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ABSTIACT 

l1le STUDENT problem solving system, prograaned in LISP', ac­
cepts as input a comfortable but restricted subeet of Enalish which 
can express a wide variety of algebra story problems. S'J.'ODIMT finds 
the solution to a larg~ class of these problema. STUDEdT can utilize 
a store of global information not specific to any one problem, and 
may make asamnptions about the interpretation of ambiguities in the 
wording of the problem being solved. If it uses sQch information, 
or makes any assumptions, STUDBNT communicates this fact to the user. 

l1le thesis includes a sumnary of other English language ques­
tion-answering systems. All these systems, and S'.tUDIB'f, are evalu­
ated according to four standard criteria. 

The linguistic analysis in STUDENT is a first approximation 
to the analytic portion of a semantic theory of discourse outlined 
in the theaia. STUDENT finds the set of kernel sentences which are 
the base of the input discourse, and transforms this sequence of · 
kernel sentences into a set of simultaneous equations which form the 
semantic base of the STUDENT system. S'l'UDll1T then tries to solve 
this set of equations for the values of requested unknowns. If it 
is successful it gives the answers in Inglish. If not, STUDENT asks 
the user for more information, and indicates the nature of the de­
sired information. The STUDENT system is a first step toward natu­
ral language coumunication with computer1. Further work on the se­
mantic theory proposed should result in much more sophisticated 
systems. 

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



This empty page was substih1ted for a 
blank page in the original document. 



TABU OP ·CO!J'B!TS · 

Chapter Page 

I • INTRODUCTION ••••••••••••••••••••••••••••••••••••••••• 7 

II. 

III. 

,_ -

A. The . Pr,oJ;>iem . C~t;ex;t :o~ ~,r$.~cSY•t•· • • 
B. :\le~11ons for, .W~t;it:1qc~~!u\i¥1¥!'8~fJ:•~···•. 

7 
io 

c. <;ri~~ria.~or Eva~t;.1iJM Qtr!~1'~.~r~ •. 
~Y'~~ • ~ · ~ ! • • • • ~ • ~ ~"·•'.-:~~~~r~'r• ·~ • ~!~·~.~~, • • ~:·· .. ·• • • • lJ. 

D. Et,lglish La~uqe Qu••~l~~·.,~:. 
System.s. • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • 13 

E. Other Related Work........................... 19 

SEMANTIC GENERATION AND ANALYSIS OF DISCOURSE •••••••• 

A. Language · as Commdtil~it itm ~ • • ~ •••••••••• • ••• ·• 
.B. Theories of ·LaugUa,se:~.;·~·.\,." •••••• ~ •• • •••.••••• 
c. Definitteil: al· <k>ller~nt ilJueourse .. ~ ~ •• ~ ....... ~. · 
D. The Use of Keriial·'leiteftd!s in"'9ut' 'Theory.··' 
E. Generation ef Cehe•enV'l'fiilieottr•e'.·;;. ; •• • : • •• ~ 
F. Analysis of Coherent Discourse •••••••••••••• 
G. Limited Deductive Models •••••••••••••••••••• 
H. TheSTUBElft' Deductive·Heciel •••• , ••••• , •••• ·,;j 

22 

22 
23 
25 
21 
28 
34 
36 
~31,. 

PROOBAMMING FORMALISMS AND LANGUAGE MANIPULATION..... 41 

A. Specifying· a Deairee•ltrl:q•l'el'IUt••~: ...... ~·· · 'l42 · 
B. Specifying a Transformed Workspace.......... 44 
c. Sunmary..................................... 48 

IV. TRANSFORMATION OF ENGLISH TO THE STUDENT 
DEDUCTIVE lllDEL ••••••••• -. • • • • • • • • • • • • • • • • • • • • • • • • • • • • 51 

A. Outline of the Operation of STUDEN.T......... 51 
B. Cat.egories of Words in a Transformation..... 53 
c. Transformational Procedures................. 54 
D. From Kernel Sentences to Equations.......... 58 
E. Possible Idiomatic Substitutions............ 72 
F. Special Heuristics.......................... 75 
G. When All Else Fails......................... 78 
H. Sunmary of the STUDENT Subset of English.... 81 
I. Limitations of the STUDENT Subset 

of English.................................. 83 
V. STORAGE OF GLOBAL INFORMATION........................ 86 

VI. SOLUTION OF SlMULTANEOUS EQUATIONS................... 90 

5 

!_: 



VII. CONCLUSION ••••••••• •·•_ ;,c;;;•·•:•;~·· ~ ._,. !l!o:~ .,, • • • • • • • • • • • 97 

Appendix 

A. 
:8' ~' 

A. Results............................... 97 
B. Extensions............................ 101 

c. 
D~ 
E. 

PltOm.Dll • SO!.YBD • l'f · S!9Dllft' • ; • • • • • • • • • • ~ :r~ i i • 'i •• 
A SHALL SJllilif!tf"Olt.RIUfm~CW&D~ ~-.:,: ~ ~ ~ ar:·J •• · 

104 
105 
109 
110 
120 

Figu~c 

l• S~ Probl~ Solv~d t:-Y ~~ .. ., •••• :"•~, ... ~; •• _ 8 
2.. NQ~~tioo.Jn~b1-n to• S~;~~ilJ.e,i).l9481·•·. 38 
)t!.: A.~t.:tt'QP4"k~Pli;1tht;:W~~la@r~M•~n ... ~· • 50 
4; Ope:s;at•i; .. ·;·1.-.~izt~L)J rli'IDlill~•X ··•e •"•iii·••'••·. 60 
S. ~ 'l'be SOX.VB. \>t'Qat•, I.a' Wl'VPllJ ~ .,'.!t. ! ••. ~., 9"' , • ,, ~;.} • • 96 

6 



... . _, 

The aim of the resea~cb ~ported here was to discOV:er bow 
~ . ~ , . t·: 

one could build .a·:compute.:r progtjna which could ccmaunica~ with ~ 
people in' a n.aturfl langueg; within some ~•tricted pro~~ doma~. 

- ~ .,._ ~ tr;.!·~ )t ' 

In the c~urae of ~his investigat:ion, I wr~e'. a set of cMer -~o-
grams, t}'l~ S~ •ystem_, ~ich accepts a, ~nput a com~p;able ;;'iut 

restricted subset of lllgli9h whiCh caa be used-1:0 apreS:.i:&''.wide" 
. • •. - • •. • • ,'. , ~ ~- (,,<:; "!1 ·,~ ~" 

variety of •igebra ttory prttbleuii. The p~~· ~~ ~ figur;:.l 
i ;: :i: L ·:, " , •. 

illustrate . some of the c:Oaa\ini'*tion,.and pr~bi~ s\)lviag :;Ci.PJlbi~:"' 
: - -~· .. . ,. ,.., ~ . , .. ~ ' -

' .T• . .-. -

ities of~ this system. ~f.:. : ... ~ ;.'. - c 

In the fo;J.loSiqg d,1·~118sion,· I .shall uai iihi:~ses 'a~ as-:· 

"the coqt~ter ~·r~~a.:: lqlish". bt al~ -~ ~a,es, ,'":~: 'wBn.: 
.- .- . -~ . ,.. . .- """ -i ~ . . 

g 1 i8b" ia .. juat the .. ~~icteCL-al&beet o.f._-&8gl.iali, .. .lid.CA. .. 1&:.allewa1™1 

as input for the computer prQ&ram under discussion. Sin addition, 
'. ~- : . .. /' ::.: -~ ~.: 

for purposes of thi~t_,rep~t I h~ adop~ the f¥lofrinl opera~lona 1 
.;:. ~ i ~'' ,.::· ):, i:::• '.~. ~ t •• _ 

definition of unde~tadl~g.; A dempute~jncleratidS.:• tubaet ~~~-
.;, . . . j'. ~1.: :".! "- -7 

glisb if it accepts~ inpilt. seut:enQi!a ~i~ ar~ ~r! o~ this 'g'8et, 
• ,' . ,;- .'.,.' • ; -;; t"_' ~ "-~ . ..,. ::-'·' ....... 

and anawen questions biaa4'd on ittfoniat~ ctintatiied,.~in~1:he input. 
-.: • (', ~- • l v., :.... . 

'1'he S'l'UDBHJ system understanch lngli~ ~~:~ht.a s~~ ::o ·:'.~:-
"" -~-

A. ;'1'he ·Prob~ Conf~i of the S'J.VD!fl !Y~f-,• ,_ ,. 
' .. _ . - :·: ~ -·- ~: ':··.1.4...~ :: -~ - ' ' -~ 

In c:ol'lSkuctlag 11 ques:tion"'anewe~ ~y•te!la, man,y probl~ ~· 

are greatly 'impliflff, ;l.f .th• pr0•1el{i e~ixt is i-ei.rlQt~. ~~· 
simplifi'.-ca~io·n resuttt... frOlll :t1*: re~*Ro&. -ioj1.4~lrt' the~;_ 

.. ._ - , ·- • --_ , , ·-· . , ':'. , , .... :- 7 :~ ~: ;~ ~; L >. _:· ~ ~- .- : 
DIN! systeia, :aQd the:;l'.euona tpslUt~:•~lt~cft~ jfi .. :, •n1.~: 

dis~u88ed in detail ~n thtl' b04y p~ t~ ·~o~. ~;~ ~ : · .-
··- , - z -:- • .. ~ '' - . :- -:· ,.:: " 

The STUDENT system is designed to answer questions embedded 
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CTHE PROILE~TO"IOLVED IS) . .· :" 
(Tit£ Dl§~F Nlf.,YORIC TO LOS ANGELES l$ JHo Mii.iS .• · 

~~ .. ~t.ii1it11' JJr T: ~=lv:~:cJ.s .. :•v:U1f.P~:a~ES. 
IY ollT .'t• '!: ' ·-

"" ,,,· 

(THI tQUliTI~ 10-'IE ll>LVED ARE) 

<EQUAL Ulnf ni)q UT I PAO) TAKES TD TllAYIL FIUN4 NIW YlttlC 
TO LOS AlllL¥ .... olETH 

~·• c I~ '• 

(EQUAL CMHMI tNIO':OF "" PLAlll> UlUOTIDIT cma 100 l:MILU)) 
CTIMU-l~"<C-J>l> ,. ·· ' 

-~-~-- "-~r ' 

CIQUA4 C!lllTitel ftloM MW YORK TO LOS .ILU) C'DMel JOot 
UllLll>J~ Ci ,,, .~ . 

THE~..t'.;Wlllle 1-F)SllNT TO FINO:·A SOliUTIOfl 
•":"' U (• i"''~ f:~< 'o~. ' < (• 

Cm= l::SlllfltG fn.«ELATIOMSHI.... _ , : .. 
(( L I .· CT S ~)PIED) CTIMl)J) (jelUAL ... C0!1TAMtl> 
CTI C .. . .· I , llUMllR OF GALtJMS JlF UJ ~ID))f) 

~=~m~~c3TO ~Vl~I SPIED OF ar ~Et; 
w. :1;· ~' .~ ,": l ·~;:. . ,' .. ..~ 

~~11.':iL •... CTJMl~Q.T I PIO) r.tls 'ISfT .... IL -~.11EW .: yOiaiJH ,. ... i.lt l'f' .ittn d •' ., ' ' 

i~t~ ~L ' (~AHCI FROM ; Y~IC ~ L~ AMIL~, 
-"'\. !t~ ·~ .. · ,. ,~ "' i t:..1 '"' -, ' 

;:( t,.<~ ;\.,; ~ i {;~ : , ;,'': ·~,;:;.. ,,,.... 
(TlfSl;fHC.> lf .... TO"flAt. FllOlll 11111 YIH 11' LOI AMgn·•v ""*' *';fl.... ,,., r,; ,,, \ ~. '.·· 

u. ~' _. w L ~ ~ ·.·~ ~T ·. : 
,~· ... ·-, ~: , .. , ·~; ;:, . 
<~!CJ Ofl.A = .. '° •. I.,,. DOLLARS:;; IF<nt•'."'" II ·S 1S ~ &.Ip 'ft!!'lt 1'tl ID PltlCI • •111.:nta ~ MfCI ·~ 
• ) h~~ ec re ~~:'- \<- . :~ .. ~ ?.. :.\;_ >~ '.' :~~' 

r~:- ;;; : '\: ~-

CTK(~1.r 10"'.41 s~vCR.ARE> 
CECluA ulns;JMAUlo i.t1cia'l> 

u~ cM1c1;:eF uo1oi ciraH 
<E<lU~ c~1c1[;~F ~10;\c~ria 

i\· _,' ' . 

,1,11 C~Kl•,PRICI))) 

11,70 <~LAI*>>> 

"1 

CTHl:Moulllp ttlCI ii II dOl..LARS> 

;· 

., 

(THE PROILEM TO IE SOLVED IS) 
(THE SUM OF TWO NUMHQ IS 111 • Qi OI. THI NUMIERS IS CONSECUTIVE 
TO THE OTHER HUMllR .,FIND THI 'IWO NUMIERS :,) 

': . _., 
TR--~Q POSlllU 101oi, 

N ••• 

CT I'* OF 0111 OF Tltl N~HRS' AllD 'lHl!:':l>THll ""'411R ts 111 
, ('PRNLIM WITH AH'.'ID108AT" SUlt!TUTltlH '~) 

• OJ THI NUMllRI ,ll <:,IMll;UTIVt Tef.'r· HE :ATHlll NIJMHR , FIND 
· THI ONE OF THI HUMlllS Atli THI OTHIJt IQlllR • ) 

~\I 

:_ .. 
:.<~ IQ.TIOHI TO H.OL~O Alt> 

~(~AL 802522 COTHIR-"1l'lsfR>> 
' ' ' 

. nclUAi. I025U (ONE°' .... Rs)) 
;-, " : . 

(EQUAL QINI OF NIMSEa) (t\.UI :1 (O'l'HIR NUMllR))~ 

.· Clql!AL (~LUI CONE OF 'IUMa(Rs) (O,,..R NUf'llR~) lll> 

'n1tt ONt' OF THE UllOa IS 51) 

,,(THE OTKIR IUlllR II i 55) 
l· 

c 
~ ~" .x: \ 

-:1. - --' 

<ni' MiLIM TO II :;~vu::is> ' < '.., ·:: ,) 
(I ... s{)ATfflR I UllC I Scftfl Cl. AS.-:!J)&.D · . .as UU. ,a, FA1MER • 2 
·-~. !f!'l IOW llLL ~.FATIIU llftLL II J\'!l'IM. Al .OLO al llLL 
.• fll ~OF THUR ...... 12 ':{ F" 1ft.L f;~AGI;-::.> ' 

1

CT~ ~TIONI TO II ~v~ ~ :~ i:'. ·~ ::' 

'c19L tf15JJ «ttLL 7 Pdlol>··· AM»;: .;' ,, 
·,J -~· C· . :_:~ :,:f_. .. . 

'. (!UlfAL ffll.U. I ((lt-~L /:)PIRAM) S ~Hill-'/ l'UION) I ·.'.UNCLE 
-I filllotlt I AalFIPUll CCU. L LLL 'f .. ON) .S t1'ATHll I 1,tRIOM> 
I•> fS.,llLL I "RSGI> S)GEU> ·. · . 

~<E~L llLUS CCll~L /Pl.) :s cM.t.i1~ I PialOIO S AH> 2> 
i (TUflS '"'"(PLUS C (II LL I PS.SOIA I M'E> ~ »>- ·. 

, .. ' '-.... t~. :.... ~ . . 
(l~L ((llLL I tlRSOI) S tFAllft!R I PEltSOH) I (UNCLE I PERSON> 

·s All> (TIMIS Z ~.C.llL\ I PIRIOll) s:.,FAllillR ! PllnftJ.a AH))) 

'cllU I AH II fl 

i;; 

~I'. 
-?, 

t1 
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in English language stat~?~'!\ C?f, ~~M~~-L~~~y:'REJtl•~ .. .!\!!lL:!!''.~ __ _ 

those -shown tnc.l'igute 1. .9TUB111Ttdoea~tlliauby::JcOBah°QcCiag,ffr111ft,; 

the Englteb ·input ·a corrupoadiq, .. s.bcefJalgeh4":.;eqWitlODl9•-'an4"' 

needed, STUDBMTdlaa aceeaa t(wa:· stare ~of~_,"'stolMrlHoillfoi'IMl&ton,? ·' -" 

not spec;if~c;:.to:a!7._fl41rtituliar-probl••1 '~EOQJ:setrrin• ~eleYMltc: t. ' '' -' · 

facts and equations from this store of infCilllidtleaih SiW'.~cOlll'Oo- :; , 

ments on its progress in solving a problem, and can request the 

help of ·the .qastioner;if it ., .. ta swckw ! -:. -.: ). 

?het:e are_ia .. nmabe~ -of irea~ ·w7 >I eioM tbe- c;ontext of ,.,, 

algebra atory~:,p~lttema in: Which· to fitiv•Iop .... t_..."9e• 'wlticb would)· · :,;c ' 

allow a computer problem solving syst•r:itoi"coept.1 ~lc1la .. ger,: cu h· 

input. First, we know a goo,d type of data structure in which to 

store iuf•m.tion ·.w'4id tCo: allllllMi ;~·}ia.utld.c ,-:.,11'C&lfC9'" 

namely, alpbgie.o::~ti..-. 1'hel:ie·.-utt:•:l-il'l tldllcNlan.ilgor.t1:1iU • · 

for de~i.ng .~t.U:m \UapUirrltL~.lt!h• ...,.ti-~·-di•t·.;ila•f· 

values fCM ~~hill "Ml"d.a~:U.esc •tc;•,.a~AeJad .Offe4'19t~•- · 

. : : .. 

In ad<Utwn.. 1 ·fe.ilt tllat> tt1*1te ""*8 ,4 ,-..sa11ab1*·~ of ·. ; 

Englis4. ,tn . .tJ.i-dli,~ Cljpu of ,slgebr:p-a.cecy i:pr.ol>lw-'wei;• _ _... · ·, J -.~ 

pressible. A large number of_:llbeae,~,..'lR'OW...':e're" ~le:_, 

in first year high school text books, and I have transcribed some 

of them intq, 6111>1111'! s .tap.ae, 11agu.n,._, , 1Uw ~~~----

ing -t~ ift; :tn:ae: p~ '1>y;;.-m...,. ;i•Jilad>~ ;;C:}$Il1Dtir-a ·~ess , 

from inp\Jt ,~q t~on:, of 'thei·-.quatw:m•nw £pqr o S'•' we ·catt . .,.,.. ··• :, 

tain a, ~i-e- -of ;.cQ1111P81:uon ~ :tna ptdio1adlfce;:pf· 181'UDElftJ'_,; ·. : 

and oi::,:it 1\taan• Qll1:-:f=he..'aae ·11tohl-.il '-itt ~~~•*"ft! •n, '· 

IBM 1094 ~·n ;wt ,qGeRi.ona thA1ti 1tt: ~rlumdiill ai ~ <St!" · 

faster, 1f.ipaJ1 huauuuJ. tnr~q, the ~:.pr.e'bla.1,~d Jn1~ ~··iCCJmioi. · ''" 

parison, ou .-boubl .~rd:hed>tuuf:~..-.. --oe·~.:taf1:1094;Jr<-¥hieh~ 0 ,._ 
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B. Reasons f.or Waat:lna .Natural Myllage Iyut..: 

W8y 1 $hotJld oue want·to.·talk· to .a ~er.in·Bn&lish? There 

are many, tongue• ;th~ .computer already<UAdtri'•t•IMI• "',soch: qa POI.TIAN, 

COMIT, LISP, ;ALGOL •. CQBOL" te,,nfm18 just a.r few•· ~·l'bpae ·serve ade .. 

quately as conauaicatiott media with tba:ocemputer ;fo~ a .. targe• class 

of problems •. A more :pertinent que•tion ·i,s r:•aUyv~!!Fis 'English 

input to· a .ccnsputer deairabl-e? ·· i •·· '' · 

English input is desirable, .for exaaq>le, :if :Lt· 1is•1nec:essary 

to use the computer for retrieval of information from a text in 

English. If a computer could accept :Bngl:Lah·•wput't:,.mueh 0information 

now rec&~ded OlllY .in -gl:Lah would be avatlald.-e 1·,for.mcolliput;er u•e 

without n~d for human t~analat:ton., 

A computer which understood .El)glia woubd be<.1DOI'e .accesS':f.ble 

to any speaker of :&nglit.b, wbetbe:rr er ·DOt;he waa.tr.at.\ted>.'.":tacany 

"foreign" compute-r. tongue.. ·~ a single &bot' •t •di• oCOlllp•er "ith 

a question aot likely to be repeated{,.~· 'WOUJa~.not> b6;wo~Cbwt\ile 

to train the user in a specialized language. For fact xetrieval, 

rather than ~at retrrieval, BagL:ha ·ts•• g~ vehi~le 'ior 

stating queries. For a good .description o:ff the' ¢i;fteNt>.ees between 

fact and document retrieval, a.ee Cooper .(a.a) . ._ , L . .i 

Programming languages ere process -omenttad. ··One .cannot 

describe a proplesn, only; a :methoc:L ior fiading a so~ to the plf()b- . 

lem. A natural language is a convetti!ent., :vehitte ·fo~ipvwtding ~' . 

description of the problem itself., .leaving the chot:M>:.of.»procesBi.ng 

to the problei:a solver accepting the input·~ !n an'~~ case, ·one 

would like to. talk to the COllptltex abbut a p.rob-1811:, Widl fipp<ttopriste 

questione and interJections by the. ~puter on. a1Jatapt::iidtta· •it .finds 

necessary,. until the <:OIDpllter ,clBims that··tht!>·p~eblem ·ia·tiaw well 

formed, and an att.eq>t at sol.W:.i'on can he ,mad& 
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·Finally, m'1n 1 s abUity to; Wte ~b .wit leiikuag& JMJ' a prinie 

factor in his iatet:l:i.9ence, and if:• cant 1J;emm ~~co:;rmake ·S.:·eoai­

puter uad1!r&tand a~:natural language, ·we,wU·'ilU\ra '.taken'~ blg; step. 

toward cr1!ating:: an.:; "artifici~lly .:Lna:elfl~"'·~r (321). 

'.• 

C. Criteria for Evaluating Question-Answering Systems. 

We ba~e • cle£i~d.anderstandit1gl i'ftitJWt"llllJ.> b~*""' ability t-o an­

swer questions in'. Eagluh.. A <nt.anher of.:~t:f:btk-~~ing syE!teme 

have been built, ab.cLwill be,de..seriibe4H.'li,~: n.tt(ject:ioni· 'Itf Mils·'. 

section, we shall give a·.J:WOlbe.r.,of· c:ri.teri:a> feri-::; eHl\'Eattngi1cthesiti'&h- · 

answering systems. 

In many ,syst•ms there is. a sep8.l'at·tw2~ ··n.tlil· iiliput amt-'; que~:.. 

t ion inpuc. For all systms under• coutde'l'lt i"8; the•• lfij>ttlt''itlte-&t'i'bns' 

are in Bn~Hsh.. '· 'lbe . input: data 'mayTbe. ettfiet-1'· iav&t\g-ttt1h ~t1 ln ·a · 

prestructured ... iotmst~ cf!•8:. a tree· M"':ltat•r•"r~l\~b :!h~r!&ngliah thff~ 

input may;1be: ased•••a,'.a·•ciaca. baae<~a1Fi·'ts~'10t<:mlffe1Jtilttt4Si a ·struetured 

information storv. Shmlons,Air11lt•·chHilpaden1• sutvey:J{,fi Etigthfi qu~s'Ol' 

tion-answering systems (40) j calls t!hos•··tiyst•fl\s "QaiUlg' a stfiictu~~d- · 

information store "data base question-answerers", as opposed to 

"text-based questton,..an..,erers" :wlri<ih ~t"ltrite't@.i faeti"1froit Uu:! 1brtginal 

text. ; i r ') f' ·~ i . r 

The ,exteac .otii lltl'MWI'>st'al'kltl'lg "11 • /~ftiSJ.\.i.ans•ering"system 

can be meas.tired ·al"81 three d1ff1¥~e~~ctf!iil*1si6tt8 :i '.l.ifnt!~ctic ,' :is*ttait­

tic and dedutj:iv•.o. A:loq the··sym:t#et:ie dtlidiiouc!dnf! cMt:'··~'"rsttrE!'' 

the grammatical complexity allWAie:J$ri ;C-Rptff1settt:i6f!es"~" C'.'1'1Bls may · "· · 

differ for the data input and question input. In the simplest case, 

one or s-0me., ·small l\\DMr of :fixed ·:a>~· ·sf!~ttde~~'*re''a·l!:foW8bl~f·'in­

puts. Less .restricted inptl:ts ·l'AttY jn~<;Mtt ftWl:eticH> \iin.i'-ck'.;'t!s1{~' ., ··· 

parsed by a lf~d' grananar. 'l1le 'l'H!aret>:fli:af ~-~r-s<tarla' tfatiiDtar ·; · 
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of all of Engliah-,. ,the leas rut:ri.cted· u_. tlie: input•:.' ·:&ecaoae .uxt­

based 91ntlcm+."a.naweud accept· .. mput iaay at:z:it& ~; wra, 'with .. 

out fuf'the112 :pt:ocenq, ,they tuwe~ ;no. •~11.cl ;limfat:iiobi •· input. 

However, the :f~tct-J<&trievel p~- may ~: :he, ablie'' W.> at-tratt 

information from thoae portions of a text with leas than some maxi­

mlDll syntactic complexity. 

Ip 4ata bep Q1.telltion-auwer~ •JSt_;..,•Dnd.?1i:er•urtw rela­

t ionsh,pa· between .. ..-._ er. objiecte, ·.-..<be" reptee••Me m· tile. 

info~ i~p store. Othet.1. inforiud.oll· ma.y .· lte.:4ia.carclil4, or; lgoOred. · 

This- 1,, J:· 1.~i~•t:~ in_, the: .-...tic: cflaeMdea1 of _..rataading. 

In order to obtain answers to questions not explicitly given 

in the,4.JlPlit·• •.41Mest.iell-N&Wt'iaa'tf78tem<aust: ,!iev•rrtlb•'~ponr ;to..:.per­

for,n •PIM- d~d~if.ont•. XIM' 1t-rotwre-;of;lthe Ulfo.~tt.ea Btore,uy· 

facilitate sudJ de.tueA::iv•i Q.i.lity •. -r'ftle.,raap oiqd.adu«ivedabi;t.tty 

is measur" 4l.~na.:the \led\le•ive1d1lteHioa·!Off;u••••t•atw:ling.' ··'l'be · ·. · 

struc~.ur• q~. 'pe. i.JJ~~~t,\cpa·:stor,;,aay._,alaodaicl"; Ln1;aelecting «>niy· 

re leya~ ~te~~1' 1:: ~Of:.,"· i~·· t'btdiffUGt ive r q\teatl.ea~nawez;:lng' p:to-
. ' ' 

cess, ._thµ• ~J;oviag. tlte:.effl~le•CY of,~t1'e;•Y•~· 0 
• ·: : ' 

1.-. 

, •~qt~"~ ~riteria ~leHlY .rel•ted .. to.tbe.,•C•e-.of•cun;er­

standing, is the facility with which the syntactic, ae11antic, or 

deductive abilities of a question-answering system can be extended. 

In the l;>ell~--~aee;fitQA;QUW·W.i.:,,-ve ·~~8&14ea tay.lli:itMaaHiii 

by tal~ill& to J.t i.a-1'asli•~ . .Alt~uth.elYt-i .... 1~1uv.e·1to:,.td 
some new pi:.0,1~•,... to,. ~· ~1-9" r, o:r i•t ·>WtUt..,, ;a~dllUnge af8ht "imply 

comple~f,,,r•.e~ra.-~8 :~~ tlwo ~--tµ;e.~••t•i r. '"·' .. 

