTO THE LEFT 0~ Y 01 (X Y) ((LAS~tFY CLASSIFY) 
IRIGHTQ-SELECT (AJR CAR) I 

(lr.~E~E; X J) !XI (CLASSIFY) (~YERE-SELECT CAKll 
111'-e,AT l~ TH[ X Qi:- Y Q) (X Yl (LJC CLASSIFY) [LOC-SELECT Ct.c~·"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 ainbtgutfy and selecting 

the appropriate subroutine, rather than performing any action on the 

model directly. Howev~r,.:•1lt~~\'~~t1 ~i;·b,~; r~f(.O;~ited on the 
• \-.,1,,_ :_ ·~32-•;~r;i ,.,,,,~.;.A.Jj Y~l·~.±-t.J)I \Y ;c.) l~ -.,,,,..~_ ,.., 

basis of any in:forraat'dlca'..iafl~~i~~1.~~!th~~~ri~'~'·~~~;:~ce. Instead, 
; .. -~1 C?f.,L h 1 ... , ~':'.A.Ji\ 1 f"" y X' f:!~.,.t), . . '.e.r'~ 

ll~Q0j) Ml) T)3J!c-RlPA~I 
,.~1,,<}; ~~f,i;,ZA,;:-: f'f :.;i t·r '3r't~ l?Pi~ A ;;,Ji; ZA1~ .>.! l 

the ambiguity r~~plu~i9q ,d,pf,IJ~,,,HPRl'~ffl4:,~•~~a.,:~ ,,in the model 
'l;·_.i!•· ~~1;0,, :i< 'tl i.1••,-•_;. }!-40,.t;)},.~~{, 

ICP4) ~J•: T)3J~~-M~:~Aq; 

which were created,-on ,,the•ba&t~J?1 ff~t9)}JUs.~»,tbtis' sentences. 
-~ ____ \_ <;..~' ... : ,'f"')CI I~ 1"'!1' Tl i(l Xv'() rd ),ii;~ Yi"\,Ci'•" ,.,;;,a1: 

: ;:S:i(.,I.IJA) ~A) f::,:-))'3-e.-\.,~:~f}",i:.'-•l 

Section \CB of this paper, <COntatw ~fc~~~~~t~M>A:~ "i:ti'scussion of the 
r,_;,~ --~'.'••-C.:A.rl, 'ii~.:'..-G~,.;) 'r"i2<:.A.;:;: (( i,I \v 2..r,e-, \I; 

·. '.•,:·,. ::.:.;'.:.:;;i:t-1·.e-~•;-,: \"f .... W-;.;\A .. :\1 . ..1.,;;1,J)/ !,oJ I..) (1'1, .. i:.:~ ._) 

processes used, and furthe,r :cl-t:seues:lo,~~8.f' Mfb~j.,tj~;¢arr' be found in 
I/ ( °'( ~•:, )":;;yi "'l\1"" •:•J ".°(,·-,, '. ( 

((;.,,:;_A_; h~; J!.':!;'~T,~.~)l"'~' 

section VII:..I>. ~. ) \ t ~; T • -~ _, ,3i · t .: Y : ·:• •• ,. ,., • ; 
( 1,;..:i_:; )1":;A r~.•..;~_;;-l,;,~;)• 

,r X, ,·,-1c..,~.;.._·~r1:?~• ,,ll'.•, 
"~· ;., -) ; y~ .,: - 'I',-:;:: 

I'° 1 ' t y ~.~ -~ ·; ~ ... 1 

i . I-I.ii.~. ~ j,< ! :,'> - . /", .. ; 

i ;· t ,,, ; ,·•<; l !I' 1~ ~ ;;! 
( ! r!,;A'.j ·::;. ., ... _;;J:! '.·-',_':"' 

C. Output: Formation:,em:l •ImPfftan~ -~Jt~~~~~.:\.' ' 
,-·:; ,:(Ai · ~;, ;":1 r • X ((ii ; ~~ iMi)!~ !~~ .:::,: ', 

\ (~(:ft) 94) 1):!J3e;--~~1_.,..J'r 

As with the input tanguagei, 1~R 1 •VO~~' ~~'1!;~9_\)l,•13' of ~natural 
:,:_,,:,~ ... , 1·,11::..1.;.J·;,) ,,., .:, l< 'i,]•-"I' 

language processing. in its.:re~,~~~~s. 
1Th~ ~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 fC!>rm,, "I don't 

know whether,M is part of. ~,'' which,::L• prim:ed; ,e{u,er the -k1r' s are 

appropriately replaced, in responae to ·certa,inque.a,t,ions about part-
, .,;·,: . ,\'-. 

whole relations. 

One principle used in programming this system was that SIR should 

always make easily ,uaderstandab1A ,l',eporta,.of it.a .act-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 eaate·r th•n expected,' for there always 

seemed to be only a small number of possibl'e' reason~ for the failure 

of any one search proce~ure, and thus it.was only'neces.sary to provide 
;1.· 'f,,! '· •,: :; ;, . 

a few response formats• <(and~ pi!'ograms.:;io~.uae,.c.liu•·~~; :~'11ieae responses, 

in turn, not only improved the conversat.ional u:il1Uy and thus the 

apparent intelligence of the system, but also,,sreatly,'.,iil:ided in 8ebug• 
: .. ~,:~ , , _.:, l· '' ;,_ 1,0.;: \ ~ ,. ., :,.; ' ' .. · • 

ging~ .SIR, in effect, frequently ·to?tf me' wh'ai: 'it' was doing wrong. 

The conversation shown in Fig. 1 was produced''oy· operating :in an 
,,·(: ,,. . 

abbreviated .. response ; mode in which StR''otily jfrtntl' directly rele• 
.... ,,. ,;{,·'; ,,,,,, 

vant responses. The program can also operate in a, .mode' in '.which SIR 
; ... ·• .! ,~ ; ' l • ' ; J .· -. •. ' t. : ' -, '. 'i, ,,, : 

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 di~logue ol'Fig. l •ill' t,t-,e.::,e1't:mate full

response mode. 



lfHE NEXT SENfEN(E IS• .J 
IEVERY IOY IS A PERSIINI 

I THE flJNtfl(Jlj USEO IS • • I 
SETR-ULEtT 
I lt;ENERlt • IOYI ltoENElllt • PtllSCIOII I 

•=m~.1 ' - ;Iuw s• . \l~UIID ,., .. ~h ... 

18UY PEIISUNI 
. II H, MEl'LY • ~- , . , . . , 
•r11,ui1Df•--:!181! $1.11U5U .• MT1811l:Nlllldl!Mcsi...#_., 

I I UNOUSUIID TIit! iuasn IIELATtOII HTIIEEII IOY AND N.SOIII 

.ffftl~ Wfl.(.50fll!Mil'Uf11.!l ... ,., oj '1~l1,)Q cc 
IA FINGEII IS ,Allf bf A IIAIIDI 

ITHE FUNtTIO!f UHD IS • • I 
~ARTR-stUtf 
llc.ENl:lllC. • fllll,EIII IGEIIEAIC. HANIJII 
ITHE IIEPLY • • I 
ITHI:. SUI-FUNC Tl OIi USED IS • I , 
IMrl-; ?:\\·,~ i~>;~j;B\"B :i.; ;;,•:iJrH:"::i. 
IFINGER HANOI • 

··/UHiNUti.$alit111Q t,11.i.1V.,!T r; :·ro 
IEAtH PEIISOII HAS rwu HA..OSI 

. ) 

"~:..=!~1'.\u-~~~1'!,~• 1 ·1o·i ;,.;.:. r. ; [d: ,,re ·r 
112 • HANOI IGEIIIIIIC • Pl!IISDIII I 
ITHE oUPU • .I 

1/HC_ ,'.~vt ,ll!E~E 1,s lllll~~rtl\ ·-,~~~!~, 'f-P~Si lfl j li , i"i l" ; 

II H£ ~EXT 5EIUEIICE IS • , I 

.'{flt~---~~ ,c-,f~~'~.I~ 11~~~,,~~{c ... r ~•; ~ . (-!:·:;i L, "/ r 
ITHE FUIICTIDII USED IS • , I 
PARTIIH-SELEtT 

-}~~::i.Jt;5'1'\ ,~~ • ~!• -+j ., · ; " ,, r 1',.,, ,,. , drrt,cJe !,, 

n LtHDtmlllD ,,.,··SUPt:uaar-o,-iac.H 111i:an1111 u,•111' ~-~-- ~, 
II RULIU THE ~II IIILATIOII IITMIEN I ANO IP&.llf - PtUDNII 

[IV(' ➔-~: ~1mm:i1:.,;r4~~,::~~-=:..i:~huo! '-12ifi . ! 

IIHE flllltTIDII UHD IS , • I 
IIAVij-lESOI.Vi ·v· u.1llilllf11~~jl@t11l,,;,: f L ~- 1.rd , .J•'-' : :o ',:::. , , 11 1 o '.3Yi•:, _,;; r .:' .'. , .in.r Jq•, ·-n,c;:q L 
ITHE 111,u , ol 
ITHE AIOVE SIIIHlltl IS _,_s .. "'' I HSIME INASI IIIArtS IHAI Ai ,,11n1 I 

; '.,, •Y' ·,,, ·
1·-~-/rc,~ "~!-,}'"'_f'1"11 ff~ 1~,~~,_rc, 1°""/J iff:W D9 , l ·J:,·:; :; ; Jo oj .. '.: i?. . -V, i g 

ITHl Ofl:Xl HIITllltE IS • .I 

': i j t/r11.:/r~ '(~y1b9 ., '' };/ ; . 
ITHE FUIICTIUII USIO IS •• I 
SETM-~ELEtT 

.. tit!=1uvu~°':Hi'f41\•:'9YII Fi: i) 1 ;'\• 
lft,f SUl-fUfllt TIDII USED IS , , I 
SUMS 

,'_,}_,i,,,:~~11~l~11n.1h td. ,,J, , ,'; r,: J!L. m~-"!dt, 
11 UIIDEIISUIID fHI lLINENfS UUTlOII IIHIIIIN JOMII AtlD IOYI 
11 UIIDHSUIIO JHI IIIMH IIEUTIOII BUIIHN IIOY MID _, 

f~;, ;\,~,: Jr1:y:•:. .:_::~lj-_i.i:v!j::•5.~ ~jJ !O Y,'f..1.):J;J•)r;•.~~·.u.; .•.•-:-;nu-: 
ITHC NUT HNfilltt IS • , I 
IIOOW IIAIIY flNWIIS DOH - HAVE QI 

iftti: IUIMit11111·~11• v,.1 . l; ~ j 
HAYE-llfSOI. VE 
l ► INGl:il. IUNIQUE • JOHIII I 

ITIII: MUT Ullfl:lltE IS • • I 
IEvtllY HANO HAS 5 flNGUSI 

ITHE FUii( TIOII USIO IS • • I 
HASN-IIHOLVE 
115 • FINliHI IGEIIEIIIC , HAIIDII 
ITHE REPLY , , I 
I fHE HOVE Sl!IITUltE IS AIIIIGUUUS .. IUT I USUIIE IHASI MANS IHAS AS PARTS I I 

FIGURE 4: SAMPLE CONVERSATION IN FULL-RESPONSE MOOE 



II KNOW THE SUPERPARI-OF-EACH KtLATION BEIWEE• HANO A<U Fl,GlaJ 
II KEALIZE THE NUM•ER KELATION •ETWE[N 5 AND IPLIST NAMt hANOll 
II KNOW THE SUBPAKT-0~-EACH RELATION BtlWtEN f lNGlR A~D HANOI 
II KEALIZE THE NUMBEK KtlAIION BEIWtEN ~ AND IPLISI NAMt FINGl<II 

IIHic SEX! SicNTENCE IS •• I 
IHUW MANY FINGEKS OOES JOHN HAVE al 

ll"E FUNCTION USED IS •• I 
HAVE-KE SOL VE 
IFINGtR !UNIQUE • JUHNII 
IIHE KEPLY •• I 
IIHE •• □VE SENTENCE IS AM81~UOUS •• •ur I A>SUME IHASI MEANS (HAS AS PARISI! 
II KNOW THE SUPERPART-OF-EACH •ELATION BETWEEN HAND AND FINGEKI 
11 KNDW THE SUPERPART-OF-EACH •ELATION •EIWEEN PH,ON AND HANOI 
I The ANSWER IS IOI 

lfHt NEXT SENTENCE IS• .I 
(HOW MANY AUTOMOBILES DOES JOHN HAVE QI 

IIHE FUNCTION USED IS •• I 
HAVE-RESOLVE 
(AUTOMOBILE (UNIQUE JOHNII 
(THE KEPLY •• I 
ITHt ABOVE SENTENCE IS AMBIGUOUS•• PLEASE RE-PHRASE (fl 

I THt NEXT SENTENCE IS •• I 
lwHO IS PRESIDENT OF THE UNITEU STATES QI 

ISTAIEMENI FOkM NOT RECOGNIZEDI 

l!Ht SEXT SENTENCE IS •• I 
l!Ht o □ Y IS JUST TO THE LEFT UF THE TABLEI 

IIHE FUNCTION USED IS •• I 
JKJ(,Hf-SEUCT 
11,HCIFIC • TA•LU ISPEClflC BOYII 
ITHC ltEPLY • • , 
I lHt SU8-FUNC TI UN USED IS • • I 
JH. I L,Hf 
II AB Lt BOY I 
I ITS KEPLY • .I 
lu02840 IS A TA•LEI 
II UNDERSTAND THE ELEMENTS RELATION BETWEEN G02840 ANU IA•LEI 
II UNDERSTAND THE MEMBER KELATION BETWEEN TABLE AND G028401 
(I KEALILE THE JRIGHT •ELATION BETWEEN TAOLE ANO BOYi 
II REALIZE THt JLEFT KELATION BETWEEN BOY ANO IABLEI 

I IHE NEXT SENTENCE IS • • I 
ITHl LAMP IS JUST TO THE LEFT OF THE IABLEI 

IIHE FUNCTION USED IS• .I 
JKIGHT-SELECT 
IISPEClflC • TABLE! (SPECIFIC LAMPI! 
(THE ,<fPLY •• I 
l!Ht su•-FuNCTJON USED IS •• 1 
JR IGHI 
!TABLE LAMPI 
IIIS KEPLY •• I 
IGU2B41 IS A LAMPI 
I I UNDlcRSTANO THE ELEMENTS RELATION BETWEEN G0284l AND LAMP I 
11 UNUERSTANO THE MEMBER RtLAI ION Of TWEEN LAMP AND G0284l 1 
IIHl ABOVE STATEMENT IS IMPOSSIBL[I 

I THt. 14EXT StNTENCE 1S • ., } 
(THl fABLE JS TO THE RIGHT OF THE CHAIR! 

IIHl FUNCTION USED IS• .I 
RIGHT-SEUCT 
II SPECIFIC • TA8LEI ISSECIFIC CHAIRI I 
ITHt REPLY •• I 
(!Ht SUB-FUNCTION USED IS •• I 
RIC.HT 
ITABL< CHAIR! 
IITS KEPLY •• I 
IGU2842 IS A CHAIR! 
II UNDERSTAND THE ELEMENTS RELATION BETWEEN G02842 ANO CHAIRI 
II UNDERSIANO THE MEMBER RELATION •ETWEEN CHAIR AND 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 PE•SON QI 

IIHE •UNCTION USED IS• .I 
LDC-SELECT 
((GENtRIC • PERSON!! 
l!Ht REPLY •• I 
IIHE SUB-FUNCTION USED IS •• I 
LOCATEG 
IPERSONI 
IIIS REPLY •• I 
IIHE LEFT-TO-RIGHT ORDER IS AS FOLLOWS! 
!CHAIR IBOY TABLEII 

FIGURE 4 (Cont.} 
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: ' ,"' \ ' \ill,"•·: 1 : ,;: ~ ; 7' 

"tll:f 1 :,~"..... :·:~-·· ,' ~t'!v,_::; '·;,\.'..'" 

Chapter V: Behavior and Operatioti of ~,, 
' .. '( :'• -· 

In this chapter I ~~~~ A,~!;··~~,;9f'.!tt.P-~ll.','.:J!Q'#'4t~llations with 
r;;\,· ,"':M, ~~,,~;.p~ "Y'J~~i\-1 i,i,t.;":.o..1H• --.jJ•;~:.;Q~lkf..'•;.-j¼\,.~ j1--,f.: ., ..• 

IO 1 ~ ;, 1 ·1-: · '• 

SIR And explain the mechanisms which enable SIR to carry on its end of 
~-" j'ff;,-, ;-tt~.;,:., J;{! ?].J.10.f!~H l~,r U•if~ '"!.-.,1 

a conversation. These examples can frequentlf b~!;.,.J:>~:W,e•un:ited with 

the aid of logical notation,, ~9,,,.~o~l.,.•.YDaB~f,..~il,J..~~ ij-d'!whefl 

necessary. Explanations of the stan~i~ .. lp.~J:'1~'-t.t;given in 

Appendix I. 
~/j -f>H; t;f \ ,;:•,& ,." 

Some knowledge of the LISP (21) prograani~ l~#;,mi,pt be of 
l._.'t•::,, 

aid in understanding the following page~·~• -~~~,';;i;~:~t.,i~~:W be 
~~{._.• ,;,_ 

< •.· '1 .·.J.,f; <' 

sufficient for the reader to know the "fcn[a;b}" ~~f3#;c1l~1,.'that the 

expressions named "a" and "b" as arg~~~s~ ,,t1¼,~ai"~~P'?- ;~f these 

'~ : ."i,:[1'' t"..,;i. .: .. J.~ ~..-;\' 

argume.nts will have a value which is it!,.~lf ·"• ~)':,~.
0
~e:i,~sion, 
i • "t ..,~~ ::- )>. i • l 

although the evaluation process may have side 'ef'f'ect's:•,,uclt,:u changing 
' 'l"' ~. . ' : :i- ,, ' • 

granming terms, one may think of "fen" as naming a subroutine, and 
r , ~· :1)l4lti"t1"~· ·-:.J.~· _,.;; 

"fcn[a;b]" representing the execution of the aubrout:,i,• ~it?,ll/'a" and 
• ·~J ,1~ : ',..",:t.;;i • d, :.~ )-, 

"b" as input data. The creation of a single -~WOJ4Xpre~sion 
If•. l·• 

,. ., l .: ·l·_'i' : ? [ 

called the value is the principal result of the exec:uoioQC,,, .'fhis 
, .k ',,·t ·~-oHt 1., -_ ,·,.,,.-,t~O: ,~:q 1p tJ:;I ·1,..,,'r.-t-}'i it',i ~-~ ... r.'?.:.,: ,,, : :-

~ . .,. ,-.,., . ~i:-·/» 1 '.:~ oi,:,·,1-,.:.J1 ,_.~4Jlli.: 1H\ .~',C,jt, ,·l 

value of a function, which 'ia~•,.◊~~it.;:;_;JCl>Ne~:reei.ai:ing from 

a computation, should not be confueecl?..'¥i.d1, ..,_rJV'~N!:O-,,'ai'i,,, .. 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<V#.~•.1)R?,Clfdifferent group of 
t 

relations and their associated ~ID•funce<t~·'itt·'the'' SIR. system. With 

: , ...... ,·:..., 

use functions introduced earlie~ but not conversely. These conversa• 
; • •. '· :: ,. '· ,, • " ' ~~ ' ,. >. - fr, '.,,'' ',; ~ .':~ '. .\ 

tions are presented again as ApPjendix III in the full-respcmse mode 
<;u(r ~-

~ ? ~~,{k: - ~ u• 

In Fig. 5, the symbol,. 11*-A--A-." 

prefixes the input se~tettc'es·; ·· all other remaitks- 9:t"e" SIR responses. 
' ~ • . .', : 0' ~· -I> l I . \ .. t ' : .,. 

The remainder of t~.s A~fr~,i.or P,r.~,wf\U.,..9t.,~C,I'j.p~J.Qt.lS o:f;. aP the sig-
l {~,, .,, .... , ,, ,.,,, ·1 •. ,. .: 

nificant function!!! 'ffl.enetoned'"ih •ppendix III in the order in which 
. - ;;1;_ } ; ' 

they are needed fp;r,tp,~ conv~;;.ations. The functions are presented in 

groups which correspond to the, v♦rious part:.:;,;R<'~:;~:;,::S..,. and.;~hich are 
I 

identified by the· r,!''f.'tlet-pat"itttrtbute-links manipulat~;r by the functions 
j , •ol'<·<>• ,,; , •· s;\ ··•c. c 

in the group. 

Each functiotr ueacription'."co4sists of three parts: a purAAse, a 
l 

method, and a pros;s2y5e~, Th~,Bufose is"••'.lbr-ie:&•sta~~t.~~- the effect 

the function is designe'~t~~•·,have.; The method is an int~iti.ve descrip• 
.:.t.;,.;liitl•;'l·l..-t.,,1_.«·i A· ,,f.i.,j~~•.:;,-·;; ► ~ , • .;_: "';,, 

tion of how the purpose should bei achieved, and is us\l11Hy 1)1'esented 

in a mixture o'f enitlsJ:i ang. ~~&i-c~l notatlciit
1 'lo"r .;r~ cla:C"Jty. 

Finally, the procedure is a descr~ption of how tt.. Affftdw,d is••imple-
t . ''.<~ ,"' . : ,.; '!<!lo" ~ • ' 

mented, and may be considered a rbugh flow-chart of the.actual program. 
~ i;. _...,J{. ,;,~_,,~H~):,-t.t:, :', ~•.-,tt ,r, i ! " ' 

Notice that the 
l 'H4~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 
'.:WKl,: :z,a;FLf/!flO:J 03T03Jli :i5 .::iA1.u ... T1 

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

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

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

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

tVEKY FlKlMAN OWNS A PAIR-Ot-Kt:0-SUSPt:NOlKSl 

11 UNDERSTAND! 

INU •• THt:Y ARE THE SAME) 

I•••• DOES A DOCTOR O~N A PAIK-DF-Rt:D-SUSPt~DfRS 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 □~NS A LOG-LDG-O~CITRJGJ 

I [ uNDERS T AND) 

I•••. A L □G-LOu-D~LITRlu IS A ~LlDE-RULtl 

( I UNOERSTANO) 

ODES ALFRED U~N A SLIDE-RULE QI 

YtS 

E¥ERY ENGINEt•ING-STUDENT □ •NS A SL!Ot-KULEI 

(J UNDERSTANDI 

¥ERNON IS A TECH-MANI 

A TECH-MAN IS AN ENGINEE•ING-STUOENII 

f I UNDERSTAND) 

DOES VERNON OWN A SLlDE-RULl QJ 

YES 

{ .... DUES AN ENGJNEERINb-STUOENT OWN THE LOU-LOG-UtCIIKIU ~) 

IG0;840 IS A LOG-LOG-DECITRIGI 
( IN'.:>UFF ICH:NT INFORMATION) 

ALFRED IS A TECH-MANI 

II UNDERSTAND! 

I•••• DUES AN t:NGINEERING-STUDE1~T OWN THE lUG-LOG-OECITKlb ~l 

YES 

FIGURE 5 (Cont.) 



f. PART-WHOLE, GENERAL 

A NUSi:: IS PART OF A PERSON) 

{I UNl)fRSTANDI 

A NOSTMIL lS A ~ART UFA NUSE} 

I l UNOERSrArWI 

I••• .. A PROFESSOR IS A TEACHEKI 

( [ uN!Ji-:KSlANOI 

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.STANO) 

g. PART-WHOLE, SPECIFIC 

A VAN-DYKE IS PART Uf Fi::KREN) 

I I UNDERS TANO I 

A VAN-DYKE IS A BEAR[J J 

II UNDERSTAND) 

IS A •EARD PART Of FERREN QJ 

YtS 

A CRT IS A DISPLAY-DtVICEJ 

11 UNDERSTAND) 

A CRT IS PART Of !Ht POP-I) 

1~028~0 IS A PDP-II 
11 UNOERSTANDI 

SAM IS THE POP-II 

I I UNDERSTAND I 

, .... A SCREEN IS PART OF EVERY DISSLAY-DtVICEI 

11 UNDERSTAND) 

I•••• IS A SCREEN PART OF SAM QI 

l • ••. 
ns 

IS A NOSTRIL PAK! OF A LIVING-CREATURlc <ll 

SOMi::TIMCS I•••• 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 , NOSE IS SOMEIIMES PART Of LIVING-CREATURlcl II UNDERSTAND! 

6Ull IS A COFFEE-HOUSE-CUSTOMEKI 

I I UNDERSTAND I 

, .... IS A BEARD PART OF HUll WI 

YES 

FIGURE 5 {Cont.) 



A BOY IS A PEKSONI 

11 UNUERSTANOl 

JOHN IS A BOYi 

11 UNDERSTAND) 

h. NUMBER 

A FINGER IS PART Of A HANOI 

11 UNUERSTANDI 

HOW MANY FINGERS DOES JOHN HAVE QI 

IIHE ABOVE SENTENCE JS AM81GUUUS •• BUT I ASSUME IHASI MEASS lrlAS AS PARTSII 
II UON•T ~NOW •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) 

HOW MANY FINGERS DOES JOHN HAVE QI 

(IHE ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME IHASl MEA~S (HAS AS PARTSII 
IIHO• MANY FINGER PER HAND QI) 

A HAND HASS FINGERSI 

(THE A80VE SENTENCE IS AMBIGUOUS•• BUT I ASSUME !HAS) MEA~S (IIAS AS PAKT,11 
II UNDERSTANDI 

HOW MANY f INGERS DOES JOHN HAVE Q l 

(TH[ ABOVE SENTENCE IS AMBIGUOUS•• ~UT I ASSUME IHASJ MEANS IHAS A~ PART51) 
I IHE ANS•<R IS 10) 

FIGURE 5 (Cont.) 



i. LEn-TO-RIGHT POSITION 

( .... IHE TELEPMIINE IS JUST JU THE RICiMT Of JH[ IOOKI 

I CiOZl•O IS A Tf.LtP- I 
IG02Ml IS A IOOIII 
11 UNDEIISJANDI 

I•••• THE TELEPHONE IS JUSI JD JHE LEfJ Of JHE PACI 

1c;o21•z IS A PADI 
11 UNDEllSJANOI 

..... IS JHE PAD JUSJ JD THE RltiHJ llf IHI! IUOll QI 
; ~' 

•···· IS IHE IOOK JD THf LEFT Of THI: PAD 111 

ns 

, .... THE PAD IS TO THE RIGHT Of THE TEUPHIJIIE I 
{; ""' ' . $. ·~, 

ITHE AIIOvt SUTEIIINT IS ALlllAOY 11-1 

( .... IHE PAD IS TO THE LEFT Of THI: TELll'Hllllll 

ITHI: HOVI! SUTtlllllT IS l~SSIILiL:' 

, .... IHE ASH-TIIU IS TO THI LEH Of~l-,1,111111,h c-L<· -<c,<< 

IG021•J IS A ASl+-TIIAYI 
11 UIIOEIISUNOI < 

•···· TIii: PENCIL JS TO THC Llfl Of 'rlli<',AOI 
1~021•• I~ A PENtlLI 
11 UIIOEIISTANOJ 

IG021•5 IS A PAPIIII 
11 UIIDERSTANOI 

, .... WHERE IS JIIE PAD Ill 

I JUST JO hlE '11 llllfY DI' "'hlE fft11PlftllflH ' 
I SDIIEWHtllE TD THI RIGHT Of THI fOLLOIIING 

I••·· llltAT IS THE POSITlllN Of TIii ,.QJ 

<><<' • 

IPINtJL II 

. .,8;. 

ITHI: LfPT"Jll-tlllHT lltllllll ,S <IS ,e&.'liiOIISI .•J,0<1.; ~• '.Y<<••~<,, 
IASH-IIIAY IIUOlt TELE- PAOI PAP~III H\J ,; <"-' 
ITO FUAIHl:11 SPECIFY JIii: POSITIONS YOU IIUST INOICAIE -•I THI PENCIL IS -IIM IIESPttT JO THE ASH-TIIAYI 

, .... THE ilOOII IS JUSJ JD JHE RIGHJ Of JNE ASH-JIIAYI 

11 Ulll)liRSJANOI 

( .... WHAT IS JHE PDSIJIIIN OF JHE PAO QI 

ITHE LEFT-TO-IIIGIIT UIIOIR IS AS FOl.LIIIISI 
IPENCIL IASH-TIIAY IOS TILE,_ PADI PAPEIII 

I•••• A TELE- IS All AUOIO-TIIANSOUCIIII 

11 UNOEUUNDI 

, .... A DIAP .. A&II IS PART Of All AUDIO-TIIANSDutl:111 

11 UNOEIISTAIIDI 

I•••• IIHEIII: IS A DIAPHRAGII QI 

IJUST TD THE LEFT Of THE PAOI 
IJUST TO JHE IIIGHT Of IHI IO(IKI 
ISOIIEWHIIIE JD IHI LEFT OF THE FOLLDIIING • • IPAPIRII 

FIGURE e (Cont.) 



Operation of functions: 
0., .:; 1 :: . ., . ~ ~, ,., ; 3 . t . 

a) Attributes: SUBSET, SUPERSET 

1. setr[x;y] 

purpose: To specify in the model that set xis included in seJ :t.• 
'· : : . 'l · : : t ,:-,. ,._ :·1 ! : ,~: · J J .'::;. 0 

method: Create a type-3 link b~~we~n ~! ap9,J: "fc~1 ii:>ff{•t_e~-,~~t
inclusion. 

procedure:~ .. • i.." _,,,, 

a. Ad.cl:'!(Pf:.I~lf-:~- x)-. ~:the ~alae·H•t cHJ•ttr1butir' 1'SUBS!T". 
ofy. 1tt;'.:., , .,. <'.~si'i',·:•m\:r· 

b. Add "(PLIST NAME y)" to the value list of attribute "SUPE!lSET" 
of x. 

c. 

2. setrq[x;y] 
: . tt'' '{}, .. "f /-.. tJ,i ,j 

··'.!, -i yl, 
purpose: To ,~eply ,as to wheth,er _a,i;i, ,at;?f ~~~~~ ,el~nt.ot s~t ,;S ; ■ al} 
element•·ef-·se't':l· .,,.i ,, .. · · · ... u ,,.w \•-' 1 ,lJ,-" i,J '" ., ··•.·•. ,., ·· • · 

,,· .. - . ,_ .,.··.,·." 11-. '/f' ;, l!.\c· (\,'.'--i. .:";) 2::. ; , 

method: A .member of ~'-i''~i'tfet~:t:d,;6e'_;tr1•mtitiri<.:iat 1z';:tf'·•t8~ 1s'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 tt,.at ... 

ltC ,Jx,ivr,c~ A _l¼:;.,rui{ lirc'y f' J: ill, , !J 1 :! E '! ' ' ') tnrn 9 ,f j 'l.l V j \ c ·, _' 

A member of .! is "sometimes" in ··J; f:f.'<'theiile 1h ji')i!W~:t'n°bf'::.eipl!citi .~t- ,, 
incl~-r)~~~' \ink's t~~;,'~~t,;1~~t ~-,.~~. ,a ,s!~b~:~tto!(rfl1 f-:3q·O r; '".ri -" 9 ,,. 

r · I ', 'a .. , ,r · ' t ... , .. "; ( pri,t~~e':;" ,D , ;•;._;J•:., i ,, ,,, :·c -:· l ~"' 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". , . . . . :-➔·:· _ _,. 

c. If there is a path from :t. to .! thrdt.1~1(•~3 ""lf~k',fu:t'6il;owi~ 
the attribute "SUPERSET", respond "S~~f'if{w11rft ·: J _J: :\ -.,_' It · ' 

d. Otherwise, respond "(INSUFFidl:Bi'fl~~• :'"' 'w 

purpose: To specify in the model that ,!'.;is' '~ 1~r' Jcf'fiii{~ ~fb~ :t,: 
method: Create a type-3 "littlc0 :b'e't1iftn' ,iOafrdl1,i ~df:""imtictiie~ :;,•et-'h ,, ·;· ·2 . 

membership. 



procedure: ,· .. 0 ; 1 :::,t, ,: t i. , . , • . • -;,,· · 

a. Add "(PLIST NAME y)" to the value lht·~or·atcfioufe "MIMl!I" 
of x. 

of y. 

e 

b. 

C, 

2. 

Add "(PLIST NAME x)" to the value list of attribute "ELDIINTS" 

Respond "(I UNDERSTAND)". 

setrsq[x;y] 

purpose:~ t~" r~pi; ~f "f'c, wh·etbe;;_,.! :l~ a ~b~r:,~f '~te''.~~{'J: (i ~ 

method: - : B.~p 1;: f•ya~\F d"'i~-~ to1i'l'in1 i1.s'hf :!~ / J ! r: • "l(:.' • 
C:3 u)[ [ u-xV [,!! is equlvalent*· to ,!l] A : : · •· 

[(there is a link indicating that.!! is a member of 1)¥ 
l q~~i~!he,,u~f-1 ,:tJ.iWf ~pffCj~JN ~RJtu.! '~x•1!INIJbfe"1CJf)!!Mi. 

· Lany member of set~ is a member of set 1111]] 
pro~-ed~i-J?;'·' :JJUd1:i:.ns '.;;• ! '.1 1.dr,· '.)f-{:i ,,· "(,; :IHl,V T?l..[',l' 

a. Make a list of the items connecte~T~~:.:!J:iMv,8 tyi,et~oUll~ 
following the attribute "MEMBER". 

b. If :t. is on the list, respond "YES". , '.;< !r,, ): 
c. If, for any member~ of the list, ~etrsq[z;y]..YES, respond 

"YES"~: rjltepe~f~ si~pf!~:f fh~~~~ ~~'ll\,i~h ~'.)~l;~;l~~ed\j ~~~;~':itJ~ ;~·:-;,~;::~~ 
equivalent* to.! (if any) until a "YES" reaponae ia made. -

e -!. _j ,19tq~~½~e,.,r!'-,l>'l\l8m~'11SW~l-_,PRQW!Anof) t!_ ~ '.' '.;,L, .c;m - horb ':h - . -,L·J • · f J ,, ·• :"'ii' J!=>f. lrJ.r:~➔ ·:o 11lsrb s : · c;;-:r Hi l '! ~ '1'' '~s-1 ,Jr· , · ,.. ,::'-;;; x 
3. setis~~iiJ, :.r•H:!' ·t: ,:1: _· :,. j•:12<'l'?. B"' ,,:; .;Er .1;• ,,:E:-;:,ll 

..JgJJ d.".J<.12 s ~. , .. f. -/ ;.-:~~-:,c J(J •JJn~·:h.)p~1-!'.: t ..... ~t:~~ ...... .. ,_. · fB8t)q) 

purpose: To specify in the model that the uniq~!l~q.~ ,(~)a.it.Xl ·gf_ 
the,~~ ~ 1i,lis~!fo 1inr;,!fffleit 8qf,~~:i84!\ ,!•;:r' "<!·-,,,,;J~woc,' ,:~, ,u ·;•.•.i•.d11 A 

,x ·to J"e8 ... j;.)c.; ~ e:: · .,- ·t.! ,gn±::;•)~1<,j 2,,:.,:-,1 f±c1 f2--.f-:: 
method: Create a type-3 ltb.k from the unique element of~! to :t. which 
indicates set-membership. If .! has more than one element, do notn•~:AA,r 
any link. . "23.Y" hn0q::,9'J , \'. :·. t' . f., 

1>-:'·-,.-J{! v· :~·~~r;:J f_ .. ,-:-•~f-' ri;?u<:1wi:!J ~£, r';,! ~ 'TIU.:-1 rL_~r,.q s aJ ·i~\(1 ci 
procedure:. . ''i~': l" )::o ,.,_ ·,·1. 'I.1-~/ ;'.,· . _;,; 

th:o~P.u«i'1,H 1'"'t~~~ify!?Fl}u1J v. oi \' ,;JO'l • ,;;q B e.t Jl'., ') 

-o. 'if"'u • Ntl., ter\d.nat~11•,n·i -~,~,. -::-, .... ,·, , "lJc'.Yl •·••''.:'· 1 , dn:u;; 
c. Otherwis~ ·~~-,m~M:iat~Wi£-,~·-n·~2~r 1 ..... l'o•;, -~: .~? '.•,n , •:) . b 

4. specify[x) 

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~~ ~A ~C,'!f,Jf',~wi:se"2i ;;: - ~, ·:rl n1 f2 f)i , cq '!i(! 
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procedure: 
a~ Get the value list of the attribute !,CLl.MDITS" i 9L.!~,; , .. 
b. If there is no list, create a new 1ymbol u, reapond "(u IS Ax)", 

execute sg~f,..[ q;~l, ,.9-d, ~~~IP.:n.,:.!!:;f' !la.fhVf;MmO.frf!PIJfifflJl~e ; : ; ,,: . : 
c. If thtre is just one element named on the 1i•t19@r1~f ,8}J..J;.he 

elements are equivalent, return the name of the fir1t·-etement as the 
value of . .,_"Wef,!f¥1:Y:t~. •:: ,,.·,, , bi,; .: ,<;<..:Js,u ;ic,1..i: t·-";'.t. 5J:-,• < 1,.,,. ·, 

d. Otherwise respond "'(WHiqE~: 1<;-m 'f}!J,uwJl,~tilci i~of :iH•t; Qf, 
names of the elements, and return "NIL" a■ the value of 1pecify[x] • 

. ,., 
',( ' '·· .. {\. ·•,, 

purpose: To r~ijJY I ljll tq, wq~~lp.ei: :•lQf '4R~qij~ •ttinm,:. f@ ~~qy~, @f.tht;:set 
~• is a member of the set :t.· ·1 u "dJ-',:l-/.::-":·/:1;~.:y-i'' 

. " ( ;'.>;<;I <l5l;:l(;;:r; I) 
me~hod: Determine the element referred to and apply 1etrsg. 

procedure: 
a. , .~11u;~ "·u /'~ ~P-tu;iw[~l •. 
b. If u-= NIL, terminate. 
c. Execute setrsq[u;y}. 

c) 
; .. · - , ~: ·~· ,:. ,, i ~ 

Attrtb~te: EQUIV 

1. equiv[x; y) 
,,?) :-·~· IJ. ~~:-! ' l 1!5"1}1.i•~- .. \( _!-:,;i.l ')f!,· _). 

purposeii ·:TA .~~c!,f,y, ~,;.~ :f!IP.d•L,AlJat ~r~ 1~;1',~--!8!1~Wl~~••·: :1: ,1 ;,i 

procedure: 1 • .,,:,,•_,,.,;:,.,-;_ ,·~::-r: Jl'~,r;;-:v:LI 1" !.mooasi::: ·.,s: i·.,,r-E,,:. 
a. Add x to the value list of attribute ''EQUIV'' of :t. • 
b. Add ,i to the value list of attribute '"EQUIV" of ,! . 
c. Respond "(I UNDDSTAND)". 

2. equivl[x;y] 
t .; .r.' f '. __ :.,; ·-:' ,.,,{ 

purpose: To specify in the model that,! is equivalent to the unique 
element, of th~ fJ~,z .. i __ .' '.,ho: -1 :U :,.: ,,.ll ,·:•ii,·, '-''i 

procedure: 
a. Compute u ~ specify[y). 

''~'."'.cil;_y;,•U r,.~, ~~~~• 
c. Execute equiv[x;u). 
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d) Attributes: OWNED-.BY-_EACH, POSSESS-BY-EACH 

1 • ownr fx ; y] · : · ., ".-: t - J L, " ·i J ; • , , =- ., , ';:; • · 

/\ -,i)_ • l tt fir. -,"::.f:: ·, -":~- .-:: _l'-: -. ·_1J '~-_.7·_;_ ,.: • j~~ i " :').: ··,. ·:·11 ! ..t 

purpose: Tbvsp,cffy ttr:ith~:)med~1 'tnlt tWe¥y1;iWib!,~r:~t'>f 1•t·2~61mj 
some·l'li\e1llher"ti>f 111etJi~' , ,j ; '· i. .. : ''J :!L ;;n•:d•_ . .J,'i) 'i 1 :. :- • ':l. _.,, • ·J < 

:,; [ -~ :~ ; .. °; ,·~ ., . ' - " i·, _f -, •~; \ r, t f: ~- .,:; . ;) l..l ~: 

procedure: 
a. Add "(PLIST NAME y.)" to the value list of attrf'bttt~-, -~ .· 

"OWNED- BY- EACH 11 0 f X • 

,; 8b~d;Ad8 'l{P!ISt MAMIH~)B !cfPtHt! v~lue:;flttWof 1af~rlbfifi 
"POSSESS-BY-EACH" of -:t.· ~- ., .. 1: 

c. Respond "(I UNDERSTAND)". 
Li~._:~:-=~ '{ :· -,,. ·:: Jr , ; ~ •, ·:; :, I ',; l r? -~ i ;·~ ~;·:,~) : s 

2. ownrq[x;y] 

purpose: To reply as to whether an arbitr4t1 ~entliit cif':set':,t:°'"1s , 
some member of set x. ·,:; nu;-r:i•<l _11( - ;_• ,, .(, 

method: The answer is "YES" if x r/- 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 _;:~ ·.r :~- ·: /'-, -.. ( ·) 

procedure: 
a~ If x•y, respond "(NO -1t-1r 'lliEY ARE 'lliE SAME)". 

is a :~th c~:::ti t~= •~'~:~~~;;!:;;~tin~;'~~~~ 1b!~'~t~~t:~;~~~-~j iT , 

"SUPERSET". 
· <;, 3 :c,;; i :,tJt 8'ftj ·,e):f~mtfot' ~(,':;f lcffl'a m•' ."if"tj'p1e-"1! rlirttt: ti,'.~ 'fa1'fmhng : L,uh "'·' 

the attribute "POSSESS-BY-EACH", responcf ~". -
d. Otherwise rese_ond "(INSUPl"ICIENT INPOIMATION)" . 

. ·., -~() n\'l'_tn·:)J,{1~ 9 . .,~:;d.!~~ri.'. }o j~j! ·.:HJfi,;i\; ;') 

e) Attributes: OWNED, POSSESS 

1. ownrgu[ x; y] 

purpose: To specify in the model that -:t, owns a member'~ olf' the set:.!~ :, ... :,;11. 

method: Create Ji:~~;...31 rlirlk bet:w~'·,!',!and :f~ 'if.ntifuate's the 
intended ownership relation. 

procedure: · l. ·, · :r:' 
a. Add "(PLIST NAME x)" to the value ·H.iri1rbf· ~ttrl:ti'ute 11~S!SS" 

of -:t,• , [ ,) · :•:: ·· · •.;;,•,; ·., · 

.l·q 

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: 'Tlie reply is ''YE~'' if there is"a f:t.Wk :i.ndic0afi)'ig t\i;at,i o~,s,,,a' 
member of x or of some subset of x; or if · - · · ··' · · 

"/3z) rJ~ i,, ,a ~~er,.1Qf,.!1 A,(Su)J r 11~.JY ~~:lA , ., ... q 
· 'l " '1TtKeie '1s ·~ hnk' irid:tc1it£nj1:t}i.~f,v-'~~,) ii\~'f,1,i o~, ·s,et ~ 

owns a member of set,!)]] · 

procedure: 

: : ~=n:~;~~ !:.: !!~k f~!!c~~;: c:~.f ,,1~ ~~ti I. ~¢i~"4i;;!r'' '. 
:l own:_" ~::~~~;f .~~h !!~ !":u~~Y t~~ /:!~~:;,,;~~~f ~~~~~ ''18 
an element of.!· 

d. For each ,!, construct a list ! containing ev~IjY ~.et ~ for which 
setrq[z;u]=YES, 

e. c~,p~e.Ill "L tbe,,};;\~t of ,~ltfl}-~~,t,l,t~'ali, t?./f .,t,h~r. e, .i .. s "a·.'. ·.type-:-~, 
link from .! to ~ following the attribute "OWN~-~-,,~&'11

, ~,FL' .·· .. _, : , . 
f. If, for some z, the intersection of R-and m fs non-empty, 

respond ''YES". . - . - -
g. Ot,h~r.w:Lse, ,re~pond '.f(J;N,S_~td~~ r~'f,:t.pr)•;~. 
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f) Attributes: SUPERPART-OF-EACH, SUBPART-OF-EACH 

1. partr[x;y)~--
::-~ --' '-:: <:, ,I,;·_, 

purgoite~;., To .,s.e~;c;J,Y ,in ,t;!Ae m.odel thqt ~~~;r_.l .l~lement;, <?.~ s.~t c.!. is 1.par~ r ...• -,r 
of some'·e·1eme'I1f'of''sef''.t:"· <s:, .~ sU 'il•.'bl. '"G3:Y'· --~ \•Tc,• .,., - '" ,.,,_ 

~ i -_:,_.:,,x 1(.; j"7,;J,drja ")(;t('t_ 'J-:."; -;·· .. t ,;_,:_. ~'.:.l~)L:r:<_:·(·: 

method: qre~~e .a ~V1>~-~ f*Ilk-:'b~t'!i~~ ~,iffl\.J~~~9 ~iilft1:~:~4f~~e: 'Ji~t-
who le re lat i.dn tietw1~lr''t1hifr nie~e1t1s ~•· ,'.n ~ ; J., 11h... lid., . ~ 2 r: ~·' 'Ji' ; ; 

l 1 l~ 1:,2: 10 -~,:~~-:1:}:;1:~- :. ~:::~1..4;'-
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g) Attributes: SUBPAR1, SUPERPART 
,,;-;' 

>- ·i. pai:trgll[X,;'y] 
' ' , ; . : '~ ' ' . ' 

purpose:. ·To :spectf:f'irt thi. mod~l;dia'.t' scin6 •1~.·· .· t df'1utt.· ix 
part bf 'the 'fncfi~~d~47 ~ )·'_ ' , \:. · , .· y ·, :·:'15r,:·· , ,· ":"" 

, - J • ., .L . •- ., • . • r-· - -· - • .,.\ !. • ,/ . 

is a 

method: Create a type-3 link between x and x, which ittd't'~\itti'f"
1

thei 
approprh,t'e "P,tn!t-fho~e ''r.~l'~t":foti} ''" , .~.: ,:" .. •: :•:,n ,rL - ;,- ' 

'),".,__-;. ! • I>•:--:> ~t~ 11., ·~ f ~ ,. '.;_. • , ~:(, l; + ~-

procedute: .. I C: ,:,,. 

a • Add II ( PLlft 'MAft:l 'lC)1·j fol cttr~ ~vat~ ,;fitt ~t '·'rttr'ilidtE!" '. . 
"SUllPAltT" of :t.. 

b. Add "(PLIST NAME y)" to the value Hat of .ie.cit-Jibui~-t• 
"SUPERPART'' of x. 

c; 1 :l:eitpond·-U(? ~AiD')''. · ·• · , ·' 
T -, + • '. 1 ;-:1 : ':'; [ ; 

2. part~gs[x;y] 
' •· ~ 

purpose: "¥0 1spedtey 'fn <th:e mdtteln;ttitt ;:s~·•:1:--t' :-ctf ·~ ~ ts' a : 
part of,~ ~1't~ft· «r~n't1

;' ft-~_!/ to_f -~"Y~l~ :1.{•·;·, .. : :. ", - · ,,, ~·, 
, · 1 .... i .:_ , ., .. ~ _ .. ,~) .. , ,~.- ~-- :)_.,,,_ , 

method: Determine.!, the unique element of.!· 
some element of .! is part :of,~- , 

, . l., , - -· .•. .1~ 

Then specify that 
·;; J;_; :., .' _; 

l: partrguq[x;y) 

purpose: To reply as to whether some eleme~t 9£ set xis part of 
the inaf~ftfual i.'·' .:u ·,: · , · ,,, n., ':.,"':" :> 

' ,, 



• .• ,... :·· , ,:_r '.: ) , .. ~ . , 

purpose: To specify in the model that .t~~9~v~l~ft,',:µ ~;·,' 
0

of ),. 
set xis part of the unique element, if •ny, of set z. · 

I './ ; . .. . .· . 
method: Identify the unique elements~ and.! of sets.! and z, 
respectiv~ly~ -~~c.~~-~.~it,t ,s~";e~1t::;~:nJl~~::i!rAav~;,p,£ )~e ,:, 0 ., ... , 

individual _y;~ Then cre~~::,.)~,r.; 1 l-:,i~rbqt!.~-~1WtstlefP~ifA~ ~..,3, .: ,,.1 
link from.! to~, speciffing which element of.! is involved. 

·t ::-.' .. 10.i-rro ~1d~t : ~ '.1.r; -~~··1 ·~; 

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), . I'! ]vi f :J:W~ ·•• ~; ·.· ;:, , ·.;~i 

d. Add ~ to the value list of attri~~.r;J~~'l: QP _;t~t 
member of the "SUPEllPAR.T" value list_ R,f _a,'Jf!Plffl,.fY!filc~P i~: .: 

e. Respond 11 (I UNDERSTAND) 11 • • ·· · · 

5. partrsgq[x;y) 
,•r r:- ·1 -=-1:.: ..... i·Ji!.-l :_.., __ ::'.', ',·1· -~·;. ~~ 

purpose: To reply as to whether the unique element of -~~;t .!:;W, p~t 
of some element of set z• 

procedure: 
a. Compute z • specify[x). 

cb,• I_t, Z ,JI& ,-mJ (~ajJ:lat,• . , ;,,.; ;: ;-;c,; , '71 ·. , , 

c •• ,, G~~l~ .t:h~-..~npqu_:,-~ ~i~l}._;~--1'e ,Mla,cJ,.~ 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.uUralent ~9 w-, :IS-' ,.,~r- of. : · Ji • ' ' ! ' ·· 

e. If., ,¥~'La-' ~ f1, ~i -~YES!•~, , c..: ),i , , _ 

£. If, for any vE:.J, aet:,rq(-y;irJ ~t~BS,,,respona, '~El''··· 
\ g·. Ot~, aentttae t-hoH,~J .. :L'Ch,;,c,;au-; be1 reaelled from 

I by a: -~ypa., 3l · l :f.ttk,.'ftJ:ttowtng ~be: .-t-t~~ , .... 'Ji-OF~ Metr!'-~ 

~: ~h:~;:~~=~~~;:!ct~~;~~,~= ==;~J ,: : : . ·~, 
' .. -

: i I. f ': •. J] :~ 1
• ~ 

h) AttTibut:e: NlJMBBR 

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 1 • ~ 

me~hooi,:, Create; ~:·t·y~3. -~l~_ ~-~-~e_en •,,.~~-_:?:;~ifyi~c that ·_•n_.,
e hnnent of x is ~-- of ~iffflllent• o~ ~ rn &eete .t~•l l!lnk• 
a&Sociating-the number n wit'W t'b1Jt t~Y. l:'thk\·' · , ; ; .- -.· 

- > •• .. :(; ,, ., • '. ' ., ·1,i, 

pi:-oc\\iuN1 ,,_, ', ;;~ 
a. ; Ex~ut•e patttf(,x;yl ~·-
b. Add" ('(mJMID, .,_) ".'. t.d' betl\.' 't:h• "1.L1<K1 whttll' was' ~edr: t:O" the v~,lue · 

list of attrt1bate ~ .. ff-tlMJI'• ~ ~, *;'tMI t,lit'~wllidl<. ••• ad<Wid 
to the v,lue list of attribute "SUPBIPAIT•OP-1.Atat' if !f1r~-,,,, ": ·:, - -, :-.• :, 

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@)etrt,· of set·:!; ia ~~t, ci,f.•7l Gie~•~l l~ntta n-.ocuting 
the number ~ with th•t type••I link. , ( · ,:,.: 

proced,11:e: 
a; l:Qtec-e RBt"•tTg•[x-;y] ~ ' ·, , · ,; 
~ J~dd:i fi'(Wtlama, n)·"to" both the ljst'·whieh, ._ · ad4edr' to: the 

the vallJle', li•t ofi attrtbvtie ·'·'StJBfalt".')c,if,·J1,/-ancl the,; 11st wl\itll wa. ": 
.idded. to the value list of attribute "SUPBlU'AB.T'' of x, -

3. partrnuq[x;y} 

purpose-: t.:> 'te-ply:a• · to how many eteme-.,ofL1the At'!'' are i>fftj 
of the indivt•u~l l· 



method.:, 0 ,, If.. '·· •,; !•· t '.,,,j' ,,;, ,:J;;",FX, ! :' . ,l· 

(3u) [ [ there is a link indicating t-lulti:itn,rtiC~ ii!'.!!,, iJI .. ~, 1qf., ,_B 
[[~~.1~<;:~~:e;:e:,;::r~~i~Y.~~lt,~t :;; 

,. ; ' ' ,(.t~J ~ ~~~i1\ ,of iiiflka:,ri~~~&~ 8t ~::Qf _yJ~]] JV 
(3 u) [ [ ~t~l -t«: ~ 5-Ltuk:1 J.1ldi~jmg. :th.ft~,!11 ~1.M:i ~ J:>t ~r J!k, '-'. d ~;. 

(3v)[ [ tl1~:'ia:,..-)~i.n, '11:ti Unt,.,·J.~i})f ~-ut.t~,Yi dJs a,·: 
part ofr neJ:.J13!]J"ijf [•ft!P.'v.i;}i'f9.Uf:1I :, " t,t·, ,,(:ia-:: .,,,;, t •~, s,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 tYl8ltSW-.Mnk; ~·- ii\J It ( ,i 
proving the required part relation. If any such ''NOMB!ll" attribute is 
missing, the reply should explicitly request it. If[rt:~;:f""~le.; 
relation cannot be established, the reply indicates that fact. 

procedure: . __ , :, :-~'1,y,,lc_;; \"le:,··-''"' :o i:i,·rn·:1. 'JL, .•,,'·,.; :'.:. :~;,;;.; 

a. Follow the procedure of partrguq[x;y] until links are found 
which warr:e.ptj ~"i J~~!\ '1"~&,e ,J;;i $13N'tb ~J.:W .&, pt ~~:itJ'J:1~t-J.'1nkttJG •i J c,:J 

which foll~;~h.e ~'1:l>lti~. ~•-ai)B:p~6·0Jhl~-#-:Mr.¥"8'i ~ "r o :n';ri•<:; r ,, 
b. If no such list can,;~/ ~Jr.1W,f91\f.:lrw o ·rsdml.ii'l 0~J i.!:!_;:J.•,:.:; ,..,, 

"(I DON*T KNOW WHE'DIER x IS PART OF yj". -
c. For each element a of l, where a specifies a "SUPERPART~Ft,,Mal.-1'0 

link from J! to,!, get the ;alue-of the attribu.tpd~' i>k@-,;.;~i If . .s for · 
some:-~~• M:.; &lllehb~~-as.Jd,, rJtQ>.PndrIJ'QMll:f MIW!'' t• ~ Jl) "ob/. , J 

;:,§.o;: :CaltpUit~J:._,•jiJ\J! flf9~ Pl 'tAK'' ... &ff-~ .,.bc:'Y.-,. ,.· to nil 
Respond "('DIE AN~ u 'tf),,c.;,J ,".:;O-·Til?•.·l;,l:Jcru:::·· ·,Jud h :! jf,; ~Ii: j ~: ;:f ,, '' ,,rf ,_;J 

1. jright[x;y] 

. :·12:_:,q·:r r:q 
J·, '~; [\.,:' ~'< 

_. -- ; JF·JJ:Jt:_; -:i~,_i :-.- .:r:_1·v~,J-:~ . .1 }!c;i_~ t---,.q'J _:r ·-.:·1J b:·idJs.r1 

purpos,.-:.~ , !l't>-i•peci:f.,tiin the:1•<t.bdi:,t tfe:ttuu.~ elll!eJK"' o"t-) SM·•~- b J,,:,Je 
located just to the right of the unique.ti.N1E!lll~0.,t1a-.·i.z.~•i,-1 ':.-,,,,,,,,;::id, 

method: Check whether the statement is consistent with existing k~.,,nq 
ledge; .!·~·, that nothing is known to be bet~}fg11Ns~ •lld.-:i-ilut x_:, 
is not khowa.J t:Qj 1-,,DG t1Mt-1rii&Mwof..:,1.'- .,l,.f 4tod.ao~CJINI-JMti,b.Compd.ain. 
Otherwise,..,:cc-eeb .,,tl"Pttril iiak,:'!Dild.cw.i~llWe ~i--1:t.reutlotl.: . '.Hij 

procedure: . :.~ : · · ·· . 
a. If specify[x) or specify(y] • NIL, terminatt~;xJp1,::·r ,_, c .f 
b. If there is already a type-1 link from :I. to! following the at

tribute "Ji.IQ14'":,·.! l'e_!P* t'i('l'Hlo.AiflW&ijU~-nU 61JtMl))!J ~) 11 i,st:o::p uq 
c. If it can be proven that z is to the right of.tc,JA,.11,i.,,11:f, ,,riJ J(, 

rightp(y;x]•T; or if there is any type-1 link from z following the 
attribute "JRIGHT"; oi if there is any type-1 link from .! 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 1{ ~ype-_;l.~ \i:p~;::from."~ 1~~,.f ~~}lo~i'.n~ ~1i~ 
attribute nJI(tGHT"; create a type-1 linlt trom .! ·to :l. fo-Uo,r:(.ng the 
attribute "JLEFT"; and respond "(I UNDWTAND)". · 

2 • r,~tp[ x.; 'Y;+ , I•.; ' 

put:1>,P.~et>. 'l'o J;est wh~th~r .,it. t~. kn.own -~~~
1
t fhe -~ ts 1_Q~_af ~d fb t_he-

ri~~ 91f, t;~ ;t.• 1 : ,, 01 ,:, ; ,,1 

metl_w~:J t.rJ~tp{_)J;,iYl;' is: ~e.£,in~d t;,ec;4~(~-,~J)i~ :~it~w_lli~ If tb;~re :ts 
no type-1 link froip. v f9Httwtng .~-.,... .-fl ~:(:CM:i"~, an~ n,o, t:ype-2 
link from follow~· .... -~1 ' -{~, ibute'. ' '•,, li" vaTu ''of'_ 'ttrfmti'. rx-~_· ,, :l. . -r • i~. , • . ,...,. ,t fl,r· 4 ::;>."~ , ... , ... 1 .. ,8! .. ~D+ ,n 
is NIL; if either o ''t ·e al>ove Iink1{"ex at~ ·anct· 'i 11.nks t·o 'x; 'ttfe· value 
ta T. Otherwise the value is the disjunotion of the i'{.aJ~~~pt, .. 
''rightp[x;y}" for all.!:! which are linked to :l. by one ·ctf the above links • 

• , _,i 't 

procedure: 
a~. C,onqi~e \.\, thf#:,v~l;ue of the t~~-l VJ:\k ffPF,\.:, f_91,lc,~tn,,& the 

attribute .:..a•JRtGHT". , ' . . ' ' . : : -\ . . . 
b. If u~, value is T;· if ·there b no u, go to sb,jp d. 
c. If rightp[x;u] • T, the value is t. -
d. Compufe .2,. ~,~~, ,VAl-,ue o~ ~•- ~Jgle,";_~_ J:b;ilt ,f+,q~ ~.,tqUe>wiq~ 

the attribute 'I.IG11T • , ., , . . .. ·· 
e. If x is a member of list J ,.,:~ '.vp{u~ 1s 1;;; ·u; 't;~,er~ ~a 

no A, the value is ·ltH--~'. ~> .·.· .. - '•, ·,''~rt'. ".· .. · ,., . ! i 

f. If, for any' Vt~, rightp[x;v]aT, tne value ·ts T; othefyise 
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: ,,9hec;k wllet}l~r _t.he ~t;at;ecqt;1n~ t.~: -~q':lJI:;'.~fil_Q,f :~t~ ~x~,s1tJ~g_ 
kn9~le4i~ •. (. ,:r;f SQ,:, ,:.c;:i;:eat~ ,a typ~-z H.nk 1,ndi~~til\~ fije .,POJ;J;Uoti,iil 
reiaq.,,:n~. .Q~);\er~e ~ <;QIIJl)lain. · · ·· · · · ···· · 

procedure: .. ·. , . , 
a.. .J~ ~p~if:yfx] ,..:NX~ qr sp,ecHYL:tl ""tiJ,L; :_t·ermlri4t~ r . . . : , -. ' . . . 
b. t:£ rfgh'tp[it';y. J•t,' respon .. d."(ntil_ A!o'VE "sTATDIEJf .. f= lS .AI,UA.· ·o_ y .-~QJfli),'! 
c • If rightp[ y;JCJ •'l', .'resp~lld .,fl(:pi,, f'Pf,C/~ J,:~t~T j~: ,~UtB;-£JW;--

· .. - , ·'.d •. -~Ptt.w;r,w~a,e ,,,;.ci-,l~te .~ ,!t~a,-z., .!W1¥,,Y~~·tto -~-~ql.lo~t~,-;,~\e ._· 
attribute "RtGIT11

; create a type~,2 Ji11k ,.(rq~ x -~.q :t. f?J.l<?wii;ig 'tqe . 
att):",~~ut,~t,':',_.E,;.t,"; and: r,e,spcmd ':'.~;, ~~,'~•~·''; -. . ; . . . . 

::, ,4 •. jfight~~[ ~;.yJ. 

purpose: 
the :t_. 
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method: Determin.e whether the l~nk15 .in ,t_he mpdel Jildic.~te..,;t~,a_t ,l: .. isjust 
to the r1rght of£', ,!, canno~ :be j~stJo, t,h_e ,t1g~t :·~fj.,_ ~t)ff~~f¥t'• · '. 

'' • •• , > • : ·~ · · : -' ~ ,i._ : ·r.• ; , .~ t, 

procedure: 
a. If specify[x]=NIL or specify[y]•NIL, terminate. . 
b. If there is a type-1 link from :I. to .! fo llowirig th~ -ieiribut·e 

"JRIGHT" .. r'1!spond "YlS". . 
c. ~If :dghtp{y;x]•'t; or if there'ls'·any typi,:1"f·1'frtk ~fro;_,..li £011~·::q 

ing the attribute "JRIGHT''; or if there is any type-1 link froai x tolth•· 
ing ehe attrib.ute "J~.T'!3 th~ res£ond ~'liO "•s . ., , . . ., . . . 

d. 'tf rig})tp['x'f~r~ ~Qd •'t)t~ie·· ape's' &;~f ~taex, dira·et fjpe-2 H~J•,:,, 
from , tp: . _ f'al_lowiri 'tire' '~ttt"f:~!.i ' ~j;I.CHT''{i,lwc,~-"' ·~·.· l ·;' : • ;,(;"/" 

1 >· ¼.-. llhe~ise;' ~-¢aponcf •"cm;o:.r1'brmtt'~lt1''~! ); - · :! '
1 

• ' I : ' ':· ' ;-~ '.,;:· •·: :--· -~; t : •.3t·,r;_:if]. P.:. ~-~ :~ J _, (-~ -~ ;-., .' ~ : ! · . .:: ::~j 

5 • rightssq[x:;y] 

purpose: To reply as to whether the _!;:is located to the right of the~· 
:'· !_· i"t::,; j>:':"fC; 

, .. " •. _I, 

method: Determine whether the 
to the right of :t, ~o the left 

links '111· the m«:>de r '✓trl'd'tcat~ :•t"t\'itc; .. t ts 
of i, or neit;her. _ ·: · '·.. •·· 

i. • ~'- •• .: : ,I ; ; '\ 1 ' ' 

procedure: 
a. ff spec ify['x]=NIL or spec'i'fyl y']~n., 'ferltlinst;~. :-
b. If righ,tp(x;y]~T, respond ''YES'~. ,.h-

c. If tfgll't:'p[y;xl-T, respond -~uJ. . " . ' l ,. ;_,,,., 

d. Othe~ise, ,~espond "(INSUFt~CI~ :Q{FORMA'.t~~)" ;! 
-· ,; -- c, - : > ! ' ~,:,·¥';+' . 

6. wheres[ x] 

purpose: To determine the locations o;f thdse o'&jedts whfch h'iiv~ 
been positioned with respect to the unique elemertt::cdf 'die'Yare'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.. - e11·e value Qf tht'i type:..-i U:nk''ttrorn x folla,wihg t:h~. ,, )' • 

attribute ''JLEFTn'; 'V .; th'.~ vat'ue of 'the tyj~l. btilir'lrdm 'x''followfni'"tht{')I 
attribute "JRIGHT''; g_ = the value of the typ~'.;;2-;f!!Wk' f;6m~x',Jfoilow{ng·L;. 
the attribute "LEFT"; and m • the value of the type-2 link from.! 
following the attribgte "RIGHT". '' '.' 

c. , .. If .!!• ,I~ :R,,,. '~pq 5 a U, ;~Q not, ex~st, r~'sitoitd i••·(t((j rosn:tdN IS . 
KNOWN)" : .- .. - '· · . ' ' · . . ' ' - : ,. . ::, 3" ' ' , _: -; j '- · . 

d. . I~ ~ .,do·es not _e~~s~ ,' 'to' to :ste
0

p ft , , 
e. R~j>ond, n(JlJST To 'rHE' ll~-QF~~ u)", a_nd go tC! J:h'e' next .11te_.P~· 
f. If _y does · riot exist,t Ji "to 11,tep lit · .. _, ·' _, ., .. . ,, ... )' 1 

· · 

g. Respond' II (JUST TO nm- t!F'r OF THE v)'' ,; a'nd. go to the 'nex't s'tep. 
h. If .Q does not exist, go to step j. . . 
1. Respond, "(SOMEWHERE TO 'lllE RIGHT OF 'lllE FOt.iow±Nc.'; .. ·f)", and 

go to the next step. 
j. -If 'm does not exist,' terminat~-_-
k. Respond, " ( SOMEWHERE TO 'ffiE LEFT OF THE FOLLOWING • • m)" • 

•-j ' 
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l I 

purpose: To determine the location of the unique element of set.~ with 
re11pect to .,a,~

1
, 1~an.f!:,o~~~.r robject.s 1a~ .R,,'!;",~i~\,.:, :t ..•. ,, ., ... - '. 

,· ' ' ' . ~ -:: l . "'")- ' T 11 f (. r<'. l '"" .,. -~- • : - ' ' ' ' - • . \ 

method: C~st'iut:t 'a .di'sgrant 'of tlle 1'.e'ft,tJ'.!¥,·1ghi-i.rnfter 'o.f ·~~jec~s by .. 
seuchii_ig th;:-o. ug}l all chains of posit 1. o. ul links startin:g-'W-oin .l£ ·.and;' · 
proceeding recµr1ively~ The f~ of tl\e dia!jaa i- a lt1t, w~~tt o~ 
jects known':~c,' 'W·Jcaf:.t~rtt· ·:t~~~i.~ifl . .r.:t~r ~1, .· • .. ?~i}t.,~ ~.: 1 .. rf!t~i. bri~l-, 
1. ink• friom ~ exist or if ~ ~.'7.~~~~~*~~~rnj"F) ·i~; ~~- ~~-,: make an 
eppropr ate c011111ent. · · · · 

e; ;·,, 

1!:"T,•:.1"'F'l' .... '.I 

procedliti!i'' c. 

a. If specify{x]~NIL, terminate. 
b. St;f.w.t.he" ·t•ipit1,.1 -~):1,.,ar~,r'.'(f2J°--, ,·, "~l" ,• ., "f .. ,c .. ,. . • ' ' .i,. ' 

C • Cdtup&·e· u ~ i::he ·vairtle1 ~r '~Pl t;' .. :t;\;. t: T ' ffi}<_'' ,,.,_ .' . " . ,AA~w:Ln'g <the 
attr~~µ~~ '\JAIG!IJ:\, l,f ,!¥). u A~~-: -~,·ff·· i'Jl:r~~~'" . 1 :JP to step f. 

if.Uc. Wilrt~jf Jh~1t·eo··t:te rfght1'"of:''ti:-. ']._."e ~~' .":J::right after 
x in a sublist of • _ . . . . . ;, ,.:;,~~.;.r,,~ 1 

·· .. <,,~ 

- . e. Rep lace z,y,.by th'el ~'e\i.h\ fof '~x~euf\JtCttNt~~9f.~-4~t.i ·:•t~rt;inJ ' ' ; ; 
. from step c, wJ.);h1J:P,. ,e,1n;:,-~1 ,,y.,J.~1 p,f a.r~Hti. ~ina J.·~\,'";(i:~~e.ff(i iaiid ·· ... · 

the current valui i,· l~u•'.th~' ift'igr"•~~t}{ ,, , U/Tt) '~t ... , ~ . ' 
f. llepeat step c, for th- attribute "JLErT". In case of failure, 

go to step i. 
g. insert~ just to the left of~ in.&• 
h. llepeat step e, · 
i. Compute .Q. .. the va:l.ue of the J:ype•2 link fr•.! followins th~ 

attribute "R.IQIT". If no £. exists, go to st•p 1. 
j • For each m E Jl: If m 1, a 1 ready ia the curi-ent _g, ignore it; 

if there exists a _y_ in.& 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 containiag 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!! afttr ~ and continue with the next 
~instep j. If rightp[m;v]•T, then jyst for this value of.!!! rept,ce ! 
by ;y_ and cont in1.ie as in step j. Otherwise, re1pond r · · · · ; · 

. "(,'ltlE LEFT-TO.-JlIGHT OR.DIil IS) 
g 
(TO 1!'URTHER SPECIFY THE POSITIONS YOO MUST INDICATE WHERJi: THJ 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) 11
, respon.d ''(NO ULATIVB l!'OSITlON lli KNOWN)". 

n. Otherwise respond, "('ntE WT,_'1'0 .. JlIGHT 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 sJt 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~• · 

• .·C .J 

4·j:J::, -~-~·~';j.:1··:~-i 

... 1. 'j j,,,J:,,, ·' 

1-.(;_:1~. i):r:..:. ._1 fi(f! ·;G'I,.~•tj,-., ff;·rc~ r!• :1 ti ~ L 

"\" :; i'tt·1~•l-i., 
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B. Special Features. 

Thia section discusses the sample conversations for Fig. 6 which 

illustrate three special f:~ttgis.&~i1lf fIR system. The first two -

the exception principle and reaglvjpf mieitiu..,r- .U~ustrate how 
,;h~~,~~·111"" : I 

SIR can be used to simulate various aspects of human linguistic behavior. 

The third feature -- streamlini9:1 -- demonstrate•1•'t,M!"''Way in which SIR 
:!.-.H!."1:-4:: ,\ ::~ ·1·.·.,c, .;. ~"~"'' 

can automatically modify its model structure in OJ;s\~ ... i:.o, save computer 

memQry space. 

a) Exception princiele: General info~~~PQ..i 1•bou.t,.','all the elements" 
(.;.f-.l ~ -t;, 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:t,.:¥1~ -N.lV1 i-'n frl,;r,il ,''""! 

necessarily, ~pp.ti:-.a,4~c,~pJY ,i:.o J.~flfll,_tl)4&.u!',wl,,,..1.fi,.f1.r,1t.ai~ animals" and 
, {~t-:.A l: li'.HJvh,: ; : 

yet "a whale is a maaaal which always li}tU J,Jl.,y4~er. " .. ,ln the program, 

this idea iad•pJeaen.c...i ,by •hraya .. ara1iemmU13; i~,...diru, information 
f.G~t2i:4?!0f'kl , 

to the property-list of the indLNi-41.WlliAO._,UN,, Mfore,,looking at the 
!,,.l.w;• ~1 ,~, .,,i-a ... ii::,4.1• ~•flA l t ..... ,',,;'1-..,.,,.Jif!f. ,:.•) },);,4,a~Y'",!! J-Y-Ofo,\ 1~t; 

descriptions of sets to which the individual be1oiii1"/" ;.,,' 

ciples of Aristotelian logic ia th&l • .th!1.p11ecelieace of-•pecific 
: '•-"·• >:. -'At:! .'. -!"' _:-',} ·••-.:',: l ,;J.:i, ,Hr .flJUvi;,fa,,-4 ti :.,....:~iJ\-"b, 4,1; 1:.11 

facts over background knowledge seems to be th~' wa.f'•peopie operate, 

and I wish the..coaqwte,r ,t,o,.,,c~~~~~~ ,~~~~., .. ~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]~U r1,:::,·1 JAl:'..13'U:l :8 :u=tUOI~ 

mammal which lives in water although .... 1s as a rule live on land." 

However, minor programing 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 UNDERSTANOI 

A BOY IS A PEKSONI 

11 UNUERSTANDI 

TOM IS A BOYi 

I l UNOEKSTAi-40) 

DICK IS A BOYi 

{ l UNOERSTANOl 

HAKRY IS A tiUYI 

II UNDCRSTANDJ 

TOM HAS NINE FINGERS! 

lrHE ABUVE SENTENCE IS AHHIGUUUS •• BUT I ASSU~[ {HAS) MEANS (HAS A~ PAKTSII 
f J UNUERST ANO) 

DlCK HAS ONt: HANOI 

lltit ASUVt SENTENCI: IS AMBIGUUUS •• BUT J ASSUME [HAS) H~ANS (HAS AS ~ARTS)} 
!l UNUERSJANOI 

HOW MANY FINGERS outs TOM HAVE "I 

ITHl A80Vt SENTENCE IS AHBIGunus •• BUT 1 ASS~ME {HAS) MEANS (HAS A~ PARTSII 
ITHE ANSWt:R IS 91 

HOW MANY FINGCRS DOCS DICK HA~E ~I 

I lHt: AB □ VC SENTt:NCE IS AMBIGUOUS •• BUT I ASSUMt: IHASI MEA,'45 IHAS AS ~Al{f:>I I 
{ TtH.:: ANSWCl-f. IS 51 

HOW MANY FINGERS DOES HARRY HAVE ~I 

(THt ABOVE SENTENCE IS AMBIGUOUS•• BUT I ASSUME (HASI MEANS lHAS AS PART~Jl 
{ rHt::: ANSMt:R IS l □ l 

H □• MANY FINGERS OOt> JOE HAVt "I 

(THE AHOVE SENTENCt: IS A~BJbUOUS •• HUT I ASSUME (HAS) MEANS (~AS AS PA~TSII 
11 GON•T KNOW WHETHER FINGER IS PART OF JOE) 

FIGURE 6: SPECIAL FEATURES 



b. RESOLVING AMBIGUITIES 

JOHN IS A PERSONI 

I I UNOERS I ANO I 

DICK IS A PERSONI 

( I UNOERSrAi-.10) 

I•••• A CHAIN IS PART OF A 81CYCLEI 

! I UNOERSTANOI 

I•••• THE POWER-SAW HAS A CHAIN) 

(TH~ A60vt SENTfNCt IS AMBl~UUUS •• BUT J ASSU"t (HASI MEANS IHAS AS ~ARTSJI 
lu0£840 IS A POWER-SAwl 
I I UNDER S !ANO I 

JUHN OWNS A CHAIN) 

!J UNDHSUNDI 

I•••• DICK HAS A CHAINI 

ITHt ABOV~ SENTENCt IS AMBIGUOUS•• BUT I ASSUME IHASI MEANS IUWNSl) 
IJ UNDERSIANDI 

f •••• THE CUCKOO-CLUCK HAS A CHAINI 

ITHt ABOVE SENTENCE IS AM~IGUOUS •• PLEASt ~E-PHRASE ITJ 

FIGURE 6 (Cont.) 



c. STREAMLINING LINKAGES 

JOHN IS A PERSON) 

I l UNDER STAN □ I 

JOHN JS A TECH-MANI 

I I UNDERSTAND I 

JOHN IS A tiOYI 

fl UNDERSTAND! 

( .... JOHN JS A STUDENT! 

II UNDERSTAND! 

JOHN IS A BRIGHT-PERSON! 

I I UNDER S !ANO I 

EVERY BUY IS A PERSON! 

fl UNDERSTAND! 

I•••• EVERY TECH-MAN IS A PERSON) 

I l LINDERS TANO I 

I•••• EVERY TECH-MAN IS A HRIGHT-PERSUNJ 

11 LINDERS TANO I 

EVERY TECH-HAN IS A STUDENT! 

II UNDERSfANDI 

I•••• EVERY •RIGHT-PERSON IS A PERSON! 

11 UNDERSTAND! 

EVERY STUDENT JS A BRIGHT-PERSON! 

I I UNDERSTAND I 

EVERY STUDENT IS A PERSON! 

11 UNDERSTAND! 

END OF EVALQUOfE, VALUE IS 
INO HORE INPUT SENTENCES! 

fU~CTION EVALQUOTE HAS &E~N ENTERED, ARGUMtNrs •• 
STRlcAMLINE 
IJDHNI 

fl fORGET THE MEMBER-ELEMENTS RELATIONS BETWELS PERSON ANU JOHNI 
II FORGET THE HEH8ER-ELEHENTS RELATIONS 8ETWEtN STUDENT AND JOHNI 
(J FORGET THE HEHBER-ELEHENTS RELATIONS BETWEEN BRIGHT-PERSUN AND JUHNJ 
II FORGET THE SET-INCLUSION RELATION BETWEEN PERSON ANO TtCH-MANI 
II FORGET THE SET-INCLUSION RELATION •ETWEEN K•IGHT-PERSDN ANO TECH-MANI 
II FORGET THE SET-INCLUSION RELATION BETWEEN PtRSDN ANO STUDE~TI 

~ND UF EYALQUOTE, VALUE IS •• 
NIL 

FIGURE 6 (Cont.) 



89 
.t ,{ J.:'t ,,,__ J ~; 

require it to identify those instances in which specific information 
·_ ::

1 1 J ,i :~ " :f .. ·" 1 

and generaf information differ; the program could then express its 

amusement at such paradoxes •. 

b)' R~~olving antbiguities: 
·t, ;J ,:_1,' ' 

The criteria used by the program to 

decide whether "bas,;, in the format "x has· y," sh~uld be interpreted 
';·· 1-1;.;:. '--'i, 

"has "as parts 11 'or "owns" are the following: 
l • < < ,, •• ,, '• •• ', • 

1) Let P be the proposition, "either z. is known t'o.be part of 

something, or z.<·:1.s an element of some set ~hose ~l,;~nts are known 

to be parts of something." 

2) ''i.et N be the proposition, "either z. is known to be owned by 
- • • l .. , ~ • ".; ] _''., • :. _; __;_ 

something::' 'or z. is a~ ·element of some s~t ~ii~~e elements are known 

to be owned by something." 
-: I 

II 3) If Pl\ Al N'' assume "has" means "has as parts. 
•, •o ,, 

If """PAN, assume "has" means "owns." 

If ~P A~N, give up and ask for re-phrasing. 

4) Let P' be the proposition, 

' . 
( 3 u) [ [ [1, is known to be part of ,!!] V [1, is an element of some 

set whose elements are known to be parts of the elements of .!!'1 ·1 I' 

( 3 w) [ [u f w\/ u(:w]j\[X E wVxCw]]]. 
,, 

5) Let N' be the proposition, 
:, t l \·.', l . l 

(3u)[[t1, is known to be owned by .£]V[1, is an element of some 

set whose elements are known to be owned by the elements of_£)]/\ 

( 3w)[ [u E wVuCwJ/\ [~E wV xCw]]] ~ · •:; 
.' J f. • I. l' 

6) If P'A """N', assume "has" means "has as parts," 

If NP'AN', assume "has" means "owns." 