~ ·') '·-; 'l - , -· :.J ;· ,. -( ' . 

.. At>, ~oi;itu~nt -.~.it~~ -COQl~r•"~ &Ir._._.; of a quo•. 

tion-a~~~~-ayat8'1Lia :tM ~µ¥,:qt ~W#.l-c>fi·::dbi iMefrnal; ·' 

structur~, .,o,+ the ay.at•. t~~: is ~C,e&lff!Y' tit u11e ,Ji&.~·r;#itb·best .-one· 
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need IM>t be·· aware,-of tht laronaatie11 .. Heral• 'at:l1iftur_e<:·_'.UdiJ.t ell. 

At worat,-a01 thoroilgh- bibwleelge of'tbe' ii*Rnral'illrwt~may :))e.'ilec• •·· 

essary te> construct 1'1ttele input~' · -: - - 2 .J - -) ') ·, • • • 

Attother: 1aeaaure- of the--W.~u:la~a:.,if>:a -t~ibil-anwwering 

systelt'~ is · tc:a~ aM.lity, to itlterect trith-- tlle ·u•u. "':"Iii, tire wt>rwt ewe,•,-, 
a question is asked and sometime later an answer or r~t:.:ef f.tn:.' :",· -

ure is given. When the question cannot be answered, no indication is 

given of the eau•e of: failuri~ nor 4M4idfte·i s'8t9 *11'$ the~ iperion 

to givei an,- help.- 'ftis is. t,.,tctl,6f''the--epiftat't&a··of'·fP~'r of :; ·· 1 ~· 1 

Air P'M'ce -4;iery s~atetu- (Ja,- K•yfWar, ·pe~l"t:~atc-8-tii.on~'-~ ln ·· · ·-' " 

the best;·el•~1- the; s}'ltt• wtll· aak the'tiM' fttr"'ipR'lfte- help'' aild' 

accept stlggeeti~ ;df appitopTiat& -.Hriew.::.of--acH.Otl.. :i- - _t,_: ""' 

In this section we have given four criteria for evaluating 

question-auwWr-lng-s7'1teM~ ·i'hey--..a,.-k:·sft -rilllMtj*•; foi1.blre: -

,, · l)' Dttenfi ofrru1Mferataild1-llt1-"E••._~lcj : fl!liiailt-ltc:i ·nd~- tie,;. ; 'G 

'.i _ d~o~i17~ '1>!~4:,ie~) ,. ,, :·;;. _ " - ;· ;,-: 

2) . ___ l'a~~l i~;y i ior ~tendi~~ aJ?+JJ.~'• t (~;fllt~~~-:L ~Ui!IU~Yf,, 
deductive) · 

.:~ : c -· ', ~. : , •• ,,~,;.i._' '-<" ~ ;-:.·, ·~';(i: : : ,. •'.- . ,, ., ~ 

3) Need by user for kn~ledge of internal structQre of 
syattem: .. -· ~ · " 

4) EJt:i:nt ~f •btt6ractioa•vitl ttaet · _., 

D. Engl·t•h'·l.antuase Q!!1ti.,..Afthettg;.:S)'stw~·>f'·- .. ,; 

'In thiW ·aectiMt'-i Fihitl~gi't._. i''ei'lti~·.4H' 1 a~ty:· of e·'~er 

of BngH11h-_;language·'«1ue111tton•anavei-tq •Yiteile'•!:'iutittzf.ng the' crl• 

teria outlinei· bi 'tlte ·prevtblis sec-t'i.Un. 3 c:'l'iiil';4tilh~iieeton-'.'!Wll1. • provt.d-e 

·t ';• 

a context for the 1etttt¥Jn· of· the: coaciUCliilj;;eliapttr:'Vlitch''•*-rizei, 

the··capabtlities of tile "S'l'UDBIT"'-ilyltem.- - Pb'r-'-i"'ii!actiftion· Of'~lhe dfflii•;;:J 

ferent syntactic analysis schemes mentioned below, see the sbney by 

Bobrow (4). 
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l) RbUl,!es.· Qlw qt .tJ.e·e..i·U..tt· ....,~J.Ollr'ellltfe«"iD&i:s~•t•• 

was wrJt~ .i.Q 196Q,fi- M;lT· ~ ••hoaJ_:Pbil~" .. ,aii-) •. ).;a:td.S·a,,;date.' ·.' 

base system which accepts sentences wli:iJJqEC:$1l NLPlff'Sed: 'by: -.-,very 

simple context-free phrase structure gr8tllll8r, of the type defined by 

Chomsky !.S) • , A4'ii+i.PMlu SYJ>.tMtU..,;itJ!iM:J:J'i.stJ.ns:: K~e:;,•hff ; N¢l't 

word,~ " ip. oaly.pne. p-.tQID&~ic.1111 eel••--· Md ~)l8*:; '·' ••11teJlee- hae-.i 

exactly onepal'(liag. 

• •• ~1 • 

A par~e4 sentence i•. tf,..JlS~~n~~-.ai _U.Jt·of- five ele­

ments, th~ •t.Wi-je~t •. v.e~\>-1 .. ~\lj.ectL tj.gae• t>i..J~t,,~nul; 1tJ.ac~-~1>9.rue· ~ 

the sent~nce., •ll.ot™t1i,_.~inf~~n, ·~~.'I ~frn~eflHiMi<,d-~(l~§JaJ'd~. ·· 

Questi09:W_ are ~~~r'4. ~Y 1Jiflt4U.& *te-.;J.,is_t:: ~Olb-'D•~ tJ"•1tsf9qwd '·· 

question against the Us~-~ifOJ',.eKIJ-,~~ .. 1~ .... ,. iWh~1f·1N~~lL.is 

found, the corresponding sentence is given as an answer. 

PhilU.ps' sy•t• has ~.de4ueUv•.,,.irJ>ilj.~y-t~' addf..K.fi.WW· , ... 

abiliti~s wgu-ld r~u;4.r~ rer.-~•~;i.e,~•~<· ""'49Mti(?ner must 

be aware that the system utilizes a matct'l.i:b.t1;t-l!,~eii;~i.~h does not 

rec~z~· synonyms',' 'alta' thet~fo±~· tk-e: lent&l\ce~·tt'J.'h~r t~1leher' eats 
' J '. :J 1 ; f)') i ~ 

lunch a~ noo~. '.' will no~. ~e reco~nt~~., as., ~1;1 ~1-l•~e~M'tp, ~~e 9,Uestion 
• • , -\ •• " < ,,. '"J "-" • - J. ~ . - .)>,. • ; ·-~ • - ~ ,. • •• ,, 

''What does the teacher do at twelve o'clock?" When •. -i''4~1ips' system 

cannot find an answer, it re~rt;i,, Qaj.~, '"(1Vi 1~llAQ.EJ»ii*i:N07;,: KNOW)". 

It provides for no further interaction with the user. 

2) Green. Baseba 11. ;f.s __ a,._ qy.,e15ti.a1m~D1JWfJi~; S¥ft•;t:l,ts*goed·," 
;.. . . . .• . - •" "'' .......... _,_ . ~ .. .,.,.,.. •• ,.~- ·-~--~ -· ... ~.,;;,.(,,,_ __ ,.. ~·--""'"*-···· .. '"' - .--- ·- ,..., ____ " _, __ , __ ,_ ·-

and prQ,gr.~d at_ ~pln IA)xn:a~o~iff J:>Ytkf'#ni \11tJ.fL-~<>mfKY 4nd 

Laughery.,(U~~. ~~ .. is-,._,dJ~M- ... , *"~.._n.i.llt!w\1!.t8uih~,r4fl'i!t ts-.·pl•f;.~~ 

in me~ry, int a.,,p1;Ht;J.'µC:t\lre9 ~fee, ~9~~:e , iltf,'4115.S··~o~f.sta,,ef, J+he . 

datee, 191:-"~i\pn., 9H0•4-~ J!~81Wit lmi:.'ft~r~nLoj,,SfiJWtj•ri~Htn·rLtagve ; • 

baeeball :g~s:- O,!Y· .t'f.••tio~• to t,hth1Yft9J~.-n.,}t4} P.vtnl ~-~1U.1U.11h,.,-

not the dat,_,. 
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'.,~---"'·I<---,~"'" 

-·question• must be sfmtJle selfi~eneef;lj~tti rlo 'relattv6-'.: 

clauses, logical dt eo6rdina'~e contte~k ~ '~ ftffh' eh'ee*e resic':tfct'idri'.s, 

the program wiH acc~t any-'questiOif'edU&tied :frt'~rds coMa:!nec! in 
a vocabulary ·ltsf'qufte adequate for 'i~k:i'.ng .c(furiltf:dns Jbddt:basl'-:· 
ball st:athtics. tn additffut, :the p~rsfrigc;:rdUt:fiie~ tias'ed "on ·te'ch- · 

niques developed by Httr:tis :(2'1) r tDt:lS't:;ffnd "a ·par1Hng "for:th~'-'que'st:l.on.· 
... ·; 

The qu~stions must pe!rtairi 'to tta'tfstf:cs :Wbotit baseball 

games found. in: 't'he .. infofma'tfon store ••. :ane ·csnri.dt . ssii 'qliestfons 

about extrema, • sucti in "'NtglreS'f-'0 wcor~ di ~ilfef#eiit" ··M:titd:let of games 

won. The paiS'ed qtl~sttori !S'"·'tfansfo~ed •riftcf' 'tifiiiidsfd speciffic·a­

tion (O'r spec) tfst:·F amt ·the ·qaestion"-58naweffn'.g fuutilfo'ittilfzes 

this canonieaf fdtiiiifot: the ·meaning 'of''fhe 8cfUE!'i"tfc:ffi( FC:it example, 

the questiO?l '~o 'beat.· the Yankees on Jtit,y14~ W6'tild' 'be ''tra11s'f0rmed 

into the ''spec lf"st 11
:·- •• 

Team '€l'dttittg'}' """New York . '} e .· 

· Te~ ewinil:ft1g}-' ? 

Because Bas·c!&dl does ;not 'utflire' -figltiih · fiir dat'a 'input, we 

cannot talk about deductions made from lhf6?1d'ttcYn ~1':i:'c:f£ ·1n S'ev• 
eral sentences. However, Baseball can perform operations such as 

counting (the nonibet-'&f "~s played 'fjy ~. '·tdl- 1E!'1fatfqfle}' and 

thus in"t'he ~enie ttrtt ·tt· is ut'itizfng seifttr~t··s;eplirat'e:d'6ta' units 

in ibs &tore, it is pE!ffordiinr 'ded'u<!t'foiis\ ,-': " · ··· 

BasebalPs a'b:iliti~s c'an 'only be' erfet'ltt~d~"b:f extertsive re­

prograumting, thOOgh ·tlhe techniquea' 'Ut'ifi'ted' ti~e 'ig~ ~~&'1· app1f-' . i' 

cability.' · 'BeeattS~ the 'partting prc:rg't'atn'furs 11-·if'ery'lfumpl'ete gratimar, 

and the vocabulary list is quite comprehenff~-'1' f6r 'the'·ptbbient dotna-fri, 

the user needs no knowledge of the internal structure of the Base-

ba 11 P'f'\>gram. 'No provision for 'intet~cti0rr wit:h th~' uB'er w.as made. 
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3) s19291: ., ,Tb~ ~'J~~W')~,i~ ··¥t .• it~~'.j~l,m! qqes~~o~r,an­
swer~~ .. ~Y'~t~,.4e'1i&~d .~a4 prqg~H~; ~r:~l. 1~~s,.~1,;~ ~~d 

McConolqgu.e,,(11.) •. 't\~c.~h~r'':•~~~~~~ .~~.,~pc4#r~dlj~ 1)~;;e,~1SlQP,~~''' 

has been.,~;~n~f.f~~ed. ~Q ~gneti<r ;~~.pe .. (o~.;µ8~,,f.f 1;~u!-n~~~i'1•u0 .. 
~ - - r - - • - l _. i "' 

store •. An .i~4,~.,haa bep .P:r:~par~d,~J~t;~,~· ,lo,e.~tMn C?~ ,,~l;tl\-.. 

content wo.~da, .in ,t'lle:t.~t;. i.e~ ~1'-C~~~~'df ·:\~1l' ·~~'1'! . ·:~~t," 

and "birds," while excluding function words like "and," "the," and 

"of." All the .<:oqt:EW-t._wo:;~• .of a ,.,.u~~t~~~~~ ~H,a~~, .~~ ~~ 
formation r.icl\ J•e.cti,c;>ns of the.,~•t .~i;.. ·~.e~~q1'A,. :i,eo:,~e~i~ • L 

that are locally ,de~e -:W ... ~,bent. wq;d.~ ~~~~· M! ~~coq~~·t~~ .. 
For ex.~le, U t}\e :,cw.a,ti,o~ :"1ctre ·~~;:4~LM9.~D·~~i~',t- l!;~h - > 

content ~ot;:cl~ ·~~·;.j~)';C!at", .. the t~,.~~~¥/'~~~<M ·~~·;'!'>~ 

on the ~lia,aip/' qll4, ''Mo.e.t ~ocu"~u~i1~!--~.JF'~~-·~,Jfi&ll~~~..,~·~J!~V'e~,. 
At this ~~~Lt;he }lr~~:8l'! ~tfo~ a, ,s~¥: )-.qa\x~tfso~!"t~,que~· 
tion and of the sentences that may contain the anew~S1_,,,4 'C~riaon 

of the dependency trees of the queetiqQ )anq,~i:i~tfM~e~!~ may 

eliminate some irrelevant sentences. In the ~~'11-~~lji~~leat 

worms on the grass" is eliminated becaQ.Se 1 •,~gna" ia the,10\:)ject of 

the verb "eats" instead of the subject as in the question. In the 

genera,t, ca11.~, ,tl;>.e. -~ ..... in~ :'1e.ll,t~tts ~~ rF~ r,i~ ~·~ ·-;~~~ '.Qfder 

as po~~ibly ,a~W~l'f~ ~,Et q~~ion •.. 1 , • !Ji,)}·,;i .: . 

SD'l'HEX is limi~ed .•YDt•~ioaµy .by ;tAl;,,V~~.,,~ th~,~~ .. ,. · 

tent that the. ~}llt.&,ct.t.~. ~'l.7•.u e\~~te,f, ~~~~~ ~~~s ,1 • , ~ 

It makes no use of the meaning qf_ Aq)1·:~4,t,..,i:!"'"~'"~(~d&.,: aQCl .04~f; 

deduce answers from information implicit in two or more sentences. 

Because tpe :&r~,.is, i-~ept,(pf r~ ,e,~&l'JP•b ;i;:b!e, lf,}'l}~&~ic 

abilit~ pf ~~a, c~ be, ext .. ~ L~':t~~ly:_Al¥i.l-M· ,-j~ei:, ;l>e!! 
- • • '. < ·~ I ., ' ' - • • > - > ' ' 

fore it c.,p. bee~ ,, gP¢ qu.~,iQJl-~~~Qi._;8.,.._~Ji:iB~,~nt~ . ,, 

abil;i.ti,ea will ~e. to .\>4l ~· _;r .- -.. -),: 

SnmEI d.o~s. not explicitly _p~J)Vide foJ;, ~~i.mt WitJ\ ta.,; 
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,i ~; -i.. 1 i·' :)i ~. -~: j·; \ .'. r).~'., I. --.~·.·~-'r·· ;.;: ;- ': ~ ., ·'. ~ 

user, but because it is implemented in th~,~~~ d~:~;-r~-c~'?f~:,D} "'~X~~~ : 
(9), a user may modify a previous question if the sentences re-

trieved -~~r~,-~ot s~_ita~le. •... 'l'be ~ec~~1'~~~-.f~n- 2•~,~f?ct~~,:~i~n~\~mi~ces 
must be k.eB,t in .·pii~~d ~p .g~t best re~'+1r~,~. _ , 

1 
.~~~:·,-:i~~~,.:,,. ,; " 

~) L.inds":·. While at ,:t~~e -~~~r~~~~,1 ~1?-~·t,1..~,u~~ .. ,?r;,~e~~~~~o~, 1 ~"'· 
Robert L_ill~.sa~,;(28). pr()g,ra~~~ ,t:l!e ·-~~ .,.~ ;~~,~~~7~\o~~'~'°p.s~~ir!i)1t~ J~-1~5;;~··: ~;,_i 
The inpqt t,C? , t~,e syst~, is/ sie.~ o~, :s~~~--~~~~ }~ ~~1.i~,r~f1}\~~.h ';,~;;1.LJ, ,._ 2 

subset of English devised by C.K. Ogden.~~~~,,:~. '.~\~c~"n.as;c:~ ::"L~~~~uJ~~rY; ,, ; 

of about 1500 words and a simple subset of the full English gram-

mar. The SAD psr.t .,CS}11ltact_ic ~~p,r,~:~~e_r . ~f:Jd R.~~~r~~et~?,11 :oi~ '.";o/'D; ,.~ 
parses the sentence using a predict;i.ve analy,:sis scheme.. The S~n-

• ,; : .:: i .. , ,.· .. · .. :·j- '.~ ... __ .,_: __ _,·;~~-;£; -Ji:l1·1~·:;~:;·:- 1:: ·r ~:~,~~'fc".=t~_~ .·.t 

tic Analyzing_ Mach,iq~ (S.AM? ex_t.rac;t,~ t:~;~ J~~es,e .P)l;r~~~- se~~~~~~es : ,. _,-, 

info~ti.cm about t~~~ family re~~~~~~sh,ipt' ~~~··:~)~)~p~,t!19~~~.~l~;~~l ,i,~ , ~, 
stores this information on~ ~qmp~t~r representatiop 9!,~he tamiiy , 

.: · . ,·: ,'· ,-, '·~· '~•''-· r('•J": :.~:';~~ J;~ :::--~.i ~,tt'if.A ,:-... ,_-:/:lC ~:i. -,:.. ' .. ·~ 

tree, and ignores. ,all other informati,on :l.J:J. the .sentence. For. example, 
r_ ·.~' '-, '.'.; : • \ ,·-- ~i!)f' · - ·.~ t ;~_A 1.r.: ·:;; ::vqr:rr f[b !;_ri-~.0·~7 ";r~--".l '1S .. ; '("~·: · 

from, ;.P~, ,parsing "o_f "T01n_, !olary' s br9the~.~, ~e~r: ~-~ ~~~H-~~<tt,:,f7. -~1 _ , ~-i~~~"' 1 ," 1 

say' s_ P;rog,ram .would extr,act ~~e ,sibl,~ 'ix:,~r-:'~t1~~J11:J?: 40o~r~~)~n~) ~,~,-~--· 
place th.em on the family tree as descendants .. of .the same :mother and. 

,. • • - _' ·-_ ·- , .. _ ~1 ;;j··-.-~ t.::r) . .it:;L:~:Ji.i' ::~.1 ·~ .::~c:.:!~:: ·· 'c.· 

fa ther
1
, ,apd _ignore the in;fo~t ;Lo~. -~~~~ :i~ef,~,. ~~- lfe~~. '.;· •, 

The information storage structure utilized by SAD SAM, namely, 

the fa1DUY, tr~e, facilUat,es df7ductio~~- _frt;~~n~~;~~8~,i~~ }~~\~/•:~ 
in many. se~tences •.. ~eca_U:~e; a fa~i~r ~~~~~/e~~~~~ "'i1s ~~f,~ne.d , i~>· 

terms of the re\ative _pq~it~on, (P:~. p,u,n ~-~t~~:~1t,_~~._tt~o- ,PJ~~Prl.e;;,\n :;: 

their, ~P1D,~ly tree, :~~utation ~t th_e_r,re,lf:.rt1:~!1Bf1~p,,+_~,5~~~e~~ffieI1~; 1 

of the numbe~. of s~ntences re9uired to plac~ in the tr~~ ~he path, 
- : :~ ". :" .... ·~ : · ·~:::.-· .,. ' · .-"~<C'·.;·)sc· ··5J.t)>,4 r:~)1:::·1 :~:~~·:··) .. Jz'1·>1.· 

between t~.e individ~fll,s. '"·:•! ,.;,r, .: :-rii ,.,; ·c.._' 

Extending the abilities of the SAD SAM system would require 

reprogranm,f;~~ ~.-.. < ~o . prov is ion h made fp:.;~- ~~f1t~~r~~~f~~ ~\~!1 ,,f~e ,~fJ~r • 
No internal knowledge of the program structure is necessary if the 
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user restricts his queries to questions of family relationships, and 

his language to Basic English. 

5} Raphael. The SIR question-answering system (mnemonic 

for Semantic Information Retrieval) was design~d by !eft~am lt~phael 
(38) at MIT. The SIR system accepts simple sentences in any of 

about 20 fhed formats usefuf for eXpressing certain re1ationships 

between objects. The semantic re1ationsh{ps extracted 'from the'se 

sentences are those of set membership, se,t inclusion, subpart, 1
1
eft­

to-right position and ownership. 

The information about the relationships between various ob­

jects is stored in a semantiC network, where the riodes of the net­

work are objects and the relationships are indicated by directed 

labeled links between nodes. cFor example, if the three sentences 

"John is a 'boy," "A boy is a person," and "Two hands are part of 

any person" were an input to SIR, four nodes labeled John, boy, 

person and hand would be' created. Included in the network would be 

a link indicating set: membership between John and boy, another with 

a label indicating set inclusfon between boy and person, and a link 

indicating hand is a subpart of person, with the number of parts equal 

to 2. 

Separate question-answering routines are used for questions 

involving different relationships. Each routine takes cognizance 

of the interaction of vario~s relationships, and, can deduce answers 

from the linked structure of the network, :i.ndep~~~nt of 'the number 

of sentences which were necessary to set tlp these links. For exam­

ple' by tracing the links from "John" to "hand',, stt would answer 

"YES" to the question "Is a hand part of John?" 

The SIR system can interact with the user. For example, if 
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told that "A finger is part of a hand" AllCJ. a.s~ :.'lft.qw awmy finprs 

does John have?" it would reply ''Bow many fingers per hand?" Then 

if it is told ''Eveiry bam:l has five ..f~a.n U;'fMll.ll.~,~ tJ"te 

question with l,l'J.'lte anawer is 10". 

Any extensions of the SIR sy&t• aee.es•itaM\.11d4i,\:.ional pr~ 

granmling effort, though it is coneieera'bly Uriel'· tlQ add .~ •.YUttac­

tic forms than new semantic relationships. Within the input limits 

of the 20 fixed format statements,. the l••r •&«eel Mt Jmow arott;hil\a 

of the internal structure of the tn:folllHtMlll •to~•• .. r~tur.~. 

E. Other Related Work. 

In addition to those question-au~win&••Y&~eu described 

above, a nmnber of programs have been written to translate English 
I 

statements into a logical notation to cheok~,t-bt'I ~.,_#,•t•ncy 0~ 1 ,a ~et 

of statements, and the validity of 101tet11. .. er;1UMVtit~ ln t-i..-, stmse 

that, given a co~ua traoefoned~uo •oee·. lo&i9§~;;1t0to•tio•• •A.cl ,a~11~fl 

statement,. a logic·IN•ed eystem. can a~w t:he,·tJllMf;!Qn, "Is t;his 

statement (or its negation) implied lily tlae,c:q'ltu1a!J; ,,.~c;b 101!.c- . 

based systems are question-answering ay,t8'1s .• 

Cooper (12) and Darlington (14) .\>9th h4'fe.JrQg~aQl8 ..,bich 

trans late a subset of English into the . pr;opos iU.o~1 •~a lc\11'1&. J>aT- , . 

lington is also working on progrnus ,1fhJ.•lt .:.a. lfi9qs·~•'•~.EaaU.eh illl;o . 

the first order and second order. p.r-edi..e•te· 4t1lct1U1t· "'A .diffi~ult P:l'Q~ · 

lem being considered by Darlington, in trying to handle implications 

of English statements in terms of tbe;Lr1 ilogicai tJa•ltti.on;, · ia the 

determinat:ion of the proper level o:f:,.•nailys49 fH~a.tpH'ti~ula'J" pwelr 

lem - that is, wether t9 trans.la't!e the-l input, iato:· ee~oJMl,OJ"d~r 

predicate calculus where proofs are vet)ll,,4J.ft~ui~it' or,_ to t~y te 

use first order predicate or propositional calculus to prove the 
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At ·-t~ tfWitjiutlJ! 11M"ewu ·of· ~afthi,;. IUnm ~2~• ,Q)herl ·::(;lQ) 

and Sillars (39) have designed a system :Lnt'8\teh ·.:pM11tur.rnindL1Jln.gM.ab, ,: 

language statements are converted to expressions in the first order 

predicst'E!(cate'GJU&~':''OlNf'd4it·dMli ... eejlll'eediiftm<>,BaillUb w~p.iage 

statem~•ifa e\7nst9it-elC 11i'lllt• g{9ea,·..pi-etvllei :: '• •. · ,., 
. ' ' 

' 

Bce&rtlfy' s· lidv:loe..'felter ·i('JO) ;;~!CllG•&ll.:.-noti4eei.-O"to;acC:ept · 1 ' , 

English inptlf!~' ~M MJYt•dn 8:1NtJ:taainlaee..:fo1' a·1questien.+an-.e:cins , -, 

system. Fischer Black (2) has programned a system which can do all 

of McCarthy's Advice-Taker problems, and can be adapted to accept a 

very limited subset of English. The deductive sys!._•,::·l~: J.~ack!lj~· 

program ift'-'etttU:'911~eR';1iovcn1r:}i:1opoaitioi\•l:•cploetda. '' 

' 
1 11 tunlltet=>of ;peepiif have .:4orie wrk·•kartngf d.irectly on•·the' · 

probleM;.;;oPslifvitii altibr•1Jt10rd;p~6atWost•tW! t• IA&llsh •. Sylvia 

Garftdtt!@t-( f8} wrote"i0fa.4!ti ttt f wlleall 1lehd8lctt"41th•qlleuriscie8, 

she would ·nSe tft.' pr6~illldntJia iaitpQletH•.loflilitl'f• iatgetra.:1'Qrd 1~pt'O•m, . 

lems, but -nwt!!i- wote. ttilei1t1t•traaJ ~- i. hf•;•thenbM•P• iea.; we•• too .: 

vague to really be used; e.g ... ,:'jttst 1ta1tagwc1latooae'.'lab.puidt;ideaU.fy . 

two variables' names which are only slightly different, but giving 

no good crltet'1a~·f&t2.ia·.r11tg1H! c:U.ffete~ei''"a.JtriatlMnt~bi 1;1•bd.•~ was 

taken· ·t'rim. Girftilltle' 9;;paferi. , .:..Soqwel'e ••l\fJmlU'i pf'1siap1'1fd.ed state'": 

ments'' 6!f i a1gebl-a-1st:oty:;p~•ll.., ill•r:tr ... q-d:bedneqln ti" ... formed<. frou. 

pro1'1.i!ilit i~ifl ·fltsti:.yeat5 il1gea.r~PtUt9Mok:iirF> ;,c, · :::,.c, u : : ' , 

:'} \ -.' i .. 

·Hichael;1co1._ ... ( 11) r· at1>MIT~'..l9roh •'1tU1111.papar1den.d.bing 

a progi•atf! o·tt~M•~ W1'1i•hn snll ap"- th.-; eqOllt1-I fOl':f tllJIPe}~J'P.l!a efc a.Lg~ , 7 ; 

bra story p'.tbM.eilliL·(~s .. :l\anct.:l..Ss ~fs'NlllElllr),.~: :: SDaei9fl:de specilll:l: 

heuristicil: I· il•e.« fot·c. "a&• ,..-bbteme-¥':lwerw, ~;'1>¥11:edd:ri.-..1Jea he 

invented.· ·: · , ':l 
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In,b-~.:.~~~ila'.t_ ~.-&uo.1'~3,!>.L~aaf~~e~~-~-J!f~:::_t;!> 

construct this type of program, but again did not implement these ideas. 