Otherwise, give up and ask for re-phrasing. 
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;~:ese c,r,,it~ria
1 
are simple, y

2
~~':.,:h~!: are sf

1
f~~~,i~~t to,..,enJa,ble, th·~J; 

program to make quite reasonable decisions about the intend,ed pur-
) ~ ;''.~ ,,.,.,;:i·j ~):_-1}'.J i-'O_~-;\{:j•'"" ,1d:.1 _-.: .... l_;_· ,n' __ ;-:-:··;,"c~:r 1r·:·1·~•:.) 

pose in various sentences of the ambiguous word. "has." Of course, 
. :=:,.1;:·:)L.H · ··,(· i"! _;;,;_ J.:.: , .1 1:JJ~.:.Jr>:1:nH-; 

the pr:~J~::m .. ~an be fo~l~'~ .~~~i, ~~i~t mi:;ake~, ~~~\, .. i_n ~ .. ~~e,, th.~ 

sentence, "Dick has a chain," had been presented .f?efor~ th~, st;!nten~e 
·. ,. '-r q ·, -~ . r d (_, l -· I •• ' ~~ ;,.. T ' J p n' ,. t .,__ ..,._ • ' < '._· ""• I ' • k ") 

"John owns a chain," in the ab~ve dialogue; hoJever, a h~ll. bei!lg ... · 
;-?_ {. ~ , ~-) .'. [ , -~ .:. r; j ~:a; ".i" .Pt ~...:. ;: '.ri: · , ' ., -' , . .'~ ,:~ .).;;._' 

exposed to a new word in a similar situation would make a similar 
J·I:.,: ~-· ~;· ··1··, , r,.__ :.li~,.J:)· •:1 :1;~1 : ~ , 

error. The point here is that it is f~asible to autoipatically 
:,_-,-_ :1;,, -·.,.·~ ~~-.,r-~·:.r~·.~-~-·l·::l ,-~_(:•>.· '':t~ ~Jn!C':. :1, ·, :"".U!:} 1

_--; HF f.l ,-. - _· --~:r:. 1
.: _,, ... 

resolve ambiguities in sentence meaning by rf:!ferr~ng to the descrip-
- , _~Ci !: !1 J :-}{'if(;~ i ,:_ t : ::. 1 J ~-h~ !. 

tions of the words in the sentence -- descriptions which ~a~ ~ut9~ 
:)!:J J(:' L), _\ • • ...:,· .·~ ~r. -___.,'·,t ~, .. ~fj ffr J • 

matically be created through proper prior expo~ure to unambiguo~~ 
i,yf,_;::.'A ,. ,t,. , -df '· · ." ·'-j IC ,-- .,. , ,;:11.r:-· 

sentences. 

c) Streamlining linkages: 
If ·. ·: 1 :i_,1. ,., F, 

All que,tio~_-answerin,. ,(mod.el-
• 1 t,;.:; -~:t'. ,', '.·· ~ _.:~Jc-! ?.S ; /.._ ...... i~- ,'. 

searching) functions which involve references to set•inclusiQn or 
~ 1 • -;..tiL•',---::;; I;: ·.·:;;,a?.J- !'~-: _,,~._q , ... ~ ~..:.. 

set-membership relations must "know" about the basic properties of 
1'1 ~ .' ., .. ;. 1' '".. -· ·, ·" 

those relations, 1•~·, those functions must have built into them the 
\_: -; ~ ; , l j 

ability to apply theorems like 

xCY/\ y<;:.z~xcz and 

oE xl\xCy~oE Y 

\. 

otherwise the functions would not be able to make f~ll us~ of the 
j ' 1 ' 1.-.·_j :J ,·:,n ""t :::,r,: f _.' 

usually limited informatio~ avaHab_le i_n th~ -~o.rm of\ e.:tr~ic,~f- ~inks. 
• ~ - .• ,~ •.• ~ ·"'", \. ( -~ ~.· ••• ~- ,°~ .,, ;,-~J 1.•.1,1.__.'rr.:1. -::·, ~ ~- 1 J 1 1 .. :-· 

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

these theorems, then the set of questions .~hi.ch .can b~ a.11s",re.d h 
, i f Vo: _) ;._ \,' _j· X , ,"'-.. t ••• ,~ r ! \: ") 

independent of the presence or absence of explicit links which provide 
. ·.;1_,.,\l i~ t :.r-' .. : ., ~?f•_dt; ,.,E}c:~L , 

1 ~<--'· _;\·g 't .. , 'r· 

the information to the right of the "~", provided the information to 
'?, • .1·, 

the left of the ":::>" is available. 
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The "STREAMLINE" operation starts w:i.iti th~ object.! which, is its 

araument I and consider's all obJ~cts ,ltio.ked' to i, di~e\cdy 'or indirectly I 
,, _ . _ ,', , -,. ; .. ,'.c: •. ~:.,~(::1,.., },;,- ,·:L'l[":-~·.'._;·,b -~·,-,_.: '. ··_ .:. -, ✓ 

through set-inclusion or eet-member1bip. All explicit Hnks-· Uiob.g l:nese 
'. • ' ' , : . ': •· ~:. ; c: "j - ', -:i~-· -~ . : . · .1 _)";'I;:· ·:/ • 

objects which can aho be dedu'cecfi,y-·v•i°i)f the .atio:Ye ltnow theorems are 

4eleted. 
:1: :_.- _,: {i ~- .'. ;" J. ' - _ .' • • .... 

BIMDl y AND z)" indicates that whatever links were created by some 

sentence of a. form similar to. "(E'IEBi -~;ls'~ y)" ar~-- bei~~ 'deleted, 
, : , ,. • , ;· t, ~- _(. ;, : _i_ ·~• '" ' ' ,) .• i.;,_ -_I -;' • 

and the space they occupied ii being made available for other use. 

In the above example,. th'e STUAMLtNB -~per~t
0

1~ntd~f~'tei~r~ than' 

half the existing links, at no' r~du~tioi3t1n~''th~" ~~~stion~answe;ing 

,, - - , . ;~ ,- -, : L •:;. ~ .:,; f·; 
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'fotmittic,n. 

l) 1 Program ors:anhat ion: · The present :compute'r · implement at inn of 
SIR is' an int'etde'i,ebdenf coll~ctier,. of apecial1.y' cfi'itgned subptogtatas. ·. 

Each df:ff-erellt i 1nf6rmati'oh ·storage' ot tetrie~at bp~t-atio'n ilfl · controlled,' 

by a different subprogram. 

·-such a diffu'.-e ptogra structure has a certain acn,antase; for pro

du-cirig early resulta widi a new expettMt,nta1· ayst~/ sttt win '~ri:.; 

marn, developed as an expe1:iment,~'l.- v-eht'cte. thrlJul}l 1ihich one' may learn 

th~ best forms ot infoniation reprbettt'atibll atid~'the'be'St storaie and 

retril..eva1 procedurei 1
• • ·As an exper1inent~11 dnfc~ ,-"'Sill' must 'be easily·· 

,I. 

progi'amner nttiat t,-e able to leirrn the: mbljit ii'aiftil' 'i:n'ter~r-et•t fohs of· ~ ·· · · 

relational statements and the most useful responses the system should" ·. 

make. Th'is learning· takes place is' h,r h·les ~ J by '·mean~- rif atf ~ 

changes to the program, different lnterpr~tatfona and'"d'i'ffeient, response 

modes. '.L1,.ese prbgtatn 'changes are e'as1eflt 1 t&,i,iatte" if, the Jh,grini cbn- '\"' 

sists of many separat~ subpr6grams wlti\but much over~il. strtict:ute. 

A's such a systerti"gtow's mor·e cotnpffi:at~a,' eaeh ch~nge 1.r{a sub- ' 

progrsm. tllay af feet tnO!'e of the other subprografu~. 'l't\~ at-til'ctore ' 

becomes mbre' amatd' IM 'more dtfficu'i'f. t6 &ehetal1te'ae its size 

increases. · Fina tty, the system' 'may· beb8ine -'too t'.i~i~1.dy' for' futthet 

expettmentat:tbn. (Stlt ts presently Cl()S~ t:b th'i',i 'po4.rtt: of d':litii.'tiishihg'

returns ~) · 

However, by the time this barrier ts' reached mat>.y fruitful tthuHt:$ 

may have been attained •. M .h.2£ features'may 'co~lejce '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 ' 1knowledge" 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 che 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 chen 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 
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opjecti-.r.e 'BlUSt be tirl>PrQacltecl by aucces-..lve · ~taxtmit'tone. A·· uaode1-

.co~roll~d' syatau eanMt n d~st-gp;eit 'at·'the"'~-sft·• ~i---:tbi'fott~ngui • 

~~. In order t.q store all the significant, coQ.trolling information in 
~be model, w.e mu~t f1.nt discover what,._5;1ut;11tes the significant;_ 
iJJ.fQ~llt!•n'•<tjt _,; i~ i~j iilf&~ion.: dUll:lf"JJ,iil ~ ::>".Aftek'/dev• l• 
ppiµg anf woi:-kable program-plus ... model SJetem wear~ !n a better 
,~1iti.QJ1, ti ~eog~i-•'1trii'tr~i1tlde5 li•!liei0 1.A111 tB trllrisfeif • _, · , ... 
control of ~he,n._to the.mod~l. .,. J': ;),.~, .:n,!, ·:;:.., 

1 

b. The. vdue ~mi efficiency of. the SfSt~ depends upon tl:ie structure ., 
of Jthe '•4iH { ilfulYtl\e"·•aMter 1 f.nX..W,ii!fi:<t;fij iiiojt~:t.tta~4elU itlt•r;af i :) •C 

One s.hould limi; the ~~lexity o~ the 1JlOd~l until tbe organi,ation . , 
"' the ~el· aw!; ot 1tfl~ 1 ,ierilfft 1j1tfil.•3fc•••Fbjen!.;,,s.ea•Hist6leij;'. ,; .,·· . ., 

Ci:' 'fhe ptt,llJ• of--''ittw't<, 'expreJj?~oiitraHf.fig 0 lttfo•tfHd iti{ch -we ; i' '"T 
wish to add to ~he ~!,!l, .!•.S.•, how b~st: ~o deacri~e search and 
deductlifa-ptoeed#tea j'~uil! 71>i 01olvidntUit1j1t!fb1t&•ci,roil'-l1 ef" :., · 
npresenti":)8 ,•mi ~t~~fJ!;~ft f_hat .,~;,o!'"ti~f:1 o~q4\L ~~ i! ~n ~h,e ,m~~el. ", 
J9i,ndha1 · ff.I~ cUiicrtlinj 1u~ c&ritri!~-pi8teitie•"11te 3 iist.tt to ' .. ·. 
devise after s0111e e~plil;o ience ha.1 been g«ained in the use. o_f s i,milar 
prqc::edurea ~' 'k'thfi ;eitpii'iiiicef; ff Uftftt~~ ii 1iiaiy:if8nc!eve lc>p ;;tfirougfi j "' · 

e~peri'inent~~i~n ,with :he J!ftr~ ~~r~+~n ___ o~ f~l~~i~d ,~•~n~ic ... 
iJl,fO~illtiOft rl!t!tf.levaf»ijr~.~r.,c. '··'• ·'· '··''"' 1 '· · h '· '· , .. • 

r,. -s~·1th 1\\tld•t efflisfsts ·Qnry· of ti.,ct-fpt£~ddt'bbfefts3and 

~t ~lasses. The nUlllber, kin4, and inttit,ffit'jff.c,n 'cH••·;tlfi Icffise'rfpt¢:fs 

(attribut·es) in t·he "!IQdel fs- d-e'~tilai-WU ~~'lthi'-}troct•f ffiJ ~·tnfonttet~on 

~bo4t how ~1:l'te me~n~fftp of ctin:a&\ L.Mt6frfblte'~• ·"'~e ;,:ijtft'id 1't0'~1e~c±n''8tber ' -·· 

,t 

' 

hl-thaugh "&lll' ':fls ;~lftrrgi~, ilfWit.,il\ ifufu1it:fi"n1{"··exp·et'feriett ,:· 

with -the'·8"8tem 'fttt -~Wt'ilis t'6i tl'reh1fo:&tt ~fe'•"f Jc~u8'hfideni'lyi'' 1 

p:ro,091;1 •n imprc:wed.;' 'pt1,c,rbi'1'ifttt-'.,_tWat;, :s:~:-~~~ecf fn' 

s~~t-io• I' ._. e below' ~• :the' 'now ll't'O\refn11fi•C"rl\>tlfo~:..-'ff•t organtz'a'..; 

tion for the ~l; i!- '!riet1!•'sew t!m.Vvaz<n:eyfll'f 'daea'~--,~ 1Jicrre\.t-

in thei ·mbd~l; it t:nnafffs 'somtf df tbe •itifti~au:'tch 1r&bt.ft! tW~ ..ettfbut~ 
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system. 

~ .... ,:;) < _-: :, (fl •;. rf cl O ::.; • ~• '. ,C '. ~ •-

imp roved, I must first introduce some notation. As described in 
:.} ,'. ( i. .. ~· ! ' _.. .t -_: f . ,- .,. _,• J ! :l ') . _:. i ~ fl 

Sec;tq~·;liiiDtJ;, ~aGp rda;iqn ip tb,,~~fy,;~ .. ~B:1 •Jd1f~~ic. 1;~1 .. t.iqa 

Table "4,,. a~ve, t;µe ,c:;1;>1~respon4,-,¢e-,1?~~1Je@t1, i;-~i~t~on,,7~•~ ~~4 ._ttrt'!"'. 
• • -••••• '- • •P 

. . ... . .. ~ -~ ': t' \•,'C , _. " • .; '..J,_,: "! : :: ; Cf} 

bute names. 8fld ~ .t~if'l Engl.¼,..~; i,n~~~tr,ti~l~th~r,,fi!~5~,,z:fi~~tion, :-,,;, <> 

, :..r ·. 1 • . ~- -~ f n 1 f: : ·: ;..;, r: :J .'.-1 r: ~ s : ; : , . , :i ',. 1 i • 1 

Note that I use ~\le, famf.Ua:r, i~(µc,,/Jc;;.'_' ~~L"~~ _;.for; @~t-~~'1,l11,$~c;>n, 
! ... _:,. . . 1.- i., . ff",:,-i:;_,-_! ~·.·,lu1 ~-~ __ , · ':·:.·t4 .-~;-:·,: · 

and set~~~~rsh~lh respect; :l.vely, a~~qup f'-~f:t. iq~t not~tion, . 
.. • ~ • __ ;' · .. - . _j -[,. u ~i;r-..., ·1 ,~: - · -~ ~ :·} rt .:~- 11 "J ' : : __ . ·' 

.!!•.&•, "equiv[x;y]," is used for all ot1ier·T1~~~~9,na~ A~~Q, the_ 

with.apee,ified<a~gU1J1EU1ts (call&4,,~ ;9:ctdj,qt,ti,l:. i~,."~~,,•~:,~t • ~ly 

if any . .r~oo.a,qie _ttJ&;Lish ;~terp.~~~~,_,qf ~ ,,;~·,e~ii;>pal,,~t•t.,ae~t• 

is a true English statement. An English interpz:~~a.,1J,hould_ .-~ 

conside:i;~cl llreas0.Ila.\>,l~l' ,qi;ily .if .~h~ ~~u~~-;-:½•.~~,,. ;Jlrqp~,,~. ~~t 

of the systtpJa llf'l.Uld .tr-aq,s:l,a~,e it ~~ptpi:_;t~ iJiF~.Z:~~~l ~t.alt;.em8At. 

A re lat ioll li[,itll f~f:l.f.~~4 :,objects :Ali: :~8~,, ~l~!lJ;,M ,t~ue i,f the, 

obj~~:ts,,ar,e li.I~~~~st.~ tbp JllOP.~,J~y t~.1i9t~~~: ~~ell, ~9~~spoQ4,.to, 



Relation 

:itc:!.'y~ 

,t't y; 

itft1i\l'( x; yf 

owng[x;y} 

own[x;y) 

partg[x;y] 
. _ _:·_1: {) 

Attribute on 
l).rppertr list 
t:,'! 'x ,' ' ' r 

;SUPftStt 

MDmi(. 

E~.;~, 

OWNED-JSY-~CH 
..; i ~: ,,, 

OWNED 
·-it-

J :' 

~,'.'..!°ls· -,ti~•:,·•·

, ;•,itl and'f) name" 

. ,. 9pJ_~ct, ! 
-~ ~ ,..1 ....... _ .-j . 

~Y8fY 1. owns ., .... '• , ..... 

part[x;y] 
,, 

SJJP~~T 

LEFT. 

~.rt .i .~s i rart of J. ~ .; 
The x is to. the .right 

! ) 6£ iti/i_;- - ,' -" 

jright[ it y} JWT rri'~ 1{is jusf'to thi1 

1.fifal}t-,g'7-n,~~e,.~• · ,,~ 

Table a: REt,\TlONAL ~+I°' 
,, ," •: ' ) ... <{, . ! . -' !-, .l 

':,.. ')• 1_', · . .:,_ :" •• ;; :,.,:·_·; 

available iri the model or in the program. 

SIR contains 
J, 

each relation in 

a separate subpr9,1r8f11 for. ~te:npin,ing "truth" for .. 
.,. . : -~ , ·.·•_;; .. •-;~-, :r:; · . .;.'., ,. 1' ' .,. r .f 

the system •.. : ~e~e are tt~ ~u!,~o~,r~~'- ~es~~n,.ip,le 

anew.er iJlg •.•yes•o~~~ol' <l,1Jest io~s. ,, Fo~ e?C~Je? ., ~~e; an.sw,I 1 ;o ~pe, 

fqr 

"is the chair to the.right of th~ table?" woul<:\ be found by 
.' . , . : . ,· "'.',; - '..- .:J',,+; ·-:. . : ,t" ; . ·, ,• ·.:. j ,-. 

,, SlJbprogram called "righ;q" which. dea,l,cs ~it}:i tlle t1;uth of tll,e "rJsht'_', 
~ • ;. _:• \'· ,,. ~-· ' .,, • ,1. ''·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 ·aevelopment of sti:ji:pJedures;'to/~~t~~i:4hing the 
• '~ -•-"4 ~• -_ • •• •~-• ........ ,,.,• O,,-,- -~""'"' ,----.,, -••h•---•H<" - -~•,...,.,,.__,_...,....,..,_,._,~. , • -•-~,_,..••••••"----

truth of rel,~tJon, ,PJ•d to be explf:J°:~JifndependentlfmffJ;p~ch relati.f~,:~ 

and so a sepa;-aJe. program was ~~Jtor each rela~t;:-; The deta9~~ 

consider how to
5
g~nei'alize the system, the time has come to look for 

conmen featJre• of these"·s~l>pt;bgfiliiii;:( ", Such c~~t\~~~'i.ti'es coula. 

serve as the baris fbr a simpler;;?~fl1 unified progrJti~¥ucture·~.". ;:,,-ro 

Inde~d\· s~ch'' c~n-• feat~:r'el-h~vt?f1lk
1nc; fo~ii¼;-'l~a1'tfrf'1;fi expti,it~r ,,,,~ 

in the j gener·a1 system to be desc;iiii'fin Sect ion.1V·'~Ka'1c~· be lo~.' :.· . ' ',, ½: 

.,.. to s~lJp-lZl'1·1£:y the truth-test;···1··n:i.gI prLcre·a'"u1 ➔r,fe\'s''" ·.-· ~~ 'Th'e"' first'. $t~~ jit trying ....... ,1 o 

is, ~o.~xpre~s ~h, l:'lffcedures in s.~F.R:rlr.way that theirT"i>~Jfati~~~]~i,~t;:; 
~-~-

easily be-'iimip.arecf' and understood. In practice each of the truth-

testing subprograms operates by searching the model, looking for 

certain combinations of'aHfi~ut~;-:1iflitf;5! H~et~i~·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 
:·-1~ _: ·., ,.~ -;-~i; '.'···.- ' '.' : .. \ . :. c~f: ·

1
;L)f1_;1.'·i .~.~:--:.· ·..;-CT Lf·.~· ~G·.:-.rn . .;,··.1,q • i-J J 

procedures are conveniently expressible in the first-order predicate 
.;;Ja-~:-~:-::;n ~:;:r!.-; tJJ ··:·'~ :. ·):·~;"- •: 1

·· :T; -J.::.1r-:: .,-_.-:; 

calculus (the "quantificational calculus"). 

Fi:e~u~~tty;'~he'' t'rJt11- of; a' pref:i.~il:i?a'~peria~·up~h the'; f'acf'fh~t
2 

th~ rel~ffi>ri i~vo'i=v1,f'tiiitil sp~c'ia'l p~~t~rty~'=J:I: /~fa;IlSi~ivlH/~·s :i~n;c; 

These pf~ie·rtie'~;'ii' rerl~tl~nf;inly coiivenf~¥ltiy
3

~~ diicflb~d by :"a~lih'i: 
tion"' stateriien~~ ,in ~l~h- ~ 'bo~ncf v~i-\-ia!1tjt~fulfrJi- fh~ ~~e- ~'i~~p 
un~p:eclfi'ed; r~'1at:l~n! C''rbeJe • aetH1if i~~l~r;P~iii>G ~f,t~~~i~tlB~i'~~lch 



Sl&,:qletriotia :.-

S~try: J (P} •4f C'l(~l(':,:,'y)(f[;J:;y] .. PLy;xJ 1 

Re fl ex iv it y: ll ( P) •d l ('"ff ~t,{J~i Ill 

Transitivity: ;J'(P) •df (Yx)(';;r'y)("(ig)[P[,x;y)AP[y;z] ~ P{x;zU 

The following logical ffnte•e•:hc>'l4 ~hco~lhout SIR and represent 

basic pr~perties of the "equiv" l'.el~t~~: , 

('ff/P)r(-.'i~)(~}""JJi){flx;yl,AtifUlv[x;,~l 191{ z; y] 1 

(\,JP) (v'x) (Vy) ('d'z)[ Ptx; y] A-..MY:l-ti •,Pix; i]) 

~-. 
testing. These sta'tementi were obt,ainJd by atudyi~g tlle SIil ,ut,.. 

. f .. 

program~~ and t;h.~y'. ~~ly ~~~-.~~-:RNt OfUU!"ation of those sub-

programei except :fi<tt: ,tha. foUQWit\8.: 
; ~; ... 

a. All quantifi~u :,J'~; IJV~t< o~~, ·1Ml.,. irWt~ :gniverse of objects• 
classes, and relations represented in the mQOel, 

b. Each subprogram contains built .. J~;~-1.-.... for searching the 
model in the course•~ t~;i.:na tnt ~j--,ot tJw de4\lction procedures, 
The linkage •r;w:~ ~f-,••~\ ,,1:l~ "fhe ,.ppgi-._ to make direct; 
exhaustive S~_;~- ,w,.r~ ~t ,JIIJ'tiOl'\S ()f the BlQdel. 

: . X : - , ; . ·.• . ' .. , ; :: -J. ~ _,,,, 

c. When alternative deduction proceduree. are available for teating E! 
pr~icate, each subprogram specifies the order in •i~h the procedures 
should be attempted. As is illuetrate-4 'by the "Exception Principle" 
(Section V .B~'"°iit:'tJJJaiiAU sgf att ...... :JtcllJl___,tJIIIS~'M :ll!IIY resuH 
in different anawers to a question. Thi.a ••tu1 th4lt, fr°'1 a ~rely 
predicate ... calculus point of view, t~J~ucti~~. pr_~~~~. ~~ge~.-th~er .. 
with th~ ;~tl?io-·~ ia dte J11111Ull~#J,,~.t• ,:;~_._.., :,'' 
aystq. Therefore the order in which detluct:ion procedures are-~sed 
influences the answers obtained. I.n the present fona of SIil the 
ordering rule has been that those proeed~e• dealing with indirect 
links are to be used only if no answttr can l>e obtained by using those 
procedures dealing with more direct links. 
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d. Each , subprogram, is independent ·aid .eouta.ilnau ~Lett• ,rep:')81Mf for,, 
its deduction procedures. Since some of the deduction procedures in 
different subprs...-. 'as"'=i ad.mi,,Jiar,,_ .8C3111!E! ;,prap:;aar.,....,.ta0appan r Lin/ 
several times in the SIR system. For .example, programs which test 
whet:har ..a· pa~i... ,:4-J.aas- fn.ol-wtion,;relatmit ~ilotde -.Peta ,~to-,~ of 
the truth-testing subprograms. This program redundancy results from 
the independent subprogram organization of SIR and should '-'lle.iNa«We<l:I .--: 
in a more uniform system. 

Relation being tested 

equiv 

owng 

own'· 

partg 

part 

right, jright 

,. - '···' ' * Deductwa Proci@4ures · 

l.' :.T'{C} . ,_·1f;~, 
2. x=y ♦ xCy 
3. -equivfx~y;}·=),KC.y ,.·),.j> 

8. """<Nng{JJC ;JC½ . .: ,--·\ : .,, · · ~. _ /: .:i: ·\7.• ---~ ~- '.; ; ( ',' ·•:·~ ·, ( (1 ': . 

9. owng[x;y]AzCy ~ owng[x;z] 
10. , ,OWlltJ{.xfY'JlA--C~ ~c:;,::J-t" 

'l '1-. ' ;own{Xi; rlAlt€'4 .. icM.I(~; ,r· ' · 
12. owng[ x; YlA z£y ::> own[x; z] 

. ~ .. ;· :·. ~ 1:~ ~) ,:, :: ~Lv 2 Jf!'.J,cr;:"'-: ::~ .'. ,?: 1.·! 

13. -partg[x;x] 
14 •• -_ pan:afK1Yl~.-Cy ·♦~ :Jt;itJ: 

1s. part[x;yJA.2'C••~ff'tJOZr-,;l) Jc,· 

16. part[x;y]A.partg{z;:x) ~ part[z;y] 
17 •' 1 •part~fiti; yJ¼-z~-. pe'-¥(«~~ c., .: ··,_, ~· '. r < 

. :. 1 . d.i L-... -· .. _ .. :_.i~(~~~-- ~f1:>i~;,1f~j; ;_;.;i:;: __ ;:-;>-.~r.f~r.;_i.) 

18. right[x;y]::::>-right[y;x] 
19 • .3"'{: right J- J : i 
20. jrtlbthttJ~J • g~f-kf,1 J. 

2!1,. - :Jr_~fiz-.; ,~~d;..JJ. l."_:lglt-tf~:;-iy}" 
qg.. j'ti9'hctx3;e')Jlil~•~-fki;:y}0 1~ '· .-1 i •r. -rix,_, 
23. right[x;y]A right(y;z)~ -jright[x;z) 

·,:JrJ"[(~ ;"iC,i J';.'.:·~.-Jb 9·,/: 1~.,f;·~, . .:.Jis n~;dW .. ~J. 



101 

11n1s far I have been discussing only, t'bo•e parot••• wb*ch: ena.!•r 

iiyes;..O't' .. no" questions. More cotnplex 4uestions, .eaoh. ae,''Wh•r• ,iilt:the .. 

table?'': _, "'ffw,m,11:1, finger• •••• .loha,~hnef'1', .: "•4•if• ,diUetenci, 

queitioiliita~el'ia9, proeadut111 •. ·r1Sllt· •olllliai:: •••·•••u t•na) lit1l>pt011r•L 

for- ••~h ,of ttul•E! tc,mptn ·ct"•tta t ... r,:;flle•d.1i...,.te1raaa ,rilLlte'., 

dUcbflied' fllt1ihas,. iarfat•--•ptt ,a.J1:,a1w ... , ;,, , ,_:r , 

$1.ife!\' a :tHtU••t• fottaa1, e:,•te~r:i 1epaite~ 1su.th+1taating1. sultprogtam 

for Ui:ft tU11iott ill- tha:,s•• S!,tttiadf0bld11ao1,,a. • ....... ,y. - Iat.eaadj, 

a •Ut~li! t•tt•oofapocech&t1 11,,pcogta ,it1tloteni1foi'oaneireflilgt ell,· 

of such a fc».-al ■Jitimu ,ffewat11 ,miba·ra4'udJ 0f2;,tbeseir-Max!01U1L hes:, :.: , 

auggi!dtd at:11lt1fllati••,,1,ne•rwhUbt4.t.;-,.• ~l'1!,:,1mere·ilitu4c:Uteiy 

tneart:i.ttgful, and easier to e~•etack-t(r-)rt•!.!_11,l@'°-ntB..:!:; Dh.:..!!jetaativeL 

· ,fotm11l 1,stea ti 1tlui, atibJ•ot bf .r&b'-• )aeu<iba1~ , '; :L~, 

1) tl\l:!ta5Ufift, , t't,o &t•laai.HA :~W.eta•tt.'1 tf,,;art:,dfder ~o .... ,:) . 

the t~uth, t&f • prHluta iiwolY:.t•••,Jef,ithentt:e1ati•nt:;i it .>udteeetsary 

firll to t•st ttlti l:tlltfl,c•Of' loMTpreflu•teqd.WWot•~--- Nhi!fii::!Whtia,., 

•~•" · 1w · ot ,Jtt>J'I, l'tilal<lOl\s'! •H>Ut-qU '" tilllllll dadlittt~tfeceilttl'e. ·: 

statetnilftt 1tt·r1bte,~.,'N! aaiy . .1a,:11l•·,•1utM'llitlat~ iatua~,, 

trtt~t'~ct1.ol\8,imay, t.i cleistft.edetbhraall)!,tlaf. fotl ... l 

In t,a.t e\."li~t1.oo.• ' bun11n.-: i-ralilt Lotte. _....,.J, mfeMI._. •• .S.midar', ttr: JiMt£k, 
other. (This !'ailnilarity" will be defined more' pre~iaely tn Section 2 
below.) 

·. 
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c. Interactions which arise principally because of some peculiarity 
of'.5!.!!!.r•offclte··reaiatio11.11 ia.vdl~•- ·,,,,i2.':l1J)c:·,1 :1·1'.!<J 1s1 2·, 

,.:;: ... -~ 
'' ..::.i-' 

system to allow for the interactions. With the present system, this 

means modifying each of the questio~••11r1riqcaul>prop•nw2.IH~d.1tedr 

actions between relations in the system. For ex..,aeri..fpS'Ul· ii 

Almost all the interacttiou,,aceedated fost ine:: the·1pr.esent :9Jstem end 

in the deduction procedures of Table b. are of type "a," "b," or "c," 

aci:ording tobtbe:-, above i:la••ifitijti.oclr uheaec.,.;-! ·.!.tit..n~l,-~f' i&1.Yo~ve( the 

·:· 1 relat:iona . .f or Ctc,relatic,nenwhNe':::lmea~r,ve 1im:ilatr1qor relO.i•o.s;,: .. 
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actions may still exist, they will be' easy to qescr.tbe'·•tid W>d:l.fy. 
r • · ~ , ; t '., •., · 

For ~a11tple, a single ei'11ple sutemeiit · wtl1 'be •uff~i•~t to IJlSke · 
i •• _ ·\ r : .; · ~-, : · , ·: ···· r t -

the ay,tem '' aware" of the i~ter ,_ct io_l'! , ~~ ... en, pt!tfyhe>h,, ~~, ~~et- _ 

ship relation• illustrated in the ~teviou• ~P•t-~ataphl . 

· 2) _- S~lt;: A,B,tat$•!J,,t~~~~ !fet"!~o~ ;t$!L~~~/n&;, m~ -. 
· foimal system catted "S!lll" to be propoitd ·hete·'11'f.l1·~0.•bt of!' 

definitipne. of certain terms, including tet11UJ.•Uh:-:~~i-l>e--.atrings 
- - - ---,_-. • • -_ · --- r '- ·: :r·: __ ,,- :· · ·· 

of snil>ols;' a sb1ndard interpret~tion'foi:-:t:hr''·*"~-~~;> ~ttd_·•: 

logical method for. d,termi\l,ing whethe.r cer,t~i,n, string,i call~ 
_1 • , • '; • • - - J, r·. t:S-, ·_, •. , i : •. • .• 

--·"·~~-----· -~ <•• 

':'sentences" of Sllll are lltrue. 0
: the stgpiftc41tice'~t·,che'ey1t~ is 

. . ' ' .. -,- ' .. ,":· '. , -

that all "yes-or-no" queatiotlJ wfl:U;h.' ¢.liin· ~· · ani~~t"~: by sttt, iind a 
. ' ', ' . ,_; .-_, ·,:: .: . ;,.,. -.-:.~'> .. ~:-··· 'i' ,} :,..◄ ; 

gre~~ llUIJlY whic~ cannot' are expt~,~~bJe a•A,~t~~/J~ ~~t,;'.rf ~; 
• , , • ! , < • ., _ • • ,• • , • ~· •• , • i l • , I •-, .• i • • 

the at~u11dard interpreta~ioll ot a fo;m~l •,nf11:',~~ if!'L its fOff'~ponding 
........... ,,._,,..,,. .. -.,------·"-- ·"~· '"-~--

English quest ion. further, if a sentenoe 18 ''1t.tue"1 trl, 811.-J., then the 
~ ' ·i-: · • ,._ -~~~f ':~·,"rr_.)} 1·- , _; , . 

answer to its corresponding quest ion' is 1•yei." "~ae pbtnts ·..,111 be 

illustrated by •~ample& below. A C0111P.Utet UlplelllGntsticrt· of 'Stll 
~ : : ··, . ,. . 

will be discuesed in Section C of this chapter. 

a. Definitions: 

basic obiect -=df any object ~ich iat dc!acid,w~--,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 

bafic rehti-op •df a symbol whic.h naaes • _relation whose argu• 
ments must all be basic objects. : · - ' - · · 

variable -df s syrttbol used in place of the:rtafne df-~ unspeci
fied object deecribed in the lll04~1 •. , 'tbe, at._.r-d tnt,erpretat;lon of 
the rtame Clf atlobje!ct is, of cdtit'11e~''the object'.i~~eif. - - -- · 

basic predicate =df a baslc reiatlort wt1ttett iiS a function of the 
namea of basic objects or of variables which stand ~or the naaes of 
basic objects. The standard interpretation of a predicate is that ;he 
specified relation holds between the specified objects. 
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'., Ji~w.1aa~ifi&I1)~~Leg~~h9f;8h~: ¥~:H b".(~Jf1Ef2)J;; 0 rL,'.'(4;Yq_fY~ 'II 
where v1 is any variable and vi is any varia 1e, any ooject name, or 
the,j1;1p~c~,1 ;~~iwt :,11

,c1'1"hi~~: . .,s ~~B!:tt9{ :'!RP,1-;1IghPN8, .~r~ifwrs 
are related in the first-order predicate'cl1culus as foliows: 

,·(;)'(\/al!~) dt(~h '~a'i 1(V'cJ'1) [cx~x 3~i(&Yt ,dJ :k s~,. ,r,: : ; i :• i ~ :,d J 

(3aEx)[ R[a] Lr9ii{~'3g~MUqJ~~~[<;Ji! ,, ; jc., ,.: ,., ; • , · : ' • ·, , rd,,: c,; :, . 

where (VaEM) and (~aEM) are the usual universal and existential 
quantifiers of mathematical logic, respectively, except for an explicit 
remind~R'rthe;nf'IJ~~:t !~~~Ir . ove,~ 89'!1v ~h!si+.4-e!t~~V™:'-!~~s~ ~fJl9~j eF!B · 
describe<l. inc,•c:he mode1:;·· amt-t(ut··tt any pted1:eati, ilttrougft it ·usually 
cont~t~s ~ 't ,• !~~,sf J ~Be ... o~pu~r~PR~-,ef.,!~h~h s~~•igr;,,,~ ,!~, ;, ,~8~1%4'. 

< f:: 4q.8E.;;s2tn&ii1ae~!9n ,ot,, ~H~n,,.ii i~ij~q~: S~f ~~c,';Q{§J ~l'df\l~J:!e!~:,;I 
is anyE-quanti ier. The first varlaole in Q is then cal ed bouna 
by thesE. 1}ij~an~Hbff,~;!oir19f :~ 1 fq,:;: ,1\!:l-1,~lf q~~ui~!Bli,!?. ip Q; iJ~44J:.p,"SL 
including occurrences as the secon3 varia&1e or otlier t-quantifiers. 

A li~k;predi~~te' i~ I defined '~~~u~si~~,fy1''~f}gd~~s ~ ',, or;; i ,, : .J. ;,'), 

i) :, ~::i1?,~ic;1R!e4?.c4;,rr,:!f 0
; ,.Jfg.k:•q~;edilf''" i:,1r; '..iiI2 : . r'.•.J·: ; • ; ' 

i~~;l;:L~i;~1;:ri!;1if;~i~i!~:1i;~;;::t·;1~1k;;:~:~~:::·:~-
;i~1P~•jl-~a1r,s a~~:; 9fh ~8 ~4 Ef ,j f~P,flr,tJJt}\188 ~ j8~n&9erf,f~~tfRe*. lffl.i'f~ 
ar~ represented oy attribute links in the present version of SIR. 

;:J .' Di'A'j;~n~ fo~d!io~~l~;'t~tt('i~
1 
d~f!~e~l°~~~~~~·1~:1r a~~r1~'11bis 't ' 

th ,,,,t~!~~~i::t!~!f?i':ii:crigJ -~twtfi~ i~s~\~1£. 'Lc:i:;, r'c:,: ,.: ~ 
~ii) :A!}Yc~n•µ,,n;g~,atil<;>IJ.:,Of ,,W~tr!,9,pw~tr ~·, ~','l :: j , j '::J'.;,i,, 

occ~~:~~=~u~~,:~: :, ~~:i~t; ~:~~~::~~a~t ~~f ~!~i~!i~l~;!:i:s~ ~f t~~'T ~~~ta in-
ing that occurrence. 

A sentence =df a wff which contains no free vari~~~~•~ u.l, 'JO 

:c __ A~:,198~eS&JP1ifd~lil~e :;~~ ~ ,wg, ~i59,"~~ti,~ps1 fl~a!t,~r,,gn~ _ ~;:~e 
v,;t:J,,§1~,": ._, .i,'J,.:'': , ,]L.•cr•J ;-,·r,1' - ,,,;! >,.,·1 ·,·:,: 

';l;l)e a1a:esis-i8f,_,S,~1J.l,,~t;e ,~e~~e1,1~e~.:~~~q, .1HP~~ ~tiJt1'1ar~ !'il~E:fpreta-
r,·, •: ·· - , • __ ..__ '. ':-~ --f ·. ··-. ···· 1 ·- ·•·~-J.,.. 0 • • ':J ~~ ;.., -i~ .,, ..... ,,,;,_ ', .. :;;,.,,,; ~ 

don, d~s~rib~, ;r;qp~rt~e,'.p()~d~x!4ii~t b~s~~ ·:reii,~~~Rn~:~a~~ '~~ifiif~. 
' . . ,_ 
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·-
1 Any !t~fttet\rl~ 'irt 8!if ~itfU''trafij<flJrMd fiitbiafc,feitette,ttfH ffie°' 1 · 

stat\dai!i'. ft:rtt.i.ti4et''pti!a1e•te 11~afitfdl':;hl\t'';ffttu~ift~Mf6nii ca!e~ius") 

r,y· 1~uf"f :thi' eteh f-'4d~B.!ii!t t~ttP Hi 1 ttflld11f6tti'ibj'_jli•e, 6f :'fM••,· ·: '; · , ,; 

eqii'~t i<ffls (i); ,·™s~i\itt"dfn'itftH.j1 tffj'-'H~ff XJht:)ttti"·usuii ·1!RQ~t:iott 

pfti~i!utif' of tfte(l\'dattttf:le~fiMiWl'''t!ilctHu11::,,,1 1acctet,Ealle! deaae- 1 }j ?, 

t iott ptrsc•Su:r~ii. iif Stll12 ' fftetfftiJt~, 1'iltybtfti8idi'-pf.Wt&li'; ftMr'.sflll 

8lt1~0 'lxi·H~~ iju'11tifi~att6Ajt'i ~at0itii'' if!i~•e ~1tfieiWemfra11 Sill';';,·:, . 

..!·.!•, it is a i•true" 11,trtt!tt~• ~~i!U1°ptbti4i1f:i''@M"i . .,ai't<1itti•rt«Ht:, , 

iri'tt··ail ~'.•~tfiffi1 nl!.artlie1s~ trtbfli•~'~tdi ijf•~the·'t&rfeflt 9'4el. \' 
' ~ '·, i: ~ J j "i -~)t"·~:? ') f ! ·t ,;; ~➔ 2. , .. , ':J ~i -c; . 