He suggeBts;111edrqdiJ ~)·t11~:110i1 llfJ ... lialhiJ.n'PlltlblJ:i~ns 

which wOllld '.1'811(uJ.r.e", 8Jch att&< :lm.iDJ!laiat!dloq.itllbpUDt:WSfll9 ·i>ldlll.l Ji!lJ·dlielt. fib '-'' :.:: 

in the $TtJl)EN.T•· ll11Dw 8118" ,..., thier~ 9f8D illOt' .pp:U.1:a'tika:n4..ni ~&fiwi>rki..I::::; 

The STUDBR"P -progr-. '.-£1Dt1Bi~rJt .'1oml8:' '118:I !lljmbo!L'8.~ ~~ wor iiiiit:h:. '<: . ii!S t 

as little tmow~ ahC>ut: .the meartttlltM wonla1..mr;.:dlll ~bJre, :.·:,. '•' .J 

~ith the goa,l .oii. fimdibg •• aoluti:Da¢or tbitl~ou:kat' prbbhm;;:' 1 r:~ ;;:;; ''..:. 

; ........ -1.;. ... ~- ~' . 

.,;, .,{ .. 't 

~ } 1-j F,. '_);;:_ .', · .. :~· :~ •. -~ "h 
. ..i.--..... "'11,._ ·-···~· .... --~· ... ___ ,..,, 

Jq:. 
., 

~-- -· ' 

i,-

.:..i . ~;;t. ·J 

· .. ·. ,-~ :~ :, ~-' '; ~ .:; .~ 

.} 
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Ute purpe•e .of tb:la ~apter ·ia to:.' put:.itne tech~.' of analy­

sis embedded i.n tile ~.· p»op- 'UltzDL& ..mt. iCmd:eltt~ Jami ii11i1• 

cate ... hov- they. would ·~· .mto,,a SlJ:.e ~.al lanp.ap.~~ditll: eya• 

tem. We;1d.ll duct<tiHLin thh: ehapter.i&:'*~'of1 .... •1ttc·gemtt'a• 

tion and analysia of itisoour.a. lUtJPllll,·mn<,tl\en•&e> CCRmi.tlered a 

first approxUitti;on to: :a, COllputeT impl...i.atllticm ~ dt.e:. analYttc 

portion of the theory, with certain reatrictions on the interpreta­

tion of a discourse to be analyzed. It will be evident from the theo­

ry why analysis ia so greatly simplified by the impoaed restrictions. 

A. Language aa Ccmunication. 

Language is an encoding used for conmunication between a 

speaker and a listener (or writer and reader). To transmit an 

"idea", the speaker must first encode it in a message, as a string 

in the transmission language. In order to understaad this message, 

a listener must decode it, and extract its meaning. 'l'he coding of a 

particular message, M, is a function of both its global context and 

local context. 'l'he global context of a message is the background 

knowledge of the speaker and the listener, including some knowledge 

of possible universes of discourse, and codings for some simple ideas. 

'l'he local context of a message, M, is the set of messages tem­

porally adjacent to M. M may refer back to earlier messages. M may 

even be just a modification of a previous message, and only under­

standable in this context. · Por example, consider the second sen­

tence of the follawin.g discourse: ''Bow many chaplains are in the 

U.S. Army? How many are in the navy?" 

In order for conmunication to take place, the information map 
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, 
of both the listener and the speaker must be approximately the same, 

at least for the universe of d{~corir;se;' 1 ~~1~~'.'th~(~~,fhg :p~(;de~~- · 

of the listen~r must be an appro:iH.a"tt'e '1~is~~joi 'ttii ~nc:.odltta 'proce'sla· . 
of the speaker. Education i'n tangJage' ·r:t~', '111:· l'.~rg~ ~~!ft, an a'tt~t 
to force the ia.nguage pro~ess:ors'bf 1(tffererii -~:~Jp\,?'rhto a uniform 

mold to facilitate successful comnunication •.. ·. v~ ar~ not proposing 

that identity in detail is achieved, but as Quine so nicely put it 

(37): 

''Different persons gi<>Wing up ··in tn~' same "tahgu:age are 
like d.iff~r-ent :)M,slunrr~:-.1; trild.a.l ce··ttlke the· ·shape: 
of identi,~•,1 •. ~~e8AAq,~s.. 7~~- ~~~~~l,. d.~~·~)1s o_f. tw:l,g,s and. 
branches' will 'futf'!ll the' eie'phanl:'i~e·'¥orm'·f:fffe'l'ently •'from 
bush to· bush:, buU'· :the OVR.Jtl\l ~dreaulb· ar.e..a:).ike.11

: 

' . ~ ' 

As a speaker tr~nsmits successive tnea••..-"l?ODCe:tming some· 

portion of his inlontaU-i:on tlap, the: list81Misi ':Who :uncl«staads the tnea:-o · 

sages conatrueta a, aode•l of~ -1'si.truat~,. -.7'he !rebltt:kJn -beheen.the 

listener's model and the speaker's information 1dlap·i,e; ·tmat. from eaCh · 

can be extracted the transmitted information relevant to the universe 

of discourse, iM'luclidg •in~leb r~ibb! ~ the) ellt:ire set 

of messages. The :Lnterual' atrucC~'.of tfu1nU.c__.,, •·~el need 

bear no resemblance to that' of t:he 1Jp8'1ker·, flhcf tlMly , fn sen«al con• 

tain far less detail. 
,,,, 

B. Theories af La!IS!!!p. 

Accordi.ng tto Morri.-a' the«y·l).'f :altlm (:»)·v..t:~ ,eacpciing and 

decoding -0fs:I].~ aan IN at-rAiiiiC. .iMato•t}U:!ie81191rel;s. ~ :ttrst · , 

level· i• the- e)'!!t'aocdiC which> ·deala> .witft' the ~latttJM:islriPe •of ad.gns 

to other s!.lgna. 'A ~bic ~is-, ;tramt:i.Dgi:waala <a& ··llilil!albers llf 

class~s of words; can yi.&ld st~uct.uringa Of::ureasa.-Jwhtch ibd:Lceee 

coIDDon processing features. The second level, s41111dt :bl- '.JlnB Lysis, is 
concerned with the relationships of signs to the things they denote. 
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' 
.J j ~ • ·~;.: ~ ':"' : ;J J -r: '-,! ... ·.! 1"· • ::1 , ·~! i .( ' .-'.~, ·1 .. -.. n:: j ~~l .. 

A thiz:~}f!V~~·._,~r~ti9~'.Ja~~fis,,_1:~ .. f:;;0~1'Geri;ed,J!.~f,~;f~e"".f~l'.!l!l~~-io~sh~ps 
be2~Jl~1e0n, qs ~~ .• Ga~, tJ1J~).r1 .11~~,,,_~rl"~~t~:it}t~re:o~~qtse~ J>! f2~~,,,i~~~. l~..:q~ir~~· . 
Our ;~-;~~Qf!. 'f,~11 -~1~~l -~i1~<>h; "1\1 5,¥~~;f;\;~\1f' n~f a~~1~?~~~ ~i~~' ~>f~i-:. 
mary .-~~~i~ .• ~P::.P1~,fn~.i,~1tifm.p"~ ,~~-~ :is~f~\~:)~~~rc3t,;,,'t~;,,~~ng,~fl~~i to ... 
the generation of discourse. 

;_.~·- f ~ .. ~H·:··F" ·: . ...: '-'.I1 ': 1$ ~1 .-:··~Lrc "' f "'' t.;:;·:·:;;~)~.: . _!~--: ~i .: . ~ ·.~ 

J , : • . l. 4l ,. · L 

Many theories of syntax have been developed to describe the 

structure of English, and many of these have served as bases for 

compute~! , pt;~~1i'~ Jwh~8~., ~~f;f ~r:pa cr~n~4r.<fw~\~ aa"M1ol~~::~r ~~ ']) r~o::,~ ;S.. .f PJDP let e 
survey.of' .such! ayi1t:en181· llaer.i1ihe papeE:>~.Tlµbwf~!ti) .:inNrliiait· al-di ' 

of thee·~ ai~·(j:~~~-~ c:~i~. ~~~ A~~~~J>~!~1 ,~~~1~~~(~ ~~"'~~-~g~:· ~' Be-
cause th'ey, :Lgnofflrsw:li:.anrl~:m:-rarapao&, Glff1laa1luqav<:Pros1tilll&• based 

on such theories often yield many possible structurings for a single 

sentensewhidt:iia. uaemlt*ePmua.-to. a panxtll;. ;~fithti11aDe1>:u8a of ,meaning, 

man,t:.flff ·the :1ieen:inshes 'fllllb~ 1:flnteq>~~iaus.+r~ib&.ielWJ18t:ed.., 

For '::4• g~.cliac•ai;mi ,Qf 'MlY am~U.1•1r4.a a~ClaQt:d.4 ·aa8'lysi-., ., 

seerKuno;:and Olatt'linttel'.).(.25)• ~· ;::: . ··''""'J,:, :Hi:\ i.· • 

progrmas haite,;1-.en •J.ttmt :whi.ich i&eW'.Jlllter:8!,!8lttu~l}f$r~rt:M,t.: Bn­

gl ish-: sentene.es,. 1!-n ·..lllllt811:; ea••·· , •• Ulllte.:• r&lellS'~ .lft!ft ~ .. 
dominately meaningless nonsense. The coherent disc:o~rg~i,-atQ~ of 
Klein (23) is the one exception I know. Klein utilizes an input text 

from which he extracts certain structural dependencies of the words 

in the input. He then generates ·sentences and.-.~:...~~- .. ~ . .:8"-f'. 
leased,·'-fOl'·1Qutpall;, :~ ~pqdJrP~ .leh.-..U> '.ee·1*fr the ~~.::iD. the 

generatled ·•entenae··.utWy': .atmctdd'.1. .41p·mdwi:Mi ~ 1wi;th 

those . ~ u <tJteieiaput :teatt-,.1c; ~a,;,:&ef1ar ~~:,;;~~ .no 

attemp;t :!it il8llie *> "*-'i-!:1'e derdd~e ~ :.O:~·.,,.,;W>rd, .~ in 

so fir es 'thiB'meim.ial&:ia:,~11-eKed J.bt~2'C~UQC"it:~ ~her 
words i.ll.the,iapUC._*~~·~· ·· .. ···'·o·,:;,,.:' ·:· 
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~·,---' "·"·'. 

Some th~ff~~ .. "i:~Jt, ,d~~ .Cf°r,l,:!T>:,; ~~-~ !f P~,,,.,)J>~;~ ,,,,,~~:~cf,, .ffe,, -.· i -, 

being ~elo,1>~, -~-~ _ !~W,~~f.ft11~2/JfJs~.f ~:f !' ":~.f0 Fh-~1lffH4"1' ~fP&, •f:; .: 
developed at the Linguistic Research Center of the Unive~.pJ:rfl:if'f-L ~';' 1 :: 

as are an explication of Morris' theory of signa. 1.'hough not yet 

imp l~nt~,1 ~~e~ .•~.~t;'-~: ,~°t'~~J•;i l\f P?VJl'o Jli~ J'r.:~ ~1•;,~,f: ¥1 pr~­
limitu,1~,Y ~:r~.~~- stp.ict~fe ~~fl~$rf~-:~rl1f0~-r.r ~' ·~;f;,~!;, S1-f1t~~fJP: __ , ':• 
struct;ux:~·~ ~!fh_ ~f~f.~~i~:~rJOff¥•.f!,_.ffm19 v_iJ:JnMoeftfes-~ ::J 

semantic_, ~,~Jan~"'·' e.~,~e~i~lf.fs f~r~~1,=f:P8:.,~~1 t~~e"~~~f~fe~~-' •,lJ. _ 
have t~~-, ~&Jlle ~~~"- .• , ,'?1if::, ·1~1'•, Jl;_{ f"""; f ~z '~~fflrfo~;; f9f,' 

struct11f~,s}11c F~~ ~:~J!1'.!~r~~,- 1~ i~H"°~;,,~i+,H·~"'.'-~.J ~r . 1; ,;; 

plici~, ~e_l. ot. t:h~,~~J~~~-; ~-.'rovf~fo1'~f,:;1M!J'1~'11~h~"--fh~~1 for 

deducti~n of. ~i;l~'?.~-~i.~p ~1-~~,~~-~ ,1'1r as ·~$.r ef;f,,,~~-:·-·; .:•,,. '. ,,: '. 
•• - - -· ' ...,_ - •• ~ • • " - > " • ' •• • ' • 

. ·-_.;:.·.; 

Lamb (26) also has proposed, ~~-~~F~$1f,fi-f.fl~~~ ~b,~ogni'~:i~mtr:;, , 
mar. not yet implemented on a computer. in wbiCh auccessive levela of 

analysis ~re. ~er~o~, ~~~;,a,, lf1".U'l ll!f"-~t\)~n!ff.{ i~m1·ffo~_, ~ruc­
tures i_~ 8 ,~·~~~~· ~~J~~ll'!':Pf.1~~~,,l,l'Pf&f~ rffo.~hfar,f~~ as.t~~~' ,,;,< 
tum,ar~, :t>u1Mll,~s 1 gf 1 ·~~~-.'.' '! "1f~~· ~!ff;~~ff~~3 9.f i ~h~t1i'~. ; 
latiollf~i~,s~ be~~_,~lffe~F~; ~1"·~1.,!>!6~ff~a-.ffS~n~!C:~ ., 
mean the .. ~~1~~~~ alt~~l~}P•!_;_ f~__.:iJ~ ~~>1•Jrwtt.'ff' H t~~~ ;!~~-" 
stratum. ~ .... ~. ~tru~t~ret •f~ .• ~h~-~~Cfl ~m;,,,~!~ip~1~f 
meaning~ 

~-· - ' 

•• , f:.- ! ":"'. , •.( ... 

c. De,~tg.~t!2~ _0£1 ,~~~revt pfs5g?*.,:~; , ,, .·;: .;:;' ,, ,. . .· ,; 
1'he theory of~,~!~18g~~!i::tf~ ;~f'"i~l¥ft~~.)~ic:;~ r~. •i,~B-

describe below is designed. to handle vb.at ve call coherent discourse. 

A disC:~H·~~~ is a'.·~~~~ of ·~~~~c~~ 1~~~ .. ih'f 1t~:i1tttn~M,,of the 
discour1eccaattot<lM,: dttenaiud2t.p-·,tqtsempl'etqs1lach;)aeatfence tlkle-

pendeb.tty; cHiiregardtni: tlie' 6t'tiet · ~~i~,~'.Y ... ~~g, ~~~c~f,,.~ ; .':\'tie 
,.,,,,:tfh-.Jffq...,vh1 ,~f}Ef .. , -·~--), - .•,v 

interpretation of each sentence may 6e dependent oli the local con-

text. in the sense defined previously. A discourse is coherent if 
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it has a complete and consistent interpretation. Completeness im­

plies that thet~' ls_: no s'tibstt-iiflg' w\tnl:'tttiie0liacoiii-s~) that' does not 

have s(>ine 'tiit:etp-~etatioliln th~;in0d'er 1~f',l:'h1f~-s1t:u~ation)'beiris built 

by the listeii~r-. 

A listene-r''s abll,ity'-·to build' a mocre·t''of a situation from a 

discourse Is dependerit o~ inrormati6n' ~.~i~ili't>le- t:'o~ 'him from his gen­

era 1 sto'l:'e' of kno*'Iedge. · 'l'he'r~fore: it4 iii -qulte P'bi~lble · for a dis-. 

course· to s~iml c~bet-~fi'.t' to one liiteh'.tt~- atid' noP a'&i:hei-. : K~iter, 
reading his:; owfi·w11tih~,. may' fe~l -th~t-:.li'~j_~as' '•ener-~ted ~---· conerent 

sequence bf senten~''s, · l>ut fri fact-, 'h:' f8'-'":tn~bberent f~ · al i: other 

readers. This . is,: t'.intod:ilriately ~ not a- rark odcuff~ni:·~j ih the' s~i­
entific literature.· Conv~rse1y::; a' list~ne~' *tlo 'f~: a ·l;s'ychiat:rist, 

for example, may find coherence in a sequence of remarks which a 

pati:'t!nt tidnks ar~ entlteiy uhr-elated.' ;.; - \. - , 

The sTtJDD'i' ~y&tem tittii:t~'s' an expand~bte store'- of general 

knowledge tc>"~'uild'h tiiod-el of a'-Sttuat:fan·;aelfcfi'&~d in."~ ~ember of 

a limited cl~ss 'of· dlscourst!a·~ ti\'~: form f;t 
1

thls ·\ioaer;t)f''~ s'ituatlon 
._, - • ' i... - ·~-, -~ •. ; ·~- .. ~·-: •. ~:_ ,,,, •• ___ -, ' .• ~. ,:;\~·.:..· ...... : -·' .,-: , 

built by StmlEN'f'"will be "discussed ln detail 'in a later· sectioil.'of 

this ;chapter~ Xs Ur--' a~ 'f know; s1iroltNT is~'th~ only ~ofuput~r im­
plementati6ri. bf a ttieofy of discourse an~fys:i~ now" extant-' that maps 

a discourse into some representation of its meaning. When the theo­

ries of Lamb and Pendegraft are implemented; they should also be 

able to analyze this class of discourse (and others). Harris also 
, _: .. "~. ~·: ;.~ fl . ~ ·~· ··r . -.< . _· ) • . .~. ' ' 

talks a bout "discourse analysis , " (20J·1'ttf::.m tii:S-:use "Of· ttii-s.: term 

he specifically exclueies the use 6£ ·-mean:ing::,;.stati.ng: 

· "The method [of discourse a~lysis) is formal, depending 
only on t;he·-occurrence ·of·--1DOrpltem4sras cliatiilguish.-ble 'ele• 
~~nts1 , _andf,>n<?l::,__ u~n.hth~ ,~?t~ty~t' ~,,~n8w!~s~ ,'?t ,~~e, ,pa~ti~ulai 
mean ng o eacn morp eme. • · · 
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D. The Use of Kernel Sentences in OYlc~~!y;,,...;,;.~~; :.~:.: ·,.. - - · __ ,;. . ' 

A basic postulate of our theory of language analysis is that 

a listener underst8-riCls a discw~••' bY: :tr~·lti'!~ .. a& .. ~­
va lent ( tn meaning) S'equence of 'simpler ke'i·ifei' .~t'ettce~ /'' 'i k'.ei'b.el 

sentence is one vtdch the listener: ~ati"tntctt~t'stlliia~ cift'ectfY;·; that 

is, one tor whteh he knows a t-rlinsft:>riuftlbn? tniif ti1:a th'tb~tion .. 
store. Conversely,·· ·a speaker · g~ner,.tes' a· sit-.,:ot 'k~tni!fl senY~tices · 
from his information map, and utilizes a sequence of transformations 

on thi'& set to yfeld hi' spoken disc6urJie. '1'1d.~ .~t".6f k~rhel 'ge~­
tences is not imratiant~ £r0m 1Ser·soI1 i:b }>eiiloti,; a~ ·~--1{1Th.iel{ roY. a 

' : :, 

single individual as'he learns. 
; . 

l < ! . ; ' ~ ·~ 

The use of kernel sentences in; t'ii{s way is; cbntro\retstal~ 
However, the theory is proposed a~f' a goo"a f'r'~eWi:>t-'rt 'for tiii1aehitanCling · 

and implementing l'anguage processing on ·a ·~omputer ~!not n~ceii~arily 
as a model for hldllan behaviour. the' usefiitn'~~.-"'64 tfitli tlt~ory as' ~ 
psychological modl!l is iin''empb:ic'al' que-iltibii.-''{'$tih~ee't42) has · ~i '' 

given some psychological justificati:&l fo'.r' a~blliitig tfit!' ex'istiance' of . 

a set of ba'se sentences, and Chaat8ky (7f'hatr-;'4t'ibW•1~; tl'i~'-:1tnguis-
t ic merits of the use of the concept of kernel-i'a~hteb:ces. 'besp:i.te ·· 

this conmon concept of kernel sentences, in practice, our use of 

kernel sentences i's different' tnan that c>f.::-Bk~'lt'..&r;~'y. Our 

use of kernel sentences as' a basis of a ia·ta'gU.ag'el i:if' analo·gous to the 

use of generators in defining a'group. 

Although we are not proposing ollr theor'y at ~a basis for- a psy..; 

chological model, it has been useful; to a'9-blfd~ftcumiocutions, to 

describe the theory in terms of the properties and actions of'a h:YPo.;; 

thetical speaker and listener. All statements about speakers and 

listeners should be interpreted as ref.&~r-t~~"' ~ttte~·:i>~tam~ 
which respectivdy, ~C!nerate ind analyze· coti.'l!t'ent • ctia:8ou~se~ · 
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E •. Generation of Coherent !l~~~~~>'. 

·) _; • : ~.' ~_! ·•·r. •'• . 1' 

lJ -l\E ,.,~·,.~s. t!JJ:dJ2'1a .. ~a,' ¥~ ·-ume~ ·~~ a . c, JP y ~'"' - ·· .~ .. ~..._i'!f!)!_1· '·-· • ·--· 

speakeL,~~-:. ·~. ~J.J R~- tJ1!1, W'lFl~, t~' ~far (Jt1~M>qrif'~~~· 1 ,~ 
shall nof 1>~ ~ttF-~~~~ ~.,~~JhM,~r.1.~~ ;~.JL,,.Pf ,;i;ts. __ ~'."'~. 

act fonn.r:-:•P_i,~,~~ /P.~·,,~i;."~·~'N+\; ~""~~ JW.i,,~uµe:y;:~~ 
language_ t.~H~H~ ,•: ~t·f~~Y:~~- ~ll.m~,·~ Ni~.l!$J=Y•, .~~5~~' ~101f·. 

~·.~ ,~• f-. • , "• 'r';• ,,,_•:.~::::~•'I ,'~.:, ':.\..:.·~ ·: ··,,~;1, ;: > 1° 

~~ b,_~sS.cr ~~.JY~-of tJle .~, ~~A~i-'-{t D~i_~l\l~~•r·{PJ. •, , 
a set o~J{U:P_flt.IB~.v: i.,., a ,•~f-~t rf'1i-~P~ ~J:tnlrM~Pfi:Rf~: . , _ 
positions Pi , and a set of semantic ded~~!~ W~· ~'~ 'h!f¥iS1:ell 
F~ is a mapping from ordered sets of.!! objects. called the argu-

meuts of ~ ,,:·i,~O.. f~re·, s,~F .~~,,o,~~.!f~f;~ ,, ~~rMl>if:N~~ ~ fflili~!': 
va lu~1 ~rW-t :f~~' ~,rJi,11~ 9~~1,.~£,: 4=Jw;,·~f&l,'1,Y1Y~ f~JJ,. !1 "~~. ,9f. :-~~-
dit ion~! ~~.r~?~:~~-1!d: ~ft~ .~0 ..r ,,~ .~o),ld~~H,:i~•".~~~M? ~J;!~h:ip 
in a clas,s .of}?l»}e~fA'! ffl.t,}ff1c~'¥;h,JWd,.}!¥>re Rf,~,~·JI' ,~~":::-~ ~fit"., -

lation 1.: ;):,, ~fl>ef,~.f}ff,Pe, 19ji fJ>Jr'1~t;~-~~~i: •J~-,r~~ · 

of a ~ab~~. (ll p.nf<tu,~ 1 i!11~~~J/J;er),,~ a,~; ~,.Pfff-~'t1 ~;: :~ Jli ~-~4,~s • 
called ~p~,,,~F~~tr.~f~ffi:~!Je~, Jo~\ fll~ .. ~eJ~~~ , ~~fi!M>l"I % ,fe:- .· 
lations,,~f'~ ~ai~,f:~J.f~rf.~r;ist;:· ·, ,., ··· - .·· · 

An elmfM:ffY:tirea>1Ui=Tt C~f:Wt~~-, ?f::41, ~' 8111~.~:'41 JQ.th2' -
n 

some rela~ion,~~ .>,,e~ ·~PS~W~d~ •~,t p~~1\iofi~c~c,!#.MJ:1~.1 Fh~ , 
argument conditions for this :r::elati~~·· "ff{¥ ~,:. ~.~t'\;1p~~'~rf-, 
positions as the beliefs of a s.peaker about what relationships be-

twee!l. ~P;j~c.f~, h~, 'lit'N F~.~C;'~' .!lrf ~.'l;~~J:.p.d(t·~f<>rJP ·, j PwJe1~1 
positio~ ~Of'r J.91,:~~.fl:il:~~~~Jpns 3 C.i'\,~~. 'W~ l~~ ~~!~~a.i:y . .. 
propo~ ~t iops,.,. " .. ~' -- ·,,,,):· .. ~.j- ·.~ •. '·';:·-: 

TP.~.f,~yt~~,p-ftl¥~,1,1'N-f!i ffve .. ~ff.ff/ff,ffnf0fcafft\~~G ~ · . ' 
propositons t?,,~¥~o~F,l~kf.fl1tgn5.~~~·RforHl~n3fW,·f.f\,·t~;~~l. •· , , 
In addition to the ordinary rules of logic> theae rules include axiome 

about the relationships of the relations in the model. The semantic 

f' 
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deductive J;u-les also include: links to tlae ~· 'QtJthe #a .. er •. 'lqr • 

example,. 01le auch 4.ed~i•e..~•1• for: aicwina •4b1ilpoliit~··io :'Jm. lBDllleL -' 

might be (loosely speaking) "Look in the real wo!fld,,-.ncl aee ,U3 .it is 

true • 11 'l'hese rules essentially determine how the model is to be ex­

panded,. :.and are 1 tbe 'IUU.· ·complex: :f..-C -of ~:icampJ.et:e ayate&D. ~ 

ever, from -our PE"•at: point ~-Yiew., ·•Llleed :an~cccmdder :these 

rules as a: black bait vhkh.. can -.C:end 1:be . ..-.. oi: ·Jd:'aposUioDJJ; in ·the 
model. .J·.·. 

A cl.osecl :geestion is a relational lahelt fa1' 8lcmle: ti sod· *1 

ordered set of .!! Objects·• ~. The. a1181l8r Uo this '..-at:tan, ·is• ·a£finiative 

if the propositiC!f!, consi&tin'g of !lrhta label'. abcEt!b.El '.!! obje.~~s,· is 

in the model (Ol' cat1, ha ·added t:o f.t).i ti tile ueg..aDn ~of tbi.9 pro­

posit ion i8 in tke iiiodel (or call he .. act&.1)-. 4:ba. ...et i.a !UligRf.Ve. 

Otherwise the answer is undefined. ; i 

An .!J!!!!· p•tilcm comJiiltla of a; rehtional.,. label "£or an n-argu .. 

ment relation. •t , Mild :a. set·: of .. objeclla' colte•pandil'llJ' to .n-Jt 'of these 

argument;&!• where n-t.k•l • · · An. -answer t.C! _ aa"opeJ! q~stion 1,a. ap ·or•· 

dered s~ of k objects, auch that if theaa:abjecm~:aJ;•. -~iated· 

with the k unspecified uguments. of ii • ·the· reau~ 111npost.ti.on is 

in: the model or c81l lte 84Wed to it. .An-.~pea cpaeation 1'47' have no 

answe:Ts, o~ •Y ~'one or more ·an.awem.' ·-A•-oemlit:iond.s an open 

question wd..th JQ.l. ud an object sat:l:a£ies. • coad'i.trionl .H i.t iB an 

answer to the que4t ion. 