J.t1 of~.er( °!'o~ds.~,,,~.H'l, ~~r iif,~~~f rf,, t~~ ,,~~~~!:~i1~-~~i~~~l., c_~l~~lus ( 

This reducibility provides' tVi;'#l'H\ lit:~ ~c-11-.1,:-·-ttre 'lllitlicrihP of' · 
2~~ ('.:) 

qtisntificational calculufi, such ftd-·t~rlli-urit"m<ff)le'Mvatlot\ ·; ;]"' 

.•,;,(11:fta-'t'Ula1'1~du~4:d1,n..:, ~';;\:'fdf' 1.~ha<Wt.Miet:Ir~~--.b1 IA:ll·'triJi t C 

'J) 

~~wr$!1!·• ; r H~e~~t~ ~i ~~1 _pee_~,~ if,fe_f.~~~l~ ::f:f e,Jirr~d~. ~~~~d• _ p,~ ,Jesr~ng 
, F~~- ~1,ti~tf ~t'~itJ:'~~t~~i~~;t.~~~~11:,~'.~~r "ffl:tl-?~~ ~~• ~~•:~· 
testing methods tdlittYtJ~- ~etidrtftWI ~ t:'frf 'ionif,~i:r"ittt;'~f-t'!bh-· 1

''' 

'; \ F O j 11. ,/\ .. ~ ~. ; \ l (' ' ; ~ /'··. l ,; '.,· j /l 

stH:ute th~ bdi~l -~if~•'tlbn .. ildttttt-injj ~httitif df-'tlaf ·~t'1lllz~ · _,,, 
\i'> J_ .:' ,- J:"·,: 

semantic ihfbrmetion retrieval syst•11iL.,/J~;/ t&!.ah1ahi iflfit 

des~~1~i' a t:dt"fii.'y' '°W,t,MJ~iit' J~~~ •~;~li\clifii~trat·es 
1 , , ,.,,:,_,.,.~:, •. '.: ,~•~1.~-1 :J v__d t"'.2."~ .~~lJ11 1 JJfr .. , 1G;::;,; ·': ·1r.;-~:1··: 

t~~t 'ii !~t!1~1~1f;~t~~~~ ,~~w~ jp~i:~l::~~,~~~1~2~:, ~~~~,:.'. --~; 
sehtences with respect to particular Stltt 1 ~.t1•. !. ~11~'efffhQfh\: ;, ' 

heuristic approach vill be described in pat•araph c.2 below. 

The i:Jtai m<>del is quite similar to the w-lf\iVffll _l>r,it''-t'Olii-i.,i:s tff 

i ffit'i.\:~ titib\het Ht1•:b6jeee ~•·•' ~· &t wli~~• ttr a 

fid\:'e J:tiit of att~t~-val:W p1i'it-tf..1 :}~ ~t,ut~~~: ~ i41tt "· 

., dl,'j'"tt~4>reijf'c~\i i.tlrfcli- '1ts Yri1e ~f ·tw~~ ~6;·· ·iori ;it-~ :w· 
a link which relates the describ\!a object to another obj4!ct. This 
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latt,~ ~)?j~c,t .. ;s n~ed i• ~~frr,11,,~Ht:i ,5oi;;~eftiS~Jr!i ~~ tq~,~i:1Y.~n. :1:1ttri-

( ":rn~~~"!',·;s ill, :~,qt~ori. G .I shat~ Ae,~r~.ge,,;h~JH"i~f!oo;c~J~!JfH~i'R¥t~,.c, J ;, 

more pre~~~e\i• ,, .fot;r,pr,es,nt~urp9,e~ J~! ~~ i !\l~~!Rt!~ 4~f?;;)a,}?~,,~h'~ 

thtbiIJf9~t iQP:.:~8 J;~~e4: ~y 8 ~AA," 8 t:~1i'iHHffr-1~li½c 8 n~~PP,7i~Y7 H,t, f 11 1 ;Nt 

SIRL.11JP~~i (;•~ 9~ ,~xpr~'f~etJH,f'!m.erJ8!t"i!f,f:t'1~c !f~Y"''' fo 8~'-! .~~J?-~,:p.ce. 

, . .+~S~~ s~~~IU;fi!,; i~, .. ~P,P,-l½de~~d. ~;;1'i\lf~1 
·••~ t~~Hf'-n;,ini!r:L~~~ ,,ti\ 

ded~~4'f2 fi-qm, ;~,cJl+Rl •Ji~; 8 P-ff.t F9,,.Jnfe~;}gP-J:f9rJB~ §~,1r,'1°9.r,J"zc. 

A d~~!~;pp.; p:r;9~e9~~ for,i,t9-~S1d~fffF~9 f.9lt91f~,; '\,,;· •" ,, 

i) 1 .~~~ JM~h.§!;tribut~ ii?- t~e:,~.J•":~1-~,115~ ~m1f~~~~e, ~i,~~d 
expresses the same thing. · · · 

ii)' i.~f1
A·=·th'~'~onjun~1ri~ri ~?a1i Hr~1

~n~~-!)f6~ncf'1ri'i) an~f'of 
alk, t~'c1F ,j.~ . ., ~,,c;:oWJi~~OrL~~, 1t,l\~epee,-\,➔ ;J.J.T.·fY: 'i '.'. , ; ,; Jli :-,. '.! '" T 

where »,-)if.~-i~.::~~.~e,,!>#,PS,~.M!ee,,~ ;:::.,,.-, , , .-:udc:.~• ~,:,;· ,; , :· ,u;" 

i( i)i).1.Put;,1 ,a;ll, E-~M,~r~r,~~>~A,),:rf~•,9-i ~~, ;,;'El(' ~~ J>J., ~f<fn~ ~,~~!\fiyns 
1 • , . ' 

':!i~~~~~~ii:· .. ~; ~nljbe' th~ n~~~~]:j !f~~j'bil~~ta1 'tie~~~rib:~1n''ti;~:j 
· ., · • - "- •. , ~~ ~l\Y~d-1\-JJJ~A J:}-J'~Jna.~ct>:, 1f.1~ RJ, 

the form (VvlM)[R[v]], where"v'ls any varlal>te~aacl l'ls any preaicate 
posariJ,..Jy,.4ffep#.n3r,f.n, v,.~,,~ t-h• i;J-\1~. ~""iunl.'!t.~~~-" . , .

1
, ,., .. , ... , _ ..,., 

R[o1]AR[o2JA~~·~·Aa(oTI-•'' ··•··""·J•rn'~ ~,,,n,, c,_.,·. , •. ,,,,. 

;:!ct{~~~:Jtl&,ffch:, ~~~1,~J~r-AA.9hJ3Jr~AIJJ1J• ~~f:1':-~~eq 4.i:¥F't:: 

;ll[p'l]N'~ . .p2JV:-·r ... M~on,l,t :."e · · !·.,,.-.. .;~·; L•:,.r..h,c:· c,l _ .,.,.:,or•,. 

~- ~~~~i>~ZrrI~~~, ~!i~t~~· ~·~~~f¥~t~1t:ffl~(y~~~~~ir if 0f~tts?.:1b 
with ~~j: •ttR,~~e~,,.~:Fhft1:flUIH.~ .AA~~ i~f;i :_!Jh.P,,tt1,.p 
be answered ''YES' II if ancf only if this final~ expresi1.on is ti theorem 

of iAA ~S:.~~l .~~l~:-rz r,; L'i.)J J:;,"q nJ -:) ,:iqc1~.,-, '" .1Y:'.<i{'. i, 

, ~l:i ,QgJ@St1Rffdi.a!tu-= :,., 1¥J., 4~~#~4;c:.Ye.i-.;,;~cP\l!!C,t.:-;.W:~P~~fl,~~f iisE 

a SW ,JtJ,f, ~~Ch,}r~ .~t~:I-P,~ ~MJT-™~,;:; ~{, th,~~ f~6rr.il 

V"11'~&, J i5r ,J'e~lAq_~, Di;(~ :R,b.JJu~~rP..., •.h~ ,Ab ~!l.P\"f-:4,~-H'tF,eIJ?~~~ a 



SIRl sentence. The st~ndard interpretatiop of an object-predi~ate 
"' , ,' : ,, ; ' ' •.. :'·1,-,[,;r;_ ,·', 

applied to an object in the SIRtmoctei is that the sentence obtained by 
. : ;,:; ·;·)(l,Gi·•'·~; '-'; .. ,. .'7~·-

replacins, the_ free v~r~fib}.e in the_ P.~-~-di,~at,~, ~r,, the object-name is a, 
, , ,<,. ; ,,,,J,,,,, "" .',, LLic . ..;. "f.,, ,,. 

true sentence. This r~stilt<fttg';btid'td:,?~y~~Wi\ be used as an addi-

tional axiom in any SIRl logical'-i.eW~c~ro~),~b~dure. 

Object-predicates may be place& b'it th\Sprbpierty-list of ~hy 

object in the SIR.l model.· ..,'..TheiFpht-p'ii•isc,11r'e' t~ describe tbb1re' : 

properties of the ob~cf wh'ich cinbo't.1 e-a'triiy b~expressed, itn· t:'~tiili · ~:: 

of link-predicates 1;', as•j~fifi.i"•isbct'aftb'1i +.rith other object,:. 
:. .:. '·, -·1•J ...- : -: ., , 1·_,·;n ~'- ; ~".>.i~:£-:-:1'•',J(~-:--:frt ,· 

ii) Basic relations: The "E." rel~tion occupies a special place 

in SIRl because of1 lt:'i 'b'onlrt'if~ti-ott;•ith.':t{I.qu~ntifi~ttl t and is treated 

relation 11
•

11 is also treated a~ a ~~!fci I1Jation because i~tmt:~ty,, i,s, 
.r,r, ,~,".'; .'~ .• .:_i.""~"'· ~--~J.t_.~~- :.!~·'}··,. ·"-·,' .. __ ~_-~~~---f'.1d .... '": 

a useful feature to have in a logicai,Jlff~:'t'fed on the quantifi~~.' 

tional calculus. The SIR relation"equiv 11 was simply an equivalence 
:' ~-,:. 

relation used to identify when different obje;~~names referrrd t9 the 

same object. In SIRl it, i~ S\\{ficf~nt.f~-,~l1R~.~e the function of 
; ' - • . .., ,, • •-· ;.., . '\. .. '1 "· ~ 

considered to be true if; ~it?e': ~'! ~f~ ;:;/~e ~j~j) same sym.bol, or 

if "equiv[x;y]" is a true predicate .. in the.SIRlll.odel. 
I ;_ i \f: ~ ( ") ·;: ;.s'., q ! { -,,, ~.. L; 

n;ie_predi~ft~~r~n Ttble c1 _~llow,th,~ ~~~ic r~lations and the 
' •. ~,: ' , '• • . _i , ;" 'l ' ~- ' ' • ~ - - i \ '_ •~· • . -. .: :.,, ) 

obje~t pred~c,t~ neede9 by ~+~l in Qfder to de~l with all the rela-
. . . . , ~. - . - : .. -~;- ,t~(...➔~:;t;! _-·.•. r:" ir.:.: 

tions covered by SIR programs. 

iii) Connect iOfl i aen:1a,,.IU•11r!t.lWr11AttiRIS: . '. tao.ldr~ ~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 



rd. 
xt,y 

X""'Y 

ownb[x;y] 

partb[x,;>.1J 
'- , .. 

-:;-! H·.l :·r .·, J'.·3 .1tr" t_;r;; u~l'hbJr;~Ja ~,:·: j' 

Standard-Interpretation 

Ji is.~ ~mb~1f:, 1~lf~~ ~lk 1. _J._,,,, r.d0 "' 

-➔ t -~ , , ·.:~~';,. b~J'1C ·~~d:.i r;,l 3ldt;l :b"i.J -::·.::•1 i ~~d ~ ,. ,_.j G :'l 

Either.! and'y_ are identical, or they are two 

,d ~ 8 ,,M>r,,~Ne!N~RP1~~fu-i c;.tr1·• 

jriSP,fg!~f 1, ';•k,'. . ' 
) 

singleJfJJ'.,; :j 

xf:y 

equiv[i;;Jn ·' ;·, 

owng[~;yf' 

own[x;y] 

partg[x;y)' ' 

part[x;y] 
.,,/, 

right[x;'y] 

jrighU,c;y]' 

x::ay 

'.-• <~l,1> <~~)lb~b1~J11·1 : 

. (3cxtxY[b~bl[gy} .2-· i_ ; :;~t.l'" 

,: (~,~y)'(3ttt~)lparfb-(<i;p] 11 

,-, (3~i~)tiirtb[ai;1f'• re; SWJj B 21 ,' ['i: ·: ·' 

l ._· ,,;; ____ -!f ·:! ?t·,·/~~ •· ,;r,·ir 1 { ~-:; :~ j,-: ~~; ~·,, '·1'~
1 

' aa,x)(]ISE-y )[ righ tb (a; Ii n A .• ingle lxl As ingle [ y] 

t3~ix><3Pt~lri~1gt1it1a~,s1i~:1~i~t~j~~In~1~t~'l 
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SIR counterparts. 
r ! ·.c •. ' iq ..,,...~ {u. V ·,er j (M"-<, ....,,) (Mt;.-. '-?' )·, -! LT (,.; l~ ',-~(:•. I '"f;~ v_C' ... -i,L~,j'"\. v· ,._J. .,,.,,. '\1 .... ,.. \·-· t.)r-, 

The SIRl link-predicate corresponding to 11partg(x;y]" in Table c2 
!91/£~-,:~ft)'! 3.i if 

has the interpretation, "Some.! 1s part of ~;.1}1'JoM~•)18h1t~)'~ 

the interpretation used in most SU question•an~:J,Jlj,lltf~&UllSai q 

i i R ;DJ<!] (x,:0£) ( ,t,~q 'v')v-- (M:)x 'v') :± t-"" ( 'l '% 
"partg[x;y]" might equally well be interpreted, "Ivery.! is part of some 

:svl1l2nG~J s• q 
.z," in which c-,:it~"1;·.l~PF.~~=(¥~0HU-~bi$ill~4f\:-

should be used. Actually the interpretation of "~Jt;,,JJ'uifll81.,J:atl 
[[f['('. : ;() fI•4-x~,.(,, J " [ [ :.:.;, ; :< l q...,-, ¢.;: { \, :] j c)r;c-:1\.,1),¢::::: r '{ i X Jq ](M,'{ y)(M 1:-< "") I iJ : ( q_ )\-) 

in Table a.-, "An.! ia part of a .z," ia •bi1t1oua. Thia ambiauity 
::-19::>,;:;;n:::;,~ U:U2 r,;,nlLnc, "(d b,Hia$1t:fX9 r,,J l[h. o:JJ:j'leqo'.rq 98~,,rf:S Jsd.J y;J ·,u;,l 

occurs because the natural•language input 1yet• in the pre1ent ver1ion 
.r.:nLJ'L·n 1.ifT ~ ,'; >, ~,msn ,Jdj ·~d b".l:,Hd<fol"l ,:,.i "<i:" !',Ids!),.,,; bnoocf :HJ:! r,srfw 

of SIB. cannot discover the finer me1ninga of "An 3 is part of a .z." 
j~e,sJ :_::r_-. 15ll2. ·J\ri.~l oJ \/"!£2:2/.t:.)')fl a::!olxs stf:t lIB :1(.; jf!Ji n ::;i· JJ :JldcT 

Perhaps the most suitable representation for this latter aentence is 
iJ1 (l;;)):1JD3:;),,.rq no.i::t~;fib3t, JfI2 :)(ij Jo '(Ji fi:dr. JJJ.f19W~fH,-t,OiJ?..ii.JP s,d:) 

a conjunction of two SIJll link-predicates 
n0 B9Ji:;;,;_i,!;·1q t'.Js.tdi:; rrF:-,"t b9vl'l9b ":smol.v;s" :;rl:l -:ro1 jq:,~JX"-• ,,J ,_,i.dsT 
('fl p,y) (3aEx)[partb[a;,S] J /\ ('Van)(VEy)[partb[a;fJ] l 

-01:q ,i.1:Jwb0h ,,J ~ldE.T nI ... :j:..:st<lo 1:ef.u:>lj:rsq lo e:1alJ-y:)-.i~,qcnq :;dJ 

The SIil predicate "right[x;y]" waa interpreted as ''nle .! is to 
::)r{j Ifj!:;,1 ~1":i"!.i:J.:.H:,t9j11.r ~insz::;~1q<_.11: .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 
~:1~: 1·~c;;:')(i:....:S"J.'.fCJ) ~~n: ... JJ:;r:.:x~Jttl Ir.elf :Tqvj i..s.l ,anoJ:1sJ J,- ·t::,n JO,,~\! 

.z are each. sets cont aintng unique elements, and secondly that those -
· • · r l • I ..... I 1 · ..i I "I • • r I · l),_qJ.: 19.U Cr '_.; . ~EHV ::·HlJ 1C· :-..eas~~{.! n G n.r o:J:.)9911 j:.);"; J-iB (~.rn~-:.lXb 

elements bear a certain poaitional relatiouhip to each other. In 
-~_r . ·;n .d ,,,:d1,T .b:rnu ~-,,., <-'.·.r:::J::Ujnsvp-3 y:gw '301 b,s (..._::, sJd1c,'!' ;,)z:i 

SIR the apecial subprogram "specify" was used to determin°' the nature 
11 d; rJT(J , •2..·l ,~r!c,.i::t£l.c1:r · 1 1£U111l:ail nsf.¼wj9d ano.i:joi.n:0Jnt 'r:r,; \1 LH,s 

of the sets involved, before the poaitional information was considered. 
~tl J:,:3n;·\::;J., '3·-rs ;f:,:~.1-lf,- ~7;JudJ !;}'ln 2.no.!Jta.f:Ji"'s H'lsIJ:m12" ,..2nolj~S"'i::_1Jnl 

Similarly, the Slll expression must be the conjunction of the object
Jon :nr., 2.mnl:xs f&n0lJlbbA .HU:; n1: m~.dsf:)'.I ::,.izsd sls;nl·, s le ::,r;;i:.i1 

predicatee "1ingle[x]" and "single[ y]" to describe the·- 1pecial nature 
ano..t j ;_; r _(_J .. r !L·-r:2- f .ind:~~ q rr:3 ::1~_4:t7~d 2. oollJB Ej·n.f J.tJOd.?. o<.lJ::jerrrrol!rt ~ut:.~~>:J<l b'":i L.JBf.f 

of 3 and .z, and the link-predicate whose interpretation ia, "an.! is 
dJ .c:,~ ~~--0;!)9::}u-:fq .;-?.s:tt,.;fb·:➔ 'lq-)1.n_iJ as anolj_tn.t1sb 'l"lsd:1 i1l !1:=tllqn-d _>"~~ 

to the right of a .I•" Similarly, object•predicatea, as well as a link
·if::Hh.,1-J 1sq .);~,.;d ',,:; 10 -,,jJ:-J.rjlan:1:.'.l:j 9dj :to Jnsmt:1j£;ja ,.,_ -zIJ.;c,)! 2.r 

predicate, are needed to represent the SIR "jright" relation. 
Jn·,.m:JJB"1c: s -,:cl bs1:L::HHL, 11.adwsmoe , (rrol:J:Jiiil:'31nl "o" ,,q\[,J a) nc>.i ·1!d,,-:r 

~~~}, Jb~!°¾j~!q~If~! "~=" u~=f~:~i~r~~r~!:!J:J ~~~:)!~;~;J0
:~~ af~ 

defined as follows: · 
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P is synmetric: 
--d(P~,.ai(lf,'('IJCEHHVYffi)I.P{K;:y) ~<P[y;<1'M ',d. 1 "', 

P is asynnnetric: 
J(P) =df (vxEM)('f'yE-M)[P[x;y]=>-P[y;x]] 

,; ',rf , ; \ ;.,,:_;·--~t ~l: ,;:; ,./7·:)~f? ) . .t:· ,[; .. -;_·.' 

P is reflexive: 
, -~(P' ; =ctf ·(¥ xEM) ['P{J; xl) 

P is. itet.""~eftex.--iv-e-c<'. , ·, -· , P ;;_' " •· ·· · 
~{P) =df ('v' xEM) -("d l3fx){3afx)[ P[a; !3]] 

J~.it-: :· ;~_: . __ ·1·,.,.,:ft ( ~.1·2:; '.,'·~ ~ 2.:.-,¾n.l. -~--d .t., 

Pis transitive: 
d"(P), ~f: {Y1cfK):(~~"'.kfHM'.111¥;)47\'P{ y;-WJ~hc:;,:wll· 

ilbls·.vn-ittuely-litlkat:" ' ,,., ., ' 0 ,q·, !id ,i,i·' ,.:~,:; 

U{P) =df {VxfM){~yE!f)[P[x;y]=>,(v'afM)[ [a,ly~"-'l>[x;a] ]A(a,'x+,,P(a;y]]]) . 
. - :.,'.:[f~r .. ,1 ._, :::- ..... ~,tlf,J,1;_-i '}_; ~.l 1".:;_t> jc:· J.tt~q .,.,_t :·_~ :,'' t'"' ~~:!1-,~·:·:·1~!1 

Notice that these properties will be expressed by ordinary SIRl sentences 
:'?' ,,.~ ·1:i.;.~-·--.1: -:.tnq~rl. :i_.~f-. .i.1~.nsl-.lL::111.J:~.:"r '3i:i 1

.-.~ ··_;,~.-~.:u -~-~~)~_;),~ 

when the bound variable "P" is replaced by the name of a SIRl relation. 
,:.i<J~ -,? 1 ... :~·.i;; "'f')f:il: :")dj 'J.:;.~ ...... ;J:)r•:('. ',_;:•·•·, ,;.<. ;_l,., -~ 

Tabled. is a list of all the axioms necessary to give SIRl at least 

the question-answering ability of the SIR deduction procedures in 

Table h, except for the "axioms" derived from object predicates on 
!.fJ• :.·,·;,.:'J'l.~(~ "!("< /f..,{?)\-:·'V-) //\..tf&;J:}~:f._~·1t,'"1 j(- '.:,,'r \t:.7) 

the property-lists of particular objects. In Table h, deduction pro-
• ;·,(;,~.;_]_: ·r'~ .·•·!e,'._:.. q ,;,_:;;; .. .., .. 

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 
- - '1n r-~ n.n }lfj j_:·~ .i ,, -~ [;•.):) ; ) '> ;.· 

axioms are not needed in SIRl because of the way "C." is defined 
. d; __ :·,)--: : ~--~1\: -~ _; ~- C!")•:J ;, ~ 1=-. J _: _-__,,._i 

(see Table c2) and the way E-quantifiers are used. Table b. no. 12 
; .,.' ·:1-, Ii: -.. ~--hr.,,? ''."'.,.·-: .'. )"'1q:-1 n :fff.-1'/~Y1qCJ'!. ··1_~-. . t }1 •.t·' 

and 17 are interact ions bet~een "similar" rel_at ion,s, J •.!., type "b" 
1 :: ,~. ;:;,; ! ;:; , · _;'.>:t · . ~ l .(: ·1:·:: ,:,,; ~,:;~::::VJ ... ~. ,-.· · · _) n 

interactions. "Similar" relations are those which are defined in 
;_, 

JJ,) 

terms of a single basic relation in SIRl. Additional axioms are not 
" : . (., 

needed because infa:mation ·about interacticos between "similar" relations 
11 

_:• ... ~-_; .i·:: J!, I ·/-:-: --: J·' --,. , '.:c-::rrq-... ,~r ~ · _ ;·_1 !Jr: 
'-

are implicit in their definitions as link-predicates. Procedure no. 16 
• -· , , ; . .i ! · : t -~·, '.. E !-~r-~ 2 1

' 

is really a statement of the transitivity of the basic part-whole 

relation (a type "c" interaction), s0U1ewhat obscured by a statement 
. r:.-,: if, .... ~J . .''➔;:: .. 1 qr~'::{: : t:IT~ t, . 

of the interaction between the similar "part" aricrlr~artgll relations 
i; l 



Axioms 

11i, 

.Tcrightb) 
.i° '--) ·1 t7 qr:1.-· I ~ 

U(jrightb) 
;· : i : J,,.: ~ 

111 

Discussion 

,ffit-s fact-•tbat st..._11 ,., an' fHIUi-..U,nde-~ rel,at~n t1 

not strictly nec,ssary in the axioms, since it is 
built into~ 1-.:1:cet,'~:.;;; ,,,,,,,, ~, ·, · )'! 

cf. no. 8 and 13, Table b. These are "expt1riment,l" 
--i~i,;mlldf1thMR.'l W~••lf• the -,.t:1iaf if 
too many excepti~ns turn_u~• 
: ::: ::1[·; .1.-,,.:.tJJ.,<f :.«.:.:-rr:-1·.;··*.1j1h 

£!.• no. 18, Table b • 
i ,'', ••~: C --' u ri 

no. 21 and 22, T•ble b., were needed because this 
' ' -ptt,t,ett y· wri'-' tltlaKn\ti~ ' d : t' ,' :-' • ·, ' h ; : :, Jf 

The last two axioms_ represent true_ !J!•- "d" 
int'etacti'bM1~ffl"½-iJ!tb"11oifl!i;i;l!!!:'b~ '., ' · · 
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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, 

Let me now make this discussion more precise. The deductive 

, ,: 1j• l ,: .... '.).)/'.~ \[;f°,' i,, 

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~· speciffcition for a ~o~p~te~~ 

is already as effective a "yes-or-no" question-answerer as the 
•'.' '.) < {; ~: "'( • ; l C ! •~ • ;L, f ; • 

programs described by the SjlkN~<IAf.es:· W;i~e b., then adding 

those procedure rules to SIRl cannot increase the power of SIRl. 
;i, _;; ~-)-~ <(¥.:.,._ i._ .. X;{i,ti_~j .. i ' 1 • .-::-·\-;•:\ .j':·.·--7) 

In other words, SIRl must al~•a4~;;'11'n~n,,<\1Jl,~e information avail-

able in the rules of Table b. To prove that this is indeed the 
-·~ · _;::11 r. /'\ !·:•;~-.:-,;-~j::.:u.•·; - _;\_:~::,::•.\-,---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¥ Sl&l,. a~i~ an,4.J.~.e~•i :t9 ~,:guantificational 

calculus and then to prove the theorems by Subordinate Proof Deriva

tions (Appendix I). The ~1t,U.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 

l-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~' valui~1ur0'bec~Jj~ , d1~f- irldicate : the, 

intEiilii~a'"iht:ifr~r''et'at'rl,hJ 6'f~ SlRt seritii!i.~~s •. t~ ~iefl b~ '·· J~adet'~ Finally;, 

£-qti~ntlfierI' 'are:; ifu~b'Hant'' tor the c6mputii'"tiilp 1~ritat16tl; of'' SIRt ! 

'.t'hey are. indicators which relate the foriii,i'l ·•1•teiii'1to11~·~tfi~ciiir moa~i ,: [ j ,: 

search~procedures. Details of a proposed implementation scheme are 

c. Imp'idment~tibn' oi 'the 'Generai Que'~ttbh:::Ait~~ettn'f syitem. 
me, 'l,~v•i i~fuantic lii't1>'tiiiat;:l.'on' 'ret'~t~tU?'iy'i~~m:"'~i~h c,ah f,e, ae"iffi!tt'i'1'~'; 

aa s'ht ~nd 'y~t h1'~'e 
1tfl~-' u'nitbrfility''ii'~ k~ilei-'~l'tfy''~t f~~ "siai1)'fe,~ffattt" <:' 

auat have the following components: 

i) a mocl'el patt:~i-n~a aff~r, thi'. sfitimoa~il ·tut:t'coittal~i.hg mo:£~' c'6fuire{~ 
:(.bqjformat., tiR, JA JS• .. H~1.,e1,,,n1,,.;9~n,,.ie-.f,,..,,;,, Hr~er,ujlfr!L ot d~~,. ,cftr,~eJe,,,:T 
o ec s. ·· ·· · 

ii) G.~ the·~f~~pr~vtrig' 2ro$~aui whi'ch'' ~ap'' d~t:~¼m-tAe 1'teth~'r 'b~tt:'1'tn " ,:· ' 
asisertiio~t Jlffai t.f1:\1,,~,f,~n.:lJ~eo?a,,J,1~ft ,,,1.91ts,,p4,,fpt~., f-':'fr iff?'f:9t ig.Jo~r::1 ; ; 
ton n toe 1llQ e • · -

iii) a pra54i-~1d°f l~-~g~~,e fo~ I ~pe~i"f.ylng':' qb.k'is t l~n:. ~(il,;el-tng !'pt~fc~a'~~'~s) ! p· 
which are moJl\:u~P.1J1',:1f\l~p.Jfr.lf~P;:,fe,fJ:J..;Y.J.rd ,·nO!:l'•'·~,uri , -, ;,:,,··,:. ;;,.: 

In:, r~pjtf!jl.\l, 1,~h,,se, CC>,~ffnQ,~-M JP:V.'tc1J>e_ 11~ifs~~-1Jf,, W<,>fk f,9~~Jh~r' 

to foryi_ 9'., c:9gip~1~t:,!, ?J~JR-i.~n,; sisf~,:.,.• ~, 8ft!f le?~i 4-~f[ilft?nci:?f. ~a;~~ pf, •i, 

these .C~J11PP!1~~,flr•()tI tl:\t PfRPf!.''1•,.~Y8,}!m:,,~h'-ls f~JJ--~~J ffOf.Jt:?7 ·u 1 

A., -~r91r,~J8,. tr:.111., 1~1~ n,fHf8itc?Js-f~}~JrJftfp f.?&t~r-,}~Ft t 9~} 

rela1f, i~-~•J t,pwr, ~µd,, t• P,fgS:f,ff ,t~, ~'•?nf;1$:~, ~fr;: [~JaJfo.'?fJ,:, in,Jofp¥1Ji.p? J?,.,.·, 
the _~!JtJ' ar!1 a_lJJ?"~~c,,,~,~JY::fP.Wilr,?f{l1fr f~,Jl,1Yj1,r~,'Jl!~;i_c1re~:tf?P.-.. , ' . ,, 

answe~f~!!i ~~~t~;,·, 111-~,)8,tfer_; -~·~-~e?f:~r:•,,P~f~ff~~ ff~;it~Ffft~l:t-~~P~~r,~:J ~.r,d ,, 
all thft R0~f:~f ~.ffbfi,~i;sr:, ~~~:, ~.r,f~~,?Y:,,~Yal~~J-~-. fr PJ~;Lf~J1}~,~' t;a~~·~.r:-, ;j: 

j 

tion is a linguistic problem whose detailed study is beyond the sc,cwt, u ,, 

of this paper. The trivial format-matching solution (Chapter IV) may be 
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used until sowe~hing better beco~es ayaJl~b,17; t?.a'R-r fase 1 ~ .. sh.a,P:-~·,,, 

assume the avaUabiUty of ~ wecha~J1:1~ ,fof:,ffCfPt,!,PS new JPf?TT'18t,½'~\ J,:;_i 

in a form convenient to the human user, and th-!;!n in~er,t ~ng corr!!.~P.pnfi~,r 

relatiqpal information into the model. 

1} 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. ~Y,S~~m', ,,~b1c~ t\l;at f?-f~-~~-~f<>~\-?~~\ P,f,11 

mo'1ifie9- mgst ea,uy. Si~ce tI;t~ _ 9P~!'ati!;)~_-?fw~~y .F,~.~,rem:rr'?Y-t!1~ program 

is "contr,oJJed" by the axiQlllS of ;~h,e fo.rmal siste~t i~x~lve~, fhe axiOJ?t\ 

for SIRl should be stored in the model. 

TJ;ie SIR model consi.sts of objects a,xMt associat~d property- Us.ts. 
~•( , ("'. '} ' : ; ' ,t -: ! r.. ·._, '. j: .l '. J ;: .' .- ' . . ;t . 

The ad,;~ntage of thfs mc)del · structure 1,i:that th'e''<p't-'c;'gram" usi'ng the; .· 
_) 

model can obH:lin aq ~he information _abo1;1t: .. _~n ob:tec~ 1,,
1
~uc.~ as ~-o~ ,i~ ,is 

1
, 

- \,,· . -· ,' ' .... :. ·~--, 

related to other objects, simply ·by ref~tritii'·'to''ihe')·6bjece itse.rf. 

The SI.Rl axioms of Table d. all describe eitJ:ier pro~e.rtie,~., pf SI_R~, 
J. • -: ~- • - :.-:.~:;_:~:_:_.:..:{': .• '. -.• ,;·.⇒/ .' .:· .. '., .. ; :. . . .' '; 

• . • 4 • ~; ' . ! ~ - •...• , . . . 

basic relations or interactions between'b~1stc retattons~· The!i~ 

axioms should be stored, then, on the pt61>e.fl:y._ listlt>f' tli~J ba'slc 

re lat ions which th~y affect~ In; th i's wiiy' ih~' tb'eor~proving •program .. 

will be able to find relevattt axioms '1,y;-lhok1hg;'iit 1th'e prop~tty-'fist:s 
. ' 

of the basic re tat lons it is concerned' ~:tth ~ ·~tic:!' 'the human, Clse'r 6r 

programmer wiU be able to modify the axiom s'et''-6}/J "telling'' th~ system 

to modify 'its model~ without
1 

any reprogr'a~fng·belrig"neces~'ary. Objl~t-i l 

predicates d'efine -~dditiona1 axiom1:1'whicl? 1apply' t'b'par'ticut~r' objecb1 ~' '· :'% 

There'fore, they should be stored" ori' the 'p'roperty::.u\:t"s' 'bf' th~ obje'cts 

involved.· 
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In Stif, ·-a telation between-: 6bjehi·;ti'ri!'pfes~ht~a' in th'e~odei by.;..·· .. 

attt"l.'t)tite2-titt1:i{'t,'n the' pt-op~t"t:y~iiits"'of''t:h~'➔ i't,'Jed:~~ · '!act( ¥e'Ud.:6n:' ii -

uniquely represented by particular attributes. Simple· (lypis '"a'" an1f; "'l,flil) 

inte'iabi itlnll; b~tlfeen reilitionii. "Cati' hot' be'' r'ip'tei~nt'e-d 1.tf H1e''IUO'<fel~ but 

As hils: b'e~K sllown~ tbe class 16f'''S11l t•:1ations r'ou~iy' co:ti'hpen<fs' to 

the ct'as't, t>f t:elatfoni"repi-iseirt:ect''in 'Stltf by '11itt\'oi,p¥etticate1{~-' '·ta'cfl "· 

link•preditati','· tii tdrn',- ill d~fittei1 1 i?l tenni of1 8 ittt' "1a'iaic -re'-i.at':Lon·. ' -

wt' ·mhhl, Wow· 'dect<te; bmi to· yei,tei'e'nt ·tetationaf-''.tttfarnt ionJ ill' the· ,sn:1 1 
,., 

Ka(:11; bas tc' rel'kt ion 601:lld lfe un1:qturtyc te't,re"ht'ed by p-rlti'ctiUl'r· 

attributeiri~ ;· llblle\ier ,' 't:has~ att'l'fbut:~s ,._,.~µ14' nbt' th! ·•of tiit~t1.t'';t01 , '., , -' ' 

repres•ht;; ra1:i ! 1:1i'e fait~·'whtbi1 (ii!'t'e rep're,e'tttibte' 'tti' sttt: 1'0~1 ~xmtip l.t! ~ 

the senteribr ''l~E!i"y b'~nid• :di :pil:t:t· 'of: k p'ei-adn, .,, ciou1a-: l>e' r·ep·r~li&ht'ed 

in s:riif'1,y tbk:atiri' evtty t>bji~l: ;i!n t:l\e''t*'>''t.'whihh':ta l
0

1llentbeii't>'f'; 

the set f'it~~nit~ 'lt' aha-' l filkibg each. of' t:1-itmi" hr sdine· meinb~t '.6£ the •'.s'et · · 

"perion~i' ~tt:h 'th·~- atti-tbi.i'.tes tt>rt~t1'tib'iultll~' tci·'th~- 5,aitb bas 1=c' ir~la:tion. 

However/ it' fs not' H~ar ~ith hah'dt{ llhou1.tt 1,~3 'pa~Hi' dt whi'th:j1>er:sonsij_ i 

•. ,.,;•;,•. -, • . _ , • :_, . •. _.,,,,,_ .·., ,·~'. i"i~• -,-. '. ,.! - :Ji-",,.,,'/ ·••. ~~·:r-/ ~ 

and the' g'e'netal' fa ct concertiihg-hanlis' alld:petsons· 110111d be u'navallab·te 

for futuf~ aktrti-c·t i'f>iia ,''!~:&·/,"'When: :i' lo~ irlaivtd't.ual' 11pe"t~t>n1
' 1,0 tnt-ro;;; 

duced into the model. 

Alternatively, one could represent each possible link-predicate by a 

differenf 'a'ttri:'btitl!'.~~ · 'rhe di~1chi,titttages· b·f 1atich· -'aC aeheme wetild lie -
twofold: 'ruh ,t.1\luch' of t:'h!e' flerttiil'fty 1'.nti-oducett by th'e dl!riniti.on 

and use' h1:·t1:1t1.k,;,;'pi-edicli1tes Vo'til'tfbe: ·to'itt\ 'stmie spet1.irt' syntbobi WtJuld',, '-: 

hit(;~ to'' be' ss1l1gried' as a'ttributtis· Yof eirch littkLp'retfit'ate actually'~'' 

in_.,~- mo'del; ;secoridi/,- th~ i'.mpor't~n~· 'sti-uctUi-e ,·6f the link:..predi~'ate/ :, (; 



- --------------- ·, ,_. -.- ., . -~ 

11.6 

.!•.!:.·, the basic prediciiite a.nd E-quJ~ti~J~r,s of which it is cou,,p,,sed-,, 

would be undiscoverable except J;>y me':lns. ot S9J11~ tii1b}1e, l,09k-.. ~f, OF .. oJ,hpft.;: 

decoq.ing procedure. 

I pr.opose that, corresponding to .. the ;ittribu,~e.".'Jiwcs, ot S1:R, $.pt'J.. ,;; . 

should use descriptions of the link-pr.e4i~:,,~e,s .. inv9Jve4 • , ~:e !~Af :i,}?~tl .. , 

on the. property-list of an object .SP9ul.d itselfJ,e a. prp~erJi-:-list. ,, 

Th is s ubproperty- list:, WG>,uld conta'41 sp~i•J Jf1:,rJp~.es whose Viii luel:I 

were. the basic rela~ion involved an.d tbe s~r1in1t of..," £.-qµ~ntJfiers 

which, produce the l,,iµk,:•predicate fr.<:>¥1 t,hJt l>,fS ic reJ,aJi,CW:· .. ~Il ~dilhl?tu,il 

item on the subproperty- list could identify the argument-pas it ion o_f: ,f!i;t 

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 

relaUon. With this, representa~iot1: n,.o -N~~"ci,1 s,ym}>.ol .. as~t~.g~nt, Of:: .. 

predicates to the model. Any link-:-predica~.e recognhe,d by tJ1e iPP~ 
' . ' , - ' - - ,; ' '·,_ ·-•' . . ' ., : ~. 

program and based on an available. b,sic relatio~ ~s: f~res.eil~~~le. 

The names of object-predicates,,,,~oµlf .l>e anot.\l~f k;ind of. at_t;r,~J;>ut.~ .· 

which may appear on S;t:.Rl property-Us tie., Tb~ o'bj~cJrpre,d,ic~tes sho~l,4 .. 
< • < , 0 ~ r' : ' : ' • ' ~ , ," ' • • O •' ,' c. '• • ( <j -• •.) ~ 

themiS~lves by Slll objects whose prop~,rty-_l:i-sts c~ntiil.in their d~fini~ ,., 
• r ' • ~; • • > ' ' ' • , • ' , •• ' .o, ~• •. • 

tions fJ-S SIRl wff' s. In this way 01:>je,ct-pJ,edi~"at~s, ~IUilY r~,~q .. y b~, 

defined or applied to new objects. 

which denote: 

predicates. A property-list is ascfJoc:i,~ted; ¥i~h e~ch. J?a~J.C;.9bject •.. 

Attr;i.l>utes in the descriptions of ind.J3/'1:~,.µ.fll~ ~n4 c.~,itss~~: ~Fe,_ ei~hef t~~, 

names of object-predicates, or themselve~ property-lists which describe . 
~ ' l ' ,_, ; 'i l . ' ' ' ~· : t ~ -~· f ;· . 



117 

link-predicates. If lists describing link-predicates, the ",?'alues 

corresponding to those attributes give'tbe 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' s'pecify prt>petti-es 

of the d'escrlbed relations. The property-lists or''Object-predicates 

contain the definitions of the object-predicates in° terms of StRl' 

wff' s. 

2) The Theorem-prover: In para:gr~ :a:..-2 'libove' ::x~.:iJ;-e:aented a 

, decision pro·cedure· for d;sting th~ trtith t>f ariy1'Stltt· sentence with 

respect to a given SIRl ntodeL Unfortun~te'ly,' >thst· procedute is itnprac

t ical since it requires the· enumerat i~tl. of every 't,'Sjebt' ·ana' every litrlc; 

in the model, and the consideration of evet-y kttown l~ical truth in 

the course cif each truth-test. Cleatty' these ~t'otfeicfubfs' l<iot.tld in-

volve an inordinate amohnt of time. Aillo', ! hl!Ve' gotii{ to great lengths 

to develop a 'model structure wh'ich enab1e'.s tliel sYlitem tcf save time by 

having ihforination orga'riized and acceSslb"l'e ;:trl Iii ·cfonveti1:eriti way; th~ 

above..:mentioned decision procedure completely' ignort!if t'h~ structure' of 

the model. 

Instead of an impractical decision 'procedure; I prdt,ose' 'tfiat SIRl 

use a heurist'ic _!heorein-!Y"oving progtam ·(l"tt"') tor it'tl''truth·.:.te<Efting. 

'.l'? will start· its truth;..test.ing with the most i~Ievttrlt"axiom~f a.nd 

model linkages' introducing additional fat!tS orily lrltterl .rteeded. The 

model structuire will d'ictate 'What' :comtitutelf •~lrt: nt~vant·;t" a's W'ill 

be explained below. 

·, The best example of a heuri.stic theerem-prtwi:t\g: pttogranr in, Newell 

and':Slnion''s "!ogic _!heor'ist'11 (LT) (27), s prdgrattt JtN.dt·p-rOV'es' theorems 
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in the propositional calcl,ll.us. Since :rr lii.ill. l>e m®eled somewhat after 
. ·- :_ ~· --- '"· L' .. ' .i J ). i , . , '.; •·': '~. 'ij: ,: 

l..'X,., let 1.1s .. cons;Lde.:t: the ienera.l, b~h,ivipr oJ LT. L'.t,~usf1 ~e ~~yen ~ l~.~t 

of true theorems or ~iOlnS., 8.1'<:l, a ~t~~•~t JtJ\~1 .:'Pf?~:l.~m'~?. ~p~E!, ~r~ff 

is desil:ed. Th~ -'YSt•c tdes" to pr?Ve the $~1Jt:-:,tal~ent._ ~i,,11hpfi!1~ . 1 

that i,.t, or s ~ .. stat~ent, from.. ,mich it can. easil,7: ~~ f~~c_e.~_,. is,~ 

substitution instance of a true otat.~t;",i Tlle ,~J~: BJi8~~ept, 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.ng, d,;;affi1Pept, and r$f\ae1qm@p~ .~• 1 £or . . ~r:eN,.f~ ~~~.r~~~n,ts ,from 
' ' ' •. ,,...,_-.,-3,__~--- . 

which, :th.e problein st.atenJent can be, ,9e.d,~ce,~,: a}Ui. f,pr. s,~J~t;n,g "rele,v~~t" 
.,_ . - ~ - -~ ~..,_,' . - .. ' '•!.•~- ,'.-·.· '"-: ;, __ 1._, 

~he.Qrems from th~, .theorem list. 

keeping ~rack of ,.\1:hrl)roblems. ~nd ke~pJpg, out,; pf,,'.\lf~ps_." 

.LT was des_iJned: latJ~lY. as a Jn04~1 o,f. ~ .. b~p•r~pr,A,f _¥~Y,t s~pd~f\ts. 

of logic, and is. x:e~pn.a_bl~ S.lo\~C¥:~f,-i.l,as. ,.uf,p_~,;iJt; ~~s_.no~, be"'ep,, a
1 

; : 

very e-ffective t:l'u!Q~em-pr9ver, ,p~rtly l>ep~~e ~t,. me.~~qff1t, ~~~ s~lec.-

tion heuristics a~~ llP.t po)ierful<.~no~,,,,.a~ p,r,~~t ~-&,l1
1
~e tJte. pr?J,le~ 

d~in -- the p.t;Opqsition~l .~~~ul1,ut --, h~~ ~- .sJ;~_le clec~f.;J!Jn .Prq~edur., 
· · - · , ' . . , ! ,, · , • ,... _ J • 1; . _; /.; · , . , ; ··;, _... J r. , .:. ,/ ~ > ; J a.:-~, , ; ' I • 1 - •. -~-~ : · . .._--;: : ; 

(46) which make,, ,u,.y Alternative .~ppro_-AA se~ wa~}t. .TP mµ9at deal _wi,th 
• · , · .. , .• ,. ; l 1 I.' , ' .··..; .,'_ .: ~• • ., : _; - • ! -. ; •• ~ ' • • ' J, _ 

a more complicated problem domain than that of LT. It is conce7~~d 

witp :fiJ d,~in ~antsining a p.Ps.s.ibl.y ).4}.'.g~, ,.al,t.pp!-l~t ,f~rit+e, .n~p~r of 
• • . , .• - • . "'..., • ..j_ •. - " _.:_ :1• J. . ' . .r • - • '. ' 

objects,, ;r.els~io~ .• and, axiqns. . ~,l,,~"-, ~hf! qb,iec,_;,~t~_m:l,. r~],ptJ()~~,. as 

'Well as the ~ioms 1118)7: ,pe cha~&~ ffOPl., pi:p,b~•~fdl,::p~~-, }ipwevei:-J 

the a~tual proof~. :Rf S,Lll sentence~ l>y, -~ ,liU.l, ,q~ t,he aver~s~,, be ;, , 
••. ~;_-., :••,••·l_l__,.,.,,.,,,~ ~--•-.l--~ •. .; .. ,./ 

the hmnan mechanisms for recalling facts in memory a,~, 4qi~.,.s,~i !5,~1?-te 

reason.ipg, not f();(, solving fol'Jl,lll: maJ:ih~~i~l, pt:pb;_~~ ~!o'•ilom-ent 

of elabor.a~e logical aj>ility in a •~:er -~t ,~~ -~~~~;,: ~.,,P,ffi~~!,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 mechanism" 

Therefore, I propose that TP contain the same deductive methods as 

LT, and in general be patterned after LT, with the following important 

exceptions: 

a. In trying to apply its methods, LT always scans the complete list 

of true theorems. TP should initially attempt a proof with a small list 

of "most relevant" truths extracted from the model. If the proof 

methods fail, the list of truths should be gradually expanded until the 

"relevant" portion of the model is exhausted; or, more commonly, until 

the specified time or effort limits have been reached. One method of 

generating "relevant" truths for the proof of a SIRl sentence S is the 

following: 

i) Let B= the set of all basic relations which appear in S. Let F= 
the set of all object-names in the model which appear in Sas 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 Band 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 Fin any of the following ways, and then repeating 

step ii): 

iii) Add the "€,}' relation to B. This relation is important for deductions 
which involve transforming or removing (-quantifiers. 
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iv) Add to B any new basic relations which appear in the current truth 
list. Whenever basic relations interact, an axiom on the property-list 
of one will name the other, thereby introducing it into the system. Also, 
axioms from object-predicates may introduce new basic relations. 

v) Add to Fall 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 

(3y)(\dx)P[x;y] ~ (\/x)(3y)P[x;y] 



TherC!lfore. 'IP could ,not, ~or 4'X~p\eJ,per~~~,J: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:"01'1; a l~rift (,!J~th91:J~ , ; _ .. 

fiIJ.;!.te) ~~ore i;tl orQer tq, ~oxistr4c.t.p;g9~J! ,,(~4-~h¥PY• ,Jot cqurse,, 

a ,1.at~ar pl'Og!'am, f9r q!,1Jntific,atiQ~"li q~dµc:t!~m _,r9uld be a<wel~Oll1-, 

a\fdit.iou to TP .... 

3) Co!Rlg .g!,fes~!9n"'all!;weriy:. , ~~.,,o_f.~;pe, qyeff~i9ns which SIR 

can answer r,q~:re, ,the .. syet~. ;q. p,rfg~ ;ipP,i;e . e}AJb9rat.e, ~fo~a!=ip~, 

retrieval tasks than simply testing the truth of an assertion. The 

ans117ers. to <JJ.JS•t4,0~_,lilce, •~ow;piany ti~,:s ,4P~,,!op.p hav,e?" and, 

•~re is t~e l;)ook'l" ~at be, ~~~-'4 J;,.v, •~4l",~.t~g-~~~Jo.anieµl~t~, 

the 4-ta~ litOJ'e~ i~ .· t~ modQ,l iJ;i. order ~Q , C.ffS!f; f pp~~RftaJ.~_- r.e~po~ses 1 

;Let us 4efiue .~ "qW!a.;19¥,·;Yf'" ~ :fl.::CJ~•:iPf .q.ye,~+,'?~ wt;i,9se, 

answers are found by fol,l,owipg ~P:f, •~ C."1JlP~~~al,1 P.~.oc,e,dure .,, 
" . - ' - .. ·, -- ' ·:' - . . . 

~tions o!, the ~"'1e .. typ~, genei;a~l,y 1iff:~-. #,'~ e,•~hi c;>,+Y,f1~. by r,fer;r~ng 

to different objects in the model; those object-names are inp~t:s ·. to the 

cqnput~ io~l .proc~d~. In tj_l,.· pr$V.iQ~, s;;fti+-9~/ "~, hay~ CQ~,!,~~r~~~" the 
·\ ": - - .· .. · - - . _ ~:. .; ·_L .-:1 ;: r::._-.·,: ;·,,1 :~ --~.;-

spec,i,aL 1:-Y.ff of ;•J.l)'¥••of~.Q.OII 4ue_sf: ~~ •c .. ,~_; S;R, t,his ~lff.~,- o.;, 

questions was considered to be made up o.f ma~-;; c1h~r~nt question 
.I • -· ·- ~ , ;;' ~ ·' 

1 1 • ~ ' ' l""\ 1., •,. ~ .• • 

type, ~ one for each S.IR ~~l~,¥>n 1 '"'"d1nd, 9 ~,Fi~t ,.,;. a, co.H~•?9nd,b1&. 
0 

,. 
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~
0

,to the question. 

'f >' 

Unfortunately, no other SIR quest{~'~ 'type~' cih be' combined e'asily 

for a more general system. Each questiori type ~ciquir;e•si·~ d'ifff!rent 

----------· ---
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ptocedtir~ for searching t:hrodg11 the n~two'i'k of lirtks, identifying 

useftil frtfdrma·tion wb'en it' is 1fou:1\d," 'anl'maWtpu'tat:ing the fnf&maticm 

t'o produce the 'at'tS'Wer. Computer ';,t'dgi8bllf.hg :'1:'kngdages ar.e we 11 

suited. t6r specifying comptitatidrlal Jtro~elitrl'es', arid for rejjsous 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~ed~ o'f' 'StlL' l'tawever, · ii~ o~ 

attempts to enfai-ge and genetaH~e S'fit ft btid01nes 'obvious that these 

prdgrriis ·should 8e ~d'e' eaSier to ffite and easier to undehtartd 

wn€t~\rer 'pdssibl~. the full genera·ttty of.'LIS'P 111Ust be kept availa:ble, 

sinte new question' types may req'ui.te; frt tne "ari~•itlfng pt'ddesS, unanti

tipated kinds of dat·a manfpulatiort; but. tbe tlei.f:tces' dea'eribed betdW. 

may be used to sfinp:Uty the cortsttud!on of 'q-.oestidl\~an811ering progr.1m1s. 

trr LISP, fhe' flo-w of control withiti 1:f 'progtlffll'' ts 'ndtniai:iy detei

minecfby spetial ftinttions called "-prediciites.u· ffl~ r.ts, !iystet11· 

evaluates ij~c:h ptedicate aci:!orditig to 'buiit-tn or separately provided 

evaluation pr6i!edures, and choctses the rie:itt operation t:o pe1:formecf 

accordirlg to whether the value of the prediclt~ ·f.s ttTH or "N1L" 

(correspond:fog to "true" or flfalse"). the Slltl ptbcet.iur~-Specific!atfon 

languag~ should be siinilat to LISP, but 1:1hbuld aUo;allow- the use of 

;an additional class of- ptedicates: n.Slfiety, atatefnents whose ttst· .;. ' 

values ;~re "t0 if a particular SIRl sE!ntence iB tru~ with respect 

to tie model, and ''NIL" otherwise. The p'tocedtire for evaluatitig 

thes~' additlona! predicates would be just the prot:edut'e ordinarily 

used by
0

Sik.fot: d~termining the truth o~'-Stl:1 sentertte's~'t\mhelyff'~ 

Thus the' full 'power of the SIR "yes-or-nott type ot question..1-ans-wmng 

procedure could automatically be used within the prbct!?dtire for 



··. -- . 

answe:r,ing a more COJDplex type oJ que.at~\'l,~:iS,u~q~ie,Jl;l,,t.Jq ;,l}f.t£9i~i;f
1
e 

of _the proced,ure for answerin~_,the q,~~.•t\qn,,,'~,~- i,.,~?l,J,i,t1ye,, ,;, 

position c,£ ,e?" ,it is dtlte:p1ai~ed JJ.l:'i_t ~~llil,tt,f,o, the.,J·ri~t.}?:~ ~:i~%f,~1')~ 
that a,.!, is to .the ,right of e• The ,PJ8<;t~~t~,. co~M tb~,~--~ot}~~if_,

1
~~~ ;0 