2) Generuioa:: of Kerul, S!l!t!!!C¥t.:c We:. haYe:.~eactihed ~ 

logical properties of the speaker's model of the world. We aall 

now: consider how strings in a language, words, phrases, and sentences, 

are ass~ieted with the model.· Corrisapanding t.or1the.aet of_; objects 

oi there i• a set Hij .·of st:tiags :(iii ... lllgluaoin~oar' .qe.e) ,. · 

called the·ymes of tbe·ebjects.· 'l'here.i•· a ~ll)"l'one.111i~p:ing'.from 
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{Nij}:onto {oJ : It. is man,,...~e be'C ... ~~ '"°~jec~ may hne. more 

than,OP.e namev·e·S· ·fra111tfuner· . .au hoe cld&'~ =-f''"taak -intoc-the 

same object.in the model. ~ • : I f :t 

Rec.all that functioaa map n .. tup:l~s .of'~ob-je¥U· irttb ()lfj&Ct'B ... 

Thus a function. name- and ,an 'n-tuple ,cmi .spect'fy :an ·~ •We •· 

can derive a name •for .dtis: object! ::fl!'ont the funct-ilon: name >and the 

names of its n··arguments. Associated with each function is at 

least one linguistic form, a string of words with blanks in which 

names of arguments:. o'f'. the: function ··muat he inaertt,ed.: £xanaples of 

linguistic forms· associated with a model :aa~'"'numbar ~f ----", 

"father of '' • and "the child of and · . " 'l'here is 

a many-one iDSl>Ping frca .the set of linguiatic·;forms' ft\ }onto the · 

set of functions. Two examples :of wultt!.ph· l~ic -~ for 

the same function are: "father of . '!,tand ·•• . '• father"; 
~--- -----

and " plus " and "the sum of and " Thus, 

if objects x and y have namea "the first QUlllbcn:'' ami· ~~ s~~d 
numbe1r" and aasocia1:ed with the· function n*·" :ta :the U:~utnic 

form "the product of and ",. then the naa&.:.:Of the• ,ehJect 

produced by awlying the function " * " to x •nd• y ill "die produ(:t 

of the first number and the s-econd number" .. A·parsiag of a name 

thus must decompose it into the paz:t which· i&- the li:llgucist·ic f:orm, 

and the parts which are; names of. argdllellts of the correa;onding fu11c­

tion. We 11hall call ob.}eci:s defined; in teranlJ of • fuacti:on ana.; wn 

n-tuple of objects a functionally defined object, atld thoa~ which 

are not functionally defined we shall call simple objects. Simple 

objects have· aimp.le names· and functtonally~~~~ea,c,c+j~s have 

composite.- names.. 

In addition to linguistic forms associated with functions, 

there are linguistic· forms associated with relations. 'for an n ar• 

gument relation ~here are .!! blanks in the linguistic form.. ~araples 
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of relational linguistic forms are: II equals II 

' 
II gave to " and II speaks". 

,, 
It is this 

'\ 

set of linguistic forms, corresponding to''the relations 111 the model, 

that serve as frames for the kernel sentence's. 

In a manner similar to the way composite names are built,·a 

kernel sentence corresponding to an elaeni::aryproposition iS con­

structed by inserting names corresponding to each argument in the 

appropriate blank. Names may be· st:mpfrii-·~~8fre·. ·-An exmnp:le of 

a kernel sentence for a proposition bulit frOm.' su~h 1· 're1atio~a1' 
linguistic form :ls "John's fath~r gave ".'3·' tim~s "tn~:- ~a·lary of. B:i.il 

to Jack." "1hich contains the siq,le -~ames 11.John'', ".3", "Bill",. 

and "Jack". It' contains the functio~al "fi.D.~f.stic forms n 's 
. ' 

father", " times " and lfsalary' of' ,, and the rela-

tional linguiStic form " --- gave---- to ---" . 
A kernel sentence corresponding to a complex proposition 

' . - ; ]_ • • ' • : ' ' , ! ; ~- -~ : ·-·_Tl ·: ' . . . . _,·, 

is constructed recursively from the kernE!l sentences corresponding 

to its elementary prop~~itlonal co~stftfients by "pl~cing them in the 

corresponding places in the 'iiriguisftc fo~ 1r: ___ . 'and---", 

II or u ~ 1'not " ·etc~ ------ ------- -----
The kernel sentence corresponding to a closed question is 

constructed from the kernel of the corresponding proposition by 

placing it in the l'inguistic form "ls n· tr~~< that ·- ?" For 

an open question, dUm.ny objects are placedi'in :the, op~n iirguu\e.nt po-
, : ~,. - ·_; ci ·-.', · 

sit ions to c~mplete a propositional form.. 'rhes'e dunmy arguments 
c ' • • ,. •• : • ; ,;: • ;. • ~·-- :· ' ' -< 

have names ''who"', ''what"' "where"' etc.', a·na wich' du1tmy objects are 

used depends on the condition on that arg~erff·· ~~s1tion.-'' A q~estion 
mark is pla~ed at the end of the kernel ;~~nt~nde''~·~nstructed in 

the usual way from the relational li~ghis'f°lc'~-~a'ril:' ~ha' the nam~s of 

the arguments. 
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In generatiJ;ig a coherent·-·disc,ourae, a speaker chooses a num-

ber. of_ -l>r~C?-~i~~o~.~ i~ -~}:~'1~f, ~~/.~~,ffff:'~~~;,,~'.~cl~!.~· ,,?::fir <, , .. 
tions. Be then uses lingu~~~~~-; f:~~~-t-~~ ,~f~~fft,~,,~iFh,~:fh~/~el 
to construct the set of kernel sentences corresponding to this set of 

chosen proposj.tions. · In th,e next sectioo. we wi_ll d~ac~s how h~ 
,'~ _--; · '. ~~1.· ~.,, ··:_'i~">" . .:'."!' :.·1 ~ ;_...;:::,;:~;;:~-.;,.;. ~_:1 ';:; .<1:: t.__; __ , i·· . ..t ~J'.".±.8. J:HlfL<~. ;, ; 

genera~es h~s dis~~~~,~~rfrom,, ~hi~ ~~t of,,~~1~-~:,;•-; :---,_. . .• 

M~.:· .. :·:···, ._J ~~i- • ,-,·~~~·; ~ .l 

3>_.,. ~~ns,~o~fffl\t.~f ~~"4Pr..fir'f!f "":Hr~ •.e!n'!t k~fnel, 
sentencer:.-~· f~r9J>8;~~,~~> t~~"! r;:~~J't~f~~ •• ~tr~!~-; ~~ ~~i ~~~,~~.~£. a,"",· 

kernel_ ~-~:?tence' _i~i- ~he, fr~6~tt::j_~ ... :i~~O~ ~ffii ~I ;~~f' 'r-, !'~>. ~~~ . 
larly, the. ~~l'ing pf a~;,~ i~ ·-~h«;, ~~~_r:t,.,~1~1 '11frH,~~~:·)-1r:r1~' un­

der the '18PPi1'1·. }~ t~~~-= ",~t ~f ~~~~t,~'18 ~1.fll-r.r,.,!~~eppe q,_,, 

meaning~J>;reseryi~- tx:•nsfo~_f~~: ,~~ ~e~8 ~e final~~,~fourse., ife 

use the ~rd 11tra~form8t:T~~" in its J>~i•d i8ne"i·~- ~~·~t:~~~'.;}!3: .. _ 
the narrow technical "8eiise definecr-'by Ololliii&j-(7) • . 

. _.:;, _ ..... 

~e~e are -~ dist~~c,t t!,Pe~'1 ~fi 1p:~o.~Hf~:!~,-r~fF?:rr1: •:!141 
definit;ion~l~ A strucj;~raJ o~ •,Yllt~c.~ic ~-r•1¥.JJP~~i~--~· .. ~ll!Y de-

... ' ~-J _:.:.., ;;. ._,, .. !, ··;• '( .- ;-., ... ~ .. ·}iJ _; 1 ~o.L~_,,.; 1 ~·~fl():..}! ~0£:'.fi ... "tq ""..: '- ·"!.- ·: -" ·~· .. J -. 

pendent ~"1 the st~~cture o.f t~~: lce~l-,~ff1P1.:,(1f) !!f1 ~~~~G i"~ 1 '~'~r~.te~ •• 
For example; ·one synticfic transfonia!~· tak .. fl .. ~~,1 in, th~. ac-

- - ...• .... '"'·· ......... , __ ~·----· _.,i .... ..!.. .:. --"--'""'"""____ . . --

t ive voice to one in the passive voice.. Another combines two sen-

tences into a ~ingle, _ _comp_lm.t coordi,nate sentence. 
~ . .·;r:··:, , __ ·"""t .-,., ~. _;,.,-}JJ~i-!·~:·-:: .. "~,-::-n·.e...;i_:,::•-:;~_ ', .. , .:._r,; 

"{' 

One ].arge class_ of, •ritfctj.c tr~~~~:~«~"! ff }'!'~-: ~to1 s~b-1 
stitut~, P~,<_>tw,mi~l:.f~~a,~'~ Jpr. ~~· '.:,rrf~~,.·~{~R'•,e,~J'~flls ~e : .. : , 
ordinary pronou!18 suc:h. as.'~", ~~s~" ... or, ",t.~"~ . 'lhe:y_ !P~7. ~- r~fer- _ .. 

·- ,:,~;;1"'ii-~~ :;..- ·;:·~111•._; ~ ~· -t .. :.:ff· . .: J~·;J·>.1.I. ,.,d~.).:.1:.;..1(1 ~ -A·--~~:t;.rrL~ . .: t. .. · -:, i.•~, 

ential, p~ras~~ su~~,fA• .. ~'F':1~ :~~.~t~_r:• ~- "~~: ~~~~~·j rC>f--~,f.fl.,:~~~D;t~_fc!~' • 
They. ~y" ~.l~o_:, be. tr~Pf.•.~(f°m':j,~~" ~ £~112 ~ ic~~·ffi.-~··~ ·~~"1! :·~-~·~~~~~~"­
for ''the d~sta~ce ~etween N~ Yor)t and Loe. ANl•l••"· _. Ip c;a.se~, where. 

;;..;:: <·1.1_·,.t:: -Jo:<L~)'"~·· ~~: :.'. :~~"']~:'.! _i ; i,~1.1. ~U ~-:r; 1 - ·.1~~:1 _.)':"""; u!:t?~'.:-; r_~ :' C·'} 

such Pf';>n«;Jllli,~ 1 re f:e.;~-~~f~ f•: ~<l~~,~,~~f! i';~:~Ffffi~, ~~1J~, ~{i~1, ~t~-- .i 

course is dependent on the order in which the resultant stri•s .... 
~· ·. ; . ;. ~i .'-~-' ': 

appear. 
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The aeeond type- .a£ '-;t r.ena.for11& ctmru.bl <Wlil\:tl: idJlfa:h1 · k. i.Jli.t.. ' · · · · 

volves &uJNit·i-tuc:ilons Q;f,,l;tnguiati.cr. :Kl"~~.m: fobnfli:_2oJr;-:anea;.ap-i ~· .Dc1 ,, 

pearing itt rthie- 'ku.ae::l. -.~eate.oll:es. j .A:lr.'~~:~,·:iAIJly ~Bf• e:arsnce ,ef .. •~ ·,o 

"2 tiiaea'' we 1il8y ·1111bedtuta ~ice!' t:•:tlhd .~ :1~ .. ~~fmee:'tr,.W.tld.tut«:'.YI ~u:j 

"one ha U ·.Ofi'li. .In: ~t iOn ·bi :th:£a •at.dngi ;~t iaa:I>! :.aome ;t,~an.-. •' -. ,., 
format:liQllS •peSOJ31._fprJtdlt1batit..i:iml aai: ;DtlU!l'.8,.....,lt:WJ Jcm "llXBlllp]ie,tL' n:i 

for 8 ke~JUtJI 18.e~ .'.Qlf, tQe fOlmL1!;!S i&;.i,!·.JDllj['e ftjtaa ~1 ;;.LWbame1~1'. ~;l; •. -t 

and .! are any names,, 1JQQe;·~fu.tl¢ona-l'-t:1!'(8bs4feirwibtoa.ix:aaJ.ailb¢:itiutie 

"x exceeds .! by :t.." 

Some transformations are optio~;."~-~~-i;e-~~-'- . .. : ~-­

if certail).;_,foaiul au. p,resent. ,,.1ai tlut,urneL aatii•~·),flartia.in:,tlr.anlC>nia-

t ions .at:!e • used: by .. a ·&pjl:akar' '"If.or :S.~ Utt~ puqloaetl'f'..i(~ rimalDp la,... '· ; .L •' •. 

to empha.Jiztt::~rtaiJl obje.C:ts-.J::o.ther r~ett: *8tiafmtmia:tionE'.BUCh' :·• ... 1 

as those w-¥~ ;p_eJt:fpna; pro.nolldn•.l, subat'it:utft>rut:·.llnl;nUB.c!id· •heaume · '" ,. . .. . 

they decr.eaae,rt.--ha J:lepeh :Qi• a J~onsttw:tidni1\:m,t~·a.,.,.., £1Wfined .by ..:J 

Yngve, (44-) ..... ,., ... ··~:, · .. · ·"' ._, · ~ ,,-~. > ·: :;.~t 

Let us review the steps in the generation of a coherent 

discourse. The speaker chooses a set of propositions, the "ideas" 

he w~ t-0 ~u~t.>:·1,. i1Ehtb.i!nuiu1cPdwe ,~iA&j~age:i:,atfJ2~blgB:~alled 

kernel sept~s_in th"'~er ~~ .,Y~t ·h it:.hea,·diOOBaa; a:·, ' . · · · 

sequence of :J~~\tf'.'411,~u ~fi.11itiiJQa.l'.tt'Amlf~ whiclD:i1:t1e · ·· .. 

defined Ott.this fft ot ~:me.Le QJ;, Ml the~ aetr..Qf; -~en.t.enc:es , 

which resip);J: fJ';Olll;~pU.c~ons 9fc thtt:·ft~:tr~~t:d.Ulalo'··f The,· 

result-ipg -'~~-~f .. ~t~s~•J.ll ·h:1A: ®hiaJ1at:.iliscoorn to a ,_ 

liste~r it,~,.; k~ tY.li t:be· ~finLt.iond"rtzami~M>hs.~- appUei:h:. :: ... 

In addit~~nfor -ewery p•irc-Qf, &iiatlnc.t :namie8:tJ'WhiQb., t:ha•-apaeke1:unaps 

back iI¢o,-~ •~-re>b!-ee~:.,:the. J.ia.Une:l'-1_.at :a~.tUp.J iJlto,,~Hatna.h 

object. !""-' 

. - .... , 

In Q'fde:r t0:-~w-ify this teeor.y" we-~. J.a;Apptmlju B·v a . ., . ' 

sample semantic generative gramnar which will generate coherent dis-
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course U;Dderstandaele by tbe· ~ wna·liyad& :pmgr4Jll.; '~!he. ob• 

j ec ts are numbers . and: ,:the fUllC~:l;Oins: ~a ·the 'a,r.:nthniet: icto ioperet iolis 

of st.U, d:Lf,f~ ,.· .prodUct -~Qld1oquotteint .. • 'l'iw' t"1'lo/ lr.wrl.lat:f.on; .'il\ 

the modeL .:i~ numeri.eat equa'l:f%.1 •. !_.rfl'he utnina·fo~-lue :described · 

informally; . ..-rfu'rthut ·Htigudfn:i~· d.n1ta~:tob ru l:Mldes.sl:-y .before a 

foniia•l . .w:tat inn for: trlh:IJlifonsaci.OIJS, eaU a j~cii upoai;; ii ~a lle l 

to the_ g;anmas-di.S ''I:! sauaple11:cro})Jeni .1'le-8d ~ ~~ ·Chifg;:gram­

mar. 'l11i.S 4R"0bl.e1& ·ilil'"IJO'l.nlred,,. t:h«f S'!ODD1'1Ltiysu-.n., .... , , 

. i ·. '' . 

Generat:iolt' .o.f. c:Ghe:c.el\t: discour94:.cCRlS181::8 Olf; tw.· diilJt.!nguish­

able steps. ; kom ::pz<opositiflns• in 'di4 '(Speakett'•ti,llliOdta ·of;}:.the1 ~rld, 

he generat.esc.an onlerahse't: .dfi .:kan.e:J. ·:aantte~•·· ;1le rtheb. app\li.'438 a 

sequence of. tr.ahsfomnab:ions tot :thisdc.arnel· JA*I.i ·. ~'~tlt.ng'-<li'll:.. 

course .ie la·rcodAid '118888P·wh!iich:ts 1::011*•ana~-.:t •~!de<tbded'by a· 

listener. The listener's problem can be loosely characterizeci 1as ~n 
attempt to answer the question, ''What would I have meant if I said 

that?" 

. ~' ,~ '' .. ' ' •' -· ; -~, 

'To anal¥ze· :iHdisdout'.:Se:· the U,!Jtetiel"' '11lWJt.:iif indi tslMf:-set .of ker;. 

nel sentenct?S· fro'lll·Whioh it,.was genS'r'.s:~ed; ··otttf~''7BY<to1tf.6''tlits ·ts 

to find a set: <>f tnv&"rn trnrns.fot'mSt:tons' :\Jhit:tih iMfeni ~~tett:: <to the 

input dig.course; yield' a ~uence 'df' ks.l:nel ~.ifni&lt~ :l1,1be':tisttener: 

must then;trarnrfiornf these ke:r~i sedtien~ ~,M!;.aWr"'Prt'~l:e r~ 

resentatioll'. :i:n his· informat~n- &t:Ot'~.' ''!he~ af'pl'-dpri.~~s: •ttf;-a rep• · 

resentat.ion ·~-·a function. of. What later' u"~ t'he" Lt~~,:ex~cl:e t<i 

make of the infe>rmat.t.on cOrt.t.ained tu: . .t• «~our.are •. ·"l'ttt! ti:Stener · 

may simultaneoW11V ~ns.&dl .a-.g~:vt:mI1ternel''i~nc~•1nt& a ~bet' 

of different representations in his information store. On a level · 

of pragmatic analysis, statements require only storage of information. 

Questions and imper•-tivea r~qud_re. apph>J>riat.e·; reapbililes< .fr'bm; the 
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listener·. The difrlcultiea in anaiysf.i3 dieHotdM!ie' fi'lto;'tliaif!' 

associatea witlrc·rftlli:ifig' tl\ec'tt~l'..''tt«in!ine~i"1Hil~ H~;i~e!'bfM~; al'~ ·n.:..: . ' 

the 4i~(>un~, 'BIW thoa~-"ais~tateclrl'iilffI!tciftft8nltnjpt~ ke'i'ile1:,~ .... r· 

tences' int:d rqreientat~>Onw ·in; t~Jlft.£itnidlttoft~Jatofel:i' 1 ' ff,,, " ::"'' ··< 1
" ' 

Mathe.WS (29) has 'eug·ge•~ett' that~·inatjs:U'.)~h 8be;pisrf.mned by · ~j·,. 

syntheai.8'• '.A ~~c~'' efU kernel'> ienffi~e• ~flhd ..,. ~-~~ .\(jf r-era1n..-.: ' . 
formations ar~ cli~e) ancFthtf1triaifM'fiatt8ftii.;•fie ,,tifi~ &;:~ttte:":q(~..i · 

nel iieten.c~th ·'ft\! ·r~u1tf~fdiee8utie1'fai aatcfledd•gffiiftt•~ irlpuf~ .. ' 

If they an the·srite, -tlit!se keriel"tintcineeW0 idcl tt'ft9'fo~~o1u!r give 

the r~iired · ana l~s • ofr; the ~liti\ut P ?.tf;·~uet, r 1ri.f.ti~ s~is ·~ sci 5tha't 'Li 1 

the rea•lting'dbetturse(Tbecomee '1i6re J:ittj•'th~-:-~@~,;,-,- ,, ··· "· ,, ,_. " 

If the kernel sentences and transformations were chosen ran­

domly, this method would obviously be too inefficient to work in 

any practical sense. However, by utilizing.~~tte:.~1.' 

d iscoul'H·)'-1thenonoiee •of'1ket~iHfN;:4ild &tfataN~1eal'f -W ~tty 
restricted;;' •nda.tteehnlcfu•<'<>fo8'tftitedeie ~1"':N-~l!W~ filiP!leiaeht:ed '': 
in a. pi-asram·:being ~wrkten-~t'11Jr.RB:1'y•W.WeWr~._r:d~.t:L(~;. "'M..tt ,. 
technique·•haa.:;tbe,;ad•ftPge ttMt ~~"8e iealMf~l"·'cari" be,,, ,J -· 

utilized for ;;1'od'n&liJtl11iifs a:nd g.fd$tiW blfi"~thltfe. ·· · · :;;r:: 

· .A 'dlOre 'Oi.T"ect ;··aaslyt·ical .~ wouJl:I; ut#i!Ult .a· islet· 'of ln-
verse ,analiyt iic: · tr.an•ntlr1Dfilti:l1o• ..... ~er .1.ffiia><.a ~ftiliMadtmt· thlit, wy.1. · 

be-oaeddn -paerlititltJ •·•~ree·, at'D ~:{~1J)»Wili,W~lJ -ana i"'at"~· 
sets B>fisentiel'IC9•(.1th4M Ch• ilna<l.yti:kh~ran~cm-i.t'l.7.f -:t.•"'the''ltl- '.. ' '' 

verse·of '.Di df:'41ind-,an)Jy. if l">:t~!.~Sr)d• ·~ ~.;r.aS'<.CboRei.o!fl1lrhtd\J ·1:tto1-:nb · 

verse trans::formatiOn•· 'tia: apply amt :t1119 Cft!ter..::~flidnttr' .,,,a~t0Jlit4.on ;.; : . · · · 

may agakl be.r~9 :b)l ·OU11iiztb1t ~sd.cili &~. '*i'tfl; ' ·? ·• • ·· 
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~-- ·-:;-- --:--- -

course is \:\f,;~AAt;CJ, .,~~e.t'r;'R~i~,,~ht1n1Prp~l81'14'1u~mrtn&il'ep:-·r:_,;: ··' · · ': 

resent4~i~f.do~.~~~I ~·~~fJl!rrl,.~~~el M~t~J~id-MR~:j,Pli ~s>J".•• · :., .. 
The . ..-jo~ ~qb.l-.3i~h!~~},lt~lliR11tfh'41f~.ffsilP~•• s.M ~.g,J,f>la ... '' 

of those words whicl].'.)4:.;!ePfil~~j@-'TU·~~~~i.s; f~jif#°:,r~l-Oilfttr ~, 

those which are part of a name. This is difficult because the same 

word (-~c.AM~la\\iScf8)118~!)B ... ¥r.D•ifftrt1JU,;j.1l~JJleft;~n(.-~JaNM~ 

Haviq,,.,. .• 1f4L.ttd., 0~;'-e~a~~~1t~~~~,Jl~~IJ~:i1lJQ!lef?JfW.~ r-'prH.~fi:'.i 

th~ ~t;S~~ O,~ ;~~k ;-.~at;~ .... ~~'r"'1Jt-:r•luJ,JjaMilYHsiM:>°""' ~,,; : ,,.!.,,.,' 

termst:.o9; .COJ!IPO~•.;;~~~:>~~- f•ntt5'9M~iii~4Jl~"I ffJft\S 41M.:>~~I :1: 

whic.ll .~r,,,f,,N~.p~~!i ,.J,~0•11L~\1~t1:1B'-rf!»10lU.:1~t•. ~Bl'el••~l. -:i:i L 

linflll..W~ ~ ,...rf~~tl, ~tDnistifu~fm8,i~n9os"'rifGJN11111M-,.i·~~- ·~.:; 

discourse can be traq~~cl 1n~9;a c~~ltM1n~IPftt~At:Ao~,j.pJl;ll•·; ,,. 

information store of the listener. 

G. L~ D@dpOftftJ!Wl&·;,:.1·,,: · > 't: Jd . '"! .···~···.'- •. :: 'H'w· .. r.:,._.r ,_, .. , ... ,. 

,· .#ai ~ 1M='1 rMP4!9i~~w ;·d :iS i auwu.•sbJoa $:U.atseneii ;would,, . :. ;, · . , 

imp~)l, :«;h4~, i~AA ~4tJ\t~~ .~i ~A"4ot1~•ufianh'ljiafcninat£on.·J :: ~- : ,, .: r 

st~qis ~t:i14AJi~,~~~:·~~w.aiQ(t11111Wlia=-4•l~.r0f,.,1hesvtt~ld, 

at least .~olj',,J{he, ~"~'.Q,f ~Ci;Q_,..~ :.t1Dlo Jii~n.ftfus91MSP»efiat>•.;.,,:!~r; 

tion must preserve • .,U,~t::$;Rni~itiniinel~l~tlde11 · ;. ··, r C • ; 

._ If -.hed,isJ:~ ,_:I,_•. onll!r .,i.~ 1 in ;-~irtaain jupeUa .,oE Dile 

diSCOUl':ff,:he:- 1Mlfld1i0ill?, :llWJ!!We.· li~loaaatie1acttel;n..ilt\l.n:tojhtia j .. Cteeat1·~ .. 
' 1 

and dj.~a"Zi ithe ll'U~.,,.,w.fihi.n:h)i.« 4UIB ,Cl&f~~ _.j},~n~s:...i-·•( , . r 

el is i.ePlllQl'PhLJ: l:o i:he:.Jl~km':-a.11Pde:L .'lartil•r•••ef itlla:ialibrmele~ ~: ·.>r, ' 

vant d~fAlui1'11h~~$1t11Li>e:;:111de. it,,:<~~~~--- .. rduamaaais ,trf lthe~ ·, ., 
discour~) J:M..· ll· her Mdet d>yi:dut;. 1'tlt..,. ac 1~auhtrdit&r'1lJ'AA"Gi1 · ., -' -~ -

interest' teei l~MiW.~_ha.ISUilbl.,1t'la!: .... W(·:JlBfft='lti••tilonatii ril•:~. 'b'·'. 

ca 11 such restricted information stores limited d!'\!IMfb!! :!f!d•ls -=:~· f." ~ · 0 i 
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the STUDElft' system, :a-U. ·Utilise lilldtecl: deeilOtive :models •.. ' for ·the 

area of interes_t in.· eacth ef·-tlleae p.-oawaa. tJawe-,vas a-'1n&eU'l'al" · ·· 

reprenntation for.thednfoilaat:ion: in:-the 8-11awalt19',fnputt~; ·!btse ·· 

representations were aatnr.i· tn ttu.t' t1t;ey,;£,cd.litatledH1h• deduetiton', 'c 

of implicit informetioil. ·l'or18xample;1uLiDlllaay'a<&mil.,-, tree rep ... -

resentatioQ made it ,_..yaut· celiaput•·the·,reiationehd.p l)lf aa.y two-•in­

dividuals in the t~ee'.4 i~t-::o'f thenaaabar! of'.;flentence8.Gnec• · 

essary -t.o, build the ftree•. l T" ' 

Because the number of relations and functioned!xpreasible - · 

in the models in all three systems is very liniited, there is a 

corresponding limitation e'R;the.· naiik,ei-:.; U.~4Jc·:;forJU that· •ay 

appear in the input.. 'lhls:.grea~l:y-, siaplitf:Ule tlle··:pa1r14ng probdeul' 

discussed urlier, by· restricting alte.-....d.vea :9Mt:1Jordarfin tl\ec: 

input t:ext .. ..\ 1 i, 

.. ,• i _ 

H. The STUDENT Deductive Model. 

The.' S~~IY!t•lll iS __ !.~·-~1-~~!.f.:!on of th.~ ~q~J~!c;Up~r­

tion of our tbeoty.! ''SflDENT performs 4tertain inverse ti-aufonaations 

to obtain a sett o.f ken~l sentences anll t:hen transforma•·t:hue· kernel 

sentences to expreui~iis in a liniifed ~eductive model. Utilizing 
'""',,. ~ \ :, ··,, ·, ,. :· .... •• \;. ~ .1_ ... -' - •• 

the power of this deductive model, within its limited domaiti" of under-

standiilg, it i~ ai>ie' t~; answer questio~s b~sed on in'f~~tio~ i.m-
"r l" . : ~· 

plicit in t~~ inpu('iiiformation. . ,,, 

The anal1tic .and. transformational t~chniqu~~l ¥HJ~~,e~. ~ 

STUDENT are described in detail in Chapter IV. We shall describe 

here the C8~?nic:a_~ re~~~~1'D,~~~,fe~::O~:{?bJ!:f~,,~ :i;~i,~fS?!1'8 !~-; !~p~~ 
. . ··--- .. ..;. .. _."~ ... :_, ,_.:_ ·--... -~.,,-. _., ... ""'~.-~ .. --·-··~- - --·-~ -. .. - ..... __ .,:,.,:..._,_ -·-·-"--- ·~ .... - .·_ 

tions within the model. STUDENT is restricted to answering questions 

fra~d i,1!-~ tJ:i~ c:o~,tex~ 9f, ~}~!~r,,,!~~!Y Rfo:t>l~.: -:'~l~br,ic ~~ua-

t io~ ~re, a , natur• l. r~pr.f!IJe~~~ti?ll-J~r. Jf'!,9~~,~o~J f!l,,~~~ inRtJ~ ~ 
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The objects in the model are 1WJ11.ben 9 .or. nUllDerawith an.as~ 

sociated dimension. !l.'be only r.elatioo ia tile modai:1 UL eqaelit:y, and 

the only funct ione' -represented directly. . ia,. tlae! .Ode•lJ are the arith .. 

metic operat-it>na,;ofLadditio°'; negetiGB'' multiplic:a&:U..•·,,divd.siott: 

· and exponentiation. ·Other functio.ui • are.-:de-fil\ed. d.al teJ!1111!1 of these 

basic functions.; by c;ompostion, and/or:·sq.beti.Cati.ea:.of coutants 

for arguments . of· these :fund:.:iona,. , for; esiampl.~r. th~1operat'.ioa· oi 

squaring is defined as exponentiation with "2" as· tile: aecoruL.sr~u­

ment of the exponential function; subtraction is a composition of 

addition and. nega.tion. 

With.in. the computer, . a. parenthesized prefiK1 aotation is used 

for a standard r,epresentation of the equat-ion.sd .. Jl'PliCit:';d.il the .En­

glish input. The:,aritmaet.ii:· opH"ation toi 'ber espnSMd _ is made the 

first element of a list, and the arguments of the function are~auc­

ceeding list elements. The exact notation is given in Figure 2 below • 

. . Opera ti.on 

IC'lua:li.ty , 

Addition·. 

Negation 

Subtra~,t_ion 

Multiplication 

Division 

Exponentiation 

·A+ B 
A+B+C 

- A 

A - B 

A* B 
A* B * C 

A I B 
AB 

'' 1' · .. tB1t1JAL, A< •) · 

(RLUS A.:B)­
(PLUS A. B C) 

. " < _; ' 

(M~ ~) 

.. (1:1J.U~, :4-. (~S B)) 
:J.•" .. ; ''.· ,,, ,... : 

(~~"~'- B)M ( IMES'"A'B ~1 
( QOOTIENT A B) 

citlPT'! 'Is)·· 

Figure 2: 'Notation Within the sTli»Uf ~ductive Model 

In the figure, A, B, and Care any tepres~ftfltiofi~ of'bl>ject~·in the' 

model, either composite or simple riame'ai •. _;i'h~"usuif' irifix notation for 
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these functional 1 npreesions is ,given £~ <t?amparison'. 1 Bec:ause this 

is a fully parenthe&ized notation, nD 4tn'bt-8\l:i:t:y bfic~tet'fonaJ: oriJeT 

arises, as it does, for example, for the unparenthesized infix nota­

tion expression ·.A*B+C· 'C>r its corre&ponditlg natural· -hrttguagt! eitpres­

sion "A times B plU& G". Note also chb:t 'in ·thi:s';P,:efu- notation plus 

and times are not strictly binary operator~. 'l'ntleeih' ·itr"tihe ~el 

they may .have arty finite- number of ar8'*W:B:, .e..:g·. (TDfES' A B C D) 

is a legititnat:e ex~e8i!lion· 1 in the sTtJDBN!:r tnode'l.; 

Representations of objects in the STUDENT deductive model 

are taken frOOl th&• iuJNt. Any string o.£. ~!!ds ~-·· conta'ining a 

linguistic form associated with the ari-thnlet!k ftlnctions expt-essible 

in the model are considered simple names f-or objects". 'Thus; "t:he age 

of the child of Jahrt and 'Jane" is cOri&i!det'ed· a' 19'imple n~nte1 becauS'e it 

contains no functional li'rtguistic forme- ff'~iiil:ed W'!th· functions rep• 

resented in STUDBNT's limft'ed d~ductive -tftOcU-L~ · '.Eh a m0r~ general 

model it would be cohsidered a· composi:t~ 'lia~·-, :.Sn.er ;the functional 

forms "age of " ·aind' "child of atld 11 "WOtilH be . 

mapped into their corresponding functions in the model. 

Because such complex strings are considered simple names in 

the model, and objects are distinguished only by their names, it 

is important to determine when two distinct names actually refer to 

the same object. In fact, answers to questions in the STUDENT sys­

tem are statements of the identity of the object referenced by two 

names. However, one of the names (the desired one) must satisfy 

certain lexical conditions. Most often this condition is just that 

the name be a numeral. For a more general model this restriction 

could be stated as requiring a simple name corresponding to some 

functionally defined name - because, for example, "number of __ " 

would be a functional linguistic form in the general model, and the 

only simple name for such an object would be the numeral corres-
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ponding -.:P -this. nmnb.ttJ:~-; An, . .ltpjl'WftJ:'' ~~1'tfi' Qi,,.•11~.~~.~f · •; :;' ., ,,. 

identi~y e.g"!'..'':The.~ber of :~98~8JO'& -~ P~•r te.,)..~ ... ~~i 
., . c ' :. ·~ 

The other l•i,ical r"-1;·r~<;tio11 ·pn 8.AeJi~ BPPl~ .!Jtl'~ in :·· 

the ~1'UDBH?. systeia r~r'1P~~j!nce ::fIDat ,., ~qe~,.:in u.n'tt ~r~a ... 

ponding to .a 4Hn~i/lJ1> ffpociated, wfitlt a ~I'.~" .e~ ini t}l.e ~'~--· 

sired a1µ1wer.. P.c>r .-111Pl.~ &P!!!!Hj.fJuJ:1" ~aJtP~l~ ~Jl; ~,.ilue•\"' , , 

tion ''How many spans equal.11;:.l;.r#:~;,.1 :. .~ rdie.~ci~·by· 

STUDENT is 111 fathom is 8 spans". 

The deduc:tive- 1DOdel 4escribeq,,~,r~ 1a us~fll.k,.Jlo~ ~n!Wj!~ing- , · 

questioµs beQause we k09JI h~Ji·Of:~ac;~.i ~\.j.Q~•.~ti<m fi;qa 

expl7essiPJl8 in this mpdel;.. that ~ .. ,we.·~ ~.-tJQ,.aq).ve sets of 

algebra~c equatwns to, ~in4 q~:ir~l va~ea,.,rWhl.cmuJl~J~fy .t}JesEk 

equati.O~. ~. sol~iQU."'P;r.o«;~ Q~, ri~ ~ ,i• ,~~.:in d~ 
tail in Chapter V:I.. Th•.· tr.:ana-~.tipq.,tpi'o~,, :qaV!'i .. ~1 tile the_prN 

describetl.ea.r:l:ier, 'Whtc;b .s~;r u.._ ,~_so ~J;OID.f:AA..~U.~ll~ •. ii:iput1 · 

to this ded®tb1e wodel, is d.eacribed ~Jl ,~e~ __ p. 

.. :'·. 
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Almost any ptogranming language is· unWer&al in tbs sen:seL chat 

with enougb time, space, and wotk at the' implenlentai!<on, any comPQtabl~ 

function may be programmed. However, tlie' ttHJk o-f 1Ji'C>granDtng· ':cah be ·" 

made much easier by the proper choice of a higher level problem ori­

ented progranming language. The ch1t8 i to ~:·ti•ntpulated. by the s!'U-
DENT system is symbO'lk, and of indefinite. leii.gdiL~nct' contplE!Xity. ' For 

this reason, a list-prt>cessing language was i:Jie'.Dk)iJt appYopriate type 

of programming fot this task. There are· s number'- of vucll languages 

available, each having its mm· set of 8clvaht'ilpi end di8'aavmtapg~ 

For a description of the general propert:ieit'' bf ·U.1Jt:~<procesiling lan ... 

guages ~-with a detailed comparison of faut': o-f ttut"bettet'"kn<>Wn Ust­

processing languages, see Bobrow awl Ril'phitH· (~) .';: MoWt:t1 <'because I 

knew it so well, I chose LISP (31) as the basic language for the STU­

DENT system. 

The LISP formalism i8 very cO!Wettient fb<r prdgranming recursive 

tasks such as the solving of a set of s·imultane~e:''Efflustidns. However, 

LISP does not provide any nataral mecham•illlr''f<>r1 ~e9'etiting nwmlpula.;. 

tion of strings of English words, enotller very iinp~t:ebt ;t1'.ibtask in 

the STUDENT system. For this type' of Rtahipttlatlcm··~ Wc;uld like to 

perform a sequence· of s·teps imrctlvlhg op~t'ttimi:s"~ti··•s recognU:ing 

a sentence format which fits a pttticulitt pattern:, :fittding certain ele• 

ments in a sentence by their context, rearrangtnir a strlrig hf words, 

deleting, inserting, and duplicating parts of strings, and others. 

·.) 

The LISP formalism cannot easily eltpress sucb' 1Jtring tttanipula­

tions, though each coulct be indiVidua-liy pri>gi'~.· However, a for­

malism for just tllfs sort of mantput.ati~li f'ft1 ~he· ba•ts· of-·the'n>llIT (4'5) 

programming system. Rules in thiS fotmaU.sm 'cert· ~a Hy exp~ess very 
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comp leX-atti.Ug; JIWlipulatioa&.;. ·~:Dd·· .·Ut: ~aay tO:~~..Ud- '.writ.:. · .Bow- · .· 

ever, CX>MIT and LISP cannot be used simultaneoualy, and the problem 

context necessitates going back and forth between LISP-oriented tasks 

ttnd <au:tr,.oi.:i-enteo usu-•. : ·l'herefore, .. -~ iad•M.•Cbrt~Gl!fll'· rule ,,no,ta-

4~~;,."8e, _#t{l ~--~1<f~~r~~~ a'WP;,§O~-!~a;t.l1_f1·1~.I. wb.tp.ll 

woul~ in~~rpret; :•~~11\i c.-r·..-f.4.lrv14'-~ioJL ·J:U-Mw i~,+Q~, ~tion •. · 

- ~ . ' I t,~ _, ':· \ ', 

In CCnJt~u~,tlie ... ~. tnc;erprtW~r, I ~~iy.e;l.;y ~~ed 

the elog_\U?ty:e 9,f t~,.l.W: PJ'PSftlDAiP& i~ngy.a,g~; ~Ji~:~., opeJ;~t.ions;· 

~i~ co~#i J>e ''W~ p.~~~l~,.,1~ .~(•l ~r:4,,~-{ilW~e-.c~W,,ww. 
be expr~t.~ eu~J.y .-. All_. 8¥,tel\de.d ,l~•e ~YiM.' ~ b.e,at ,,~es 

of ~'):. ~~ µBP ~q\lµt ~~: ~fa'G. bt.\il~. f~, S$TJl~j,,. lxtt .. i+- i~ ~P- ,· 
more ec,onOJDica,l.{;9,~"1-,,ye,_,~; .,~tta~~OAf::~~,y;,,~d.,ng. 'Q;lt!-:•awn- ;c ·­

tages. and 4.~ffV11.PJ:f.P&; 1"f. ~Ma~~e: ,~,~ ~~W&; &ir:e~ 41~'"4 

I/ 1 .. '1?-;, 

A. Specifying a Desired String Formac. 

~ h.t~.~,~~~- ~.~il: el~!!I l.J}:,- ~.:.,re-, fJ.t­

clude he~e aA~rief.~~~1 t9~ j,1;&;• ~·t~~ .. We.;,4_~,J:'Ats..-'"~s.e,;Me,,0:£ 
the :!W#:..atio~, ~--~~r.,:,,.P:J·M:~~-·.'.9fl ~3 t.T¥.fifOJ'INl£.t~ P<X:.e~; 

easier • .c ln,_~1~i,9Ji,,, _if any.-.tml>J.gpi~y ~S'WShllP~r¢.:. ~\1tll.,_, upJa• 

nation Qf .. the 4\P#r.M-i~. e>_~ f'~,-;;,j.t_.,~ ~ J'ef.9·lve~;,lly,.~n..,.tt-ima :.! • 

the l.U,tH\g,91 ~e,~~1 p,r~~,in1 Afff~.-J,. .i~,~~;,Mtt~er- , 

case, _.i_t~ may ~' ~-..sa,ry. t~ ~ona~lt: ~-I 11¥.i)r•-~1$ ~.it~~iff · 
·,1- "" )· ; ' 

A METEOR program consists of a sequence of rules each specifying 

a strif\& ~r'1!1~fo~~-•D!d·•~yJ.ng •PJM'.~ ~~~i .Mil~~~~· i ~-=-·us 

first .. f~S ici~r -~ a ;IJ~~~ ~qnJ~~_u-~,Js>.f P8AU.J.e4:,, ··.• W.., ~l l .. , 

~.eJl ~~tjtri~J to ~"~ra-.fP.~ ~A_,pd&1nse~,,_,JbBrJP9r~~·l'W .. · 

be t~~fp,~,by a;F,~e.pnly if,4-.~~&;1• H~~rn.~:~·&iv~ 



in the "left half" of the rµle. This left hal( is a list of ele':" _ 
~-t.; ~ 1 ... :.~·.:'.:;; - ,..~--- ·.r~·fC' .. ~j,0\;Z):t:t'.:;.A ·2•~·!J' f· ~ -c:.'L.r.'" .. ,,1:~· - .·: 

mentary ,patterns which specifies a s~ue~~e of it•ma that ~st be 
'' .,-_ 1 • ~ ':'°- ·T,; ~-.::f~')t:L;.~J-j ~.:!·t: jf) -eSJ'._~ .. !'-H-j~Jj'.\_f · ~-:~_'.-):;!}-<,:. J ~-

matc~ed in th~,;~J:"k~p~c;e •. ,For--~~~l~~: i~~1~g~\~~.~~ h~~f(~~j~\:{~;:j,! , 

"(~E~~>,''r :~~~n:;a ?1a~~~ wou~~ ~ ,~?~~~ ~~i~ .~~ ~~~ 3~1~k~J?a~~.,c~~.~,,,, 
tained a "'mE" i11111edhtely followed by "BQY" • - l;n addition, to, 

, -, :·· ~. . -~: .i ; - ! r- • - ' J ..... ·-. .r1; ~ ·-~· ·; : ~ . J '-.." 'J" .:; ,,· t ,_, ··- r :.:. ; , , . 

known; constitueqt~.~·~,o~~ can .11Ultf7h. 1:1~~~,~~~~~~'~ur?~.! · '.. :..'!11,\ ~;~~-. , 
ment $1 in ~ left. 1?al~ ~ill ma~~~ 1~nl 1~~~~~~k~~~c~L~o~~f,~~u~~,~. _Th~,.~, .. 
left hal~ "(A $1 B $i C)" will match @ contiguqua substri~g of the 

......... ·"- · - . . · .~:>:1J :)rf.,~ ~-u~:1· "~~ L.~: !~;;~,__;:...,~~ ·:·'_;_:; ~-. ·.~, 

workspac~ which cons~•ts of ~~,A ~o,B<>l'~ ,~~ _ ~a~tJ¥. '?!)~ ·' C~l}!t.itu~,~t, , . 
· • .. ·· • .. -- - . (. ,_,}i} », I 'f < ' • , ,.}! J · .. ,.Q •- •.· , • -· ~ • j •-" ,,; 

(specified by the maJ;~~ff ~:$l"LfoHow~<LbY .f,,,l !ell~~d ~~" ~:i,ta,c;,~J~ 2 
'·- --~-.:. ~. . ·-- .-,,__ 2.)11.Jtif.f '.w ... ,.. .... 'J ),~_ .... 1 A,,..:...·;. ;- J.1.f~<-\..~.L•'\X .~ _,7 1 ---- .:.· 

constituents (matching the "$2") followed by an occurrence of a .£· 

Thus $1 will match ap element of tl?-e ""r1tsl>ace w!th. ~, SJ>(!~j._fi~d con-
- _, __ .!· ---~"'. -.• ·; ,;_ • .i'~;:,:d,;; ~-. :._~ ~- !"•J ;r·.1.:,. t~ ;: '.l.~.-...~v~;,,_·_-:; .,._, ·' 

text. If a left half would match more than pne supstrin$ in the 
, t .: ,_ ;~ --.:·L. ~1 , -'7 'if~_:-. ;.· . .;< ~:±:ii:~ :-;p.i \:11:!.:_; .:-)' .ff:'°i· '•) :1 :·:..-l 

workspace, the left-most such substring is the one found by the 

matching process. 

We have discussed elementary ·pit~efJi~· ~'f{11··m.a£cii ~ Tuecf ~:.U.~ 
.1.' ... -. · r --~-;-·;::.·-~----:-;L ;;~ ;.·J~;~ -i.:J-;:r: .. :;: .. r~'::<..:·:_:. · ·./ ! _,t~ 

ber of unknown constituents (~·8·, "$.3'~~ 1D41t~he• .l ':'nk~, c~nst~~u"'.' 
; '. ·_; _:3LJi :";, t·.,; !h1' .. ! •·• :"';)_,,J '''. ''_!',,' .)~ .• :.;;: .. .• 

ents). METEOR also has an el~men~fr:r;~a~te~~ ~:~·!menfc,'i'$''-~i~h 
matches a11_arbitrary number o~ UJlk~ COt).Btitue11ta. for example, 

~' :.- ;-; J i j -: ~; Ll \~ ,,r ~ : i.· r • '·4 - . 

the lef~ half (mE $ !OY) will match a subatring_o~ tlie-wqrkspace 
._, ~ 1. ·"'.~.'.:l:~~.JOb ~l n.::::~ k:>·, "..~.:~ _; ~ ·_· - ~· _ -

which starts with •Q occurrenc~ of 111El""Tci1Jowed _by any number of con-
-.' hr· ' ... :; ;., : .· .: 'il ·~ ,_·,:·_~ ··;-(; flfjn ~ ~i'"':':..~=i !':) _!·,_.-': ;-.• : ¥~;~: . ~ :. 

stituents (includj.ng zero) followed by an occurrence of "!OY" • It 
:·. -- ~ ~~:-'j~p;:._· ·i; ";;; ::.:_•,,~i ·:: . '"{!_~:.:_::~ .J'1f;~._{_'·~f~'-'.:~ :.·. tl.~: :~: i'.:-i. 

would, fo.~ e~ample,/n~tch a sub~t;ring ~,t ~~~,~~~r;~f~~~:-: "$qJVE ~~ 
GOQD BOY)" or of t~e ~orkspace llCAfE .~Y ~)~' ~.,, If the left . 

" . -, .r .. , .. ~ : ..'. '<~ .t,<:'.'.-~: f;-. _.r.. J · c. i'~,· 1: ,, .. I!; '; J J. .,.· 1
,· • .. ~ ','. ~-· .; , _ ' ' "t' • 

half ($ GLITCH $3) matches a substring of the workspace, then the 

elemen~ary ,~a~tern ~'$''. ma~ches · .. ~~e ~~bf~r~~g" i~;~ ~h~:, i>.f¥,~~n}f.~. o.:f 

the wor~space up_ ~9 but not _il1clucJ,~~~ ~h-~, ,fH~~ <>-~~~,r~,~':,\F.e ~.~, '_'G!r-f;t'.CH"; 
• 1 , ·. - , .,.,1,. , • • ,< , ,.!o' .J' , •• : , '1'f • <..,. ._ ,,,.; ,P._ •.• OJ!.C ~ j,. • .,. ·' v ; < "\'"'. • : 

the pattern "GLITQi" matches thi~ occurrence Rf 11GLITat" ip tbe 11<>;rk-. 
.. - - - ·. .• - '-..J.·~~ ·::/ ~ -~,, r: ,,·.]· .. L;..1:···~;F:.ic.: · .: fiji -.j .~';; ~. ,--.. ;,·'"" 

space; and .the ~le~~tary __ pat~~r~ "$~"J1tt~~~~.~~ ,3,~J~~ll~s ~:. 

constituents of the workspace ~~.iat~l~_Jolt~fn~-;~I;r?·:_: , , . .. 
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Element~ inthe workspace may be.tagged.oi'a~bscripted to in­

dicate s;ecial prope~ties of this ·~:i~ni;' f~r· ex~mpi~,'' ~ne 'might 

have (HAVEJVED) or (~y /N8t1N) as i ~i~nts,-iof th~q;~fk~p~~~. 'Such 

elements_: c~n 6e 'match~ by na~ (u~ir;.g'liAtt ~~ itot·-·~···p~tt~rn e1eme~ts), 
. '. :·., 7.l,· .. ,:·' . .' .. ·:,:.~ .. -' .. ·~-· .. r~1~·.~·:i-:1:··.' •·;;~.::~(•* 

or identified just' by their subscripts (~r by bOth): - 'fbe elementary 

pattern. c$1/VUB> wii1 mai6K'any si~gle co~st-·tt:ue~tc wtii~~··1~.; verb; ,, 

that 'is,. o~~ Which has "di~ j~~bscript' •rv&.0 ' ~ven if'0 ~hli ~ ~onstituent 
-':-. -- :" - .': .. - '. ·{' .-_ . ,: "-.~· '.; '-.1 ;• .. --", "-; :t: ) ~~~ ,- ' - , 

has other. subscripts. Thus the left half (ALFlllb 01/vW) :BOOICS) 

will .match .the substring (ALFiml> '(llL,~~) :IOOi§} 'i~ t~~~~~rk-
space cNOi4'AuUD';(iF.Ans7vhi> vllo6X8°~···iHf i.tBaln): - '• . 

'' lj 

Other elementary pattern elements are pr~videCl~ ~nd new pat­

tern elements c·a~ be defined and easily used itith1

in: th; ktrtoR system . 
. ,'; 

B. Specifyip~ a ~ransformed Workspace • 

. we h~'7e dis~~~sed ·h~ a ci~'ai~ect format can 'be specified th~c;ugh 
a prot~type pat)tern~ cail~d' a i'eftfha1£.:'if we''ti:~' to mat'~h'the 3work-

; ; .- • ' i -~ ~ I <-- • - ,., ' I •l 

space to a left half, but it is not in the format specified, we say 

the match has failed. If a' subsi:ring o.f the work~~pa~e is in the speci-
- • .:-. , ": . 1 • - , t , , , . > , _. , •• ; \ {t"~:;·_ ? .: ' I . . . . 

fied format, the match is successful. When there is a successful 
.•; ,.,H t . f .&: '<. ·; '.! .:· !H', ; - •• - ~) _;;;: ,·-; L -· ': ·· .... · . '_ 

match, we may wish to transform or manipulate the substring matched, 

or place in a t~mporary ~t~rage locat
1

i~n. ~'aiiecf a_; sti~t£, c~ples 'of 
1 · .. ~.-<i .~ -·.: .. _ :·· _ , " ,-, :·: .- ~!gr~; , 

segments of the matching substring. We shall now discuss the nou-

tion used tor specif:Yin~' ~uch ff~nsfobnationiL anti &~~age 'c~f material. 
' ; ; . ,>;f: . t ~ -; 

A left half is a sequence of elementary patterns, and we associ­

ate wlth ea~h e:lementary pattern a ntmd,~r ''indic~t:i.ng ifs 'po~ition in 

this l~-ft~h~lf seque~~e. - For example~ l~,,the'teif" h~'ff: ($2 1f$ E), 
·~ ' • '.; r ' i: ;:''° • ! '. ,'\. ~t;._ ··, • ,i' T - ! ·; ·: , ,'\,""j,•·lff'···t '. ''. -~ '·' •. '·! < 

the first elementary pattern, $'2, would be aesod.atecf with the number 

1, the second,'t>~·~iftth 2·; $with 3, aha! witb:4~ '-'\{8 matcb'b sue··· 

cessful, each elementary pattern element in the left half matches a 
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part of the substring of the workspace' matcned by "thfs ie'ft half. The 
part mat~ned oy 'an elementary. patte'rh can tlen l)~J rere1:eri'~~a' by the 

number associated with this elementary pattern. For the let'f'half-' 

given above, and the workspace (ABC DB A E G), the left-half match 

succeeds, 'ana the·" ~ubstrlng '(iii c> miY t:1ieh: l>i;, r·~rir~ncecl·~rtli the' num­

ber 1, the substring (D) 'by 2, cB·, A)1 ~y )~' 1nd"" '(ij1 by9 '4: 

. The transformed workspace is specftr~a" by' th;~. "~ight half" 

of a METEOR rule. This right half ~Y be' j'~st"~he funn~r~1·p; in 
which cask the matched portiOn ~£ th!e·JLJi:i-"k'.pi.1~ 1i-;i~:~:f~te~: '"o'ther-

. ~ :.· : ,. · .. -: · . _ , .. ·:--'~\T· 1:!fr,1::• b~·;;r~fl l:·'-· .:~ · ·1::·. _ .,,·r.t-:·· 

wise this right half tbust be a list of' 'elements spe"clfying a' replace-

ment for the matched st'.ibstring.' An:?h'.\iie4'~.i in'~til~c'r'igtti~'h~'if list 

reference (specify) the appropriate part of the matched substring. 
·· ·_ · '"'.'•[.-.·. ·n ·"'··~-··· ~,<~ '···· "'~f~~ -, .. ,.t '.···~ 

Other- items in th~ llst may i::eference·"f"tlemsetves~J<or st'ri~s· in:· 'tem-

porary s'torage, o~' 'functions of any ~:~'f~r~~~e~l,'t~ ·iJtbi'trtrfigs:!.'L· In' 

the· example aiscussed above, if''the riktiPlia'ii'·w~:f~j ·& 2')fl ':tifr. th~n '' 
the matched po~tion"bf the work'sp'ac'kwb'U'idE ~~: r¥plaie~l1 by_; (B'A" n' !ID H), 

arid the worksp~c~ :WOuid bec~me' (i! j".A; n1 lri "b K' 'G)'. ·#ate 'tha't: 1 and 4 

were not mentioned in this right half and were therefore deleted from 

the workspace. Also 3 and 2 were in reverse order, and thus these 

referenced par't's were inserted in' thti;~oi-'k'~pack 'in1 ;~n1 oidE!t'' ~pp'oshe 
to that in ~ieh they had appeared.'" 2' ts'' re,te'ti~~d~ai hiice'· {~' tni.s rignt 

half ana therefore two copies of"this 'tW~~~n~e~; s-~i>~lrTiik'!~ ·~n)•· ap- ,. 
pear in the workspace~' The' el'.ements''M a~ 1 1rt~ thf~[{tftgh.e h1~if' refer­

ence only tbe~seives, and are' th~re'.tcit~,; i~s~'rt'~j<tfi-~c'i:lyvlnt1b''tbe 
workspace. 