·j: i _,_ 

where A and B are ~ocati,o,i;,.s of ,1n~r9p~~f_t~,nt~r~\l!r ,Jllf,~fi~CF,~o~~rJ.n , L 

the procedure. The p~oc~dure wri~~r ,qe~'1. 4£;: £~i'iltic;l,r 1~~?!,:;o r~~tJ~~ 1 

the -que~tioti, "Is-~.! ~~!een ~ 1 ,~cl ~1,fl f~r;TP ,~pl, ~odt;~,~c/<?r -~~71,,, 

_ ,_. _As.~ ,specia~ -'Ul~Mc,t~on of thi' ,.,~Gh~~-: f~t~o~,e,4u,~e7;~!\~n¥i~rJet 

us ,cqnaide.J; bow to _o~~ain "noJI -~F "so,,~t+~~,~'.,41,nJ~fffS-,~0~~1,1~•tlg':l~q9t 

the_ "yes:"or-i:w" tr,pe. The _ ex:iste0:ce ,c;>,f eepa1;att1:,;P,,f~' f~Le~fh ,:er; 

relat~on ii;i. aIJl pE!rmiE~ed the ~onsfcle~~;;Qn pf :;s~'59ia\r19,roP;~fSi~! of the 

relation_ in d~~,ni:l.uing l:JQ ,ti!P,fOP,~i.a~.e: ~f!~lYrn: ~.,~\lr r,e~~~,1~~e~ 

systein •. n can J:eply_ "yes'' . if the s1~;,,a~ll,~en~e,.J r~R~f;e~~~gd\~8.i;f'?, ~-~e 

que11tion is. provable; otherwise the reply .must; be. 1_';l,llt~ffic!et_1t; 
••· • ... ' ' ; '. ·' • \ - • - ·'. ';-, "j . ··'' ;,', ·--:0 : ..i 'L•:._; _.~ \ 1q ti· ,l,· : I, 

directly. we . .£.!ll b4ild into tP tho- ~pil:l.ty to. w.ak~,.a-:
1
~es,~t~X~.,P~~lX)) 

1{. it dett!rminH tb,it the sentence ""'.S is Pr9Y1'kh;. }?u«;, !'lo riel).~J:'~L .. : 
. , , • :!J ,~ .. ~\,..t 0.1. ,., \:{.~ .>.-::,,~,, .. ,!.:..J.LJ., 

change t_~ TP,, can ~1;c,;>11~t for •P•~ial _p~opftJ!~~ Rf ft1-divf~~~l Jf~~t,~~ns. 

Howeve:i:. this flex~bility. of _SIR 18,:r,cqve!~~ .Jn:;tee-1Je~iatJ-~et;,':, \i 

syst~., _ w~thout relinquishin& •ll-Y o~ t~, 4q+!.o~i~y .,_fl~ fff~E,1!~~ ,~~ 

of the Sli!-; fonialini. and the Tf p~og;~,. by, t~eE·'f•~ ~fc~~t,~Fl;f~,, 1 

ced4it~ea !'-F!itt~Jl in? tqe LF§i';"l-lius,T:P sp,cifM~ti.Q~,:_.l,Pllf"e'! > Fp~ L•); , 

,exmpp,Je, the_ proc;::edu.re £.or an.swerin~. t~. que1tt:~J1.,., ~:;sTa~ .!.t a.,JJ"., _,, .. 

might ~. :as fo.llows,: 

------- - ------
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.ll (Yatx)[~yJ !h.!!! YES; 

else if ('v' o:~x)["' afy] then NO; -
else if ('1'a,y)[o:Ex) then SOMETIM!S; 

- ------- , . 

~ (INS~F~CIENT INFORMATION) 

There remains the problem of i~pbmenting __ t~e specification language 
' '. :, !, I ,.~ ,,., )I 

c>n a computer. When TP is available; it will be a simple matter to 
·: .; ~: . L ·'./ ' ) - '( .. ,. ,·: 

design an interpreter which woul,d route control between Tl' and th·e LISP 
~- f ~• ' { 

0

\ ~ ,- • '. I '. '([(:, _i • ' ~•<('. , ; , ; ' / )' i'i.' • 

interpreter. Whether a compiler for these procedures is feasible 
' J ' • J ) •, • ' , •-~• r ' • ! : ·; - . 

. ;depet1ds ~n many factprs, includ_in$ ,th,~ fr~ci~,! ~or~, of the TP &yste~ • 
. . .. , . . - "•' - '--: .. 

The point here is that implementatioft of this procedure-specification 

language, a key part of the generalized semantic quest.ion .. answerer; 
• , __ , - ;_,; -: , , :: , . .. _: , : .. -f'(: b. : . , . :·-J~=• -la • 

.!! 'f~~1
1
~te sf th,e

1 
pr~en't: st:ate<' of t~ f~~~~f'": ait. 

In summary, a simple formalism has been presente~ which adds to 
. ~,, -~ ~. - r .. ,; ! ~. , ... ~ ?- ··➔; l 

LISP th~'; tt~~hti~; powm- o·f n.·,r:11tft-~e~~~~ti.fii1iticrifi 
;/ r: ' I • f ; ., ~: o ' ~ _ '. 'J : , :. '' - ' ' • _ ; \:: • -~ .: __ ~~ .~ - ;_; ; ,:-'. • , 

language, together with the SIil formalism,. a cor~~!OI,l?in$ word-
.: G'- C , _; ; ' ; ! . ' ~(_, . . \ ··:~i '. --./ ·._ . : 

association: md~l -attuctttte, and' the" ff' ti'uth•'te-tfiui· prbgram, eo-ni1!'i-''; 
:·• ,:_,,: •;__• '. .·. ; ~--~c:-.-·. _ . .,•,•.::~)\_,,'.,··•-.-•; ·'' f•~i>"}'.: 

tute 'the' bdi.'11 fat:: 1!1 ""i~tt.,,Tizeai• j~lh'!'!Afc:ffil.t'ion t'~tri.e,vill s,-tei. 
' .. [· . ··• . , ' ,; '' ' .> , .. ' .. '.- '· 

On the basis of information. gleaned from the develcpnaent ,of SIR., I ,~ave 
.; i -1 , ,, ", • ! 

beert able to d'est:'t'ibe · this· '"'ge~r&1 b~,, i'f.tem· ~ctr· hai a 11 tfie 

questions. More importantly, new :t~lations can be added to the 
~ '. . :' ' 

modi f'ied 1 ri tt\oot? tidy ~et,W>gr abmiili; ·. ·ilM ''4uertiona'attaWftli.Itl' · pflicedttt<es ., ' ;"'. 
, . r. . ,_ '. ' '. ~ ,. ) ; • • I.,' -. - • '-. _:'. • ·, , ~ • ; ~ :.... ·. 

can be introduced and modified much more easily than they can be in SII. 
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Chapter VII: Conclusions 

A. Results. 

1) 
irJTT/1:'1}!()';,r;·· r ·;:v~:} t,)1··r•-:.:_;,· j .·~:~: I. -

question-answering behavior is a measure of a computer system's abif~ ···-

ity to 11 u'nderstand. 11 
. , .. c,•.,;.,1 :!~-: _;Jdu1q 1

.:.~·: ••• ~..i.r:.;;:;,_.,.:r .·i:::ri'~. 
SIR represents."meanings" in the form of a word-

i -~ .!~ ~-,;·r= .. ~ .i,.i_..\ri :<~ q1 _n,.1dW ~-·i:~·J,:~:· ~: PC 

association, property-list model. As a result SIR is more general, more 
~., :··- . : .: - - · __ _.;_! : b~i~:_.·4 ,.f:) ~-J-,,,? ·;-_.,-_1-:1 rrr: ·1.,,. :1 /·_. ;_._~:; r'.:°,:..:b 

powerful, and, judging from its conversational ability, inore "intelli-
.- - }:-'. !.1 .• : ll J -}_j I: (i::,'.lY) f• ·-.r::.·- _j::,::··-1J ';~~,-:-~·-·. :; -;~~t.i.t 

gent" than any other existing question-answering system. With respect 
.; _; ·_:,-~ ·.d.J :.:~~- ! ~:-=_: i J,i ~- , :- -,.(,J::,J. 1~ iir:.,:·1 :;u =~L-.i·!._,;q•:a;:1 

to the fundamental proble1~113 of the other systems discussed in Chapter II: 

·t · ,__ : ., 1 : • .'.< J 1 . -~ : i :J J .1 £:;q _, ··•.·: , i. --....~. -:.-U.'~_;;~.-"~.i. 

a) SIR is not limited to a rigid prepared'data structure and corres-
ponding programs lf4,th sp,~.(;J . .fJ8-,o byJ}tr,~~1~~,~~j.o~ 9ld'~-,>..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 ~ ·.:ii] '~ i'rr" "T·..7dJ~F:: \ j ,,: ---~-~LF:J, bl 

c) SIR, unlike SNYTHEX, does not require grammatical analyses which 
bece>lfl-~ ,JnQre-, ,~_t~Je.d, ,iyg. lfl.P.r, .~~1Df~i~r9-;ef+.,*S· ,~J§Y-f:H~mr ~1¥Mi- Jt. ~'72 :. 0 
stead, question-answering is based on semantic relationships, and the 
prq~_;-~m ~~J;'~+we, c~0 be,:1Ampl;.:A14:,;lllh1~•::.f!N-~ .;~--,'JCP,p§stffs~t,e,Jx:1 
system in the manner described in Chapter VI. · · 

· , , :-; - .;- . . ; ~:r. ~-~ ~.i':1:·.- __ -::..!.: 1:c:::··£.-.nr;1./l1: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;__, .. t~iff~r!.Ytrl-i~l:!l.~tH-ra_,ptfg t~:;d 
model can easily be used to represent .various special-purpose models and 
thus ,t;ak~ a.9Vflltq, of. ,th~ir, ,b.eaji~0~ -~l'-:i p-,qi~~4~1 J;~1~@r~-: P-fn p 
ilY relational information. 

; _ ~ ~: . <-~- :1,;;_ i ;:rJq£~l _: 1 (_,;.-_ . ;-.;: 1 ) :_ J? .-:..!1·J 

e) The SIR system is not restricted to testing the universal truth of 
a compl~;te stateJIW.~ 1-,,;e-g.µdle•• of t~,~§.aj.R,gs0a.f 4;•;:~@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~e>*s~_,rri~,.,,~;~AW fRs S~~~:'l ~r.;~P-ft ix> .. 
"knowledge" as determined by word associations in the model. 
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!) Although c<>nceptui!illy 'sitnilai:' :t·b'~-tt•s ~'rd ·telatiorr' sytte}bi, 
SIB. represent!:! a va,st i.mprov.ement in th.at. its lis,:-struct.ure mod~el 
pemiit$-';'}i 'citrect r'eprifi?erh:a.ticiti' tor-'(-~\:i'.t1~ryliwbdf ntift~ ;'' thi 
system cen~~~nc;_ Pt'9J1:._~ for_ ,handling •~~r~ ~~tfe.~n_f, .~lat __ i_o~ ~nd 
th~ir 'i:nt~~•~t:Loru,;' 4tittr 'bot1f input' ti:r:rida~ls 'aha pi-btrlmi' ltiiic':·niily e-a:sl:t.1:f :.• ·. 
be modified . 

•. ,---i~l_; u ~ ~ ~.'. i_ -.. i' • _.:, 

'.n'. . H~~f:~•~ijo~ 1~,,~a~r1e: . SI~ .~_!?":fd~~" ~- :~r~e~r~_ lO.f reason

abl,y ,Mt~,~~ _co,;miwnic~tion between J>~~p}e:'. ~~ c~;-1r~:i:t•, , Alt,?o~,gh _ ;:i 
O 2 

sQme~~ . /3~.ilted, bo~ .t~f . i_nput ,and the, .r~~J\ol\s~ \~~1!.~ us;ed by .. 
. 
SIJl are s4~!iciently, p~qEie ~~- ~11tp,ral B~f~i~~h ,-~o ~.e e,s:ilY. u~d~rstro_od 

.~ .< , , '·" • ~ r , I " • ; .\. , • 1 ,_, • , ,' .. , ·• , ,.,' t ::.c,:, , ~ •, ,_.. •, ,_; , . • < 

by &I\ u~~~fifled h:umaa._ ,T?rJnput fo~t. 5~f<>.~ni;~o~ J»"~ff9:SS_ pfJed i~ • 

SIB. (Section IV, B) illustrates how far one may go toward "unde.rstand-,, .:, r _ 1 i-: _. _.: ·, 

ingll natµf~l lana~~4!, ~n thf seµ~e o~ i;-:~?O~~iz~ng ~;rd associa~;Lpns., 

wtt.hc:,ut ,r~~ere_pc1e t~ 8f~atical1,.stf~Cfp,re.,. O,f. c~ft;,s~.,n,.!S~f~, _a ,~he.me 

cannot __ b~ ~.~~er~tized ,~o cgy,e~ anyJ~_rg_e J>.p;rt~p,n o.f 11.,n,~~ra\,}a~g~~ge. 

It was used here s!mply as a device to get past the input phase and into. 
· ·,,:;; ·:r <~1" .-➔ , : ' f U '.:s. L . 1 

the problems of representation and retrieval. However, this format 

matchin~. p,roFe~s ca~ ~asi~}' J,e expande~ to h'11}~le a~ s:uf.~f~ie~~Jy r 

sma}l pot;'tion of P:n$1.~sh .. 

Eveu :i,n its pr~sent pri~¾ttv~. sta,te the prqc~.s~ is no_t ex_ces"!i"~.ly 

restrictive to the untrained user. With tpe present system, the. user 
t:; •c·~.,,y -, ~- ~,, ' . ~·. ; E'., 

could_,h~. ins.tr~cfed to pre,sent in comi>let~ E.:n~l~~!i se_~f.e~c •. ~~ s,lmple 
. . ' , ;::,_ . ' . ' . , . ~... ' . ,.. . ·-· ' , . . ,., ., 

fact;s and que;;tions, 1:1.nd no.t t? _use any sentences~ wi,th subot'di;na;~,. 
, , ' ; . ~- _, "•.; ' :::, . _, ',.. ·- , -~ .... 

about cl~ss rel_atiOt\S, part:.,.whple relati~~s (_po~~ib~Y, .;n;vol~in$ p~r_s), 
_., .·,, • ' ' < 1 ~ ., ~' ··-' .J. ' .. - . 

possessia~s, . and left~_to-risht,,. Q_~de~in~ _r,ela,tio~s. ,Wh'rt\ us,ed in a 

Hme-s~aring envir;o-nm.ent (11) _in ~ich e_ach s_ente~ce recetves an inaedi

ate response, the system would have the effect of a "teaching machine" 
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in traipJ~,Jt1JJ. u_s(er, to ;~strif~- J,liffl¥tj/ .ff: r,FP8PfMP~e,_~m~~~ .. u :r.. <-' 

forms. After.~ J~~ .. tfi~t +}lll,a;,~fl~:;~;pg~"r;f~:·~i)!; a~{PRV'i,i~~~ :,,-~~~ 
sen~FRf,e £~~ ~iph' f~~~~nrtl' ,t11-l,,/th¾,tiuwl~/~t4~:.~~~~J~,.p{.; ·.J.:~ 

' ; s. ' ,: - ' -

success for the next user. If this training process is too sl~~/'t11e'·' ~., 

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

fer t~ an' outline 'of ~va.dabi~' l~ri~iu:iJI:~ b4,::fiJt{~~&sthi~rtk-teJ,;hts 

to SIR. Theke :pro'c:~:88~~ are much 'simple~ th~~; i~a1rriikg' a.Q~tiro~Y~ioi,,thg"' Le 

languag~. A sorted ·1'.i~it '-'ol tbrmats anti'inoi~11s~piihiPc~te-J' s1nlrf~r1t!y" .· v,.~ 

tests in;:-the' matchlng pr~ced~re; l~ti'.1J·a1r~; tlik ~itJiti'on''ci¥ mahy''.mof~· 

formats io"'the· syst:1~111 with rto co'rr~s'M,n'dirig1·l\ilr~1ase Yt {tu~)/r~qufr~cf '' · ,:; 

for -r~cogrii Hon. 

·At the out:put ~rid, the syste1~t <femohiH:raf'J~j {h1at 'i'l'.ntetligeit",:::-i~-'· 

spons;eii · a~~ · frequeritly pos ~·1 ble wi'.tM~ut:1 2arl '"e1~~6iiit:~ sine~liti v~: ir~!r\· 'ri 

as long as on1e caitantic:i.p~t~- tb:~ e1iJs~sH.oi ~~~~~~J~-' ·arid' ].tr~ ~~ck·L•, ,, ::· 

3) 'the" ~o'del =· An importa~t fEi~turi of' srt{·t~··thl f{ixtb:Llit:y df, 

the property-list structure of the model. Indepe'n~eide!h1- 2i:·elate{f'£ac
1

t~-r;, 

can -a~tooia:tfcal1y be added to 'or' ext~-~Gct~cf 1(-i~ 'thjl 0~y~1t:\nf ;' and th~ ~ame 

data may' b~; expres~ed {h ~<ire t:b~ri on~ ~y.'·: ;, :. ;;,·r 

Sev·eral existing comp
0uter 1 

sy'st:'~tils1
/ l-i•ir~"':Lrfi'.tie' ~eseri1at'ion sys-I, I., •. 

tems, permit dyn~ic' facl'stor~ge· and ritr:t'ivai:': 'iiowevei-, the"y' d~pend., .. : 

upon the'. \ise of fixed,' unique r~pr~se'ritait]·tfs' ·fgt" 'the 'iiif~~t·ion 'in:.:.:. .. ,, 
, '.J -1 , I• ' • · " ' . .-, • \ -, ; i: •" t ,,, ., · ·, -r, . ! 1·• t .. · , .- : •, ' •{ 

voived''. '· In 'sn, .there can be many ·represifntati'ons.., '4tiich ·ar'e-''equa11y · .. 

effective 'in providing c~rrect ans~ri.•~,!:,1'.,g'., \Ke' s-ls't~ril tticnows'' tkar'•)(; 

the 'st~tement' n,{lfnge·r is' part of ':rob.~1' :Cs \/rde Yt'(a) ther~!'i~ c~. 

-------- ------------



explicit' partlwho1e link from !'Dffl!R 'to'\}Olm; oi.' !f''(b) tliere "·aftF' .1. i '
1 

link1:1 by<means of which the' retrl~vaFpi6grini4C'cSfo,4i8tic!i1 fflaf:l,i ftriger · 

u, pa~ )of a' person, and John is s. 'per.~iji\t or:·tf (c), eHire ati U:nks bf<· 

means of which the retrieval pr6gr.... a~ dl!ildck;tfilit ;)is' 'fiitget •is part 

of a &and, ·and'a hand b part of~Jc,hii;'~,t~~~"'!ti?ad!ftton/itfie sy~t;~ 

~an'·autoinadca11y tran1late · froin 'one'·treptesetif.l€!oi,Pto 1~oth~r ft&vfrig O
;' 

li!Ome ad-,t•ntagH.. l•&·, the' ••str~amltne11 '.1opetafi6tt 3de~cu.•f~cl'ltt SectfoiF .1 

V.B, reduces stotagespace 1reqtift-iiti By teiilcwlig•r•dufidancf 'fn:th~ 

representation, without making any 'i:h~esctn~tih~~'W,it:'1il~'; 

The t,roperty• lht tiiodel ',turns oot',to •have'' adW.tigiti 1evri ~ett1·an

othe-,:' 'form of ,nadel ·seems nic:,re ;nat"ilr•1::,; ?cit eiaWpte 1,
1 ::I:eft'-lto""rtilH:''.l ,<,[; · 

spacial relations !seem most ~ahiy repr~•ent~d 6y '\f'l!i:rlear'16idet:tng~ f:. : .. 

i·$•, ·~ fs to. the 'left of 't,' cotitd'~ ,:tild84!te'dnby0pfJ~ttt1t3{'al\iid <if:i%_,.', 

x_ in a hft-tQ-right list. However, inconiplete infornaation can cJiuse ·,ur"' 

trocible 'for ~uch. .a DlOdel. ?f 'tt · ts ~lttt~ ith(lt 911' '!is ·,ffo t:We ')1ieft ofr' 
- l 

t..' and n~ ts to''the 11eft:lof t?l'Jt~ 'i?f~at'1aidet'ilig1sjs€sttt e~oti· :)12
' ·d 

Ul\iquely mad~l the iie;lative C·posftiatis c,f i,,:.!lt'~rtd''._£} f~Vfhe ·t1toi,~rty;..rn/: n' 

list syste'm; on th'e ·other hattd, r~rJii!!flt& 'exie'etyltfiebreia:tfO!)il'~'-d1llh' 

are known; .md tnte'; lineal' 'Orderiilg''(Jf:'i?He obfeetil ~)Sitt ~ i<'fecit.1ced ''ftiitn . .,,, 
I 

4) · fT9:8t!nt 'ft'ate: · '!'he proc'E?ssirtg ffile' 1p~r 'stahnMtttt 1for ~e :-fil . T,.' 

system with· a standard LISl' configuration ;:c:miiat IM ;,6M·1c0Mpt'.lt'et ,.Jttti i,J:'.'. 

32K wo,rd• of memory was about one second,. All the examples prepared 

for Figure land Figure 5 of this paper, including loading and compiling 



all progi:41Jls, ,tJ~9k. a,qo~t ~ .,miq~J:.~.s qf 71~'tt~,;; ~i•H It,f;,;Sti1 ~)fst,111, , .. 

with,~H th~, N, lat;~~-q~, :,pro~~,~~~c1P'.f98t~~ 1 a9q:,l~"91H48!0 fp~_A;sv.9e;::.~ 1!,. 

scribed •in th~!i, P,~iJ~l.,, u~qiz,~ •M99•~. tqeAu~l;;:,~ap*f.i~J;.,9;,, tpe d,~~~e~ • 

· I~ 111:~s;,b~. iewe~~i;e<J ;.t;l\~t: ~~ 3~,,1~~ei,s~,.~9; 4~1fi8~•4,;tfll(,s9,~Kfk 

any pip;t;icul~r, ,p~~sti,Ct~t.qµ,stiq1l3•~fl~fiq P~S?,):111,. L ,.i~ ~Ol}fl!St~n9~ ~ . ( 

coll~s;~;~n qf r~~at;i.~nll,:•¥9t.qq,,~r'1c·J,n;1;9dMf,~, ,!! 1 g~~qJiQ'dh;• ;~~~!pnfl,, , 

II~r,!l ~ i,~ ~1:de1; : to .. tqY.e~;iif~~ ,_1Ehe ,MtilrP.\\, :1!••~ H:t;e, , fl'.l! poa.11~1>.!JrHt,,s .. 

.. 1c:Al:t,b.9u~ cr~~~g1 ;qi::,.~lll9t;Y ... P,IJ~~, >-~,a ~PJ~~f!,J?rt rJ~•t~ :Q41~. be~ll, 

succes~ tt~\ ·; 1~ j t.qfr ,se~e\'f 0 ~•t; \S-,,ha~ ; 9.~9~t ;,t>t.d ,Jnlli,, u11~il1lxl~~s ,,,q~ tile.,. ; 

word ••11qc,!;~0Q.,.J\f'.qlteltf~l!'3~r,~9q~h~-1~~ j!tch•,dfPU~tt,t·lr,;thf ,lllqr~ 1,. ,~.•'. 

gener,!. ~¥~~m.~ds~cp:;f.~~d\'.~nt,Cl]Qf,t;r . .,~r,~t~h,f''~nq, 5 ~h@i,~•~~ 9~ ~lie,.':·! .. 

same .111odel •. 
·,.;-,:;.l.··-.· . 

T~~. S~QPe .~~ f~e , .. 9.r~•e-qt. ;~Y~~~ .,ir;,.cJic;,t,~ t~a~ ,_J,& '19\tl.5 .. b~ r,~e4\~~~l.Er .l 

to use th~ ._qll ~~d,i ~~L1p:;e,~e,nt;:f,;R.f;(!1Jr~1,,ttol'4Jf'~~•t:~~ ~:~,iPrfeti,eal , •·-· 

info~~i~::,;~t ~~va~ ':si11r;.em /'?! 4~ ~ 1 ~~~~t,s !i~ 1i~u;~i;, p,;<>.'*-1~~ 

the !i~~~etll3 j.nv9.\ v;~d ,~ :1re,~qiably ,~l\ ,~'½D'~~ts~f ::,l:'.~~t t~• ! ,"1P9~ '.~\et;:. , 

actiq~-- ,a-.;~::c,~~,r~ \Wc\e~~tood~, ;~1eoiM~l.,1N>etJ~~1fi(W!1ia,.-A., r~~-,r.;· • 
-,. -------· ,.y,-- '--' 

tr~,v~t.,Yis.~~ wb:L~~(,l)as .1~e~. P~Md"J~tr,t94t WD, '.~tf»P~'r:ff~J~lj,.~- L, 

formation about documents in Soviet cyb~;¥;t\'~~(~)r;i,:,~lp.!Fi:'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;~~c -,~t~ 0~e~i~-:9t1t~ors 

and :~t4hj~~;~c,<>£;t,-~i~~ 'PfP'-~sr·.,i-::1.1.,:,ii,1, ~?L• :.,:,;;,.•,Jo ;· -'•" 

-·- .--- -- -----
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5) 9!1es!;idrl.•anaweri5 det.a1.h1 'tfie ·fo-ltbw.f.11g point~·, although ·ot,l.; 

v:f.ous in· hihdsight, diet' ·not· becotne· a)t)ait'Mtt' \iftt:ifl~- tl\-e1 pftbgram wis 

faitty:,~11- t!e't'eloped: 

a)' • A questi.on•answedftg · 1ystem cani,.•t give 'd~finU:e1· negitlw 'replies:, 
without special information about the completeness and consistency of 
its d&-ta. ·The faert that: .fll. doet n•t:.i~:; sucli''i.nfftmti~ il~t>tlnts 
for frequent occurrences of the "INSUFl'tCIENT INFOBMATION" re,ponse in 
place, where a clearcut "NO" would be preferred. <',', 5 ' ~:' · ' · · 

b) I£·~ •taftds in relctic,n ,I tO' :i/ theft· a ~e..:.,._, H.n.k; !.·:&· ,' ff'Olb .! 
to ':I. through attribute I! on the property list of ,!, ,may be sufficient 
fbr mott que9'ti . ...,.newerlq a:pp4.ltwti~~ 'tlti'W@flt-,"'iii. the' co11he 1 tff' 1 

'·i 

expanding the system the reverse link, from,: to.! th~ouJh attribute 
.&i. on the .x-propit:tr-lht, may~ 111eth•1aote 3<e~nt.ftt\ : 1 !0':aUow'ifi>r
any eventuality in a general system both.links sho~\d be provided from: 
the sta·'tt: · ~, Unks aUo '\ftM'i~" the at:cisHMl lty'· ~ided to-' ix~ 1 ' 

periment with various tree-searching procedu~es. 
: ' . - : ::; f~ J ; .. -~'. ;·· 

c) It is frequently possible for search procedures, even when unsuccess
ful, to :provide ·•xtremel'y useful trtforiitioft·'t6'' tthFttiet" 6r 0 p'iogr~tr11•¥· 
~~e:p:~;~;!;~f o~iV' ~~~Y were unsucce~~f~!. · .. Thi~ ,.f~i~\ ~~'!' ~isc~,•se~ .~~~,~ ·:. 