; '.~ ')\;'' 

: '.l ~! ( t i. ' 1 . 

Usin'g the right-half elements' d~sH·1~d~1 th~t 'is,'- 'ntlihi>ers 

referencing matched substrings and constants (et~ni'~··refer~~di.n~ 
themselves), one can express transformations of the workspace in 

which elements have" been added' to':. J~t~de~"iro~~~pltcat~a l~. and 
1 : •. . cl ·. .· . . . . . 

rearr·anged in the workspace. Element~, t'6"be-, aci8~a 'tb ''th~,_~c>'fks'p1c'e 

. _, ,J 



thus, far c~n <>:r_ly b,~:yo~,,tants; Let ~~- ~'?-':?'a~d~r s~; 5>~~,~r p~s~ible 

right-half el~en~s,- ,11.1,Y a'i"~ ,al~ 1f~dff,~,fed_~;r ~~~f: ~i~,\l 1s.~,!H .. ~i~h 
specia} flags~. 

r , _, . . ::,.' 

nte CQ1jlf.~nts 1 R!-L~~~' s}l~l:f,.,~f~r~Y:d't~~~~f.}J~t?,1 ;~ap be 
referenced by a two ,1~n.t. lis,t :witµ fJrst. eJ•me~ ,ei~!tf':r, *A (f9r !11) 

; I_ 1-J t. , • \.' f ~-- < . .t;' ' I\ •' .J ~ _.:. ~~ "d t. ~.l _.- ,.; 1: .l >. ..;c !,.. • •.r ;', ! ! .; : '. i 

or *N (for _!iext), and a second element, the shelf name. For example, 

(*A EQT) r~fer~I,l_cell' th,.~\ e0;ti,~e, fO~tf!n,t_~; o.~ .~, .. ~~~-~! ~~,, ~-· I(_ this 
-· ··.- - ,IJ. .• ·- ,_.:,. ·-·' 1··-· - . , -,-· ··-·-~·· • .. } .. t., _, - -~. 

element appear~d in __ a right half, th_e ~~ttrfl, cont~n,~t of_ that ,.1,ieH 
U ~. ,- ·1 ..... ·.,;, ,,:~: .~ ·~! L .:~ -· 1··' .:..:::, .;1:)::: 't .. _..,/ :·1. • ~1.; ._: - ,.- _;.:.. 

would be, pJac~-- tn, .~geB fOrf~,1l>:?-~,JDf,1 f 1f,~e,J~\ fl;i,1 ~Jffp~c-~/ .'!!1e , . -

first el.~m~nt "?.f a_t a~-~,}! ~~in,~: .S.~: C,9~~4 l>fw~~· ~.1ilt:r·YP.e Wf>J\c-.... 
spac~ py u~in~,~.he e.l~n~, C:"N. '-~~)_J~-~·!.rJ~t, h,~Jf. 

- , , , . ''<:: I .• · · - - _ - . , .._..._ . . ~ . · •. ,"',, ~ _ ~ __ , , ,_ >.. L _, _, ~ • ~ ; · 

• l·. 

The P~.~. FN ... ~a _the first. ~b.f!.~, o.f ~. list. •i!.~~ng as. a 1'.ight- ... 
"· ._. -\ _ , , , • __ :- ,- _ - \. ~ -- , _. 1 p , " ~- • • • :~ _, _,., ; -~ ~ .- 1 . ' r , l ! 

half el~etl~:cc;i~'!iif~~;~: ~p~,t th,e .~f ~hf!: ~fc f~1~u}i~,~ .i~.:a)Jy~ctJ()}l, 

nam~~ .a~;~~ ,f.o~~i:~i ()~~ .... ar~,htpf! Jr~~n~.~,,.~t, ~~~'~<;J~ffi~i?P0·,;'" '1!1e .... 

value ,of, t_h~J~~ctif.?l,1,}~f~ t~f". si~t, o,~1~{~-!1t!':1Jll11fl1rf~f"~r ,~Jl~\ '. 
worksJ>a,ce. I~ ~bis ~Y':1'1W .~~Pn fpl\ft.~n,J,!~~1J>41,t'if~ .~~;.~f,? a ~~. 
rule. 

·;~ ; - ] ! i . 

:rhe. fla~. ;*~. ind~~~tes ~Jtaf _Jh~. f~~~ ·~~;_,the 1l~~LfoJJ?~~I\8 i.~., ~?­

be ~va luate.11 a_s a f14~:~;-'1~Jf.: ru~~ '-·· a°'1r_,_t_N~-~,-f! ~,?'. b?~,,~'.f~f,,ss~" , 

into a .li,.f~,whi_tji,,Hl b_e,a .. sJ,n&~' ~l~pt 9~. t~e .!9J'k~P.8Fe .• q .Thu~_, 
,··-/ t.:•~:~~ ...... ·:- :)~)-;::~.,.~ •. ~~. ~ ,: .> ..!• ... .:.'..f.J·1~.; ~ ,_Jw,; ,- •. ~_J._::_'"~ .. t ·~'-" 

cbunlqJ wh~fh, a.ft l~mJ~t, ,~pd;~'~'~ ;910,~fr,,~~}~-rftr~~~~~;:frc~'~~an :~. 

single word_)?an, ~~->-~.f~~dJ~~.,-~.€ s~~J:~.,-~:ft_;°ft~~f,P ~!'~-r~~~-
workspace string. The inverse operation is the expansion of a chunk 

~ . ..,., " " ' ~-; ' ' 

so that all its components appear as individual conatituents in the 

workspace_. -~~an.•,~pn1 J~:i i~.~fJlF-~~1 !>Y;,, f, ~~! ~~8'1 ;~f~J.~~1 .pe-.ittn~ng, ,9f 
a right-half element list._ 

',·':-~~.!:·Y·.··· .. ·· ;~~f_.~·,r; j i~ ....-:~'i\, ·}.:.· ~·;._~;· 

~e ha_~e ~,bus. t~~i!1:~,c~s~~:'"hp~ the; ~~~~.fo~fi~\~- 9~, ~, ~,~~}ng. 

calle.d the WC?_'~k~,P~C~:' ,~'!f ~:··~~re,•~,e~---~fl_ te~_,f"'~,-~ .. Jeff h~2lfc .. ~~!!!1, 
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b_ a., pattern for. 4 cleeirecl input format• and·r•~zigbt! half :whiab i• a 

pattern for the desired output format. there ia aqor.~ason•to·;liait to 

one the number of outputs fr0ua a single left half match. In fact, a 

third aection of, a MITIOI. rul'1.; eallecbtlhtt'i~reul!intJ"'•actioll~'·"(!or 

histeri11al reaao~) • allOW8 the· -pr~-r te :g'1Je~an7; numbei;;.of ,oth• .'• 

er right halves, and place these refereacecbi:Uaisxat the beginning Oii • · 

end of any shelf (temporary storage list). '1'he'atorage of such a 

"right half" i•· tadicaced ta the::·ro•itt&)••ttlon\-1<-[a,,}i•t '·••i'ting 

with a *S or a *Q, followed by the shelf name, and followed by a 

right half--p•ttera •. The *S inclicaceaothat .. ;thefi•efeteace4 ·material ts .·.; 

to be !tP.:41<1 on the-beginnil,ll of the ~named allil1:~ 1".*Qoindicates ;that: ·T 

it should· be ,9ueued·on .the end·-ofcidte. ahelfJii <::Vaedc.with ar*N.for re• 

trieval, :a ·lhe~f ·'"1Ut up by ••1'8 Lie{•ae,u*4otM1'Uat. (a-l•ltt-in• 

fiz;q•-Qu.t li•tl• 41ad-a aheU buU~HapJbJb•t~·U3•rrCIU#QJ(fil'dt-in,..: ,.-· 

first-out list). 

The. OJ:llY·'.otbei:. ataaific1ntl!fe'•uceo0f1~• lll'l'l8&r19togr.U1:lthat:f :we 

have not yet totK•ed~o1a,;i1 the coatsql)/atsuctrurerins•:Aetr oi r.ulea ... ·; 

A METEOl rule 1u~a ,a ll"'Jej:·•l'!d·hl~ ::ar:lfao-ttq"18ec:ft-~.i' 8rcUnarily~ £f 

''; 

next rule· in. a~queace., 1., If 'he'. hftnbaii:aa-claJa.cetfds~·,che·right·1bttlf, 

and ,;outing. 1e~tipnt ;a~e isttetprebed• ,,aoct tlhen eoal"!Ol .ta ,,passed .·to"· 

the rule ?UlllMld. .ia th4L ''go-,ton. <Bowne~•· 'bf; ~rt:Wn1'i0f ia ;''*" 
imnecli.atel,y after the: rule: .. naae, in :theiirule~:Jtdle,,:a~thM:Y.<1f ,tl!anafer oi.', 

cont~o• ,1a,,1witched• aadi-0aly·.011. left.,.Jlal~·di•iiknae~ll.::.cont~l peas " , 

tt.,:,..:; .~_ 

Routing control can also be changed by a list of the form 

"(*D namel name2)" in the routing section of a rule. After this list 

is interpreted, any occurrence of namel in a "go-to" will be :.~t:rter.~~:::_ . , . ' 
preteci ••• ''ao~.to" ·eontaiahg;::>\'!u•2~·~ '<d"l'hwrnatt•zr') .. ture ra:Ucnls 

easy .recur.11 ~~c)mt...aal>~11it>inu• -::1'1e 'GSei>.·of,1leil~Jif,~s~eaa or. faiiU.~, 
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as a switch for the transfer of (;Oftt:rol ma~es it poasible to write sig• 

nificant one rule loops. 

A METEOR. progra'{ll is a sequence (list) of rulea. ·Each rule is· 

a list of· up to six,,elements. ·Tlleccfq·llQWing is an· exaaple of a METEOR. 

rule containing all six-elements~ 

We shall briefly review the function ·of .each of these six elem~nts. · 

The first element of· a MITBOI. rule .is a l'Uhn•, ancl 11ltlst be pres~fit 

in any rule. If no na*e· is Reeded, t!be dumy name· ''*" ·can .be used. 

The second element is ·a "~'· arlcl,·ts optiortal. When it is present it 

reverses the .. awitch,pn flow.of c•ntl'ol;'and ttari•fer of c6ntrol to the 

rule named in the "go-to" is made on left-half failure. 

The third elemt!tit iS •aadatoliy,. and is· a left-l\alf pattern 

which i8 to he lll8tched in the lfOrkspacte. The feuwcht.element is 

optional, .and is a· right .. half pntern sp•ci~y:tng die re•ult in the· 

workspace of the striq.g t·»ansfonaation desit:ed •. ·The fifth (optional) 

element is called the routing aeetton,' a•d··ts a: lise flagged wit:'h 

a"/" as a first ele!lent. The remaindelr .Qf"t!he routtttg·seetion is a 

sequence of lists which specify operati0ns 'Cihich. plao~ items .on 

shelves or set 0 go-to" values. The :final element ,is called the ''go­

to" and. specifies 'wlier.e conttrol :iis to be passed~ :tf a mat?ch 'Suceeeds 

(in the normal case). A "*" in this position spectftes .:the ;next rule 

in sequence. 

C. Summary. 

In this chapter, ,<we have briefly .atmmattzed :the f'8atures of a 

language for string lllanipulation whi:ch has been:embadded o(by building 
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the METEOR interpreter) in the general list-processing language LISP. 

The ability to describe easily in METEOR the string trilnsformations 

needed to process EngH.sh sentences, and :also use, liPere appropi;:iate, 

the functional notation of the general list-prq,ess~ language, LISP, 

was a great advantage in the prograomingeffort:involyed in this study. 

As a final illustration of the power of tne c~lnect METEOR-LISP 

language, we include a pr-egram for Wang's algor~thm ·for· p@~ing· 
theorems in the propos:l.tional calculus. Thts algorithm is'· descr.ibed 

on pages 44-45 of the LISP manual (31), a'nd a LISP p,rQ_gram· for the al­

gorithm appears on pages 48-50. Figure 3 below con~~ns.,the complete 

METEOR program for the algorithm, iq.cluding~finitio~. of four 

small auxiliary LISP functlona uaed ~itbin t~ Ml!:TEOB. program. 

In addition, the figure contains a trace of the·program as it 

proves the theore.~ given after the first line con,t,tJ.f.itthg '"('IHEOREM)". 
~ . ? 

The other lines gi\te th~ theo.rems that are p:i;ovexr by: the algorithm as 
' • :<: ~ : '• 

steps in the proof of this theorem. This ME:tE<>a :l'rojraUi compares 
,.. ·::,. 'v 

quite favorably in both size and under~taudabiltt;y tb the one given in 

the LISP manual, and to the one COMIT prograua 'Ybich I have seen which 

performs the Warm algorithm. 
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The STUDENT ayati!Q C'OftB:UJt,a, of :two ,-.ain ••Ngr.as,. -c.all-ed · 

STUDENT and REMEMI&&. 'lh-e · prog~am .. M-lled IDIRMIU-c:aecept.s anG'.••Pro­

cesses statements wl\1,Qb contain gJA>b&l 1.afonoat~; ::'dalat· is·• in- . , 

fonxµ1ti,on which is U:~t ~pe~tfiC:. :~o _any"one st;•~y.pi:o'bl::em. W.e shall 

discuss the processing aQd. infotmation •sto~'!J~-.tedmi:<tue_s used 

in REH8MBER in th~ next, ch•pter~ ·A li.attng 10f ·tlie ,global ,informa­

tion ,gi,ven to the S'llmEHT &yst:em may ·.be. fou.d in Appendix. c. 

In this chapter, we .shall describe the. .techniques embedded in 

the STUDENT prograq which are used to tr«OSfona ~nrBn~ish statemeDt 

of an al.gebra stor,y ·.problem to expru•ions-·ini_l:he: STUDJDIT-ded.uetive 

model. By implication we are ·also defining .;the sunet .of English 

which is "understood." by the STUDENT pr.ogra11a.· It. mot'e' ;explic:-i;t des~. 

cription of this input language is giveD at :the .. endi .nf the eh-apter. 

A. Outline of the 9peNtion 0£ STUJ>.&NT. 

To provide perspective by which .to .view the d<et&iled he~ristic 

techniq.ues used. in ~the S'.WDSNT progr,ami we shall ti~et g,ive an out .. 

line of the operation of the STrmlNT program~ ~ven.. ,a problem to 

solve. This outl:Lne is a verbal des.c:r.iptJ;oa:o-.f ·the ,£10tif. chart ·of 

the program found .. in Appen<iix A. 

ST'lJDiNT is 4sked .to s . .olve a particular pl»bl-em. We asslnne tha.t · 

all :nec.ess~ry global infomation baa be.en stetred :previousl:Jei S'J!UDBHT 

will now trans.form the Engl:L&h input .•t:at:ement ·of th,i'a ·pro•lem·into 

expressions in its limited deductive model,· and; throughd!tppropriate 

deductive procedures attempt to find a solution. More specifically, 

STUDENT finds the kernel sentences of the input discourse, and trans-
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forms this sequ~e of kern.els into a s~ of •1•u:l~•- equatipns, 

keeping ~ list of the answers required, a list of the units involved 

in the problem (e.g. dollars, pounds) and a list of all the variables 

(simple names) in the ecruations. 'Then 'S'J.!OBllR tmokss ·tha SOLVE program 

to solve this set of e(IUaticna for the d.es.tred unknBWdS. If a solu­

tion is found, STUDEN'l' p.rints the v&lu~a of.the unlmowns requested in 

a fixed ·format, subs~ituting in "(variable IS ~•llil4i)'" the appropriate 

phrases for variable and value. If a .s<J·J:titf:on,:eantlOt be found, 

various heuristics are used to identify t"CJO '9.tti·atil•• (11.e. find tw 

slightly different phrases that refer to ~tie ~~··W'Ject in the model). 

If two variables, A and B, are identified, the equation A = B is added 

to the set of equations. In addition, the ·St<>t'e' of :global information 

is searched to find any equations that m&y bt'! usiefal tn fin4ing the solu­

tion to this problem. S'l'UDDrr print.a QUt any as~ions it makes about 

the identity of two variables, and alsc>·:aay 'Elquati.omi 'that .it retrieV'es 

because it thinks ·they may be relevant. 1f the tt•e :0f global equa-

tions or .equations from identifications lea.ds-.tG a \S'fJlution, the an .. 

swers are printed out in the format described above. 

If a solution was not found; at14; ~rta;L~ idtqdl$ are present in 

the problem (a result: o·f a defini·tional tranaform&tton U111-ed in the 

generation of the· problem), a: substitutton 'la''macfe ,fur t~ach of· these 

idioms in turn and the transfonnation ·aind' 'solution pl'-Odess is z'e­

peated. If the substitutions for theft i.d:l!oma do :not 'enable ctbe prob..; · 

lem to be solved by STUDENT, then STUDENT ·reqff8.tsr .aclditional·informa­

tion from the questioner, showing him the variables being used in the 

problem. If any inforrdation ·is giva., S'mDIBT Cries >.to aolve the prob­

lem again.' I£ none is given, it re'pG:r.tt1:.itiS'·:tnatiUU!y •to solve this 

problem and terminates. If the problem ·is .,,.~ :ablN'ed, ·the solution 

is printed and the program· 'terminates"' 
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B. Categpr;i.es. of ,¥ofd~ ,in a Tr~ps,t,oEp8~ic:>~t. 

The .words and, phrases (stri~gs ,C>f WOfdS), ,i,µ, ~pe Engli~h input 

can be classified into three distinct categories on the basis of how 

they ~r~ handl~d in tJ:ie tray.s.forma,ti()n ~o t~~, 9~du~.tive model. The 

first category consists of strings of words wl;lich_name objects in t~e 
~ ' : ' ' ' • : • ·1 (' (<I• < 

model; I call such strings, variables., Variable#' a'fe identified,, c;>,nly 
" "'' • ~ ' . / - ' I ' . • \ 

by the string of words . in them, and }.f two .si:ring~, ;d,i~fer at all,, tpey 

define distinct variables. ·. One imppr~~pt p:r$?.blem cons_ide+ed below 
• .. •·' •.. · .. ·~ . ',,.', _1:.;·,_;~L. ---~~!' t..~, .. 

is how to determine whe.n two. distinct var.iab,fe~ i;-~fer t.o the same ob-

ject. 

The second class of words and phra,ses are w\l~t I call "sub.stitu-
J' > 

tors". Each substitutor may be replaced by another string. Some sub-

stitutions are maJldatory; pth~r~ are, QJ?ti.onal, and., a.r.~ onlr made if the 

problem cannot be solved without suchsuPs,titutions •. An ex~mple of 
. . ' . ·1 . •.· :(_ ' ( ' .• ~ .. , ... ~ ' 

a mandatory subst:i.t'ltion is "2 tim~s",: fo?'." .. ~he, wprp, "t;wic,e". "Twi,ce" 

always means "2 times" .in the coq.t~ ~f the mQdel, ,ru;1 ,therefore this 
\ . , . J . \' ; • : ~''. . 

substitution is m~n,1d!ltory. On~ optional "idi0111ati~'.' .substit';'tion _is 
• • • ~ • • • · . • • • , r + , ' ,' J. • ' • , • • : , L .: O • • ._, • ' '. '•'. • , , '~ : 

"twice the sum of the length and width of the rectangle" for 11~~,e peri-
' " • .J.' ._. 

meter of the rectangle". The use of these substitutions in the trans­

formation process is discussed below. These substitutions are inverses 

of definitional transformations as defined, i,1:1',.~~p.teJ:" I.I. 

Members of the third class of words .. i~dicat~~ the presence ()f 

functional linguistic fo,:ms which repre~e_n! ,fupc,~to.i;is in the deduc_tive 
• • < • •• -· ., •• ,.., • \,•· • ' 

model. I call members of this third claslil.,_',',qJ>era.~ors'.'· Operators 
' ' .... ~.) - '~ 

may indicate operations which are complex combinations of the basic 

functions of the deductive model. One simple operator is the word 

"plus", which indicates that the ol:>J,~t;'·~~a~dr;fY; tl;te .. ~lf'O variables 

sur.i:o11p.diqg it. ai:.e. to be added. An ~.~J.e ~:~ ~:::fff~' cpll>.P,l.fi!X operator 

i~Lt:h.e .. phr~./'pfi!rCf!nt,,, leu ~~Jt111 .as,.j.J;l. "lq: ~P~.'f~ .~e~s tJtan the 
;_ '., , '<'. • ' ' • ·.· , ••• ; .. :: ';;;,. .!, 

mar keel pr4~", wh.ii;:.p indicates t}Jat. tlML~f'·, ~~d.i,ately preceding 
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the "percent" is to be subtracted from :too, thls -nsttlt ·divided by ioo, 
and then this quotient multiplied by the variable 'tollOwing the "than". 

Operators may be c18ssified accor'ding'·tt> where their arguments 

are found. A prefix operator, such as '"th~" ~qttare of.' •••• " pre~edes 
its ~rgument. An operator Uk~ " •• ~ •• percent'• ts ~ sti:fdx operator~ 
and follows its argument. Infix opera·tors.'auch as''" ••••• plu&.; ••• " 

or " ••••• less than ••••• " appear between· tne'ir twc> '. ~rgiJments. · ·• 1ri: a 

split prefi.X operator such as "difference,betw~eit.·:'~ • .'and ••••• "~ 
pa_~t of the operator precedes, and part appears between the two 

arguments. "The sum of ••••• and •••.. and ••••• " is a split prefix 

operator with an indefinite number i:>f :a~glDllents. 

Some words may act as operators coilciltionaity, d'epending on 

their context. For example, "of" i~·equ:l.V'al~nt to.'"t:lmes" if there 
. •I . -

is a fraction inmedlately preceding it; ·e~g., "'~S' c!>f'the profit" is 

equivalent to ".5 times the profit''r however, ''Qu~~n of England" 

does not imply a mliltiplicative re'lationsiiip bet:We~')tli~ QUe'en and 
her country. 

C. Transformational Procedures. 

Let us now consider in detail the transformation procedure used 

by STUDtNT, and see how these dff ferent ci'tegorl~sj of phrases interact. 

To make the process more ' concrete;" 1et us d)nsiA'er th~··· f'6 flowin'g' 'eiamp le 

which has been solved by STUDENT. 

(THE PBoBLEM TO BE SOLVED IS) 
(IF mE NOOD or CtJriuMDS 'TOH cm i's 'J.Wic! m'k SQUARE , OF 
20 . pft-'Cllft· OF 'JB~ i "NuMan· oF' -~rtjBMilti'1ti'' RM;. :Mm. 'l'Htt 

NUMBER. OF'~-· HI iinm 'ts~'4s': 'wliiT ts· 7H£: imMBEi; 
OF CUSroMEllS TOM GETS Q.) 
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Shown below are copies of actual printout from the STUDENT pro-
• ' " • • > ,.., i . ·. i ~ . '. ". ' . ' . 

gram, illustra·ting stages in the transformatfon and the solution of the 

problem. The parentheses are an ard.f~ct ··af'th~ 't.tsP 0

progr~~ing "lan-
.-1.; . -

guage, and "Q." is a replacement for the question mark not available 
-. - " . 

on the key punch. 

. . 

The first stage in the transformation is to perform all manda-

tory substitutions. tn this problem d~ly.the ltii~~ phrases' underli.~ed 
(by the author, not th·e program) are ~ubstit~tor's: ,:,twice'' becomes 

"2 times"' "per cent'' b~comes the singi~ word "perce~t"' . and tfsquare 

of" is truncated to "square".; Having . .Uci~'. th~se substitutions, sTm>d..t'· 
prints: 

(wrm MANDATORY SUBSrihrrioNS: ·iitE PIOBUM. IS) 

(IF THE :Nuitinni or ctJSTOMlas TOMG!TS 'u -2: TiMEs 'TllE souARE · 
- ~· . , .. _ - ,~ . - , I ··' · ·, ' -y - - ;· - - r;:, ~ 11 f" ·l' -· . ·· , , - --· · •· - · -

20 t>Elibarf <W''ltl'.E Ntim!a or 'ADvD.nsmarwrlfu i1ms';'Am> ·nm 
NooE1(6~ .wlitifs~, u·~ ;?:S' 45\ 'WAT' l:s Timi ~Jf· · , 
o}'~'·ifuM~·-Q.) · ~,,~! 

-~ 

Froni dictionary entries for each word, the words in the problem 

are tagged by their function in terms of ·the tranaf'o&at:i.on pro~e.ss, 
and STUDENT prints:' '' 

1
, 

(J'li~ wo~ T.A~,JJJ, !.':qJIC~ ~,-~~.t~>-. 
(IF m& 11UtBBll' ("OP/ OP):'~ :!'(I( .. (CBTS l VERB) IS 

2 crrl«s I OP.l) 'l'HE csQuili /fo~l'l) 2o ;(PERcENT I OP 2)(0F/OP) 

'l1IE NUMBER (OF / OP) ADVEllTISIMBNTS (HE / PRO) RUNS, AND nIE 

·NUMB•~(~·/ CP)· ~ l(M o'f,iPJI>.):· RlJNS· ts ·45 ,. 

{WBA%;L/;.qw .. '.!8 'nm1"1RR';(<W ~J'-Ol't OUS1Dmll8. 

TOM (GETS / VERB) (C1fARK / DLM)) 
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If a word has a tag, or tags, the word followed by "/", followed by 

the tags, becomes a single unit, and _is enclosed in p,arentheses. Some 
. \ . .:. ~ ' 

typical taggings are shown above. "(OF/OP)" indicat_es that "OF" is 
' .'' " ,, 

an operator and other taggings show that "GETS" is a verb_, "TIMES" 

is an operator of level ·1 (operator levels will be explained below), 

"SQUARE" is an operator of level 1, "PERCENT'' ,is an operator of level 
': ''·. ,, 

2, ''HE" is a pronoun, ''WHA'.!" is a question word, and "QMARK" (rep lac-

ing Q.) is a delimiter of a sentence. These ta$ged_ wo_rds will play 

the principal role in the remaining transform.gtion to the set of 

eq~ations implicit in this problem statement. 

The next stage in the transformation is to break the input sen­

tences into "kernel sentences". As in the example, a problem may 

be stated using sentences of gre~t graDJlla.t;ica.l .. co~_~exi~y; however, 

the final stage of the transformation is 9nly defiped on a set of 

kernel sentences. The simplificl:lt.ion to k~:rnet.se»~e,p.s::es as done in 
. . ' \ \""1. .~ ? ~ J .· -· . 

STUDENT depends on tllre recqrsive use of _f~~t: -~_fph;P,g~ J:f an in-

put sentence is of the form "IF" followed, by a ~µ~t:r~p.,g,, fqllowed by 
- •• ·•. ·.-' .; .J.' -

a conuna, a question word and a second substring (i.e. it matches the 

METEOR left half "(IF $ , {$1/ QWORD( $)" ) then the first substring 

{between the IF and the comna) is made an independent sentence, and 
' f .• , 

everything following the conma is made into a second sentence. In 

the example, this means that the input is resolved into the fol­

lowing two sentences, {where tags are omitted for the sake of brevit~ 

"The number of customers Tom gets is 2 times the 
square 20 percent of the iruan&l!'r 'of attvertiS'ements 
he runs, and the nuaber:·of ·,actvertd;.-.nta he.runs 
is 45 ." and ''What is the number. of Ct.lStQlll_ers Tom gets?" 