B. · Ext'ensf6ns of SIi .. 

1) Adding relations: Two inajot obstgtes; in;addftion'to ~omputet 

memory she, stand in the way of· extendiitg· it ·9tt-Ul:\!'; systetn · bf· adding· · 

new relaticin• and their associated'pl'ograms: (a):-t&e;ptobfem of·tnctr'" 

action-between a new relation artd these"·atready in ·tl\a system, ;tequir

tng ·iftOdi:Hc::ations th'f.'Oughout the 1ynem.'. f4r· e+ieh'mi~or addlt'.i.dl'ls: '81id 

(b) th~· problem of the· t1Dl-e requir~u! td- seatth-' ihtdijg&'1 ti:tii!ti · o!' 'wordi!i' 

linkecl t,y reNttiatu,. This time ·4Pll•~efttly 'in.tilt grow< expertentially ·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,; this change 

would greatly reduce the interaction problem and simplify the introduction 
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In -'~tion , . .,~e pfO&J'.• ~µ~4-:Pl'P,-h4'bJ.y; .~. si.gnifi-
, •• ~- •~H-•~-'- e..V. ••' ••-•--,-,•-- ' •• ... - ••••·••• 

no" type question-answering programs be replaced b1.11..,,.µig1.ie,. l'theo~ 

I •){· , ,< :· -~,;;·( -:. •- ,--..q 

the g,~ralize.d_ SiY~t~r'WO\,\ld r~aµlt 4-J?. ~ Jt~~t, ~ .. ,reU as ~ 2 · 

:~1~, . 
readable, programs. 

Tll-• oth~r _ opJ~41cl~ to. t)1.e. exp~S~fD. .c;>f~ a,_ aeJ¥llt4"c. i,n.fp~~i~n, J7e-
r: 1:: ~. - ·/.:..>" . ~· . _ 1 ,_ J _:;._·.-_1q :, : ;_· ·, : i~: 1Ju ' . ., :.::;r. ,-.. ~.,. -- ·. :·! 

trieval .. sy~t;~m .h ~~e s~_ol,st~~,:ivb~f~,;P,~cw:~,-AP-cPlO&~ .... ,f~ri~~ai 
. ~ ,-:: - : ~-- ·. . - '.i . -. ·-- ·-'' : ": 

prov~~g, g~e playiJ:?-i,:,.an4 .. other a~e§.8 of a,;Jic~tJ~aJ. J.~~l-iife~• .•r · ·-· 
~ . . ·,,_, . : . ,. ,_"'. ' _.-~j ,,:·➔ .J<· :" .-: !_ :: ' •• ,· ,. • 

the~ pro"?l~~>cof ~•r~h~ua,. th~ough. SJ?.· .~~i~l!Ynir~~& . .-,ace_;9.f 

possible solutions. Here.there is n6: b~~ic transformation ~hat can be 
:- _ -1 _: , . __ .. , •. · --~ ~-:-, r.;-

m&4~ to avoid t~ ~tll~icaj, f~~ fJl,t, .tih~, p.Wllb~,r.,of posaJi~!e iijte~ ... 
. , ,· , . l, I:::.:. -~,·-~·1 '.···.I_ ·) I. ' 

connections between elements is an exponential functJ,01,1/0}; th~ .. Jl~e~ 

of elements involved~·. ··This.means that in SIR, the time required to 

search for certain relational links increases very Jfpidly.,w,i~h<qoth th~ 

number of individual elements which can be linked and the number of 

diU~:li'eq.t :relaU~ns which .. c;~. dcr;t;he.;;ltµki~- • UQ~y,r ~ ,ma"-t of tht!! 

heu~istics. foi:-. rec;luc;j.,g ... ,.rc;h ,effort_. l!fhi.ch pa,ve)>efe:O ~\lgestE14 in. 

otbe,r, areas ,~q,P.Fe1;Ue!J ,with tr~~-st,.:;~r;tMred da~a .. c41h~ 4ffliec:t J1ele, 

Ii,. the first p~ace; feiatipn1 ,@~em ,t,p be· d~viq,e~L1in~o, J.Ildeptln~"'.'. . . , 

ent .. (non~;4ij~~ra!;ti~) grq1.Jpa ;.11.,&• • 1pat1,; ~e~at~~11~ are qui~e inq•- .,'· 

pend~i,.~ of tellijlq~a~. r~l.atiq-q~.. .Tl\~ @~4rs:ll -~P~~ ,a;~cted .. ~Y. a ,~ewr1rer ) 

lati9n is really .i\JSt, t~e •IIP•C' q~,. \JWlJ•st;iu.,,,tauc,~i 3p~qh ,llJ&J .~ L 

a very small subset of the total space@fe1;e~a~i~•~::/l'he:aJi01Ja,:o,~.th• 

general,;i.zeµ system ca.n b~ ,use,d to ide~t;iiy, tqe . .,srq~ps ,Qf ;~~-l'~ct~ re

latiOJl&,., . ~e~ondly, the)~:it~$t~Dc~ of two•wJy u~,:P'~ic;, ,th~; ~caalc\l.: 



for ·a ,path between two points in the data, ,a~'I'Uct:U«-.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 heuristic 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) Adjectives 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 .·• 

decision would have to be made: should an adjective be modeled by an 
r . 

unary operato.t', or should it be the value of some attribute f For example, 

"little red schoolhouse" could be represented in the model in any of the 
'l . ·::it{ 

following ways: 

i) An object which is an element of the set "SCHOOLHOUSE," and which 
has on its p,rqpeirty list the fl•gs " J;.It'D;E" , atild : 11,MI).," 

ti) The same obje9t, which has on ft& p~op43~-ty Li.ff.t>t:he, ·at.tribute.,, 
"MODIFIERS" with associated value "(LITTLE, RED)." 
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iii) :Wbe,ca~e obsj:e_c:t;,. 1'ilhieh ~a,,on dta ;property 1ist ,the. attjrtbute
value pairs •~(SIZE, LITTLE)" and "(COLOR, RED)." 

The second representation is equivalent to the first but avoids the 

need for unary operators. The third representation contains the most 
r. j ; ' .. ':'<:'.. 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 

to establish appropriate classifications of adjectives. The "best" 
. ' f: 

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 
. • . . . t ,., . . ~ J 

treatment of binary relations. !•i•, f&e n:..ary -relation ! can be 
,::~· ;; ~;>i~::1.J:-~, _,'.1(· 

factored into .n. relations Rl, R2, ..• ,,&!,such that 
. "' :(.' : . 

(x1 , x2 , • • •, xn)E R if and _only if 
: ·. : ~ .. · L ...• ~: r: : ' 

(x_2 ,._.~., xn>i'= Rl[x1J~~l' ~3,._ •• , x;?• 

•••A·('xl' x2,'.~., xn~1> = Rn[xn]' 
or' • .,..,, / , ' 

where the value of the attribute !ti on the property list of ,!j_ would be 
- C . ·~ _.!_ • ) I .., ; ; 

the ordered s~quence (x1 , ..• , xj-l' xj+l, ... , xn)· More specifically, 
.. ' ,._,_ L,,,. , ... : ·•· ·i:.. ; (··t. : 

the trinary relation established by the statement, "John gave a book to 

Jim" could be factored into the three relations "GIVER," "GIVEN," and 
1 • -.I, "' ,_ 1··· 'f' ) \·' 

"GETTER," The propety list of "JOHN" would have the pair "(GIVER, 
'.. ) -~ . 

(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
ipr,aot-1cal.i.t::y aru:l.,1.ef:·.Uciency of 

menting with working computer programs. 
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3) Ne·xf st~ps: The 'present Sl:R system, and ittf gEinetalized versiott 

discussed in dhapter VI, are only first steps toward a lrue •iuhder'stand:.: ... 

ing"' machine. · Everituaiiy we ~st solve "1tite' 0 ad'vice-:'t'ak~r'' probl~m (2ZY,. 

which:· involves .:conttoling the ope'ratfon "of :the itiachit.i merely by "advising" 

it, in a suitable 1!:ng1fsh-like· Ian'guage, ti{ the de'siied procedu~es or' 

results. 

One approach to the '1advice-taltet'' is to' devei~ programs 'which 

can produce dther programs in accordante with slmpli' 'instructions. 

Such pn:igram ·writing i,iogr~ms coutd 'be "an ,:dtftgro'1itb' ot'cttrretit work on 

coinp'ufer langtiage "comp!ters}1 if the 'inptlf and otitp~t forms are suffi

ciet'ttly well;.definecf.. S1moil (39( is woiking ;cnttliie' ipproach ~y de

veloping a system which accepts a bi;aad rangi of''tn~n.sh 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~ wti{&i c~-do any·:tksk prorl~ed 

the pr·~~rain is piopet'ly c'ont:rb1le<l' by iitfdrmation in tts model. 'i'Givihg 

advice'' would then requli:e only the' r~latively ,simple process of iri;.. 

serting appropriate· control info~tion into 'the modi!l.' the st~ model . 

p;rovideii its'.progt'ams with ittf~rmation' 'abo~t''t:ti~''truth!;:of ·partfcular re.: 

lations ·'between Sp~ciflb cibj'ec"t:'s. ~e ~d~i" in' 0the0

·'g~neraliz~d'·syste~'' ' 

~lso provid"es th~ "tneoretb-prover11 pr~g-ra'm' ~th' ax:f~s ;~it:h d~scribe 

properties of relations and interacf:d,111' between ~e't~tA~~lS •.. The nelii:: 

gel\e,:al j;~at i~ri 11'houlf \iwo1\,e.' -~~5f.i.~g 'ii'F~~ :P\94.~l . .(nlci~ti~~ wti~cf ~lJi" '. 
~~• ~,>·,/,··_.' ;-, .' • ·.•.} -•' • .".'.;/ ••/ 0l1;}J ;,._,~, • ..)f;,.:, 1 ,\ !.' .• ,'• 1,l •.'•- ,. \,,h_,,f,J..,i., ;· 

spe~ify ahd c'oritrol }'fi~~~~·Tfrsry'illf; ~~J' ~~t~Fs~~ic~{ng P;J.:Oce4'~i;es: f~i'. '' 1

' 

the ~-r~,~r~m'° 



Aft.er: tlte ~b(!v~ t,wo a,1wroafh~s,. t~ ~ J;HJ}~?s~,st')~i~~" -~cl\,\~~f ~ve 

been d~y_p;~ped i11de~~1ldently, they .~h9_~l<;l_ .e~ 'X~:th~,f.~~~.· .. ,}PE;, ,Pf~,\~~~,-~ [ 1. 

writing program _13hop_~p -~~- \ncorppfrat~dl!:'i~\~~nt~,t ~-Wef~tl.~gra1,t10{ ·:~pe. :1; 

model-dependent syst~m.. The, r~siu,l~fn& ,131,sq~-~ ~~J1'\ :~l~P:--~;e },:l?,~~"'J~ '?0~~t. 

struc_t arbit:i:-ary proc;?;d_u~e sp~c,;fic~~,.~~~~:'l i_r, l~c_c~i;~,~f -~~R~, ,~f:omp,l~, ,i~-r l 

structions which had been placed in its model. 

Ultimat,e~y th~, ·:Mit_~l,ligept" ~jc~~f:e-,~Unl:l#lVr-F~ be :ca,~;~}7;,ro -:,~-J,J

stract from tfl~ in,~o-~,t~Ofl i~, Jt~- ~~.4~.1c.\;:r,~l\)~rrt, 0th~: n.~~e~si~! f~t;; m;::, 

addition~.l ,c~io~, ~n4_ cr.e_atE;_,,~h~ ~~C~1J,:'.'n1-'':li~,i,·~:~fo~Af~c.'· 1fP,~nJ~~~J/; _ . ,-: 

The_ d,e,siin,pf sue~ ap "arti~:i,cial ~ntel.~ ~eQ~e;•1 :}~+,f0&1 .~h~.;,J~;Jvrr~,lo~~P,JqiJt. 

automa_\i,c cp~c~pt .~~~~ion,,an.f _in.~~c\~ve;JI~/~Ji:,,.~ s:,r.~-::it"~~ 1r(Z~:-'1i)i ~~-. 

well as !=he generali:Z~f~~~~ o.~;-~I~;~~:~Rr\~e<cdiq8P~-Yl·r1:;j,l', ,,c<·L 

1) Val~~ of pro~f~f~~:, -~any o,r ~P-t:._;;fe)i,~1"~~➔;811,~. ~~F_lu~~~~- , ', 

wr~tt;f;-~fter the ~e,velop~e?t o~ .1a ,1~~~1.f~,f"'Ufr~[, P,ff>N:~ fucp ,~~-; ~I,\ 
frequen_tJy ~P_1>,ea~- ~s ~,fl ;fhey_ couJ~ rayeJ>~e-~,i_,st,~hft,~~<hJ1-fl'l~u~.JI:\~ \ j .· 

tedious effgrt c,f p_ro~r-~icf~· .• :J~~~}r.,rtj~~~~, tr:ru~/0:~~?,1-H~: loar\'01 n~~~i =~-:,., 

sy_s~,ems, which are described, as!,~~pl~~~; ,:;~~~~.fit .. fP!.,, ~~1~£,-~~?~fap•rfn$:t t,:,.>1:1 

usual~y re~uire f~~~~n~~l: ~~i~Jf~~~ns_ .,ft ~~t ~~; :f~~y r~,~-~-! f f.F:csrl~Ff:~ 

into ?,l>,erat~?g p_r9gr~~-- _ The: re8;,~~s, !qf1,f~~H}~~1:_f~ff' 0f1 8,f~Uf.Hl, ~ff.~ 
ing the prog~am includ~ the following: . . ' ·:·: ·:•: :'. '·;(: .. : ,-i :~, l· '·C .,i-!'f[;J':!··1~"'.':..:i·".,;Jfii. Jh ::f!C.; ':·l'1 !t; :. ·.: . ♦• :-:,if{r;·r: 

a): , ~i t};1o~t a ,Pr~gr}l!'l ,~.t f ~, e~t,i:~mely _d~~#_cul,t t,o,, ~~l?,. )~~_ethef'~ ,~h~,, , . 
spectficationa f"or Ii" Vyatenr atei.r1ea<i1r>r~ei:~1(11'ii«- c~n-.fi'te'HL · 'trruclai 
decis~i_pn~. -~Y be co~sic;le,r~ci ~~or,,. (\e~~i,,,ls.,. ~nd. c~ntradipJ.i.~~s,,_ ¥l. Si~. µ?~.-. 
notiE"i!d' utitti 'one '{s' compe'ilea"fb 'tiu'll:a1J.XR:ripl1-1t1tl~ sy~t'e~: U,.,, ' '' .J.J ··' -

b) The process of programming not only turns up fallacies in ~h~' :ilp~'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 turns out to be a compro-
mise b~;¥!89 i~~1:lilY,te1a-/~s ,tt lf4i P."f~Si~Jlly_ S.P!!~~fl,fjld~r:, •~me~,r;sv,.;em 
which was more feasible to actually construct, and a more elaborate sys-
tem whose new features. ~i~, l:.h9ug9; -'9-f j4filr4na "e :1Pl@IJ'Mllfl.t;ll.i:8J~e,, •.. •:· 
This resulting system is frequently as useful and certainly.more reliable 
than the originally specified system, and in addition it may sugge1t the 
design of even more advanced systems. With SIB., for example, methods for 
impleme~~iBBJ tlp8 ~!M~e:@~~Pl\dP~iru;i.pl a'' rrfnd: !~9-~~~~ltt•joirr_!.~i~J!~~_!es i 
arose from the design of the basic queation-anawerer, and the specifica-
tion• ,~et:, ;Ju~: s,~--i;,uz-~---Y,~tfllf,,,q( Chttt~ !lfi,)•r11b•1t11d11,li1,;~09~ Pi98t!Jr~ 
ties of the final, working SIR system. . 

.. : -~-c~_r:, :1 _ · :._ :~--.:.. :.~-:~i.- , 
c) The programming process frequently turns up insights which might not 
othe:p,-~,,-:"Re ! p~.1pi;;9ll'.~r,d -(•~4' f<n: e~~'J,iP•~ai~ffqr~~111Jb~\l~) • 

d) Ft~a~bt!, t;~~ r~s~~t.i:t;1&;Pi@iJ;.au,, provt4,@: J!; ,t~er:loMt@::ti~, ,,,.~e•~~~~1;--.-._. .. 
tion of the feasibility of the ideas upon which it is based, a measure 
of t\l~,P;@ctJsaL~tY J~f t~e 'fY•t~· i11. t'fN ;of.tii'lllf. JMQ ::8P&@@.1:,rr~fi\JIJll@tl.tlf., l 
and an experimental device for testing variations in the original speci-
;fica;ion~,, ,_.. . i 1 " .,_,, - J :.:.'-_, , .. ,r' _ '" 1:- ~ ,.,-., 

. , 

~ .i ' '! .' ,. . ~- . 

· 2) Uni'9Dtit)li ,9£ E!Pil:MBta}di@lH ~r,~iiqqrrli.lM l.~l\k-a1e.,:~d St\41'.Qh;,; 

proqfqur~ ~ wo.1i1L,d :>.ftigi,Uy ~qd:!Ag •~ aUo.w •tbe.. -~•t:--r rto C'Q~llt't'•t:e: - -.. 

on th• •~re µJJ!M"1jW1,t,:P:tQbl"11s ;0.t ,,pr.<Jgf~ :.~l"M11\iMtMMr-4Qd ,Maren_ \f!t'rate.. -

gies ~ ,,r•S~tl, ,,~rst~~rct ~~~es.at4t-i~~ WCJ!414 c~V~ j tq_r1Wl.,:,ne~i,~ltoel.1Q~-:.;t~L' 1 

han41a_ ~h~ ~~t £'l1JlllJ,~ci, ,o,a•e~. l:A $11\, •th• c:Ull:i.ioa W11e i<lf ,,-0alJY t;ype,-, '), 

3 itp1ts o,:r:, ~l~ p,1jo,-ity•Ji;11;t~ -~d. qnl,..y t~"il. li.Mt 'A..r4'!U tw~".!,pto,pe~ty- ·•· 

what 1inoi;e .. ~~fi:.c~ei,,(~t., .,mQ,-t;e _ea,ogom:l,qf~egf ~:Vll&e)ow~ ,~ ':JlQ.ki;~v-,,th~L, 

same tr~~,¼1 t qJ_ :fir,eiiq.g tAA prqg~-r frPllll ,A(>11¥P!U'n ,,M,r .c,det;1.U,i1,, 2wq~l<! .~ t:, ,- . ' -.. -

to ..,1),0,w ,se'!~r~l kine\$ ;of l:i~fl- to ~. 'I-~~ ~.feVt,J,;:t~y, ~r.,_ ~-. 

su.j.ted es~~-,.. t~+,,-2, _an.d :-.3 li~) ,:n~,'ilf'1'fU~ ~,Ji ,f;e,t~ie~l '--:R~, 

grams to be.,~1:~- t~i¥cogni;~ ~~e. ,t;ype.c.~ 4 ~c~i~4~ .. ~.~ ,,_,,:.•;:_;; - · 

. ' 

:., lf ~}:i.i~ .a~,te~~~y:~pf, .aU,owi~. ~~:i•l-!-S.,dl..:§r~~~,~p~, -Of; link:") 

,-ges were. q~. 4A t;~ ~olized sys-tJem,,,- the ,nab.n;4!i.cff it.ka!•Jd:nlcs< 
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appropriate for particular relations could be stored in the model on the 
/;,;; ·'. 1 :· ·i.1? 1-.H,~t·'.f~:-t;·~;\11.: "T".,·)d,,i,:_1.'; ·" !:;.f~.l;~ •"/l!tf•' 

property .. l:I.sti!J 'bf the r~laUons •. In tlHi ay the,:;type~identifi~IU.otif 
:,-~.'.:. ') ~~-.l(f;i_J-J['; :")J ;::_)Jj.i2£,~:··} .. YJ2JJ 2.S.\,~' 1'. ,iLJ 

would-be ·reiidily av1ti1i'ble t!o the-..rettie'i'flil':t;ireg~de.;-:• : ,r:., :;,; · 
. i,, 1• r 1 J·JcJ· , ':-~: .:1.:r,)··,· · ,-··;, _;~·: '(. 1.1.r: ur -:· aJriI 

3 F ·Pregtta1nliltng· t~ee•search: · In 'order' to·.,h-"-dltPi6ile t,f"J the· ri!w•'··~; i ;, · 
. >._-:'~? '-• l· u.nr, , 1,,, .;.J~~- n i:,~} ·';,,.J '_,! ,j °)(; r:_\ 1::: -:;h 1J.1J ~J":-r=t );"?.0.!" 

trft!ival proeessefJ • I 'hatl to·,aevelel' 1 a~ genital @rt!istrai:trtg' fttiictith'ls ;: : ,,: 
_ .. _;;._,·_,·;:,_ itT 2 ;.,_~: :-1 J .,, •• ; e::_r1 st· 1 10 1.~'~ · ·• 

The facility in the LISP language for defining functions of functional 
,,. • · .. '• · ···1· ·~, !'l -;.:.- · , , :,"-.~) ~._. ·;~J _ir;-:·,-i·:; ~~;;,~·;£~;(; :,: 1 ;•rr1i1J-.L!j:Y1q :JfiJ' 

arguments permitted the- idt!li!gil ,of ½pro9rria pi6vtdfag ,2('fjowrftll ·•abftfty · 

to spedfy'.Jt?ompl~x s~areh ·pr~e~dures. ,Jor: eicmi{He';Jot\t'!a~f tfil!! mostiofi~i- i 
.4·{u~~~'-" ~·.,r·r '.!·:,~c .1 i1-,_z: - ---~'._':i. :)r{J 1c: \"JJ_. _ _;_,f.,;_ L :··;_ .:::-;p:; ·t /.u):.·-,-

ful 'futtc!ibfls·,was' l.tff.nd[start; umt•r.:.:teat} ;' '0 <-itiri!~«! 8 itattltCc•n:.)be' any; ,.'. 
· _; ·:~7.:.: ~: · ~,· ,. ! _ ;:···, _. ~i. - \/'~ J~~•J"' r~-:i--- ") i • .. ::-1f~ .. l;_;_.':n~::r::1.!1.·:-::.q_-,;~.1 (,.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 word i'e4ehabl:e fr<>tit "st!.u~~-'aPcmg··;r&e ~iiiid 1of~ sp~ci

fied •by, 11!H111k~1':!. l!f .ttJel, vaWe of ,.,1 t:1e1ui~ .,utecF>t,1§ a.llfdiitJ! if:s Ltf,r4r speefil':.r; 

s ymbd);. ·1tt.NIL /!, .,the • .,.atieh ,eonttimes f, ·ot'lret+wie-e ,,.fire wllue ''Of !lll)fiflrid.,,. j (anct ·' ' 

the .re;sut,i::::;iof tile seardh)· -is Just ·the Miue 'of·-~.IJl:: 'Jffit~P.re-sl!r~cmay:" 

cont>atri the >word -whicft satli!s:Ffed the trest -andi~b~'~Silftil 1'~~i:if.e>.1;inf, · 

the U:st ·-of "Words \fl\.ich· M'fi< "stet'! t.o •thei·♦e:teettJd·•wora:0M ~~ ~sfreld-

anc>ther ,appM.catiCln .1of -~f.f.ftd'' it•sel-f., '!i:!.-, 9i!li'•'te~iuf ~w-::e\rft'.fr% 7 r. "v 

is p>art· ;O'f -,some 'B, we ''Dray wish :to· 'te&t ~tfie,f" 'th~ £el 1al'ce:J!:ast' .!! isuc1i "w:c 

that eYffY Ir :1. a .!! a11d' Vevfl'y .!:! ice• })°ilrtJ -of· .~r 1JL 1 -:irh'i"'S' te~" ·11."tt '~a~ : J 

out s t'mplly :., ·executing t-ne fo'l· ldwing (fu!\~t'ibn fftvett -irl --e.t8'P me~•':') '· '-i r ,n; 

1 anguage 'l'l'Ot ~-fan) r and t:~s ting whethel:i , it:s11 1v,;al\fe- 'i!S '.l'tifl:l,.ltl ar (\'\ot''~ · ' .:. :J; ') ;,: 

:find[A; SUPERSET; ;>,.[(u](find [u; SUPERPART-OF-EACH; >,.[[v}(f'v•Ji-r~JJ;Jl}'. 

If a unifcnm :iepreseirtatfon:-'('as·'ae~t>e'd 'iri ct,Wag~·-'2 ;' abd\r'e)'. 'had 

been used thro:ugholvt ,s.ra, ,then it would· have.··b&A ~ ,lfbl dwv'"'op.; a· ;.,.i:. 
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c~lete set of general network-tracing furicti.~ris like' 'ii'tin~:" . Such ·~ 

set of functions could be the basis for a language which makes programming 
. . • ,,,•,.,)0'!() 'j•O_, 

tree- and network-searching systems much simpler"'tliiin rt li now-~ Such a 

language might thus contribute to resear~h in th~ -are~·~{ pattJrn recogni-
,., ,~l 

4 
, ! f i'. .~": ' ' •·:i [) ! ' 

ti.on, game:.:playing (36), and network analysis as well as semantics arid in-

fo.rmation retrieval. 
,.. ._~1:: -J-~:. : _ .: , ---~ri ·· ., (_. _:- ·: '. ;_•.::: • 1,,.,-=-,·•t· 

Note that the success or failure of an application 

t '.;;' / · ·1 , ! '_ , . < ':_ j ·, iJ • l _1, ,. ' 

the order in which nodes are generated and tested, and therefore the 

efnd:iency of the system for various kinds,;of ~~tw~~ks, ·~~t be decided 

'·-_·., ; ' -•J /~\ '. 
in advance and built .into the definition of the function. 

,.,, ,; -••;,: ,; 

4) grogram sig,iification: The "procedures" presented in section 
~ ' ~~.;,.,._, ,

1 r_[~··. ,,_;_.:i,·1\ • •.)('._::_.: ~ 

V .. A.·which were described as "rough flow charts" for the retrieval programs, 
) -./ ; , ~ "- , ~: 1 .~ 1; _,.. l ;.Lf: 

may seem unnecessarily complicated. This is true for the foUowi.ng reasons: 
,_ .i" (~ '~ ;_•i.'. _, '\< .! '' ; '1 :-,v 

a) Each procedure was ·written as .an explallation of how a par.ticular .p.r.o-
g~~c:W~~~~~s, ,lp;ld :~e ":i~e Qi .~se,,pr9&~·r:lan1'tb•~f.,~lL~t~~ ,, 
structure was de-emphasized to avoid confusion. Theie is must more hier-
arcbi;cal. ~t:.r.uctu,t;:;E! :•d u~ pf ~ ,.~r,f,Ut,i.n~ .. it\ "~e. ,a;qtQAl; J~ ;p,r:o
gram than is indica'.ted in those procedures. 

t .~. ' ~ ( ,. C • 

b) As with most programming tasks, many possible simplifications occur 
to the programmer as after thoughts. If I sta·rted ov~~ :A9:w,, ,l,~~1:0~,1'.i . 
tainly construct a neater, more compact SIil system -- especially by in
corporatiQg some of the ideas .discussed i:n paragraphs 2 and 3 above. How
ever, I ·would be more inclined to ignore SIil altogether and instead start 

pr~r~l\3 the ~r.aj.ize4 ,s~.epicf),f ~t.,1#· VI. ····-··~ .. , .'!i~' ,f.:· .'.-

c), 'P,p.i.Pt;tUM:t~ly .•. Uljfllly of ,the ''sinlp,1-;e" r,~WJ.i.»ig; pr~.~ ~liO&J;~. •.· 
must go through really .!I! complicated. It was surprising :to me how many 
possible ro\,J-teS .Ot;l-8 _,, t~ •to ~~•.,~ ~~~,.~t .J~~ "A~~ P.~ ,of 
B. II ' . 



-~~--- ------~ 

D. Subje~ts for Future Experiments. 
I . •":'; ) ,, _, • I .-·.L ~) : . ,-

1) Search procedures: The relative merits of different tree-
=tr- :TJ:; 1 ·1. ··r.i..: ~~' .. .iJ '/~- .:. 1 :·➔ 2 ,,. :.C J~.1·;;·, ·'''.1·.;~: 

searching procedures should be investigated, since any device which signifi-
·,.;-1". ___ !-i ! .. 11:,~=i •· •{ .... ~-,··;.::.- l-!t '; •_ 1 r.~ 1 ! ..,¢,:! •~,., 1,fr'J° t,..,! t~!!"'-1 Jr. ')~_s( J_,:f1-,., 

cantly reduced search effort would be a valuable contribution to the 
-· ;:: · , ' · .-• . ' ..: f. ~ ; ; \ F , ·-;_ f, _; f : ·-:; , .\ :· \ ) !] _;_ '. r: ~ ·: ""~Jfr:H ~ J 11 .! i 

practicality of SIR-like systems. In seeking a path between two nodes, 
ne-; r .:.J .i •:t~ i·i~ -).d.:; J.r:.· 1

-; __;;J?;· • L·i _.,_l-_ .: ~ ·1 no;:_, . · :; 

for example, one might compare the procedure of moyinJ one ply from each_ 
: ')~1 . f '.-' .i '.. ', , u·_• '; :')fij p(~ .. ! fjl·_, :; ~-~Jf3(1 .")'.) !L,·~., .~:, .. c.fJ :){~;! I '.'d1::; ·: ,··, 

end, alternately, and looking for a common node, with the procedure of 
~ -r f. . • l _ _.l , ' , 1" c•h 1

1
~! ::f"l :_, I { I n ' . .r ( • f f '_J : , . : i.} 

continually branching out from one node, searchi~g for the otber. Even 
,J

1
1· ·1:--.LTt: 

1 
_,.,::·;:_ ·, • • t:__;, _~ _ __,j' :•:-': t,:~u. Jti_t .•1::1r ;;J':1·, 

this latter procedure can be performed in either a "breadth first" or a 
::' ~-~ , 1 _1 ;·.,c '.. ~ ~ r.~ .. , 1 i u ::.:i- i l i u:.·: ·,r;r. · JJ:. 

more naturally recursive "depth first" manner. While the first procedure 

mentioned above cuts the effective depth of a successful search in h~lf, 
-,,;:~ L-, 1-. ,·,q • ~ ,· ! (.,-l • ~ ~ ~- ,:.~·~, 1 17:':;_, • 1;r~•,_·:;1.'-"' 

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= ·.:r £.1:J.t:._1~)-,;_•;_,u !-."!"~.· .. _; -~ .. ,t.1t-;~• l'i,.'.J 

makes it more difficult to discover the complete successful path. Which 
)ir., ·; ~ 1

.;· :lb·~:·· :::t(: ., \~ J .{°·lL.-::'.:".;_;;'°J:·.-.. ':', \-~·1•::,:2, ',:-;'dr 

of the various procedures LS. "best" will depend on the size of the networks, 
',i,' : (_1 '< ; ,., (-: .._, i ; ~"' '.: _; -,: ';, ., 'f l: '' 

the ~lf4tt'ii!e 'trequenc y of rrsu~s• ;) "th~ <!~rage ·Feit~IY ·'cif f,;~ces'sful' '1)'ath-s f, 
.-r ,_i ·1·-i.•.~JC' . · ' 0 , · .' ~ .._;. r'i./0 ·./ f ;_>:J;:~.£?;\f'.1 .. jL~:.:·-::1U (:,Bt.,.J '.;·_f:;; ::-:-~I ... 

etc., .. 'lbei:t~fore the tiest0 way td dete'l"mi~ff'tbie \ion:1:'elfi'cf~ 'dlet'lfods is 
-:,·1.l.:.·: ·L:;CJq ~.:.;r..;;l.:· ~1J ts•-; )'.>.)!-~)JP: .I i~ I. · L:, 

to experiment on an operating system, preferably with respect to a par-
. f2,~, _: l -rj. "':" ,,., t ;(;~q I(" .,~ 1, ~. 1 :,;:~ (_;-! 

2) Linkage structure: · 'l'We'·~timmn'~r Ja:f.'-'-e#:Pf.-ic-1."t 1.1.bks ni!!etfe-d' 

shottPd··-~ invest:igat'ed~ :; Ofte'ttii"ght' e~&:t"a t'nrd~~f.t"tier-ci 1
~eri'sp'ate; 

- ;:--_\: ._'(')( ·:··. ,'. -~-'I; 7;~J--.r:~-~! '-•, , :- ,J'.)J;::r·.;[ f~;--··;:-· t :~:.-!.£ :_-"l.:ri•_=--r dd~ (---~ ;~~ :':}; -~,.. 

"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. 

,;:;_,>,. 



~ptici.t' link$ 'save' dtne. otily jwhenllth~y''~to\ffdi{rec!;rttH.~t~·~,1tisieirs;' dtfiiH.iifie 

they use time by requirthg ·spurious )pids'fbf ebeiirlt=!twori:(it!8'lbe';.,s•at8hiHJ<''. 

~ich redundant links to weed out, as well as which search procedure to 

uecr~ d'e~ebtfs on3 tfiec::t:batacf@risiti~s tH·.: tl'ie''iaitet11lnd: ~Q,~t!cii• 2 in Ck par

t i.'culai-l•·applttat1.on '. aru.!1.,itl~t-'bei:d~teminelldby8•ipfflifaentit:lt,iL ,; ,IE ~~rr: V '' ;; 

'' \ AriothJr, 1 tbic!tirthg:-. irt,bl~tn t&rn~1~ona!iered'.3~'sw ttiit Bf ~Bttitst!~hict': 

At p~letit. sttl j t'Hes1"ttf· t~~t the C~flsi~ie~y:; &f 1 el~fit11if)it~'lt~ntl!nt~.Swftl\(' 

t~') i~!t,'t.'mit1bii it ati~'a.dj- 1hts a'toi-ed~ 0 1efth·'1j il'fldt~f&if'.rti!ti1~1atii-bni0 fo 

t~-'modif; "•·tt ttrfiht~b, 11ilbr'e 'efffoi~at;tb'1iHn0!j -~ciptd~aih injHitc :-,'f'i'J 

,j a$n.tei'i'ee itnifi!p.iHide,Aeit,. itt«"·then' c~k. Uie·•~bWtil~eilt!y b'f tt\i!:;i&i!e41 f-r0i'fi

t1frile to' ·uiii~'; l iay- ~~~tf in:put~1"ntem:ii ;.o •~iikjfiiW:lftg"0 i¥'i,TOMeiii(' ,;,,fj 

o'cd1r't' 1 tbili~•protedttre''wonfdi'tl.f'~{l1.tei1 iliforita'tlbnbiquijPpl·ic'e'd~~' :, ; Cf.!: 

with earlier inputs. which migth:'. ~e; ij pritffred° affili~t.: rO't ,.·; 11p-i) 

. ~) ' ~bijtuit:t:" itr 'i'anguage: ·· '.N: 'sytt~,r, •11\fi li~-i t~1 Mi? co'ul\F be1 h~edq,ai 

a basij i fd't i j~t'tidy"'et9 amt,1~'1.iy Itt0:langfu\gi:i. 1ff>.i~ ... ~~'fidii~~i,_XliU,i)~eh-ih 

sectiott1 v.:IS'shori:11\bw''stR em ie-a61."7e 'ai\ ua\Hiiiou'1rf~ie<ati1i-\.i2 bn~~he··' 0 ; 

bas{s'of''re1ttt!d wra·m~hittks: 1 sltnitffly iif'~~-'d1~'n'iofi'Wstt t\ti.&}lt 

be abl'e'"t6'' resb1'7'e; ul;~guoliiiL sen.~mtc~'•t™lliti"'-btfii\~ b~iliY'6~1 tRt5-Wlafti 

ings (or, more precisely, the contents of th.e propert:¥\iitiYlolvH\tnc, n 

words in the sentence. Thus the system could be as effective as people 

in recognizing th.e structur~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~~~M,f: ~I :r ':-9:~;~xtu.~l inf~JiffHijnA~ 1 n~~~d./ ~Ro r~~\ ve,., ~b!JH! u,, :i "'~~~ 
8:!-M~dP.f\!~Pie,);rQ~b}i,,, ,,J¾Fh-,~~ ";h~f~tp~e;;8~f½-~2P}~f,~:; ,i i:. ,,ff:;; 9i-:rr ··cH!; 

solving amb~~HH~~lf~,1mef~s,c§h,Jt: f~,.\>l"&&i~mj ~HP~~,t~~.M1Js 5~•1~8.9-f~t• 1 

':>f ~ ;l}~ B ~ne, f e, H~ J D19,'1e!j ·1 '~~; ,.!,9fR~; 1e~: ~~ 8!N~fJJ5H.f j ~~fl'" m?rd 

bx ;W,8 Mn@+n;pej p~qpe~t;J:-:; lt~t, 9k, ;9~·\,}!,Y:?;"d itJ ,P,!8i9U§'.:I f-9.1 tJ1fE i31~~f'ffri J .t.. 

~!0 R-P,_tl?,f~9n"'lf 8 ~t&f/rfb¥~tb,,~,;gb~8f.fo9J Wf~bi~ iii. 111Jlfll,~~} 1i1fflf~ •, o~d . .

the obj~~~r -~i~h,P,J ~ c;:flP_ 1ff~ryj t~Mh4~'?8¥-i~r,Jtefo,w.J Jf·Y ~~~&,y~iijfr' 

c~;;,1,~,,§iec~, ~~ -f91h, 9~~~iqrs~tf .§Dri,rt;c.;~!~J,r, ,ff1H1ffllNJJ·.-d~¥!RfV!~~"'::Ee,n 

the r~P,;!8~~&:f fOll.aiffll ~ J1141,µ_J?1J• 8 ~¼99r 9fofft"",.;~fhA~.,;\f~r ~!',,, i~J.~~ ,,, ,t,Jr\l~ 

info~!PIJ::,Jifl?Cf!§!~Sr,J.ey~,f.R; 9l~.:iEfPJf,,~fEJen(,~ )~PPiM-10~B3"~,3 

ce1~r~~Q~ 9~8 9R-:,;f~lmc 0 9~~,1hqt}1illlif.i~1'i'.'1 [1')..i:ri,1 ',;; !ucid -; ·'th ) 1iJi1-: 

Psychologists have simulated on a computer human problem-~9JgfJi:,P!q 

havior (28) and the process of memorizing nonsense syllables (14). Per-

P.~P~L, ~~~5891 p~ ; c~ 14, r~!} 1 Jlir; p~~~f gnA of; 59!\iHHl'ft\; p :f~.f~~\~!.t, 1 e~rning 

~11d~;nJ~ff1fb~\l~;,Tf9q.e~~t ~'lfrlD~nF.f8lf~+~fA1rs8"8f~MPtf ¥e¥1fli~~;veL 

to b~d 9e.?(J.S~\4 'M?,,;;~,ShJ.§nS!?-,'?;fl Rl ,,,,5jqf we~e,Jfl6$~~e~o i1f P.! .11wJ ! ,,;; ~ 

.1rl.~Hr ftf;;.SQ.~,.0 P~JYiffi1)~eq~~R !;>~1vi,9_f~ •-~~tRf4'dr~.f0~bWtlff1 <>¥5-&H1,31;(: 

Y,!~bJ~ i if,,a, j /i1 98fh,:~1D4>f8V~H~ ~h.f:)mHJ~ 8P!l~f t~,/i-'9-li hptpaP,-: .: ._ ,J,' 
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Appendix I: Notation 

; ·~d . . .-1
.; -~ ,·1 ·i ;_ "T-~ 

The purpose of this section is to present some of the formal 
;·.1 ;n ! r ;-~--~ ;:.-:-::r: ~=·L;f:.t ~/" .... :;: 11.

1
' ,~; 0. r; .:.1rp - S.f 

logical terminology u,,d in !tl)t~ p"i>er1.-:: ,::In, ~be __ :tfcU1J.rawtn_&:.~~a.t:,_,.::!.l!e 

use ,~cv,ari_Q,~f,~~•la l4ll .b~ ,•J1Pl-tM1e(~)!.l~-~~!::_~fiul.'tiona~r: .U. 

exampl:es., q~ ~;.,c~tEI .qf ;i:nt~q114tt·«tten. · ... , ,. , -,------~--,..,.,~_..,. ___ ........ . - .,,.,.., .. ____ _ 

'.. :)) - ·)'1'.; ,' 

, ·, .. :'> '~,' ~.: .· . 
and so forth. 

A,B;,-G_.,, ~'•.• "[ .~t•-aypa~l&;,At~A@4.~ ~ l~ l.ogic•l .ti>rnlll..aJ1; .. .,.2 
_. ~,._y=, ~-.. , , t,~. p.~poa~fi.QJMJ. ~--,. -~ . /L 

-A no1:-·rr•·-·A ·rsTais-e.-~·,-·- · ,,_ ·••·· ... 
' ') 

A AB A and B (are both true). 
A Y-.B :·" ,,,, 4:,~, B ·q~, ~-,n:. ',(C .~, 1 

'-A::>B' · · .. aTmplies B. 
A~B A if and only if B. 
X~Y;,.tt~~, • ~ •,, ,, :fatj.~~J,r• .. ~ ~~OWi\ JWJJ:Q!I, aOJ:' .seta. ,;r:;r1 ·· c: 

Cl1-,J1Y~ ;.~rt•1~ . f~t,a~;, ~J>Ar•~ ,~ dt ftl>.Lii:::,B: 
aEx g_ is a member of the set~-

_ . ..,, ~-~Y1-,,,; ~. . ··~~a- is . ., ~~M\f<l ~.' Nt.;jfn;; i -_,. -~;,J'' . " . if ''lvi!U 2 
u..:A [a x];,,;'l' is.~~-,...;epd~t-r-e-.Jlet;::~. . , . rc,-..:=r 

• P.[ 

x=y ~ and y_ are the same object or set. 
x!;J,,.,-ic: c·c.::, ~~ •::.:• i_ ,,-,?, ·1u't .iL ::g·: .. ! : • .. ic,-;,.,, 
.V: 1. · \.lnfy~se,,l"q~i.~Jt, .. a,mqal~ '. 
·(~x)' universal quantifie1'.-rl( J \, 11 . , ;_ ,,1 

(· \ .. ',, 

('Vx)A A is true for all values of x. 
3, ,,, :1; e~i,~~4,l ~j.f4.t\J:'j~L11>' ... , cr,u,u. 

· ·(3"1t:) .. ...... ~ existenti111, gp~il.U@r ,r;iq . ~ . · ,, .hi:, __ i_ !.:.':. 

(~=~~~~ .. ~r .~1J~~;~;;!;!; ::~;9i~;~.~:=~-~..!::~; ~ , · , ,,.Jf,,:,2. 

<,,~1il~:·: . ·r ~h •• 9J44~dt pal,r ,9!f,4MJObjffl•u~,:;J .1; .. :; '') 

-df · equals by definition; is defined to be. (' i , , '· ;, 

.~r,·_ ,._ ;.1,· 
1
;.uw. ,;J ~;,_;_:_J1u:;c~~(-~ 

B. Subordinate Proof Derivation. . L V' 

• j ,: ~1.~ubc;,~dl,;na,~e ,~&'-•~£•,,. h ,,a Nt\uxt fQS :.;Jl!!!~III...LOj~dlr~_educticnMJ i in tlUt+' 

f;~.,t;7~rd,-r-rf1't\cli4;~1;e~-~•twhis ,C1.,b11 ,1Jt.antlilieaci•~l c&lcul~••! ➔ i.; L-").lle • ,:,;, 
~ ►-- ~ · - - ·- " ~ -~t,~J • y .. ;1 -;; <) · ,n;_, n~: \·:~;¥} ► :•;., ·,1 

fo~l~t,1,~~;, ~utl~,ne~ ~~~e .. i~ .)1~:,.,t.~ .!~of :'.}~~~~;~;i ~er,.,, Jr 11 ;}1.J/ . (I~ 

si~il;;~--~~-~~he s;·;~;~ of. "generaf';frtfetJnt~ d~sc!r1tbe'd by·fipp~•···.~3). 
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R9fipition:" Sub()iai!nate Yroo'f'
1

Di'tLfvat:ion.'''.ij£L~- 'fci~ra: l !rout~r 1finite, 
poutbly e~ty, s,e,t p{ .fqrm_u~~ Q ~-dt. ,. . .,, .......... , . _ 1, ·, -. -; ... ·>1 

an arraugemeht' cit '-fo!inPtit11'··,ncfl0cM1~ti/t1t,i:1s'",lia~·isty1.ng jthe· d~lti.ns: 

1) The ftts't' ~ Ytiie~s~ ~ 'th'e 'ie'rf~,\iodl1?o\V'1s1!if'6·if:itt{J!rjo~ta~; o'f a~•,,:_r 

2) Given !! lines of the derivation ;''~h~;1#f&t: Yt°rt1e .1Riay1 'b\,iislst< df iii'.}'~ 
formula whatever, _if ~ new 1qe~. bJ:Jlq!tet i,s -~a,un tq .th~ ~e!t. !J:I f;\l4t , , 
formula inside al1 e~is't:ing l>iac1iel:s\dt"'p~e\,i•bh'kr1,0 .rt~~l\~le<i. . . · 

Defin1tibh1
:'} fti. ·a Suhi:ir&:tttiife'i>rdtff1te{.~iatro"h J\J:.r~:1

~ .. J-~.,f~1Y~<f t. -r 1 
, "'" "~i.4!f£1,,,/I ''l '>•,·- t·,-AA•;.·,-,·) 

ancssto't' of line J. if j <:...,/ and line .1 occurs insia'e no l'ong brackets',, 
other tha~,_fho~~ c<>~~flff~:nsJ~~;:,t• .' 1 u:;. r i.') 1.~~,,-)J .,,<,i -, 1 10 ,. , 

3) cl''{(eifJl iihes- of' a'derivatlon\' ~jr~ll~ag!dli~~l(riialy; c~hs'tis .. t ,~:f ~~qlli• 
la A (without a new long bracket) if ·' ' 

i) A is,ak~~~ _t:rpe __ ~h~or~ .. , , .. :, ,.--•.i;,r--i,--· i' ,_ 'i.·, .,: .... ·, __ ;·· ,,_,, 

fo~l~~ 
1!~f%f !t:dr~~1~!:~ t:~tMlfJY»f11Jt~frl~f, ~i, ;~y :s~i~ pf -

ii A·_i;~~ fhl'IJ:¥ie' obtk.imat 't. roiti'.'.a .. ~---<f.:. :fr.l') ~D-11,, 'a(t-~.- t g1,;J. :"'ffn.e'.:."J.. eran_ '\' .. ,;•· 
'"r'.J, 1 --~· ., . ..-,' 0 ~-.• , ..... ,.,,. )l_'"'''•"'q;·· ~i'"'"'~t--!' fPJ:,n,t•.,;,->,Yim ,:;,' h--.:, allowan ~e·' l.fse' of toe me'thoa'' o:r.; ,.. " ' . ·r • . .. 
• )G::,, t;•,:; -r-- •. • · , ,x,,: u •n" · '~• ·r:·t, ,, .. , ';:;•~ (!,. :1"' , ,h;f , .. ·_,, ,,., L· , ·., , l _, -, 

fi.b1~'i6n~: Let A be"lm~--¥bn11id.J(;:1,,l·1ir1 ;,:nPfl'Lb:f0 t 1itjrir,, : ,._ ;,;'i t:f the formula-obhiJ:A f'roiii' ,41~!'.,/~t'l.fJ1~-l 'fo~ ••'ire"Ht trJiO'''' 
0 

. enc~ .... fii ~.L"'ti!11'fi),.!,i" j~-~t> lffrisF.Y1'ITT'!F.R~fftflft ?k~ "Ptf l..!frle fH . scope of"'. "1.uan r er con a n ng g_. ··· 
· US -=df Universal Specific~ti01_1,r by, which. (Va)A. becpmes /;_. 

UG ~ 1!Ji\':i.vtts•l0 ~'ilet'1.1~4fi~<; 'f,f wli~ i.'-'l/Jk~k' (V&)t!0 
· '· 'L: 

t-,h 

=~ .:::f :;:~::~~:l ~· :::!iit~!r~~:~t~:,~,~~nt, A~~9 
j ,, , • 

~: ii~ ::, ! :!:t'~-i:t:!~.r-~~:j:~;~::ors~~l:d ?fq fh:~ ft~°:'?• ' 
Certain conditions restrict the allowable usale o.f 1110st of these quan
tifier transf"rmation methods. These conditi.0111, whieft9 Wiite'c'to·"; ·· 
conflicts between variable interpretations and dependencie& between 
constants.; ere, toohilWf>-lved: te>, psedflt lea tM•-::••utJltn,h : '~ ,; , -' -1,.J;' 

4lhAn inn~rtn,o~~ :loqr;1Pra,ck~t,)tN{'-J.t.e1 iltanate.d.-,atJ ~Ad,.ii.ul~liag)! dwl 
.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 qoaatt.o1ltimJ1, 

5) An innermost lon.g 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+l8t line. {::~'/ ,,, U 

6) The last line has no long brackets and is the fot'mtlll.,B, · .~:. ,_ .1\ -- :: 

- 1: . , ·. ,/ _, \:.:: L" \. 14,., ,,: j1.:, i , . /. !-._.- <.:: ·-,: ::;_, . • '· 

nain Theorem (given here without proof): If there is a Subordinate 
proof Derivation of B from a, then Bis quantificationally 
deducible from Ci.. 
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Ap_pendix II: .Derivations .of S:tR pe,dqction. ,,:oc~q1u:es 
.,. ··_t .7, .1,J __ .1«/~ ., ',. r~•:_;t1f1.\/1!9<.!. .'.t:,:.__,J'·; t.,~g!_..; ::· h~,._)(~ :r:c;_~ __ }_F_~ ·.·,:>JJ 

·- -~r,,.~ .)..j -a,(• j .. ~r .. _,,·:· - ,:· ;-? · •··'01.•~':• ·; l~.i,.';,)ft 

. -i·. i_ ~~~1~h-· of, the}l <1e!i.4pt~~Pf} R~?:.f~~~f~);;'.f~J~,.~iR.t~.r~ ·µ:.- ~,ij:,,,e.;"~ .· :: ' 

g~~~ral,ly con11ist ,of _fo~ -~~~~PfS::,>'. '" 

i) '''riik SIR d~'.duct~on ~tii~~d~re~,)t,(~{._t;ejf ~n' .tab;b. b/ ·~ 
• • • •.; • ,' ... , , ' , L , • • i p •.I --::, f1 .J •J Cl '..-< :-:) ~ • •• •• • >_ - " 

r.,. , j ~ ~ r ~f :, . _t"'t. j t~ \" I , ' , •• r. f: ; ! :;._ .t.:;}; 1 ·j :r ~•; J.-, 

iii) The quantificational calculus stiltement' olitained from ·tne 

~-~~lpa _i~ \1?,u~f elbni~ftinaJ:,~~~rP:f i~Jtf!f.~A•f:r,ie~trAl>ec~J!11 ~,M?fu <. r 
t ' f .; '.J->l ~-' f• Jd ;-_:;.::_; )_ :" ,· ~ :_:, fl;_._ .. t.\. ' 

. • • , . -••, ,.; " ,, . -· .,,.,, ' ·_. f-1 j ,\ ( i: 
iv) The outline .of a Subordinate Prop.f Ife:Hvat:Jpn ·tor th~ ·sta~e-. ·