This last procedure effectively reSD:lvas- a \problem t-ntP declara­

tive assumptions and a question sentence. A seconit.·~1ple.xity resolved 
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ordinate·•entence 'cdnllstirt8 'df t'~''~lent~ilcitr jolodt'1ij a":ca.aila .·~ 
mediatelyloitowed byan !"•rtct" (t~e;.';;·•«:f'l~itiilce ;lWf~h{ua"ch~ " ~:i· ;: . 

METE6lt.rleft' hatr·:"'tf ~ Am> $)" j 1H:tt 11H! ~iio1ve.t tried 1

thele !"two ihi,:; ·.· ': · ,. 

dependent·'.·J~rttericei: The 'first10a·~nt~~F~1MWe''ii 1Ciler.!fdre'·r•.iot.J4!d ·· 

int6' hits lbnp ter' 1 st?tltences. · 
. -; < .~ . ; .:.. 

Using these two trtverse·ayt1tacitc.tr~n•fo~tlona, this ptd'6-". 

lem stat'eme'nt 'b reS'olV~. irttd')"~ti.Ptl-1t4!~itei i4!nt4'ii<!la:· '.lotntli~ ' ' 

.: \•ri; •: 

(THE NUMBER (OF /OP) CUSTOMlllS TOM (GBTS / VERB) IS 

2 (TIMES /OP 1) THE (SQUARE / OP 1) 20 (PD.CENT I OP 2) 

:Cm'"/'uP)i '1'1B:~:·c1)1' f'\W> oikbfflfr.Htfailn (BE I nD) 
RUNS . (?!l'tOW 1 '1't.M)1 .. . : .. .'_ . . : . ''/ 

-1:· . ~ 1 ~' ~' ·. 

'(1'HB ~- (OF I OP) AMITIS*Drti '(WI 21
/ ·?IO) IURs XS 43 ' 

( mmu f :1fltlitj'"f - ' .. i : • ' :; ': , ; l , :: } a " . ' " 

fCViMT i qwom> rs m: ·~·'(ot / C>P)';~ TOM 
(Gt:ts '/'YIU) <~V 1>T..M>:11' "S'1 .,., .!!1 : 

j-1:'.'. 

Each simple sentence is a iieparate ltst,-;1:'.cf7~'1• .!ttcl:ose¥cf~itf l)ir-cen:. .... ,._ 

these~~ ·and· ·each· ends 11ith a delibiiteJ:i '(~r }ie~'tdcfrti~ 1qd'ei~t~1i".~kf."; r,: • 
Each of these sentences can now be''fi.lai\iifo~ (ait¥eJtly ;t'<fti},1 int~r:..:~ 
pretation in the model. 
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n. F;2m,KerqtJ.~s41awsss to §9.~'it\2q'\ _ 

,pie 9;,a,~s~ot:"'8~,i.Q~. fr9~-.t~t;.1~iml>~~ ~~.r~e\ .~,tf~~I~;~c~.s .. to equa-. 

tions uses ... thx:ee ~E:vels of .~re.c~~ence fQi; op_~~fltc;g;s ~ , Qpe.:t~~9,1;'S of 
.! -~ •' ' ; ' I ~ . . . ' -. < 'J,:=. < "' • ~ .;. j <,#< .- ~' ' '"-' • J ' -.• ~ ' . . 

higher Ilrec~dence l~v~l are us~d, ~~r~!'t, :t.n,,ft~e _t.x;a~t~e.r111atipn. .B~-. 

fore }~t9,i~~ng t11~ .o~r~tor1;1,, . .$Ttffi~;.Jcao~~ .. for Ji¥ts~il;l,t~~ :~o.rms, 

associated with the equality relation. These ~9'.tDW, .:JA~lq~e .,tq~ ~qpula 
~ •. . ... -" -· ' - .. ,_, -' ' . , ~ ·-· . 

"is" and transitive verbs in certain contexts. In the example we are 

consid~fi.I\8• oqly the copula "~~" J8i :.:-q~~~ :,t9,,~~~-i.'!a~.~,jeq,~~11,t~~; The 

use of t,r,~nsi~ive ,,Y~rl?s ~.s l1'd-~c.~t~1i~:}~~,,e9.l\',\i~~'i ih~~~ !;~, ,'/',, .. J:eh.-. 

tional linguistic forms, will be discussed in conq~~~i~m;~t~ ;~other 

example. When the relational linguistic form is identified, the 

names which are the arguments of the form are broken down into 

variables and operators (functional 1 ~~8\f:~~-:'.~r~l:~-:. :~I:Q::the present 

problem, the two names are those on either side of the "is" in each 

sentence. 
; ~ . ·' 

'.-,'·: 

~word "i,s.''·-~Y ~l,so 9e 4¥ti iqean~P~Jti~hlfl\a~bra 

story problems as an auxiliary verb (not ~~~ ~~~Y);;/'~ such 

verbal phrases as "is multiplied by" or "is divided by". A special 

check i~ ~~ fo-l?: _;the .. ,occ~~~ ~ ;t.~se .~x;a~~ \.er~•· ~~eeding 

on to the main transformation procedure. nte ~~~r~~ .,of sen-" ' . . . . ~ ~ ·- _, ~- ~ ·-

tences containing these special verbal phrases will be discussed later. 

If "is" qoes µct. a~r 48 aq,:a.~i.i~~~·~A ~q ~,,VfF1',a~.~~ase, a 

sentence of the form "Pl is P2" i~ ,:f.p,t~~p~'~· al\:e:Wf~a~.i~ .. the 

equality of the objects named by phrases Pl and P2. No equality 

relation will be recognized within these phrases, even if an appro­

priate tr,ans~tive .y;erb, ~<:curs ~ithtl-Il .eitl}.eJ;,Q,~ t;Pejll· Jf PJ,.~ and 

P2* r~p,reJl-~nt .th,e1 ,~_~:itpm~~~c ~Fansf,(lr~~¥>ns .of,ftl., ~,!~~. thep. np1 

is P2" is. transfp:rmep i.nt;o t}l_e aqu~t.ion . 
• '. ..,- : '', • ' , • ,J 

;'" -.;; -, ;: ' 

"(EQUAL Pl* P2*)". 
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'.l1u~vtransfarmsic:ion O·f Pl and P2 to g~1'dem·1RF1ttterpretatfon 

in the model is performed recursively using a program equivalent to 

the table in Figur.e ·4 •. This table shows a1l"tfle:operators and for­

mats currently reco,tnf2ed by the STUDENT :~re:!f~~1t New operators can 

easily be added to the p,:ogram equivalent o.f ~ table. 
' ·~ '"-. . ' - ... ·"?,,. 

.:"' .:J..: 

In performing the transformation of a phrase P, a left to 

right search is mad~ .. ~or ~n operator of l~;'(~~·~indicated !>Y sub­

scripts of "OP" and i). If there is none, a:1.left·:to right search is 

made for a level 1 operator (indicated by sttbscrfpts "OP" and 1), 
,. - '"··.. .' __ :.: :) '.~:-~ ~'.::·~~n~:::1 .?.~X .~: \t'.:/ 

and finally another Jeft to right search .. \s .. 1"9~"for an operator of 
., - ·.~ : - . , -. - 1. -!'Ii -~-.. • ~ "t 

level 0 (indic~t:~ ,,\)y ~a sW.Script "OP" and :11c>.caU111erical subscript). 

Tile first operator ftrilnCil in this orderecf-'iieif'ch ~etermines the firit1~' 

step in the tran~foribatfo'n of the phr~~,·:"~fs; ORerator and'• its con-' 
, -. ' , !; »· . ' , ·. '.. ' - :_:. ~~\:· <b . <']' '.if·. ' . 

text are transfo~ .u .. i.ncJ.i~ated in co~\4·1~,.;the table. If no 

operator is tpreseftey•' deiimiters and '•rfil~hfeilJl'ij':Sn and the) are 'd'e- · · 
:; ·: ~r~: ;- l ': 

leted, and the phr~e is.t:veated as an indiv~~\e entity, a variable •.. 

In the example, the first simple sentence is 
'11,: f., j. 

· ' (1.'HB· 1ftllfBD (f'IF"/OP) 't'Us':fdilds1 'Mllr!;(tftS ~ ts 

2 (TDB!S/OP -1)~ '!ft'''t~B/0\""1')'"'2tt ~(McEkl'/l'.>P 2) 

(OP /(Ip) Tim tf'OMBU'·'(O!° /OPY "AMU'f~ .. '. 

This is of the form "Pl is P2", and is transformed to (EQVA'L Pl* P2*). · 

Pl is II (TH! 'NOMBD tot /O~) ctJS'tOMEits 'i.ttif' ( dlTS' /ftdj) n~ril'&k" occur- "' 

rence of the verb "gets" is ignored because of the presence of the 

"is" in the sentence, meaning "equals". The only operator found 

is "(OF/OP)". From the table we see that if "OF" is illBJlediately pre­

ceded by a number (not the word "number") it is treated as if it 

were the infix "TIMES". In this case, however, "OF" is not preceded 

by a number; the sqbscript OP, ~ndi,9at:t.H' t1lat "OF" b .aa operator, is 
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PLUS , . a 
PLOSS 0 

MI1'US 2 

llDUSB 0 

TDllB . 1 

Divn 1 

SQUAii 1 

~ r • ; 

_PJ.;,nusn .... ·~-· .. :,~,. ClLUl'Pl"I'~:,> 

P~, pµm,s P2 · .. ··- - -'· , , : <~, ',!, '~~ . . 
Pl MnftlJ P2 . (PLUS Pl* (llDRrl PZ*)) 
mama~- . L >·(iidlrilfft : (,-,;o 

Pl MDIUSB P2 

rt.~~. 
Pl Dlftt P2 

._,,.J,, 

(PLUS Pl* (llDRrl PZ*)) 

.,.~~-~~ ~>­
(QWtnar.., fl* PZ*) 

, (afor ~l.i z): o' • 

&QUAID: 0 

IQVluPi 
•Pl''IQUAllD. (uft p1i( ~> : ·. · · 

" 0 ri, ,...,~ .. " .. • • )''; ,.cqgrj~~i:p.*>r 
LISBTIWI 2 

:~-=:: 121 ·;: •·. :.;'Jl~~~:;i~ RR 
.. 0 

.:; . · ; ~ftdt '*'* ~rftl•» • 
PllClllZ. - . a 

"i. :":ft n&'P2:,. 

.r1i .. ~n. . -(P~ :<JflMM~1~-.; ·::,"' 
nu.as 2 : (Pl(.~~9l~t P2l~ . · 

c·n.u.· ;1• cs.Ii n • •»*> 8111 
·II,-_, , 

0 

~pf*' fll*>'r; · ~ "• , : ' 
D~ 0 :·:~M'l'Al:·nb : .. ·.~rl!IL<.-m» 

or 

(•) 

(b) 

(c).' 

(d) 

(•) 

0 'RW'W :,, 

Pl or P2 

,, . (mG":t ri*j• ; 

(Pl or P2)* 

; -. :-1 _: : ~: . ~""J 

If Pl i• • phr•••• Pl* indic•t•• it• interpretation in th• model. 

!Lll!l aad,Wl p;~~....-.1%~r~::~ ~~~,,~[Jr",~~~· lenl. 

~ ........ ~b:t... ~-- ~-~aa~ tltv m ~·"-" 1- the oner •bolm· .~·., .... · ~.- ~.:•./.''•·,-~,,,,. __ ,_ ... ,,,,,,.._,._. - . 

SQUAD P-1-•_.~ 8"':~~~""1 ._.~ .. ~~~ ~f-.~>.~1 _. 1111 or Pl. 

* 0uteid• a par..cMeu.t ~~ ~t.-,.;!llJ!atr~~ .. pbra•• ia 
to be traufolMll. · · · 

. 
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(•) 
(b) 

(c) 

(lt) 

<•> 

(•) (f) 

. {f) : .. ,0 
(f) <a> 



st:rtpp~. away,1 and t:he1 tmn&forilatum !pi:.DCU9".d.S1~11.tied:;:.tJirtt:.th••-' 

ph,::~ -Witl\ '1<m"· DP 1~-~°'1 M:>'G ~i::J. r::dld>.it:h:ist'-M~-._,,,;Jr -

tion, no, :9Pt9J:atQll'lk . .n ;§o~ iabd• ~'ltt1i~tma --~;;:nc:n tnv.~ <.'•••' 2. ,, 

To the right of "IS" in the sentence is P2: 

(2 (TlMIS/OP 1) 'DlB (SQUAU/OP 1) 20 (Pll.CBRT/OP 2) (OF /OP) 

'l'lll-NIWR-:<el't/O~~:~S•& dh(.,.,_,t~ (~)} 

.. Tbe• fi~ ot>eJ'Mor,, foµmli in'.,t:isb.._P~ ,.._,operat.bT ~l:'.leiff1.' •.CJ 

2. FrQP, tll• 1:.:lWlwJl·:t.n, l~ 4, :we; s-1 t:Mt:othd.8 .,...torJ Jias. l:tfe2-Wft-eiet 

of divicl~ tb~ ..-.i-.d . ....aa.te171~ ±t.<9y(~". l.'hel !'PEMmfl'll'~·­

isc. reaiov.0 :.aad th•• t~aioneti.op;~iisl r.p,aatW illlh tbeul'•:tnt .. ptaYaft.~''tI 

I.a thfihG....,,le,i:t~·,~1:6 ... ae (PDClllm/GI02tn{ef /elt~~~' Wt<>Mi Ttf·lt_;.UT? \C 
11 

• 2000(0I' /H)•• • • ~ •" • ~ J ' r _;: _, l ·1 ·t;.1z! "''!i'' bcJ ::.,-·. ·u :::', · ·• ;- 'c.;:-.' ' j ;.; ' ' 

Continuing the transformation, the operators found are, in 

order, TIMBS, SQUAllE, OF and Of-~:Hl"Btli!liJll Hn8.leili1ii'l'41illclUfH in 

the table. The "OJ'" in the context "... .2000 (OP./OP) '111E •••• " 

is treat elf. aa;,au\ tafU nlmS~JWftlif~a1;JtB~r1~reftai3.~f "OF", 

the opera tot 'm.11rklag ,·ta j l'UiOvid ~:U12MTiiiUt lttg;illliiiitoilMfft:il~xpres-

. :·.! ,! .:.,,M'i. (~~~~1<~.ff?°1}J ·1:) ~::;:;S}lIJf1) JAlf03 -} 
·-.1 ·.-. ~. -.• '.-"' -~·;..:-fL~\ <t~1 .:~,:~}1..1~_;~1 :·: ~r~JOS.. ;:.,::JM-r'r) 

(TIME 2 (EXPT (TIMES .2 (mltBD OP ADVUTISEMENTS 
(llffla) DRS) )Ktl) )5.r:itMOT2U:::• 1;1 JU!ID.f.JVi 'Hr~ } 

'l1le transformation of the second sentence of the example is 

done tn·a eitailar.'uanerviam.:yielids r..-.~i .. i11fE >,uf - · 4'''' -,, · "' · .~, 

• i ' '\Jc 
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The third sentence. is of· the form 1'What is Plf".. It starts 1fith 

a question word. and: is therefol!e .treated .!Specialty.: A unique variable, 

a single word consiaiing of an 1!' .Of Q: fati()lljjtrd·~ ·Mve· tntegers, 

is created, and the equation (EQUAL Xnnnnn Pl*) is stored. For this 

example, the variable XOOQGl 'waa:; crE!ated';:· 1"114• t!his"·l~it' si:q>le sen­

tence is transformed to the equation: 

{EQUAL XOOOOl (NUMBER OF CUSTOMERS 'l'OM (GETS/VERB)) 

ItLaddi:t!f.:cin, the created:JVariable is> •. p.Jiacecl on:·the' lUit of variables 

for which STUDENT is to find a value. Also, this variable is stored, 

pair• with f.l9,;the .. untrf,ftwif0t'med,;rigbt sUie;;:foT:••e·•t1l f>'r'inti'ng out 

the a~s~i-. If a val.- is founclJ:far,0 this,variol:i,·~s'HtbDtT p-rints the 

sent•n•~e' (Pl is va·lue) with ~he•· •PPTIPN.i:•t•' sv1Jat it.tie\\ for value. 

Be~ ,,..,_ sbRw: the fall' set of:ieqc,uations:, and1:1tha·IM'i.ated solution giVen 

by STUDENT fo.r the example·. 'M~ng::;coc•ta~,' l&r. ease· in ao·luti.on, the 

last equations created are put first in the list" of .. equlilti'orl.s~ 

(lBE EQUATIONS T<>::BE S0LVED::ARE) 

(EQUAL XOOOOl 'NUMBBR;OJ. CUSDllEB.S':mll t&ftS/VBRB))) 

(EQUAJ.,.(IJllllD er ;.AJWDT181MEnS ·~BB/PM)HlUNS):•45) 

(EQUAL (NafBER OF CUS'JDtDS 'lt»t: (GETS/VERB)) (TDlES 2 (EXPT 
(TIMES .2000 ,OttlmER OF ADVERTISBMDTS (HE/PRO) RUNS)) 2))) 

·.,:.r. 

(THE NUMBER OF CUSTOMERS ·'J.UI( QB'llS l&'.:162) 

In the example just shown, the eq'1ality rd•tion was· indlcated by the 

copula "is". In the problem shown below, solved by STUDENT, equality 

is indicate4 by.>the ocautl\el)ce: l!d!:-W 1ft*1Uff..'t,i:(ilei dttlf1fti ~·proper context. 
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(THE PROBLEM TP BE .SOLVED u;) ", 
; : : . . ' ' ; ~· 

(TOM HAS '!WICE AS MANY FISH AS MARY HAS GUPPIES. IF MARY HAS 

3 G~PUS, WHAt ~ .D.IE .~ 0,_,~Jl.rqt!~; Q.) 

(TIIE EQVA'.CIONS TO BE SOLV,Ep ,Al\E). , ~ ' ; ) 

•J. 

(EQUAL XOOOO l ~NUMB)pl OF F~~ ... ~ (~~Eq))) 

(EQUAL (~ OF ~;l¥ .. ,QWlY/.~) (~/Y~)) J). 

(EQUAL (NUMBER OF FISH TOM (HASf;V~~,j(.~ +.-(~E& OF ... J·• 
GUPPIES (MARY/PERSON) (HAS/VBIB)))) 

,' .... , ; ~ ' ""· 
(THE NUMBER OF FISH TOM HAS IS 6) . 

f ·.; 'f~"j ',Vi ;_ --: . " 

The verb in this case is "has". The simple sentence ''Mary has 3 

guppies" is transformed to the "equivalentn sentence "The number of .. 
guppies Mary has is 3" and the processing of this latter sentence is 

'"' done as previously discussed. 

The general format for this type of sentence, and the format 

of the intermediate sentence to which it is tr~n~forined is best ex-

pressed by the following METEoR rule: 

··:..· 

(* ($($1/VEIB)($1/NUMBER) $) (THE NUMBER OF 4 1 2 IS 3) *) 

'. • ~ J 

This rule may be read: anything (a subject) followed by a verb fol­

lowed by a number followed by anything (the unit) is transformed to 

a sentence starting with "TIIE NUMBEl.OF11''·£01i~~ed: rb~ t~~ un,lt,'' f~l-
•••.• ~. ·1 • • : : ,_,_:;·~: :-=" ~·n· · 

lowed by the subject and the verb, follow~d by "IS" and then the 
i• f ;. r 

number. In ''Mary has 3 guppies" the s'~bject is i'ifary", the yerb "has", 

and the units "guppies". Similarly, the sentence "The witches of 
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Firth brew 3 magic potions." would be t~d~c:ffinea- to; 

In addition to a declarat'ion trf' numbh-,,r:a ·afttgte·•obJect tran .. 

sitive verb may be used in a comparative structure, such as exhibited 

in the sentence ·"lom-wtl tWi~e '.aa'~y'ff:si\11~1 *~)!._h~s guppies." 

The MITIOR. ruli~ 'illhf:~h· 84.~es' &le' -et'fec~1&ai1l8~~'.ton'''for this 

(* ($ ($1/VDB) $ AS ~- $ ~§ $ (ll~)._,.§) .. 
I ·- ·'."'· _:. , : ·;_j • . ,;_:, '

1 
_,,J -.i, •1 t) .f.i~1 J.f_J! .. • 

('l'llE M1ED or 6 1 2 IS 3 THI N1IDlD. OF 10 8 9) *) 

For the example, the transformed sentence is: 

"The number of fish Tom has is twice the number of guppies 

Mary has~' 

Transformation of new sentence formats to formats previously 
- . :·ri _ , , .:· ,· 

"understood" by the program can be e~s_ily added to the program, thus 
'> ~ ....,._ ' ~ .i - ! . i ' ' ,·: -~~: l __ ·. '. _,:: ) ' : . ~ - ! -·· . 

extending the subset of English "under~t~~'.J>_y STUDENT_. In the pro-
~ .~.;. ·1·--: ,,~· ' . .,:,i ... h~ ~M '•,: '\ ~ ''; ~ _; • 0" > 

ceasing that actually takes place within STUDENT the intermediate 

sentences shown never exist. It. was easier to go directly to the 
• .;. ... - ·'.;~-,---~: ~!- ~ ,_.": ,r-.!~-~:·:·:-1\_:·-:,_~:·.~.tji.-.}-~-"" · .. ,_ 

model from the format, utilizing subroutines previously defined in 

terms of the semantics of the model. 
- t I '1 . I ', ~ ': 

The word "is" indicates equ~iit~ ()nly if j.t is not used as 
, .1 .- -,_,, __ ,.\ ' : .·.·.:·. ·:_ • • . 'J. :- '.• 

an auxiliary. The exa~~-e below sh~ how verbal phrases containing 
- ; .~;; . -· . G I ·.:- '~ \ •• - • ~ ~ ; ·: t . . ; ~ ~ . .J • ; • , -

"is", s,~c~ as "is 'llll;lltiJ?.U~ by",. a!'d "is increased by~' are handled 

in' the transformation~, 

------------- ------



(THE EQUATIONS TO BE SOLftD Ad) .. 

(EQUAL XOOOO 1 (NtlOSEil))· 

(EQtjlt (PtdS'' (nMas (irtlQa}' 6) 44) 68) . 
>.; J 

(THE NllmER IS 4) 

The sentence "A number is multiplied by 6" only indicates that 

twb obj-ects il'l the' model STe related~ 'ftlUltlpl'il:atirity, li'iia do-es not 

indic-a:te expti~1t1;, any equaat·y relati'otr. · The'·1ntl!rpi-ei:ation of 

this ·sentence in the model is the prefix l1&t'8d.bii product: 
' ':."·-:; "4:), '·, : '.<': 

(TlMES (NtlfBER) 6) 

This latter phrase is stored in a temporary location· fdrposlible 

later refel.'eace~ In this-probiem, it is re'ferenced 1 in.tfle·nimt sen­

tence, witn the phrsse "TflIS' PRODUCT"> "The lraportant: ·wrird in this 18st 

phrase is "TRIS'' - ftoDINT ignores alr'other 1Kftdsr I:ri a variable co~­
taintng the key word''"'l'BIS"• The last,'t.Porar:Uy 'sto~ed phrase is 

substituted for the pbr.ae containing "'m1sn ~ Thu~, the' first thtee 

sentences in the problem shown above yield dn1y'otie equtltion, after 

two substitutions for "this" phrases. The last sentence ''Find the 

number."' is .t.ransformed as if it' were "What is the' number Q.", 

and yields the f1r~t equation shown. 

The word "thiau may occur in a concert Where" it is not 

referring to a.-previously·etot-.ed phrase; BE!loW ill' all' example of 

such a context. 
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(THE PROBLEM. 'l'O BE S~ .• ,W. •i/ , ,, 

(1H1' P~rQ.F 4. ~Iq.cl~·,;6i..fJ~c~~ .. • ~l'JJiiS PRICE IS 
15 PERCENT ;LESS ~ .~ ·~ ~eat, -FJJflna'ltlt ;)fARRED PRICE.) 

('lllE EQUATIONS 'l'O BE SOLV)f.p.AQ) 

(EQUAL XOOOOl (MARRED PRI~k , 

(EQUAL (PRI~ OF ~0# (~ .. ~~ ~: .f~CE))) 

(EQUAL (PRICE OF RADIO)(TIMES 69.70 (DOLLARS))) 

('lllE MARRED PRICE IS 82 DOLLARS) 

In such contexts. th~ phrase,. conttS~ing, !'~!' i.f':.~#llµ~e,4 by the le:fit 

half of the last equatioq .ereated. In tJlis, ~~. S~ breaks 

the last sentence into ,two s~le s~nten~s,,, d~~;i.ng· the "ll':'' •. Then 

the phrase "nils PRICE" is replaced by the variable "PRICE OF RADIO", 

which is the left half of the previous equat~on·•: .... ~. ' ... 

This prqple~. illust;r;ates two, e>t~er f41at;9~e21 of the. Sll'IJDENT pro• 

gram. The £:1,rst i~. the. act;on. of t~e C9,10P~~· op~n~-1tif "pcn;Aellt: less 

than". It causes the number immediately,prea•d*ng i.~J i.e., 15, 

to be subtracted from 100~ this rHulJ; d;1~~4e4-v;g;rl:QO ~.tu give .. 85 

(printed as .8499 due to a rouudbig .euor ·in U~•~ttg: point conversi.on). 

Then this operator bec~s the infix op•ra~r '~·~" ~ . ·This is in• · 

dicated in the table in FiguJ:e 4 • 

This problem also illustrates ho,¥ IJl)its ~}\ •s. '!:dolbrs" are 

handled by the STUDENT program. Any voi-4 .. ~iol\ .~di~tely ,follows a 

number is labeled as a special type of variable called a unit. A 

number followed by a unit ii:; traa.t~ ig, ,t~ AAu•~J.on· a!U' e product ·of 

the number an<l the '»}it,, e .• g., 1'69 .70 ~~'~ ,b~oaef:J .!~{l'Pf!S 

69.70 (DOLLARS))". Units are treated as special variables itn.s-olving 

the set of equations; a unit may appear in the answer though other 

variables cannot. If the value for a variable found by the solver is 
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the product of a number and a unit, S~T'conc~tenates the number 

and the unit. For example, tlie solution for "~ 'RtCE)n in 

the problem above was (TIMES 82 (DOLLARS)) and STUDDT printed out: 

(THE MARICED PRICE IS 82 OOLLARS) 

There is an excepti~n to the fact that any unit may appear in 

the answer, as illustrated in the prbblem below. 

(THE PROBLEM TO BE SOLVED IS) 
(IF LSPM EQ'QALS 9 INCHBS. MID !l PA'l'BOM &QUALS 6 PBET, 
HOW MANY SPANS EQUALS 1 ~ATHOM Q.) 

(THE EQUATIONS TO BE SOLVED ARE) 

(EQUAL XOOOOl (TIMES l(F4THQMS))) 

(EQUAL ('rlMES 1 (FATll0."8.)) (TIMES 6 (FEET))) 
i" ·"' ' " ' • 

(EQUAL (TIMES 1 (S~ANS)) (TIMES 9 (~S))) 

THE EQUATIONS WERE IN.SU!'.YICIENT TO FIND A ,SOLUTION 

(USING THE FOLLOWING KNOWN RELATIONSHIPS) 
((EQUAL (TIMES 1 (YARDS)) (TIMES 3 (FEET))) (EQUAL (TIMES 1 
(FEET)) (TIMES 12 (INCHES)))) 

(1 FATHOM IS 8 SPANS) 

If the unit of the answer is specified, in this problem by the phrase 

"how many spans" - then only that unit, in this p,t0blam "spans", 

may appear in the answer. Without thi• restriction, STUDEN"r 1would 

blithely answer this problem with "( 1 i'A'DiOH ,IS 1 1'.A'DIOK)". 