1 
< 

ment in 1 ii) • th ell• pl'~?t• , ~!~' ~~ii:p,I".'. }n; ~.M •• ,l', ~ i.li.• t, , C , ., ; '" 

~~~~s}~-~:!f~~:;:~t~~: iS.~~~•fa:lt;~~flo ti~~£~~~i!~~; ~~~iVrA;~~,; ; 
rules of inferelt'ce· su'ch- as~oltes' 'i>1bn'ena't1 'are us~ when convenient. 

::;;rf•s~t~.~F~tfft_~":~t~~~~f~;,fJ~;;:.•o:.t~•t,~~~!::~~ 
1'1!ie 'aiioms of SlRl) afi(c, iven·ln'"T bl, e,. d-~ ' rid -i:c:s.·:· "'. ·•-. 1·. t .. J- - •. - ·. ' g t :,d.r· JI:- -,g;_f~ff{f,,~ ~~o J•C/>'F 

, . . _.· ..,. ·. . , ; 1 uf '"<'{ , i •. . • 1 -, ~ ,f '." :: ,;i I · _: · f .-•; : ·+ ! ).~ 
definition~:;. •i,:~~: if.tipd~e~' µi~i;'~' ~~J'lU~.:,.t90,~:; .... : f~~~(,•_ '; 

"_;, :_i,-;\;.• ·'-- ,:.,\{ "" : .. !_1 .;.;; ._u tr;o_~:J;;_~~..;:.~_;. ·::12 -~-f_)·,; .. ·:-: 0 ··.:. ~~]. 

theor~, •~~ve, _,.~,;~.•s~ry J; ,-,,l]n,~err,~J.:: F.!ff~,+s-.,ti-P-ll:1 PY,~ l ~J l : . 
• :. ,. :. . : .J. c·i::\ , ~ · ;.:~~ ; . •)·~ /:, .. L•·-

free variables in the inj.tJal an4,,Uii~ ~~tEtlnented.n the ..following:<, 
•.: _; ·i)f;:' 

proofs_ is 8,SSUJµed~ 

In some cases; the:·preofs of Siil..e:decJuction pt'GCedures foll01f,,," c,_, 

imedf.~ely fi:rom Silt.1 axioaaac· Oll',defttliti.onii, r10:, thatf)~;SPD .. wu·; ne, 
"'; \, ~: / 

1 
:. D :· '. J ~ .i ·t-' , ,, 'Y ; :! 

unneee11ary. 

1) :}'(C) 

xCy/\yCz♦xCa 

(Va) [aEx=taEy)A (V'a) [aEy.+aEzl ~ (Va) [aEx~aE z) 
, ) ; ~c._10·:r~- . 

,- : ·1 :r:_ .. :·1(. .. ~ff! 

:··;c-.·1 J ';; .i ("i: !J')f·,; 



1. (Ya) [aEx9aE: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] 

l.~8. qed. 

2) x=y=>,xc y 

x=y::;, (\:;/o:€x) [o:fy] 

x=y =} (~a) [afx~o:fy l 

1. x=y 
2. -('"'a) [a€x ~aEy] 
3. (3a) ""[afx9aEy] 
4. -[p(x~p(y] 
5. PExA--Pfy 
6. PfY 
7. ~pEy 
8. (Vo:) [afx~o:(y] 

1. 98. qed. 

3) equiv[x;y]=}xCy 

x=y ~('-"'o:fx) [a(y] 

afx /\. (-v P(x) [ P€y l ~o:fy 

afx A('</ P) [p(x~Pfy l ~afy 

1. ~€x /\.('¢ P) [pfx~pfy] 
2. aEx~afy 
3. o:Ey 

1. ~3. qed. 

5) ~(equiv) 

149 

USl (by US Ln line 1) 
USl 

4,2 
5,3 

UG7 

2 
ES3 

12-1, 5 
5 

same as 2). 

axiom. 

USl 
1, 3 



6) ~(equiv) 
') ,_1 ..,r 

. , ' 

7) .J.(equiv) 

8) -owng [x; x] 

,.,,,("fa.(x) {3f3fx) [ownb[a.;f3]] 
~(own):,) 

axiom. 

axiom. 

axiom. 

:7 :. ,,~ Y. ➔-• , \ C '/ f"j • J. 

,, ;H ,~:· y :~:~: l \ 
,: :,, 6 .. , .. "'\l : , f. '·"·, , , __ ::,~ I 

X·•'., . ! 

V 9v \ ; 
' '"l " • " . ·,ti j ! . J 

~ .. r1<~x;,fi I ,,, ;,r""'-; • - . ' 

. ;:;-= .,;<,_'] (c :\"' )_j • £; 

a L•:j r- ~ b .O~ II l 

V"'· .-r i 

9) owng [ x; y] " z Cy :+owng [ x; z J { d f; <:,, ;, ) l (· -...,. ) ,.,,.. ·7 ! · -· 
C' t \~ :, . ~:: ,,-~ ·1~,,.,ht (_i_·Jf) l i ~' .. . . I , 

("1M'y)(3a(x)[ownb[a;f3]] A (~a.fz)[afy] ::>(~ 13(z) (ia(x)l~~~J~~n l I 
(;.f 11.J [Pfy~ (~a)[afxl\ownb[a;p]] 1A (llf'a)[afiu•afy] , ~-~~ l 1· · t~ 

•<vf3)[f3fz=t{Ja)[afxl\ownb[a;,S]] 1 -+ _ _J , 

1. ( "1' f3) [ Pf y ~(ia.) [a.f xA ownb [a.; 131 J J A (v a.) [a.tz .. afy J 
2. yfy•(3Q)[afxAownb[a;y]] 
3. yfz .. yfy 
4. yfz•(3a) [alxAownb[a;yJ J 
5. ("' f3)[f3f z ::+(3:X)[afxAownb[a;p ]J J 

Li95. qed. 

10) owng[x;y] A xCz~owng[z ;y] 

,._, ,~x➔,. 1 ,,:, 'V'U .a 

USl 
USl 

('-'f3fy) (3afx) [ownb[a;f3]] /\ (\" O(x) [afz]. (-.,pfy?t~r~~fit~~~\1;~}i~,,, ~). 

(\"f3) [f3f~~~~~ I~;;~(~~I~:~!~~~~~IITx•~~]~~ (v1~•~:):)~; ( t) ~i; 

1. ('P' f3)[f3~y ~(Ja)[afx A ownb[a;f3 Il] ~ (~a)[afx ~;: z:,Ji 1 ·) ~, · \•.• i 
2. Vf1t;~(3a)[CXEx"ownb[a;y]] . 'J°',S ~'\ .:-
3 • ' .~ y !_:: ,,J • ,_ 

4. {3a)[exfxAownb{a;y]] · b9 p 1,"i. .I 
5. µfXAOwnb(µ;y] ES4 
6. µfx•µfz USl 
7 • µfz AOWDb[µ;y) 5._~ .. 
8. Ga)[afz "ownb [a; y]) · .. , '' :• -!t'r ' 
9. 3. •s. 

10. ("' f3 )[ Pf y =+(3a)[af x "ow~; f3]) ] ti@f · 
1. ::;10. qed. 



1si 
11) ~'lt1Yr1A xCe~z;:ft ) i',• (.·A<\ '· .v; ";,. f .. ,f'. 't': : .. 

(~fx) [ownb [a;'yH;..:;tv~)1dtzh• ~ff➔~~~/~-~,~; /~ . : :. ; .:'' : -~ ___ : '· ... 
(3a) [exlx AO~~~~~~J,l.~tr'a)~lait;~~f'~.l•1~,~t"a~,~.~~,l?;y:.J 1 ,. 

t :.l"'-;~·-,••,., ·~•'-t ,/', . ., \''''' ,+.:•-.,t·,.,CJJ,."-; ·-1 .;\,. ·, 1~-~-.l-.1 ·' 

1. ~}jaf'x"ownb[a;y) 1 A(-.,, a) [Qfx.;af•l '·.·. :_ ';-i: 
2. lii,i)...pwnb[J;y] 1·Ji1c,U "· > 

3, ,~.-fz · ;i ·1 ' --• 

4. Jt£~ownb[J;y) ! ·: 

5. ''~jafz"'_ ownb{a;y]] ,.. ., , 
l.~.L, qed. ,,a-

12) owng(x;y]I\ zfystowri{x;z) 

(V~y) (3a:tx) (ownb[a;p]) AZfya+(Jafx)[ow.nb[a;z]] . , 
. f · .~ (': .:· ·-; T fS t.~ :.;:~.-:- \{ ~ ·-..., , , ! ; / · 

: ,i,i~: 
UBf' 
2· j . . . itJi+': 

(~' > {ffy :t(Ja) {at~ ~~l.sx,;_~lJ~.fiJt:1.JIS9s[~~ t:~~J?i~l.J::; . { ) 

1. ~<'-'·'~-~•<J~>J .. a.t_ ~o,niPJa;,PJ 1~.~EY, '. l •.••. , ... ,_-._.•····' 2. zfy4' taN11\~fs';z] J'''\,,_ · ···· • ·.. ·· ' ' ·q -

J. (3a} [afxAownb[a;z]] / 
l.::t 3. qed, 

13}, _..YR,art$(x;,x] 
.. , .'. y :.' ~ <·~ ,; ~_ .. ~ i ''; '--~ • J 

(·', 

~"(~~x) (3H'x) [ partb [a;p]] 
«<itl~b) axiom. 

USl ··, .. 
1,2 

14)', partg[x:y) A.zCy=,partg[:x;~) . ,; __ 

(v Jr~) (f afx) ( part b (a; 1ft '.t A (~Yrt6t •~~)'~)1r,af tt·~ tttr r-
Proof is the same as proef of (9), with "ownb" replaced by "partb." 

15) part[x;y}A;~CrZ
6
1f,P,•~;(Z'.~"l", ,. !,::;;:1~:·: >:",>, '.~; ;:, '' \ , .... 

(3afx}[partb[a; Y\l.1.S'!,~~~Cf,'!1.,,q,,.~~rt~[?lr?'.Jt ,,, ;_ ':;() : ,. ~ :\ <,,:,, ! 

~roof isl'th-£iiij•ln~-~¥-of (lX:)iidt\{is~t?~~l;yl ••~rt-b."" 

~6} part[x;y]A.partg[z;x).::tpart[z;y] 

,, 



17) partg [x; y J A zfy ~~liri tJ ;(j~r(, ; ( ;.: ~J.:t) ~- "" [ 1 ij • r,J:i nwo ](x,-;'.f:) \, V:")G ',,,,) 

("IPEy) (3aExS1f1ii~/ikt'cf;lJ13~Jz~'yi<=t~'x)'[lJ~t't~[J&'J1 x)f·] (r,f)~ ()? j ( fl 'v:, 
'(,~ A [ ~il: S::hf"":~~-r.?!Ji~P.<n_..S.tB.,1i,_( ~,\?')J- . l 

Proofrie5,the same as proof of (12) wittl ~own~[l;~A~'.IJ,~41:.\~:h" .::: 
s.,r [is,o]dowo/\X:llJ!(:o~) .f 

• ;,9 p . f -¢:: • l 

1. single[x) Aaf.XA bEx 
2. (3cx)[cxex l\(~j3}[,sfx-.tl-a11 
3. ytxA(VP}[tlfx~-y] 
4. afx .. a•y 
5. a=y 
6. bfx~b=y 
7. b=y 1,6 
8. a=-b 
9. 1.~8. 

(V ~)~i'1)~~,~~,~~=t~i; A 'mt:o} d j'f ;:er J ( x)i:. E, ~~ "v') 

18) right[x;y]~-right[y;x] 

(3cxfx}(3j3Ey)[rightb[cx;p]] "s:J,ngle[x] /\ •~~<I..-~~ 1, ;,,., ... q (cl 
~"""'[ ( ex y)( p x}[rightb[a;J] ]/\ sing'le1y1 i\ nng1e1x1' · 

(30) [cxfx i\ <313) [pfy A r[igb't\j(d;pfi1fl~\>Jaiel~x~J~ xs'fntie'fy~ix ;s] 0 
j :rr.q J (x,rA:) 

. ~;?;(~~lYo~lfi~~tAJr~) M~-~~lai loo,'i 

(Jl 
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l. (30:) [Ofx A (3:13) [f3fy Arightb[o:;t)]] J ,._singl~t,c] 1-.M1\gl.E[y3 · · 
2. yfxA.(3f3)[f3EyArightbiv;(3]] 
3. µ y" ri.ghtb[y;µ], . . • '. >'. ' ' 
4. (:Jo:) [afy A(:tf3HJf~Jt.r!ghH,ttxfpll 't · 
5.. Wf.YA (:iJ),~X:A,r~Jhtl>(~;J]]. 
6. >,.,f x r;Lgt,.thf t',r;>.;l' ,·. " " ' . ' . 7. singlefx1'·1' WiA ~i:i!!>'Y~' 
a. y•'),., 
9. .,Hngle{ y l /\ µfy A wfy=> µa:w 

10. 'µ-=w 
11. . ;(t'lghtb{;>,.;w] 
12. · ;.l"(rightb) 
13. '•rtghtb{;>,.;w]- -rightb{w;A.} 
14. · ' . ./,;_,rightb{w;')...] 
15. ,. !ghtb [w;A.] 
16. -~, 
17. ~4. A single[y} I\ single[x}] 

1.:+ l7. qed. 

19) ~ (right) 

(30:) [Of?£ ;,..f(!fJ )JPIY/\ ~igh.~bJ~;PJ Jf~ ~'1~;>.;. {JP,)'"··~:•~:!t~tb{tx';JJ l), .. 
l\dngl'elxL1(ki'.ngle['yf As!ngte[z} ... ,. 1 " ·, "·'' 0

•
1 ···~(,•!l• · · ... ' ., · 

~(30:) [~~,'!' q,} ~.~z"' r~ght~[(l;JJ :]) A s\~:3"iflt~-"1~;iff;''J~l, 
L (3o:~~~:at~~r~t✓"r~.shtb lo:.;pJ .. JJ'\~ lCJf!/';~~):Jft~;~{i~t\?tct,Pl J J 

2. :YE~A~f3){Jlf?':Ait"ijhtb[y;(3] ESl 
3. 4fy"rigntbty;µl" · •' · ·E~ 
4. Wfy "'(JJ3)[Pfz;6~i~htb[w;f3]] Jtsl 
s. ~y'), rlghtbtw~M . ,; ' · . ' ' 0ES4 
6. single (y] I\ µfy I\ wt'y:tµ=w US-Lem.~ 
7. µ=w l',3'/4,,6: 
8. rightb[y;w] 3,7,12 
9. G°'(rightb) Axiom 

10. rightb[y;w} A rightb[w;;>,.J ~rightb(y;~) . , . US9 
11. }l.fzA rightb[y;')...J . . . '. ,·;, 8',5,.10 
12. (3f3) [fh•z Arightb[1;~J] EGll 
13. yfx' /\12. ' '' ' 2/1.-2: 
14. a)[Olxl\ (:iP),[IJfzArightb[a;~]]J EG13 
150 l.=,14. I'.'•";•, ·.. . , {'.''"i. • ,} 

1. Asingle[x} .,._single[z]=914. /\single[xJ,~single[zJ; · · qied'. ,- · 15 
'. : - . ' .. ' . '·•, ,,. 
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20) jright [x;y} ~Ji,t,it,[f9:Y] . /\. i :j;, ] ; w,
0 

. , .,., , ;fl i :_'; U i'\ , , •. 

(3~~~ (3PEy)[jrightb [o:;p 11 "single [x] "s~hl'J.ely r '1 . i,' : <r / \ ~· ·. ~'' 
~(3aEx)(313Ey)[rightb[o:;l3]] Asi.gp~J¥l~P~~ffl/>7~t ., 1 ·,., • ...; 

(3a' tl~xA(313)[13£y /\Jrightb[o:;l3]]] /\sih~~.k~tlP~lthif~_rit~;;\:·.·;:._· ! 
' ' ~(3a)[~xt,..(3l3)[l3fy"rightb[a;l3]]] /\.1Yf!h~.1t\1~I,grJ1trci ,·;; 

1., J~~)[at:x,._(313)[l3fyAJrightb[o:;l3]]] 
2.. )'fx,,._ (3p)[pfy 11,.Jrightb[y;l3]] 
l:,, ~7~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. (:IP) [Pfy "rightb [ y; 13]] 
8. yfx AJ • 
9. (3~~ [afx A (~l3)[13fy "rightb[a;l3]]] 

10. l.~9. 
1. /\ single[x] /\ single[y]~9. /\ single(x] A single[y] 

21) jright[x;y] A Z'fY~""jright[x;:z] 

~: The sti'1 

prbg~k~s a'ssiirilea ~fitl ~.~~y•.r w'~s' ~lw.-~li'~ttt, ~-~1}fo<. '.,' ,. 
assertion, "the !. isl ~t1 Ji~~\ :t-'.';, i ~,1Jatfif&: ffHlP-ff~,:,~f.f'Ir~,~;-
tation can be expressed ditectly l.n' t'tte Sfi1. tormal'lsm by · - · · 

i, •f· 1'~h~,hf)h8fHf~~ p..,"4-y~t:~}~_-_. -.~'°ti.$..::..JJ : jrl:11:~A_\.v11::_"-J ( tt2_;;" . , . r 
11tere ore t e app'ropriil't~ ~irl: s ·•te,\~t: .:firfJ~sp,~~t~rfi I':; t!i _J..s: 1 , 

(:i~x) (3J3~~)Tjirignttk2¥\iiTi'~ s'ihg1k~t~J'l~'irik1e·ry]f~ Vihg1eftj1 1 
-, ,' r;~·· 

'' ;~:~f~1~bitt~~1l)j'tt'sii:tblci},r)];'l.fnkiiMc1'
1t'st11i~tj)t ',,:·; ' -;-'"! 

' ·-· ,' 

( :> 

; • ·, \ ; f • •• \ r • . ~ , l--~ :, ·-1 • r -, ;; i ' :'.' ·.- } ·, - f" ; 

(3a)JaEx A (313 )[l3€y l\j rightb [a;l3]]] A singlk'tx1:,..:_ sfilg~/[)r}A-,-}~¥\e'.Jf1 l ' 
,;~<~ ~~~~~~~13):[13€ z /\ jrightb [a; 13;]1fl;A jsiiig\~~'~t ;~t~*j:~tzn 

) ,) : 
Prfo,of _i!9 in the proof of (22) below • 

.r l; 

22), 

As d'isc.ussed in the above note, the appropriate 'Slk\' ~t'~tement'' is': C 
~ .> , - ..\ • ~\ ; 

(;o:ex:)(313fy)(jrightb[o:;l3]] /\single[x] ~'sfiWiile[yl'~-'ki'nsti\~l' ,, -~ ,
1 
~-'-.! .. ,~; 

'~~c~ic%~i~~y) .[fjr:igl-tt'b\o:;pif~~ingl~Tz
1f~i{rig~k-ty'.(. '' 'i' 'i • •• l 

! 
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1. SET-INCLUSION 

ITHE NEXT SENTENCE IS •• I 
(EVERY KEYPUIK:H-Ol'EKAT0R IS A GIRLI 

ITHt FUIICJION USED IS •• I 
SETK-SELECT 
((GtNElllt • KEYPUNCH-OPEIIUURI IGENtRIC • 1.IMLI I 
I IHE REPLY •• I 
lrHt sue-FUNtTION USED IS •• I 
SEIi\ 
IKEfPUNCH-IIPEltATllR lilRL I 
ti TS KEPLY • • I ,. 
II U-IISTAIID THE SUPERSET RELRTIUN tlETIIEEN GIRl AIID REYPUCtt4HilRATIJIII 
11 UNOHSfMID THE SUISET RtlUION tfhEEN UYPUlltH•OPtllUtlll •I@ JIIILI 

ITHE NEXT SENTENtE IS •• I 
(ANY .;JRL' [Ii AN EUl!Plt Of' A PEIISOIO 

II Ht FUNt,t ION USED IS •• I 
SHlt-SELKT 
IIGENUlt· •. GIIILI IGENEl<lt • Pl:RSONII 
I IHl REPLY • • I 
IT Ht SUl-f'IIIIC Tl DN USED I S • • I 
SUit 
l;.Jlll PUSQIIII 
I ITS UPLJ ·, • I 
II UNDHU'MD THE SUPtJIUJ MELUIUN IUdEN PillWIII UO \URU 
11 ,llNDH~ THE SUIM:T IKlATUJIII IH11HN c.!RL MIO PIR'911 

ITIU; NElU,SIIITENtE IS • .I 
,II SC A KEY~H-DPEltUIIII A 'PEIi SON 111 

1. IJ\l "FUNtf,'QIII USED IS -~ • I 
,Sttat-SELEtf , 
. ll1il11Et1lt·:' •. ·i11nPUHtH-UlltllUUIII lilf!UIC • ~IIMH 
Hilt ,_fl'lf· ~ ; I " !::,r•-,ulltJION UUD LS • ~I 

I IHt NEil SENTENCE IS • • I 
I Is. ~-- PfllSOl!I " PfllS.!111 Q) 

IIHE FUIICTION USED 15, •• I 
SL TR Q-ULiC T 
IIGENERlt • PERSIJlljl lwENERIC PEIISIIIIII 
IIHE REPLY • • I 
1 IHt SUI-FUNtTIUN USED IS • • I 
Sl:fKW 
l~ERSON PtRSONI 
I ITS REPLY •• I 
vtS 

I IHt NEXT SENrE!d:E IS • • I 
I IS A PEIISDN A GIRL QI 

IIHE FUNtTION U5ED IS • • I 
Sl TR!i-SELEC T 
( ClolNIElllt • PPSONI (&;ENEAIC lilllll I 
ITHE REPLY • • I 
ITHE sut-FUNtTION USED IS •• I 
SHtUi 
(~ERSIJN &IRLI 
IIH REPLY • .I 
SOOIETll!ES 

ITHt N£XT SENTE!d:k IS• ,I 
(IS A -EY A REYPUNl:H-.. fRAT0R QI 

ITHt fUNCHIIII USE0 IS • .1 
Si: tllll-SILEt T 
lllltNtlllC • -EYI IGE~lt 

'ITlftc' o,u . • I 
( '""'-sue-FUNtTIOlt USED IS •• 1 
SH11Q 
( IIClilit(y llOPUNtH-OPEltATIIM 

-111'1.c•EPLY • .I . 
I 1"611f'Fltletl1'" INFllRIIAft~I 

RiYPUNtll-1)l'!A&n!llll 

,'. ·,b,.,; ... - ;, 
APPENDIX DI: FULL-RESPONSE OUTPUT FOR FIGURE !5 
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lfHI: NEU SENTENCE IS • • I 
IMAX IS AN 1111-10941 

ITHE FUNCTION USED IS • • I 
SETll-$ELEC T 
IIUNICIUE • IIA.ll UiENERIC • IMl-109411 
ITHE HPLY •• 1 
ITHE SUII-FUNCTIIIN USED IS • • I 
SETA$ 
IIIAII lllt-10941 
IITS llfPLY • • I 
II iatAST- THE ELEMENTS llELATIOII 111:TNEtN .... AlW 1911-1DMI 
II -•sr- THE IIEMEA AEUTIOII aETNEEN IP-f094 ANO IIAAI 

CTNI: NUT SENTENCE IS • • I 
IAII ••-- IS A COIIPUTl!AI 

IJHI: F..:JIOII USED IS •• I 
SUA-SILKT 
1151 ... IC. IM-lOMI 15EIIIAIC. CIIIIPUJEllll 
ITIIE IIIPL Y • • I , 
IT .. sue-FUIICflON USED IS • .I 
$1:ft ' 
11 lllt-JOM CMl'UTEIU 
11n lltPLY •• 1 
II -ASTAIIII THE SIIPEllSll RELATION IEJNEEN CIIIIPUTEA ANO 11111-10941 
II _.ST,,_ THI 511Uil &1:LAJION IIJ-N llllt-1"4 ANO COIIPUTU.I 

11111: •xr SMflNCE IS -~ .1 
11S MIi A CGlll'Ulfll Ill , 

llNi J<UKH• UHD IS • .I 
SUIUrSILfCJ • • 
llWIIIUI • !Mil I ltiENH K • , Cllll'UYEll 11 
llNf UPLY • it :: J. , , 
11111: -1111 USIO U •• 1, SEraH . -~ :, ' · 

I NII Clllff'UJEU . 
IIJS UPLY •' ~ 
YES ::, ,t:.... 

:-; 

::. i.,~ 

ITHI: NUT Hllit11;~c {~ ) •'t, 
IJHI: NY IS Ai, 'lltr-.S'I-NTI .. -,,,. ~:... . ..., .. 
llltt FUNCTION USIO '1s .~.-, 
SUA-SELICT 

' ··• ,. 
' .... ' 

i. 

~ 

IISl'ICIFIC • IIOYI IGINEltlC • 11n-snmur11 
ITME ADU • .I ' 
IJNE s-fUNCJION USED IS •• 1 
SUA5l 
IIOY Nil-ST-Tl 
IITS IU!PLY • .I 
ll;OlMG IS & 90YI 
11 -.isu,e THE 
II Ulllll!ASJANII THE 
II -.STAIIII THE 
II U-llST&IIO THE 

ELEMENTS RELATION McJNEEN GOZl40 &Nil IIUYI 
llfllllER MELATION BtTWEEN •DY AND li028401 
ELIIIENTS RELATION IIHNEl:N liOZMO ANO IIIT-STWENTI 
IIEMEII AELATIOl'I ~ET•EEN NIT-STUDENT ANII &021401 

;~ .,, I~ 

.. 

I THli ,<EXT StolltNCt IS • • I 
ltWtMY NIT-STUDENT IS• 81llbt!T-PtR>OHI 

IJHE FUNtTION USED IS • I 
StTa-SELECT 
111.tNtAIC. IIIT-STUDE~r, IGENl:RIC. BRluHT-PEKSUl'III 
ITHt 'REPLY • • I 
ITHt $118-FUIIC Tl OIi USEU I S • • I 
SEJa 
IRIT-Sl-NJ HIGHT-PEASOIII 
ens lll!PU •• 1 
II ....-ST- JMf SUPERSET UUflO,, IIETNEEN UIGHT-Pl:ll$1111 AND NIT-SIOOtNTI 
11 -•ST- THI! SUISET RELAJIOII IIETNEEN IIIT-SJUOENt, loNO alll.HT-PEltSu/111 

ITHI .. &T SENJEJIICE IS • • I 
11S ffff IOY A IAl'"T-PtllSON ~·· 

ITltE f.-CTION USED IS •• I 
SElaQ-UUCT 
ll5PKIFlt • IQJI l&eNUIC • 8111'"1-PERSO.II 

::: =UNCTt.. USED IS. al 
SETIISH '. 
1111\' M Httr-PEliiaN I 
IIU AEl'I.Y • • 1 
YES 

IJtlE ... SHfl!IU IS •• t 
I- IS A HYt'i; 

ITMf F..Cflllll ~ IS:,• • I 
sua-s,ucr : ~ 
IU•- • ~ lloEIIOU • 11>¥11 
ITHI i"jllkY ~-- .t~ ' ., · 
n11t•....,11111tnJN WSIO IS • ··• 11,at. - ' '' ,. 

.,, 

t....;NYJ ·~~--1· ~ ~: ~1
- : -~ ~: :~ -~-:. 

: :':.1:m_.::~.· 1'.1~~. s •&l.f'I f'll'8i ~. JN. r.f.l ~. OtGI. iND lliD. ii 
II ~IUlAlliD ;~~ 

1 
Nd,•_ llfLM'i_Cl!'';!IEflJlffN -irr °'i'ID,J~- _ 0 .:;: _:;;~-~~. ~~~ :·r"·,; .... ! - : •. ~~~~ 

1 TIil •• , H'lllna 1 s • • 1 ., , 
I l9:. IJIE -~' ,~ ... ➔,t,IJOII 01' 

,i.- .._,;~ 11s•' 1s: ··~1 
suao-HLECJ 
IISPKrPIC • IIOYI luENHIC • MRIGHT-PERSONII 
ITltE AEPLY • • I 
IJHE SUll-fllllt Tl 1111 USEU I S • • I 
SUIISlQ 
IIOY IAIGHJ-PERSONI 
IIJS llEPU •• J 
I NHICN IOY • • I t;02840 JOHlll 11 

- l. 
Cl::". 
•o, 

; 

I 

'l 



",·.· 

I 

IIHE ~o, ~e~re,,et IS • ) 
lfHt NAIi JS A JER~l 

lhlf FUllt;flON USED IS .1 
SEU-SELECT 
II SP Et If It • MANI I GE,.UIC • JaKI I 
ITNt: KOLY • .1 
CfHi illa-FUNt TION USED IS • • I 
SEfRSI 
(,-4N Jtllll 
II f$ IIEl'LY • • I 
l&02a.O IS 4 N4Nl 
II ~HITAIIO fl!E oLElltcllTS NELAJIDII llff-EtN liOll~O 4JIP NANI 
II UIIOll$Jllll0 JIii NEIIIER RtLATIIIIII •EJWEEII 114N AIID GDZl~OI 
II Ulilllllr•IIIO fHE EU"tlln UL4flOII lltflfttN GOlUC AIID JHKI 
II UtllDHSUlllD fME IIENIIER 'l~LAflillll itfflftHI JEH 4110 &Oll"III 

Cfllt 'lfllf HIIJE!ftt IS • ;,_,t 
I JAC.K IS 4 OOl'il ; ,' 

n111: F1111trw11 uuo 15 • . ~[ 
su11-nuct ;-
"""''"" •'JACKI l&fl(tRtt;·. OOl'tll 
IJME Rll'U'.,. • I , 
lflll: $111-f-HUII.UHD ti·, •• I 
SUtlS • . 
IJM:ll Wtl ,, 
llf51tl'U,,.I: !. 
II lll!OUIJjio Tltti't:Lfillllfft lltUHOII N:flff;EN JAtlt 4IIO DOPtl 
II IINDIASf';M' fHE:;fllllllli,t fLAHOII ... ,wnN OOPt AND JACKI 

. -, .1, 1! 

11._ IIIU ftNHIICt IS • ·• ( 
IJll!!II U JIJ;III ., 

-6: • _,: -

lnttt':fUICJr uuj IS • '..f , m,$.=r. 1Qljofl ~If.I~] JACKII 
llllt:;;HU, Y ft • J •- : ·-
lrttt SU..fl@l(flDII.UJEO IJ • .1 
EWli ,., " 
'"'"' ,1&,l I"' , -11rs;i,i1A, • .1 , , , , ' . 
11 utDtlrao .,.f ,ou1 v ltl"'fo~ 41: ~tfllt Jlllt! uo,_JACICl 
11 ,'1"., !~ ft!E Elulw "' _u11 ·~ ce• J~l AIIIHl~lffftl 

"lfJ1<Elr '..sl10D1t1 r-s • ~r 
Ill;,~\ !II"\. QI· ;; 

~:: C \• ,,:, .. , ·: • ..i.. -~ , 

ITMti' fllN; I/Seu ts • ~J · " __ · ~ 
SEI« litf '. · " :, '. 
l.(IIJi • ~I l-io~IU~ • ,_tili · 
lfttE-a n,· •· .r -· · 
!flit SUI-FUNCTION USED IS •• I 
Scf115i1 
IJIJttN ODPEI 
CITS KIPLY • .1 
ns 

--7· ·: 

I [Hlc ;ur ><Nf[,;CE l S .1 
(IS THE MA,. A UUPt ~I 

j Tht fUllt f ION U~EU IS , I 
!iLT~w•StLcCf 
IIS~l:ClflC • NANI lli<l'<cMIC. CO~EII 
I THl ,cf,LY • • I 
I fHt Wll-fUNC flUN u\t;il IS , • I 
ScJK5UI ' 
IMAM DOPEI 
ens ,ctPLY •• 1 
I lll!iUffltlENT INF~HT IUNI 

If~ IIEU SEIWli:IICf IS • I 
I~ IS THE MA/II\ 

ITHi~UlltTIDN USE& JS• •I 
"'~ILKT _ i_ 
IIUIQ1,IIII • JDlflll (UECIFIC • MA,.11 
lflll:◄•LT ~ • I ': 
ITHt~':$U.-FUNCJIDII .D IS • • I 
14!1111\ . "' . 
lm!.:=t ~ ., : · 
II 1411111,Jo Jl!f 111111v IIELAT(DN ur•i:EN JOHN AND i.a2&~u1 
II .,...Sf. Tl!E J~IY ltELU 01'1 IIHWEEN li028<tU A~O JOHNI 

I ftlE 41UT Sf.HtNC~ !;S • • I 
I 15 Pit! Hlf,:A O(Wf, Oft 

llHI .. IMTliiN UUIJ. 4-~ • • I 
"'' ...... Cf .. " 
l!SII t,fc; i,. IIMI tlllllilllt • ilflPEII 
lfltl: 11'1.Y • •I • 
lll!I flDIII QJD IS • • I 

:· Uff-lA. ,. ;;. ,. ....... ' ,, 
' '"' 1111''-' •• , . -. ,a ..: " 

·" 
" 

·;. I Qlt -If S .. TEllti :it • ·.1 · 
: l"JN ~ A 11¥,1 ;, '.:. ~- , 

~i I ii"'. !!" ,_, .~.'.USED~, .• :;~ I ;; ,·,St II• ., bs,• • .. 

: l,_·t:;~~-~&::1:s· .3!:' 
ll.ftis, •·•- - · ''!I, ... · .. \ CJJ"l, _,.; r.' , , ,• ,, \· -~ . 

~:c.:L~ .~·;HE :IS:i"''ts an~uoi. ~riluN J1'4 AND MANI 
' \'·:- ,, .. , U.Af411 JHE iit ,Y:LATIOli i,Hl!El,N •IAII AND JI "I 

It. .... 

ITHt NE•T StllftllCE IS .1 
IIS fHE """' A oo,e QI 

lfltc FUIICflUM U5EO IS .1 
SE flQ-SILEt f 
IISPt~lflC • MANI l~ENEKIC. OOPEII 
I TIit REPLY •• I 
!THE su11-FUNCflON useu 1s •• , 
UfKSlQ 
IIIAN DOPEI 
I lfS KEPLY • I 
l•HIC>! MAIi • IG02d~O JIMII 

t 

I 
3! 

'f 

f, , 
I 
~ .l,. ·~, 
f 



(TH[ ◄ E:Xl '.>ENlE:1~CE: IS •• ) 
11::VLRY FIREMAN OWNS A PAIK-OF-REO-SUSPENUl::KSI 

ITHt FUNCTION USEU IS •• ) 
0111N-Sf::Ll::C T 
I I LENER IC • PAIR-Of-R!cO-SU5PtNDERSl IGENEKIC • FIKtMANl l 
{ lt1t: KEPL Y •• I 
ITHl SUB-FUNCTION USE(J 15 •• J 
U~NK 
IPAIK-OF-RE:U-SUSPENOERS FlkE:HANI 
11 rs l(f PLY •• ) 
(1 UNOEkSIA~O THE POSSESS-BY-EACH KELAllDN bETwtE~ PAIR-U~-kEU-SUSP~N~EKS ANO FlKtMANI 
II UNDERSTAND THE UWNE0-8Y-[ACH RELATION BETWEl::N FIREMAN AND PAIR-OF-Rl::0-~USPENOEk~) 

I nH: r-H:XT SENTENCE: Is •• I 
IUOtS A PAIK-Of-REO-S~SP~~DERS OWN A PAIR-U~-REO-SUSPENDERS Q) 

!THE FUNCTION USED IS •• l 
U,UH,1-SELEC l 
IIG~NLRlt. PAIR-Of-RED-SUSPENOERSI (GENERIC. PAIR-Of-kED-SUSPENDE:RSIJ 
I rHE: REPLY •• I 
I IHl >US-FUNCTION USED 15 •• l 
Uli!NKQ 
[~AIR-OF-RE:0-SUSPE:NDERS PAlR-Of-REO-SUSPENOER~I 
IJTS KEPLY •• I 
{ 1'1U •• THEY AlotE THE SAME l 

( THI:: Nl::XI SE:NTENCI:: IS •• I 
fOU~S A OUCTOR OWN A PAIR-UF-Rf □-~USPfNDEKS QI 

ITH[ FUNCTION USELl JS •• I 
01',\j1.1-'.:>l::LEC T 
I (LlNERJC • PAIR- □ F-H.tD-SUSPt:NDERSI IGENEKlC • DOC TOH.I) 
IIHI: M.EPlY •• ) 
(THt- 5UB-f-UNCTION USED IS •• I 
ui..~1-1....i 
IPAJR-Of-Kl::0-SUSPENDEM.S OOCTORI 

(IT~ M.EPLY •• ) 
!INSUFFICIENT INFORMATION} 

I !Ht NEXT StNHNCE IS • • l 
IA FIRECHltf IS A FIRt~ANl 

IIHl FUNCTION USED IS• .l 
St TR-SELECT 
11,~t::NfRIC • FlREt:HJEF) IGl::NERlC • FIREMAN I I 
I rHl KEPLY •• ) 
ITHi.: SUB-FU1'4CTIUN USED 15 •• ) 
SETK 
lfl~ECHIEF FIREMAN) 
(ITS KE:PLY •• ) 
11 UNOERSTAND THE ~UPERSET KCLATION bETWECN fl~EMAN AND flKE:CHlEFI 
11 UNDERSIAND THE SUBStT RELATION UETWEEN FIRECHIEF AND FIREMAN} 

II Hl NEK T SENTENCE IS • l 
!OOtS A FIRECHIEF U~N A PAIR-Of-RED-SUSPENDERS ~I 

ITHt FUNCTION USED 15 .J 
OWNi..-SELECT 
1 lsENERIC • PAIR-OF-Rt0-SU5PENDERSl ICENERIC • Fl<ECHl!cFl l 
ITHl REPLY •• J 
lfHf SUB-t-UNCTl □ N USED IS • .J 
OWNKr.l 
IPAIR-UF-RED-SUSPENUERS FIRECHl!cFl 
(ITS REPLY •• } 
YtS 

d. OWNERSHIP, GENERAL 
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I fHE ,~EXT SE,...,TtNC!:: 1S •• l 
(A NO~t I~ PART OF A PEK~O~I 

IIHt ~UNCTION USEO 1S •• ) 
PAKIK-~ELECr 
IIGENERIC • NOSE) (GENEKI(. • 1-'l::KSONII 
I THI:: KE PLY • • ) 
I THt sua-~UNC TI ON USEU Is •• ) 
PAR TR 
I NU,,E PERSON I 
1115 <EPLY •• I 
11 UNDERSTAND THE SUBPART-UF-tACH RELATION Htl~tEN NU~t ANU PtRSO~) 
11 UNDERSTAND THE SU~ERPART-OF-EACH RtLATION hcTWlEN PEKSUN A~U NUStl 

ITHt NEXT StNIENCE IS •• I 
IA NOSTRIL 15 A PART OF A NUSt:.) 

IIHE FUNCTION USED IS •• I 
PA< IR-SEUCT 
I IGl:.NERlC • NOSTRIL) l\i!::NEKIC NUS!:: 11 
IJHE KEPLY •• 1 
IIHE SUB-FUNCTION USED IS •• I 
PARIR 
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- □f-EACH RELATION bETWEEN NOSE AND NUSTRILI 

I !Ht ~EXT SENTtNCE IS •• I 
IA PKDFESSOR IS A TEACHER! 

lfHE ~UNCTION USEU IS •• I 
SUK-SELECT 
II GENERIC • PROfESSURI I GENERIC • TEACHE-RJ I 
(THE KEPLY •• ) 
ITHE SUB-FUNCTIUN USED IS •• I 
St. IR 

IPRUFtSSOR TEACHER! 
IITS •EPLY •• I 
ll UNDERSTAND THE SUPERSET RELATION BETWEtN ft4CHl~ AND P~OFE~'.>ORI 
{1 UNDERSTAND THE SUBSET RELATION ~EIWEtN PRUFE::S~U~ ANO TE:ACHtKl 

I THE NEXT SENTENU IS •• I 
IA IE:ACHER IS A PERSON) 

(THt FUNCTJUN U~ED IS •• ) 
S'- TK-SHEC T 
IIUN[RIC • TEACHER I IGENrnlC PERSON! I 
ITHc REPLY •• I 
ITHC. SU8-FUl'4CTION USED IS .... J 
SHa 
I TtACHER Pl'RSONI 
IITS KEPLY •• I 
II UNDERSTAND THE SUPl::RSET RELAT(DN BEJ~EL~ PtKSON ANO IEACHl~I 
{( UNUERSTANO THE SU8SET RtLATIUN tll:ll'iE:[N TE::ALHEr< ANO PE::r<-'.>UNI 

(THt Nt.XT '.)t:r..11£r-..Ct IS • I 
(lS A ~OSTKll PART UF ~ PKOFl~SUR ~l 

(fHc FUNC.TIUN U~E::0 IS .. I 
PAKfKIJ-SELl:Cf 
IIGCNERIC • NOSIRILI {C.[NftHC PK[]t-l'.>SLKI) 
IIHt: REPLY •• I 
ITHl SUB-t-Lll..,CTI0"-1 USED IS ... I 
PA1HR(,.I 
INU~TKIL PKOrtSSUKI 
llf'.> KEPLY .... ) 
VtS 

I THt NEXT Si:NTENCE l S ... I 
(I~ A NOSE PAkf OF A NOSE ~I 

I fHE FUNC I ION USED IS •• I 
PARTR\ol'-SELECr 
IIGtNtRIC. NOSE! IGENc><IC • NOSEi! 
I THE RE:PLY ... I 
ITHt WB-FUNCIION USED IS •• I 
PAR I R.Q 
INO!:,E NOS.ti 
1115 REPLY •• I 
(NO, PART MEANS PROPER SUHPAKTI 

lfHE NEXT SENTENCE IS •• I 
(A Pl:RSON IS A LIVING-CltEATURLI 

!THE FUNCTION USED IS •• I 
St TR-SELECT 
l(Gl::Nl:RIC. PE:RSON) lutNEltlC LlVlN1.,,-CREAlURU) 
(THI: REPLY •• J 
!THE SUB-FUNCTION USED IS •• l 
Si: fk 
(PEKSON LIVING-CREATURE) 
(ITS <EPLY • • I 
11 UNDERSTAND IHE SUPE:RSET RELAllON dE:f~EtN LIVINL-CR[ATUkt A~~ PLKSO'JI 

(I ~NUERSTAND THE SUBSET ~tLATION Bl::rW(EN PE:R~UN ANO LIWJN~-C~LAIUKl) 

I fHE NEXT SENTENCE IS • I 
IIS A NOSTRIL PART OF A LJVIN{..-CREATUKE QI 

ITHc FUNCIIUN USED IS •• l 
PAR TRU-SELEC T 
llliENERIC • NOSTRIL! IGENtKIC 
IIHE REPLY ... ) 
!THE SUB-FUNCTION USED IS •• 1 
IIARTRQ 
!NOSTRIL LIVING-CREATURE! 
IITS REPLY •• I 
SUMU IMES 

[THI:: 1-,EXT ~t:NTE:.1'4CE. IS ... I 

LlVI~~-CRl:ATUKlll 

[JS A LIVING-CREATURE PAkT Of A ~O'.>I:: ~l 

ITHt f-UNCTION U~ED IS •• I 
PARTRQ-SELtCT 
l{GH.lEH.IC. LlVING-CRlArUl<tl (L.E:NtKIC ■ r-.iuSEIJ 
(THE:. rtEPLY •• I 
(lHC 5UB-f-lJNCTION USCD IS •• ) 
PARJl{(J 
(llVlNG-CK.l::ATUKE r-.iUSE} 
ill~ r<EPLY •• I 
(NU t NOS!:: lS ~tJMtTIMI:~ PAkT UF LI>IINv-CRt:AfUKtl 
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IIHt: ~EIJ UllJENtE IS •• J 
IA 011-DYllE IS ,Mr Of FUIIENI 

I JHt: flllltl 11111 UUII IS ,u, •-uut r 
lllitNERlt • VAII-DYlltl 
1 JHli a1,u • • , 
IJIII: sua-fUlltllDN USED 
PAMlAGIJ 
I VAlt-Dl'lll fHllftO 

,,.,, < ... ~ ~-. 

IIU AIPLY •• I 
11 -.sr- fNI 
II UIIDIASJ MIO TN£ 

., .. :.:.•.±· ~t-·•·-,,,.:.~~ .:Jp 
$U#Akf IIU.UIIIN lill!IP .,.,,_OftllMO hAQNt ' 
SUl'UPUJ UUUIIN KlWIII HIIIIEII - 'IAll-l>Tlltl. 

Hit£ NEXT UNJENtE IS • • I 
IA Vo\lj-DYllli 1$ ,\ HUDI 

IIHE FUlltllON USEII IS• .1 
SE JK-!>l!LEt l 
lllitNilllt • VAII-DYllil l~Elltlllt 

. q~ "''LL!~ ~1 ... '" . 
~~ Wf-:o:11"1ot '!11,lls.tD. A, • •· 
IVAII-IIYIIE ltAlllJJ 

. ~- "-; ' ~ ). ','}• lllS lliPLY • el 
11 UIIDIHUIIO lllt 
11 u1111us,_ TN£ 

WPUS.U REUTIO- ... ,_.,,9l:4110,_ ...,....,. 
SWSII llcUHIIII Hfilflll ,_.,_ - HAllOI 

ITllc 'llll UlilENtl: IS •• 1 
11 S A HAAII l'Allf Df fUlllll 111 

ITHt I-I.WC JION USED IS • • I 
PAlllRU--SIUt r 
I llotllPIC. • liAil.DJ IUNIIIUE • Ftltlll:1111 
I fits AfPLY • .I 
I !Ht $\IS-fUNtllllll UHD IS • • I 

PAlllllo.UCI 
l~t:AllD FUAENI 
Ill> AfPLY • .I 
YtS 

(IHI: ,uxr SENTENl:E IS •• , 
IA L~J IS A DISPLAY-0.:VltEJ 

I JHf NUT SINU:Ntf IS • • I 
IA tll.l IS 'PAIU Uf THI l'DP-ll 

ITHt IIEllT SElllEtltE IS • .I 
ISMt IS Ttlf ,W-ll 

1- PART·WIIOU. IPEClflC 

t''•"••.,,f.:'J,• 

f"i< ·:, '1 



(THE .~tXT SL"ITi:::NCt: lS •• l 
IA )(,KEEN I.) PA.KT LJF 1:'/1:::KY tJl)PLAY-t!f.YICi::.) 

fJHI:: fUNCTIUN UStD IS •• I 
t-'ARIH.-SEU::CT 
(IGi::NtKlC • :::.CREENI (Gl::NEklC. 01.)1-'LAY-DlVICl:::ll 
I THI:: R.EPLY •• ) 

(THI:: SUti-FUNCTIUN USED IS •• l 
l>AR TK 
l'.>CKl::L~ Dl::>PLAY-01:VICti 
{lf.) ,{fPLY •• I 
( l l.JNDERSTAND THE SUBPAi-<T-Uf-[ACH RtLATIUN 6Erwtt::"l ::>CtH-EN ANO U1::>PLAY-UEVl(..f:) 
( I LJNUERSTAND THE SUl-'E:Rl-'AKI-0f-EACH RELATION ~Fhd'.:lN tJI'.::,1-'LAY-01-Y[Ct l,~D SC1'tlf/\jl 

l I Ht NEXT SENH:NCE IS •• I 
IIS A SCRtE::N PART Of SAM ~I 

(H1l::: f-UNCTIU~ USElJ IS •• J 
t'AK TKi..:-SE::ltC T 
(!C.t:NLRIC. SCR[ENI IUNIQUI:. SA.Mil 
(IH[ r<EPLY • .J 
(THE: SUl:i-FUNCTIUr-; USE0 15 •• I 
PAl<TR~UQ 
( '.:>Cttl::.l:N SAM I 
(Ir::> Kf:PL Y •• I 
YI > 

( THI: NEXT '.)f::NTENCE 15 •• I 
(A bEARD IS PART OF A BtATNlK) 

ffttl FUNCfJ0N US.Ell IS •• ) 
1-'A,{lk-SELECf 
( (C..i::Ni:RIC • HEARD} IGl::.Nt:RIC • BEATNIK I l 
( rHt HEPLY •• I 
I rtll SUB-FUNCTION ust:u IS ... 1 
1-'Ar< I K 
ltJEAH.u BEATNIK) 
11 T~ >ti:: PLY •• l 
II UNDERSTAND THE SUB~AKT-0F-tACH r<E::LATI0N BETWtl::~ BEAK □ AND H~AT,~lKI 
(J UNnERSTANO THE ::>UPl:RPART-0~-EACH KELATION HLTWl::tN b~AT!\IIK AND HEARul 

I THE ~EXT ~E::NTENCE 15 •• I 
{Ll/l:1O' C0FFEE-H0USl:-CUST0"1l:R IS A l:H.ATNIKI 

lil-1t I-UNCTION US.ED IS •• J 
SI.:. Tf<-StlEC T 
flC..l::NERIC .. C0FFEE-H0USl::-CU~T0l'IERI IGf:Nt:RIC • dl:AT'tlKl I 
I THE: REPLY •• I 
I THI: ~UB-FUNCTlUN USE0 IS •• I 
)I:: rk 
(C0FFEl::-H0U'.>[-CUST0MEK BEATNIK) 
{IT.) IUPLY •• I 
(I UNDERSTAND THE ~UPE:.RSET RELATIUN BETwEl::1\1 BLAINIK A1~.) CufFl::l-HUU'.,1:-L.U'.:>TU~l::K) 
fl UNDERSTAND THE ~UB'.>ET RE::LATIDN tlETWEEN C0FFtE:.-H0USE-CUSlUMt1( AND Bl.:.ATNIKI 

( fHI.:. ,-.;1::XT !:>ENltNCI: IS •• I 
ltlUZZ IS A C0fFl::.E::-H0USE:-CUSTDMERI 

lfHl::. FUNCTION USED IS •• I 
StrK-.)ELECT 
IIUNIQUE. BUlll IGtNe•IC CO>FEE-HOU>E-CUSIOMERll 
( THE REPLY .. • I 
IIHE ,ua-SUNCTION USED IS .) 
SL I KS 

lbULZ COFftE-HOUSt-CU~TOMERI 
IITS r<EPLY •• ) 
{I UNDERSTAND THE llEMENTS RELATION Bt:T~EtN SULZ AND ~UFFl::.l-HUU'.>1::-CUSJuMEkl 
II UNDERSTAND THE MEMBER RELATI0~ ~ETWl::EN C0F~tt-H0US[-CUSTUHtK A~0 BUZZ) 

ITHt NEXT ~tNTl::.NCE: IS •• J 
ll'.> A BEA.KO PART UF BUZZ QI 

ITHE FUNCTION USED IS •• ) 
PAR TRIJ-SELl::C T 
((ut:.NtH.IC .. BEAtWI IUNl'-IUE. HUlll) 
( THE: i(f Pl Y • • I 
lfHE SUB-FUNCTION USEU IS •• ) 
PAH.TRGU(J 
( BEAH.O BULL I 
1115 "EPLV •• ) 
Yt> 

g. PART-WHOLE, SPECIFIC (Cont.) 
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I THE IIIEXT' $i;lll;rt~~ IS • I 
IA IIOY IS ~-n,tl~I 

IJHE FUIICJJt.llM, USEO Is ., • ' 
SETR-SELEtT . ', , 
114.tNEAIC' , BOYi. lli[kliR.IC • PERSON I l 
ITHi: llE,LY _- .I , ' . 
I THE SUI-FUNC:HOII USJII IS • .J, 
SHII , ' . 
I IIOY PEI SON I 
IIJS Ul'LY •• I 
II IINDIASUIW JHE SUl'EIISEJ IIELAJIO'I IIETWEEN PEllSON AND BOY I 
II UIIOEU1""° JHE SUISli( RELAJIUII BHWECN IIDY lND PEII.SIJNI 

I JHE NUT )~~i'e,«. 1$ • • I 
IJDKN IS ~ ''9YI . 

IJHE FUIICTt~-UUI) I~·~ _-I 

t~:.~E~ -j«itt,lj 'IGEN£1l1C • IIOYI I 
IJ111£ ROLY • .l,L .. 
I Tiff SUl-;ctlPt II~ IS,, • .1 
$Ettl$ . . ' 

"" I JOIIN IOYI 
., IITS REPLY.• .I . ., 
'., 11 UNGfUf)\)111 .. 1)11: JLE~NU AILilUON illi:flf6lill JOHii ...0 80YI 

11 .-usr,Airfo ~ *•• lfl..U,JM IIU~ - - ,_, 
. ,,,'.<-,, 

ITHt JIEU ~/q~ U • ~ I 
IA FIIIIU ~J'Af" Of 4~IIOI 

IJHE f-llllCd)\if ow. J~ • ., I 
l'AIITII-HUtri:~·, .· .. 
IIIHHIC , f:.· , I li~IC • lfMIOI I 
I- IIEl'LY',; • ; 
IJlll SUI-Fl"flj;,JIOll,.uno 1$ • ., 

PAUR .. 
IFJ-11 ouMl .· 
IIU 11ui.n"~ I''' " 
II UNOIIISTANO THE SU9PA,H-UF-UtH MEUTION IETWEEIII FINGEll AIIO tiANDI 
II UIIIOEIISl~IID, f\11, '\!P~~AIJ,-llf.-f,M:ij,RliLAlll,JIII ll~f_.,£tl ~-- flNiERI 

IJHE '!EU S£11f~ J$ ~. •I 
ltiO" MANY ffft$tlt'$ lict4f J.Otlll Kil ~E II i . . . . 

ITHE FUNCTfl!N ~St$ l$ • •' 

~~:~=~Ull,Qlif' • Jl)i.jll 
ITHE REPLY .; , I 
IJHE AIOYE ;$Elih\lilc1( IS .AIIIIIGUOUS •• sur I ASSUME IHASI MEANS IHAS AS ~AMTSII 
II OOllet Kr«hi 11111:JHEII FIIIC,Ell IS PAMT OF JOHNI 

lflit: ~Elf StNJENCE IS •• I 
ITHEKL IS ONE HANO ON EACH AK"l 

ITHtc FIIIIClt f)N USED 1S , • I 
PARta,,~Sllltf ,· ' ' ' 
1 IGiNEIUC , ' ..... It··. HANOI I 
ITHt 1 .. U • .J . 
II ~lllfllSflNO fllE'SUPtRPAMJ-OF-EACtt RELATION BtfWEEN AKM ANU HA~OI 
II RliilllU:· fRf -bER RUATION 8ETWEt"I I AND IPLIST NA"E ARMII 
II CIIIRIISUIIO fHE SUBPART-Of-EACH RELAI ION lltrwEE~ HANO AND AKMI 
II lll.llLUt r!IE lo\Jl!fl!:lt RHAtlOI• IIEhtEN I ANO IPLISJ NAMt HANDII 

ITHlt-U 1111hNCE IS •• 1 
ITHEM 'AAE·ltlo ·nllli OIi A l'USOIIII 

ITtte tl-ftlllf 'UHtl :15 • .I 
PAII__.SIHCT ' 
lllil:IIEAIC • PEIISOIII 12 • Altflll 
ITHE Ill! Pl Y • • I . . , • . . , , . 
II Ullltllt.,.., 1til: SVl'H .... T-'Uf'-i~l\l=,U.UQII l>tT.IIEH Pfi\SUN ,w,o AKMI 
11 IIHL:KI' ·M' ........ llf(~(B!( ., , N ,2 . .J"'>, 1.fl.lS.T Mllf,,·PEUONH 
11 UWNSfM!lt' ... $fMl'b'f"'i:lf-fAt .,1.., .... ltlEfl; Allfl HID l't:KSONI 
11 IIDLl 11, 1tll ....... rt lt»t llTWHN 2 ANO I PLI ST NAME A~" II 

. . : ' ~· ; \ ' 

ITHE llllf lllnfflltt' IS •• 1 
,-~,~l~'\S,t,JjJU ~ II.AV£ QI 

1Ttlt'""""•·'U$EO· u .• , HAVE..ttMU\ '\ ·,· . ' . 
If I..... ." ... lfllil . • ''"" II 
( '"' f .... , ·1,4('.. f i ;! ' . 

II llllfW"fl'II' . , t~f-ttt UUtlCIN IIETIIEEN HAIIID ANO FIIIIGt.i 
1rNE ,.._., s;5,l'··""''c.wvs •• "'r 1 .At>SUMt 1HAs1 ME••s , .. as 

flttOtl ..... l'fl . I '.~ '-If 

ITllt tall'J<~-15 • .r· 
IA .... l4alf"f t1'111fas1 

(: . <'ii",- ), ~\) '; 

~!~~~ U,~ll, IS •• J 
> 1',1- .+· f)I' • 

'ii)'._,-~ ', 

Ill, • fl&HI l!;fllUIC • -II 
ITHf ilEPLf •• I 
ITHE AIO~ SE~J~8'f.J.S All4IICiWUS H IIUT I ASSUME IHASI "EA"IS IHAS 
II KIIOlf''fHl'''ivl'fflAllt~F"¼ACH ittLAflON &HIIUN HA'IO ANO fltil.EKI 

II KIIOll''itd!''&utf -c .'-tt~lt':11E~At'ION SHWU:N FINGER ANO HANOI 
11 IIEAlllf fHE rmU lltLAfllllij. Mf~EfN. ~,.ANII IPLIST NAME HAIIIDII 

II llfAlfte·t~ 1t.'kEllllU1,BETllfEN s ANO IPLISI NAME FIN~c~II 

ITHt NEKt SfNfflll(f'.lS '• .1 
llttJ• IIAIIY f I lfGfll$_ ,UOH JDlfN HAVE QI 

ITHE fUl'ltflD"I USED IS •• 1 
HAVE-IUIMLIAI. ' 
IFIIIIGl!C tUltleuE • JO!IN,11 , 
tr Ht ltf!Pl V •.• •I ' ,· 

AS PUT>II 

AS ~UISI I 

IJHt -fl, ifNffi«:E IS .AIIIIIGUOUS •• Sul I ASSUltt IHASI 111:AIIIS IHAS AS YARHI I 
11 K- YHE stihilftAKT-'OF-'tACH RcUT ION BETWHl'4 HA,10 ANO FIIIIGEKI 
11 KNOW THt SUPtllPAKT-\JF-t~H ll~lA'-10" llEJIIEE" A~~ ANU ttA;,uJ 
II K- l'HE Slll'EIIPAAT~OF-~Actl aELA TION HEflltEN PEKSDN ANO ARM I 
ITHt ""5t,ER IS IOI , ' 
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IIHE r,UT >E"TtHCE IS •• I 
IIH( IELEPHONE IS JUSJ ro THE KIGHJ Of THt BOUKI 

ITHE fUliCTI OH USEll IS • • I 
JRlliHT-SELECT 
IISPEClflt • TEUl'HONl:I ISPtCIFIC • 801lKII 
ITHE Rfl'LY • • I 

_lfHE ~.11p-;,F~",C-W!f4, U~tO. U •• I 

~-111X#.1'' . . 
ou: 1ti,u 1. r1 
·1 ~.G f$ ' TEL fl'HOIO: I 
·tJ,,llll>J.tlSJ.-.0 J!4E tLEIIENTS RELAIIOh 8thHI\I t.Ul8•0 ANU JHEPH□Ncl 
II •u11ifJ11ASTMIO fHE IIENflfM RHATIDH IIETWEEN TELEPHO,liE AI\IO C.(Ul•UI 

11,· .. $ flil ·tlE°ll&NfS ltEUJION IIEINEEN C.0211•1 ANCI IIOOKI 
1c.91k'h=• ,a, ,. 
Cl S Tkf IIE"8EII ltfL&f lllfl ~HWEEN 111111K ANll &028411 
11-;,IIEALIU THE JRIGHT UUTUIN IIEfl<l:EN TELEP-1: ANO BIJOlll 

,,11_,~l~~,,r~,-,~tO ~,UHlll,.UIIEiN - ,._,.TftfP-1 
tf'A~~ , .. p: .,n:i:;i•~'fl<.' :•. "··' • ·f~• ,. ;· """' < :•··." f 1

' 

. lll:lf 'NUT SHJENCE IS • • I 
"'fYi'IE fElEI'- IS JUST ro IHE LEH Of IHE PAIJI 

, t-SEI.ECT 
... =f-A!N'JION VUO · H • • I 
. II . It,. MQI IW'~lflC. fELEPIIUNEII 
.. u y ·• ·•· .:·1-~,-~Tl-QN um IS •• , ....... ..,~~ .. 

·~r ~ ; , ( L~ ;-.. • I 
$ 'u A PAOI 

II IIIIDUSJAIIO THE ELilll:NfS AEUTION lllclwEEN loll2M2 Al'ffi l'AOI 

'·:- ;t&,' , ,411lliHfi "lliJ,,jll,_ ,_......., - - JEltP-EI 
,_ .. l~·5n•"· ...... Jl6114'UO.:•-• l'IIO AHO G0211•ll 

. : tC ·1 ·.iun Rl:LAflllll IIETIIUN T£LtPHONt '"" PAUi 

,, .,, .l~1i,Mtll~ -l~ •• 1 
;;' ,;tU'·:J'ftl'· fllilf-JUS'r lU lttE RIWtT Uf Tht IIIIOI( 111 

. ;n; ,- :1 Jlil'Wrrtr li\10 ~'-'s' ·; • I 
_',

0
: ~C!aa\ (SPf(;lflC • BOOKI I 

' . l!a1~Y •• , 
. : 1 ~l!Jift'iilf\l!ICIIIJ!I USED IS • • I 

IPAO IOGIII 
»-nUP, .-rl'J, •··•f ., rw; 1n,, · · • 
· ~7\'9n;r'. tl"ti · ,,.t ~- :•t:' ,.Ht "): : •. • 

f\ tit" 
1 

-, .rfllt. IIEIT SfNfENCE IS • • I 

. ·~ ·, \ ., 

!'-~.-l~,-~ H/?TIIE \~FT Of THE PAD Ill 

, ! /tttt.'.~il"'J;lQll~II i,, • • I . ,.,}\lilir..-:,uu·, 
: .. :. (VJ:1;,IAJ,C ,,- uo~ I SPECIFIC • 800,,.11 
· rif£ UH:Y • • I 
,,1}~~,UOICTIIIII USED IS •• J 

-{.-:rm,;, . 
IITS REPLY • • I 
ns 

· l'Jtll. ,,ur 'SEN IE NCE I s • • I 
l'Ttlt PA~ IS- TH r~ ~l.liHT Of rm. TE~V-1 

· nott FUNCfltllt'USfl) ·1t •• J 
ltlliMT-set.1/C'\' : ,. ' 
1f'WkC)Flt • PAOI !SPECIFIC • IELfPHONEII 
l'fHi. ·itE~lY • ;1 ' !!:. 5\111-F~ T,10'1 UjfD IS •• I 

I PAil JEUl'l1\)lit: I 
cus 111n-,•~--1 · 
HM i,a6ft'5TAtfNENT IS ALREADY Kr,ilJWNI 

fftiii llllf!,.Sl'llh~( &S •. ,., 
f-rH( _♦A~ 'f~ '..tO. f'it!:. Uf'T OF JIii, 0LEPHUffl. I 

cn.e .,_ ho,r(u\~ -L~ . !' .J 

.. i'" ... ,> t 

aat.HT-SELEU 
IISPE(;IFIC • TfUPHONl;I I SPECIFIC • PADI I 
ITHt ltfl'l.Y • 0 1 
'fM-'M:-fUJC:JIIIII UU;C IS • • I 

. otfall''''" .· ' 
!TELE- PAOI 
lfffi-''llfl't. 'I' \,•I .•f' 

.· • Mlllll ..... f •~fllTEIIEin IS UIPUSSIBLE I 

· .·,1,.....i>'•JtNtE'fS' .• l . . 
.. ◄11N:U•~r,~ru•,wi •#f' ut ,-~ ~¥1 

• 1-~~ 'fiH.}l~·y;TI:'\l·, I I ·' •.'' 
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Biographical Note 

Bertram Raphael was born in 'New York City on Hovember 16, 1936. He 
attended the Bronx High School of Science, received a B.S. degree in Phy
sics from B.ensselaer Polytechnic Inatitute in 1957, and received an Mt~S. 
degree in Applied Mathematics from Brown University in 1959. 

Mr. Raphael held 1everal scholarship• at llPl from 1953 to 1957, and 
the Universal Hatch Foundation fellowship at Brown University in 1958. 
Be received an HSP honorable mention ,and wa1 elected to the Society of 
Sigma Xi in 1957. 

Mr. Raphael has been interested in automatic computation since 1959 
and has worked in that field for I.CA, Moorestown, Bew Jersey; for Bolt, 
Beranelt and Newman, Inc. , Cambridge, Haaeachusetta; aad for the ....., Cor
poration, Sant4 Monica, California, for mo. he ia presently a consultant. 
Be taught at IABD 1uaaer institutes for BeuTiatic PTogr-1-ng (1962) and 
Siululation of Cognitive Proceaae1 (1963), and lactund at UCLA during the 
sunners cifl963 and 1964. Be has recently accept:ed an -,pointaent as M
sistant Research Scientiat at the Center for leaeauh in Management Science, 
Univer:s.ity of California at Berkeley, effective June, 1964. 

His publications include: 

"Multiple Scattering of Elastic Waves Involving Mode Conversion," with I.. 
Truell, AJOSI. 'l'H 59-399, Metals a.search Laboratory, Brown University, 
Hay, 1969. 

"A Computer Representation for Semantic Infonaation," paper pr~sented at 
1963 meeting of AX?CL, abstract in l!e:eical Ttee\atiop. l (2), October, 
196:3. 

"A Comparison of List-Processing Computer Languages," with D. G. Bobrow, 
C011111. AQI, expected publication Hay, 1964. 

"LISP as the Language for·anincremental Computer," with L. Lombardi, in 
The LISP Progra-; 91 Lpauge; It• 9afftiop ew1 6PRU.cations, (li-L c. 
Berkeley, ed.), Information Inteznatioaal,, Maynard, Massachusetts, ex
pected publication May, 1964. 

His hobbies include mountain climbing and square dance calling. 

Mr. Raphael is currently a member of the ABsOCiation for Computing 
Machinery, the Association for M4chiue Translation and Computational 
Linguistics, and the American Mathematica Society. 
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