In the transformation from the English statement of the p,roblem 

to the equations, "9 INCHBS" became (~S 9 (INCBBS)). However, 
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"l FA'lli()lf:" b~~e ,"(TIKES 1 ~~~))" •. Th.e p1ur,~h f~rm for ~.atJ;iom 
' ' 

has been use4 .i~~ad ~.f .the singular f~rm.,. S~~·-talw,~ys u,s~~ th.e 
- ' .. '" . --·. .· . - . , ··~ , { .": - ~ ... .) '-- . ' ·. . --· 

plural form i.J ~11own1, .tD egs_ur~ th~t ~.}..1 ~it,.s.;~e~'i .i~ pnl.y .. Q,n~ 
. - ' - - _,. ·--·-- - . , -·I(" .· ... _, .. 

form. Since "fathom" and "fathoms" are different, if both were used 

STUDENT would treat them as dist~fl, .u,n:t:;~l~i)~ .u~~~· ·: ~e plural 

form is part of the global information that can be made available 

to STt1J?Em, and ~~-e .P.\~ra 1. form, '.o~ .~~ ~wcrr'\ f.8,. ~r';l.~l\~!~·~°:t_e~, f?r a0ny 

singular form appearing af.t.er n111 ;11,.,,,ny phr:~s~~., ,,'J;'i\,, invers.e opera.­

tion is carried out for correct printout of the solution. 

·. -: 

Noti\Ce tl\.at-~HinfcHinatien givm in therp~blrem:was 'insufficient 

to allow solution of the set of ~q~at'ionift'</.~e ~;ol~ecf·'~~refore, 
STUDENT looked in its glossary for information concerning each of the 

units in this set of equations. lt :'¥c;~~d "tne rel~ttoris1i1p;ttf foot 

equals 12 inches." and "l yard eqti~.i~ '3 f~et;.. Tiii'in~ 6niY {the first 

fact, and the equati~ri it impll:~s ~ 'stubm"_,i!/' thi~~"a·1He 'eb:·;~\hve the 

problem. Thus, in certain cases··:wtiere :~;'p-i~1~-'t~·r~6t :,·n~'tytic, 
in the sense that it does not contain, explicitly stated, all the 

information .need~d· for it;· sril~tfon~l~x~~f·{~; ~~ff f~··dr~w: on a 

body of facts, picking out relevant ones, and use them to obtain a 

solutio.IJ.. 

In certain problems, the transformation process does not yield 

a set of solvable equations. However, widlan·~IHiJs•1 0£ -equations 

there exists a pair of variables (or more than one pair) such that 

the c.o vi.ri&bles are '.onliy "•Hghtly idifhr.eac" ;::.ct&!114Lreally n81U ·the 

same object 11.1 die 'mocletl. When a ,set of .ieqq~~¥.>n• 'fs "UllS!J'9-~~le, 

STUDENT ••&TC!lesi far relevant global >eqerKi:lioM. ·JmPMditfion; it: ~ r • 

uses several heftU~Jic 'teciha,iqufi· fol' 'id.i81irifyilig ~ 1~~li91ttly ·ii~, 

different" variables in the equations. The problem below illustrates 

the ·idenetf~tion ef·cwo :,r.ariablea wherer'-.'ili one JMirloahle ,a prdno\J.n 

has been :aub&tituted.fOr a noua·flhrase ·in°~bhe'~~ 1iariabte. /fbis, · 
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Ide~~iHc~tion .. is ~de by. chec~t,n.~c,~U. Vf'J£!,~l~' ~_,~~r~•,.ul?.s,oub.one 

containi~g tlil~ P,J<'9no~n, fin4 f~Jtd1.usr~u~i~q ~~q~~~l}~icfl.l,tq ,;~~s,, J""; 

pronoun pbr,~e~ ~~~h: 4 ~ sli\>st:L~u~i~!\Jo~--~ ._.~,~~n~ .. ,9~ ~ff~·: l~~g~h ~qr- . ;u1:T<; 

the pronoun. 

(THE EQUATIONS TO BE SOLVED ARE) 

(EQUAL XOOOO 1 (NtltlU!'iOtt:~~Ills<J'{'l'lllt1fi(j~~>J (Uft/VERB))) 

·._ {IQBU:{tnltbl bP ... lllt)fPMJY~vlMIU)J··~OOO) 

(EQUAL cmmn or soi.bfii;:;ilsi~'1{i.W/riiiWf1fTIMEs .sooo 
_.,---.... .. _,01 ililllilllt f"7.~)T3flla19tfiflftlftif'l.'l'~'i'<'C'' T )•. '. • .. ~·...aaAr: ... s,·,~,"'1Kl.a.,,.., b.-~..,..,.?._.,,., 7,t:..i/ 1~t .. U~1 J / 

( ( (2~LlL7{; · : 

If two variables match in this fashion, STUDENT assumes· th~- two 

var~4~~ea,:a~~ 'R~t"£iiP~~t~·'-1'ft,;11 ,~,,5~ftc~i~M2~~l;5~~n, as 

shown, and .adds an equation expressing this eqfflMY0~11;~~~~,et 
to be so 1-ij-Qdr..i . ''l'hvI s0liietoa1 ptocedu~aaUFJt iflill.I'la Iii, HttttlF~tUHs 

additiori~i ~q~~~i~~i:'" fh' 1 tf'.i~3~~1~: ;tfi~ ~~lti~atc e~ll~~idJ was 

sufficient to allow determination of the solution. 



' ·~ exampl~ beldw fs again a "non-analytic" prdblC:!m. The first 

set of equations developed by StlmENT' is' iituio!vablt{~ ·Tl'l~refore; 

STUDENT tries to find some relevant equations !nits stt>re of glo­

bal information. 

('UIB.EQUA .. lOlfS.TO IK SOJ:;VED AU)< 

(EQUAL tlooe>Qi (~i0f::CJ6UQIS QP CWk;USID ·Olf TRIP 

, BE~.1~1.!Q~.~J~QS~~~)T , ; ,,,1.'.. ;. . 

(EQUAL (Dts?Alfm Bl1WllN '1'08\'Wnt!ID::IDf yOU) (TlMES 
250 (MILES))) 

(EQUA~ ,(GAS ~S~;I;~' .Qf.. .. MJ .CAJf)(Qm?'.J;I~',f (~S 
15 Ollf.,ES)) (TtMES·' 1' (\#\llOttS)})) ·. ' 1 " .,, ·-' ": ·" 

THE EQUA'.I;J;ONS. WERE ~SUFFJ:~~T, 'Jl?,r,tftt>'.~~~J~TtQN 
' . : . '· • ' .J:":, I 4 '_',: ,",7 ·'" • / ( .!:': •. . 

• l: ; -\· 

(USING THE FOLLOWING ICNOWN RELATIONSHIPS) 

((EQUAL (~I~=~i~~l (~J.>EEJ?) ,.(T~l}}.,,<~Jl~l,. (DISTANCE) 
(TIMES ((J/{~ ON1 '\NMMit'-'OJ' GkLf.ol§" OF· 0 GAS USED)))) 

(ASSUMING THAT) 
((DISTANCE) IS EQUAL TO (DISTANCE BE'IWEEN BOSTON AND NEW 
YORI9) 

(ASSUMING 'l'HAT) 
((GAS ·a:Msmn»TION) IS EQUAt TO (GAS • cX>I4°SUMi>ttON OF MY CAR)) 

(ASSUMING ttit)· · : ··· r ·· 

. (ENlltUR er ~LLOllS OF GAS USBB),;IS, IQUAL. TO ;(NtllJBBR OF 

GALLONS OF ~SY~~~~ TRif!~'l.'WE~.~ YO!JC.A,ND .~STON)) 

') ~ '' . .. : 

(THE NUMBER OF GALLONS OF GAS USED ON A TRIP BE'IWEEN 
NEW YORK AND BOSTON IS 16.66 GALLONS) 

It uses the first word of each variable string as a key to its 
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glossary •.. :rhe Of\ltC' ·~ception to this rul~ ·f.JI ~~Jl<t.· . .t~:~4s ,l'~ber 

of" are igt;tored ~f tP,,~y. a,re the f.i,;-at "YOHf~ci•-,~f 4t.·~at'i•~ st.l'-418• ' : 

Thus, J.n this prpbl~~· S'l'Ul)EN{t,,, >'4j!tri~ve4 ~t:i°"'b ~fl,1 ;we·fe, •t:ored, 

under the key words 4\la!tepcS<_,: Wfllem-, .&!!.:• ,,,.~·c!l\U@f!• .. ,,Two:·~c~ 

about disj;a1l.C&, h~ci ~en •to.red,. earlie:r,i-~ '"dil4-$:aµc~:: E!4<11aJs ~peed, tJmes 

time" an<.L "dht~n~e eqy_a,la ga.s .~SlJllWtioa ~i~~--~f!ro.of: gallops . 

of gas used". The equations implicit in these sentences ·WJ:'~ e.tored; . 

and retrieved now ~ as possibly useful for the solution of this 

problem. In fact, only the second is relevant. 

Be~ore any afi;t~t i~ paade .to solver:,i;h,iti.:,a\f.•e~ed ~~t; of· 

equatioI?-s, the v~r~_..})iles_ ;ln .t;:he lfUS'(MpJ;4d.,J~"-~~e"'""t~).ed, •to ident,i• 

fy "slightly 4ifJe~§!~t!' ,va~i~J;>J.es ,wff4ch:·:r~f~rd;t>~i ~lie, s&J-.ae. oO.ject io., > 

the model. In,this e~aJJple "(DlST.ANCE)''_.,'!'$.AS:iOISUMH'I9N)" and, 

"(NUMBER OF GALLONS OF GAS USED)",'ltJie.all.::.tdeo.t:!U.~d with ~'similar" 

variables. The following conditions must be satisfied for this type 

of identification of variables Pk•n~h,J.:- :<! '" 

1) PLuµ.Jll}t -.ppear:.1lat:tlr io ~1'e.,5Q)t~elli'thJttr. n · 
2) Pl is completely coHt~iti~; th. 'M'" ini··tfie · fhiirun~ ·that Pl 

is a contiguous substring within P2. 

~, \ ' ' 

'!1lis identificati1,11n reU~ct;s ·a ayntaettc pllenao~nQJr:where a 

truncated phrase" w\th o.,:ut; or more ,,~~fy~ng).Jnr~•I~ .4rgpp~@, is 

often used in place of the original phrase. For ex~m~1~;· ff' the phrase 

"the length· of a rectangl~u ·'has <:>ccctrr~d·: ·Jt:btFpHz:~~~~~th~~1,l~t:lgth" 
t. ~ ·~. ! ·_, '. - -~- .·- ,· ."; - ' / 

may be used to mean the same thing. This type of identification is 

distinct from that .made using pronoun ~u]>stitut~~n! . 
• ! • ; 

In the example above, a stored schema was used by identifying 

the variables in the schema with the va~~.~~les tha~ o.ccl3r in ~.he erob­

lem. This problem is solvable because the key phrases ''dist~nce", 

':'gas consumption" and "number of gallons of gas used" occur as 
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substrln:~ of•the'·va<ttables in the'pt'oftlem~ S!~~::;:s!tJl)'llT·1Cienti• 

fiea 1 each" gette:d.c. key phriwe-:"of "the;-~ 'witll" av ~tlhultr flt'i;;;_-; . 

able·t>f:· tile pHbt·e.;.; a'fty' iscMBle can heJ~eecJSfit.Y,ori~ 11\-ra pr'ohlietn. 

Because S'l'UHNT-lllallilill..~s~::U ~~!!!!!!'1&iMbn'lf 'canm)t'''' 

solve .. p.rob198 in.t\ich :a: rel11tionthf.p0 ncl\'>lt1tJ•cM.ffi~~·I~.ls~.·' 

speed t imea· t: iiue"· i;M•i.Mei'8' folr0 t•''ilil:'fferei '81.we:& 61'"' iiillt~~ce-T 

speed·~ . amt t:ime. · · · -

. i 

E. Possible Idiomatic Substitutions. 

There u·e • .,. ·· flll"isuil'*bt~iir ·nave a· · ctuai; chificter ~ · · del)endt~g 

,. 

on the context. inJtfte'iexampte;;be'lev} ·the·1jhris~"t~liaet~1;of'i '' 1 · .,, · 

rectangle'' ~comea a ·ttartablelwitfi:JftdWrefei'eMflVtoJiJ.t85'Matting,· 'or 
definiti0n, ln tehif'of'->'the.:lengt:h:'t1ftclT~Qtti efq'!Wreet!angt.e. 

('IRE PIOBLEM TO BB seJi.fEJ>nu)'~ ''"'~" .. :.. - - . 
('l'llE S1Jll or 'DIB PDDll'l'D OI' A JllCTANGLI .AID 'DIE PD.IMETEll 
OF A TllUBCLE IS 24 IRCills. D' '11IB nam&'lD OF 'IRE RECTANGLE 
rs 11ncar1a.,~taJ11nU. ot •~nu11111r, :iwr1 is m1 
P~,or,~ ~:tQ.-.) ·_:,-,.~:c,rr<1··· .:o!. ('. 

1} . 1 t (-- :~t.'".clJ:~;1.:l•• 

('lBE EQUATIONS TO BE SOLVED ARE) 
(BfflJA111;Jl00001~<PD.B11Ba &F'.:nmou,)::. ,,,._, l; , .,, · 

(lqun 1 {'PDD11ftll.>ie1Fv~· (!DID 21 EPDIM!Til or · ·· -, 
' '_ ~IA1!~~)1 · ) \) ·:; _ . , . ·. i. : ;:,Ff \ \ i. ~" •> !) :( .. .i 0 9 '.; b ~ '; ·; : . F ' • •. ·• 

·.··~~t .\~~rm~~~·.o" ~~1~~~~(lOlfl ,~~>> 

,,,,; . - • . : ~ .:· _ _;_.-j'', ~:~~l1.: .. : ~·?._,.:...-;1'"'.'1 -;~, •. :: 

('l'HE PERIMETER OF '1111 TB.I.ANGLE-IS 8 INCHES) 

Howe'7er, the 'following pr~bl~ is stated {~ ,te~ (;£ the peri-· 
, -, ';'~-- ,<J ~·_;dHvlu2 .:;;.j ~::c.;; : .. :»J < ;· .~··· 

meter,· 1ength aiid ,;idth of the rectangle. Transforming the English into 
:_ 1, } ( ·~ ~:i.if1~1)fr 1 ~ fJI1L'" n, ... n ~ 'i:- 1:·:, ' 
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<THE EQUATIONS lOBE SOLVED ARE) 
.. 

(EQUAL G0251& (WIDTH OF RECTANGLE)) 
- i -

(EQUAL G02515 (LENGTH)) 
._, , ,,. ; ~: ~ :·j.;:: I , ... ~· j ~ , I .. -

(EQUAL <TIMES .5000 (PERIMETER OF RECTANGLE>) (TIMES 11 CINCHES))) 
·1 . . ... _. _ j 'J .!..? r~ s ~:Lf ;t, r 1 ;-~ S :; .::~ 1 ~ J · .,. . 

<EQUAL c LENGTH OF RECTANGLE> <PLUS <TIMES • <INCHES» ··cwaDTit 
OF ¥GT~ti!IUJ. · . ·1 ~- ·'~"'-: .,:;' _; • .,;: 

lH£ EQUATIONS W£RE INSUFFICIENT To FIND A sOLUtl'Otl .. 

CUSIMC TME FOl.l.OwlNC KNOW RELATIONsHIPS) ' .. - . 
((E~ (T~~i .J UHT}) q'Mt£S ·U H~E&)i>U ., ' 

USSUMl .. G l..U> .. . . " .·, . - .. , 
(( LENGtffl IS -lQUAt 10 (LENGTK OF RECTAffGLEh 

1HE EQUATtO.S WiRt 1Nsun1 dE•rt>'TO'· n..U·~" soi:ITttiif · ., ; 

TRY.ING PO$Sl.BLE JDIOMS 
\. L} ~- • 'f ·!. 

;..·_ ', 

(THE PROBLEM WITH AN IDIOMATIC SUBSTUTION IS) . . . . . 
(THE LENGTH OF A RECTANGLE IS • INCHES MORE THM-'1itt wrDTk" 
OF THE RECTANGLE • ONE HALF OF TWICE THE SUM OF 1M£ LEN8TH 
AND WIDTH OF THI RECTANGLE IS 11 INCHES • FtllD THI LENGTH AND 
THE WIDTH QF THE RECTANGLE .) 

• ' ! .·' :_ f c _-, £ . 

(THE EQUATIONS TO BE SOLVED ARE) 

(EQUAL 602511 (WIDTH QF RECTANGLf>.~ 

(EQUAL G02517 (LENGTH)) 
' ' ~ ,; 

. ,; '. 

(EQUAL (TIMES (TIMES .5000 2) (PLUS (LENGTH) (WIDTH OF RECTANGLE))) 
(TIMES 11 (INCHES))) 

(EQUAL U.!NGTH. .. Of. UCTANGU) l1'LUS. (TU!1£S· t·: <INOttlU ..(jOWH-' . · <. , i 
OF RECTANGLE>)) 

' ·,·._ 

TliE EQUATI~ lifH INSUFFICt·ENT TO•.it.HO; A·llWl.t:Oll~: 

CU~NG THE _fQM.IWltilG UOWll -RELAJtON&HIHJ ~,. 
((EQUAL (TIMES 1 (FEET>> (TIMES 12 CINCHES)))) 

i' j •' 

(ASSUMING THAT> 
CCLEHTH) lS '~U4L TO HENGTH! i>F' REOTAHel4lh·,., , 

<THE LENGTH IS 1, ·, NCHES) 

<THE WIDTH. OF THE REcTANGLE IS 5 . I NCH ES) 
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·;. £'' ~:- " •.•. 

equations is not sufficient for solution. Nej.;tbei- fetJTieyj.ng and us­

ing an equationi:.ut- ff;i.n~G~•~""' die lint:t j,,~ ~~ ~l;obl~,- .. l\PT' i;d~nti-
;k:.·1·.,_'. '>,:' :;,;· ~ ~·::,·: )_.~·; . " . ·.-· /.'~ . . -; i«··'~, ,.. ·?· - '.. . 

fying "lengthn with ·a longer phrase serve to make the problem sol-

vable. Therefore, STUDENT looks in its dictionary of possible idioms, 

and finds one which it can try in the probl~·. siim£NT 'actually 
,, -, ,. - •,. j 

had two possible idiomatic substitutions which it could have made 

for "perim~t;;r of,_;~ ~e;.t~n~l~"; one was in te~s of ~he length and 

width of the re_ctangle a~~ the other was in. t~rms of,.~~~ ~h.?;rtest and 

longest sides of the rectangle. When there are two po6af1He: &ubstitu-

tions for a given phras~.!'l' ·?:n~_ is tried. f~~~~'-":fl~:~elj, the one STUDENT 

has been told about 1110st recently. In ~his ~~~ple~,, t,~~ correct one 

was fortunately first. If (the other Mid· ;be~n fi'rl!Jt, the' revHr~d 

problem would not have been any more so],v~ble., than tP,~ .. 1d'riginali · 
·' , . ~ -._ >·.· ~ :.~ « _,.;"•V·,.' j : , , 

and eventually the seco,M -~~p;rr~e~p s,~s,t+t1ftf9n wouµI have _ 

been made. Only one non-mandatory idiomatic substitution is ever 

made at one time, although the substitution is madefor all occur-
•,:•· 

rences of the phr+se c;bos,:en.' " · ·· 
,,-. 

In this problem, the idiomatic substitution made 'allows the 

problem to be solved, after identification of the variables "length" 

and "length of rectangle". The retrieved equation about inches was 
.,. 

not needed. However, its presence in the set of equations to be 

solved did not sidetrack the solver in any way. 

This use of··possible, but non~mandat:ory idiolaat1c substitutions 
> '~ 

can also be used to give STUDENT a way to solve problems in which two 

phrases denoting one part:d;eular va'riab1e ate 1 quiite diM•tMit •· For 

example, the phrase, "students who passed t:ha .. '8iCitnissi0ns' test" and 
• •. ; ; : f !; ·: ,~ ·. ·.• " .... 

"successful candidates" might be describing the same se,t of people. 

However, since STUDENT knows ·n()thing of'<..tl1:~~ 11t~al·wot1a•1 and its 

value system for success, it would never identf.fy tq~se two.phrases. 
'j , 

However, if told thit"successful candidates" sometime means "students 

74 



' . ~ • . . ""! • :. .- ' ' r' ' : j' ~ •• I - ,.~ - • : . 

who passed the admissions test'', it would oe '"aisle; 't'd'"'solv~ ·a-· problem 

using these two phrases to identify th;e J~ vlf:?fal:H~!"il4MJ~'('po's'­
sible idiomatic substitutions serve the dual purpose of providing ten­

tative sut>stfrudons of deflmti~n.Ei, ariJ'~itii\'t:itrc?l&ori'JJf I,~Y'Wono~:;:· 
mous phrases. 

.:. i 

F. Special Heuristics. 

The methods thus far di.scuS's·ed' h~~e tieeri' applicabiJ ti{ the'' 

entire range of algebra problems. However;"f& s~~(i{~'f c<la'S$~;~·of, 
problems, additional heuristics may be used which are needed for 

members 'or the class; but not 'appl:i.cab!t(tb dtii~r·:i>'hh,f~utL TiA~·'.'' 

example is the cla·ss of age problenui,''~ui 1 t:ypi1tf~a1>y'i1le
1

:::probre"m 
below. 

I;; ,, 

('J.'liE PROBLEM TO BE SOLvEn'ts) ", 
(BD..L S:dM.l'llla· R· ~ Ia11Wti81'dJrOW\- JIJBHS:iFAlftlE&. a. 

~llS~~-=I~~ ~:~).~~Wt£~~ O~Jr~~ ~~If· " 

: , · ·~~ { : · - ·': ,' .'.. ~f·r c.< •• .J r~ • .. • v.1. ~Ji q ..,. ·: =, · ~· ~ , ( 

(mE EQUATI?NS ~- ~~. 1~J.~~ -~) • . 'Y' , _ 

(EQUAL XOOOOl ((~IL~/ r~~O}; ~:~)lt,,qsi:,: 
(EQV~ .Q'MJS. ((ll~L I l~~~) ,..$"',{lf\~ Ji, l?JR$00, ~-- (tmf*E 
t PERSON) s 'AGE), (PLUS '{\D.&.w.''/',~'T' \tATkkit." I ~) 
S AGE) ((BILL / PERSON) S AGE))) 92) 

(EQUAL (PLUS ((BILL / PERSON) S (FATHER / PEllSON) S AGE) 2) 
(TIMES 3 ~PLUS ((BILL/, PJ!:~)r; ~:·i~J,?), ,, , ·,,-; , ; .. : 

(BILL S AGE IS 8) 

Bef9re the age problem heur~ist:jc_~. a.r:e, ,u¥~~l .. ,?:, Pft.9~~~~ ~:t ,h~ .. 

identified a~ belong_ing t() t}i~t c~ss .~.fJ_>r.9btfiY \m~~ #~~~Jes , . 

age prob le~~ ~y any occu7~ene;~_ e>.f,}>ne e>f:, th,~ .f?J]-p,'ffi-n~1 ,Pltt;~~.~~ •. :"as" Bld , 

as", "yeafS old" and "age". 'ntis id(i!1'tific~f~iop, i.'"·~e,,,i,!_l!Qec~~a.t:ely 

after all words are looked up in the dictionary and tagged by function. 

75 



After ~he special heuri~ti:es a~e .used t;he ,nap~,i,f ied J>.r~bl~m .~~. trans-
, ._" (; . . ·~· : .: { .: .;; ' . - - l ' • ·, .,; '-- t • ' ' • - '~ : 

formed _to ,eqt.\~~,.1:'>n~ .~' Ae,~~<;f i~~9. pre:vi~us;iY ~. 

TE.~,. nee,d fo~ _ _'IP,e~,ia,l :Frl~~t\04~,. f~i:- ~~· P.r,ob,l~ms ar_i~es ~ecause 

of the conventions used for denoting the variables, all of whi~h are 

ages. The word age is usually not used explicitly, but is implicit 

in such phrases as "as old as". People's names are used where their 

ages are really the implicit variables. In the exa~.le,. ~pr instan,;e, 
._.i .. 

the phras~1 :;"~ill'~- .. f~t,h_er' s. u_q,cl~~~~ h "m~4, }.q,st,e~d ~~: ,tii~,, phr~se 

"Bill's, f~t}~~:r '.s UI).C.le' ~ ag!!". . 

STUDENT uses a speci~l heuristic .to ma)te aJl, these _ages, e.x-
: .._ r • ! · • -- '.:. . ~ , i \ • .l . ~ ; ~ • ~: ', ' .. ·:,- } ' ' ' 

p lie it. Tq ~o th_i~' ~t mu,s.t knpw which, ;1(pt:~S are c,"per,~Qil ~~rps II a:nd 
~-. - . J • . . . ·-~ -- ' . ' ' - - ' '. ·-:i ! ~. '/, ...: .. : . :- ' : .- 1 ••• - •• ' • • • • 

therefore, may be associated with an age. For this problem STUDENT 

has been told that.!!!!.' father, and uncle are person words. They 

can be seen tagged as such in ther,~q~~~~ •.. The.". ~· .. ~l~ing a 
' - - ' .. ~ ~ - . . '. ·:.. ' -. . - - ' . ' ' ' . -

word: i.s~·tlia;.'•B'llJDBRr npAllentil~;fmi ~al~; Uth!d; iaaat•d of 

"apos1trcfph~~, ~;.~:ti ,£i/'prp~~~-· cdlW~~;i~~f1!~-- -~~~f1)ff&~ks a 

"S AGE" after every person word ,!!2! followed by a "S" (because this 
! .· ~~ .e i .·, ', ,- •.-(. :·:·.r· -: ·r· i"'> ·_ !<'" , - • 

"S" indicates that the person 'w~rd 1l.~''i:>eiri81 da1

ed · in 'a lfosses'siive 

sense, not as an indepentl'~nt' age·.J.J'~rt~ble):.c":>~rtius', "8~::·iridfc~~ed, 

the.~#11·~i.'i~f;·'.$.i~~·~-'w~~·-~~~;},l);f.~;ii~~'.(QNCLE s 
AGE". 

In addition to changing p'tifases naming' people to ones naming 

ages, STUDENT makes certain special idiomatic substitutions. For 

the phrase "their ages II' STUDENT substitutes a: co'bJii~c{iori- of a 11 

the age variables encountered in the problem. In the example, for 

"THEIIf'A~· s~ subatlt'iites' "BtLL' s:'rXmtt {~f~; s 'Atif AND 
BILL' s1 nmn ·~::ref~· jftt' s AGE".'; ;The ~ii~~ses <t•1.'s o'td''~s1' a'.nd 
11ye:1frs old"'ii'ie: 'tlietf ~~tet~d ·~·s · dUn.ni ph~aiit8'h~t;k~v1ris· ~ti)r 'meaning~ 

,. . L ' •' 

'rb:t!T'e is' no n~ed t'o 
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preserve the tense of the copula, ~igQ4f.;.t,_b,:e~.-er:fre~~ ~re or 

pS:st t4!nae: b,pr~e~f!d'. fr()tu~·:pi:~t~l~~i!s~ ~af_f~~om now", 

or "3 years ago". 

"· .:'J_ 1 •• ~!(~· ;"; . .i::<',''.~:··:;(·'._1 1'···i. ·:··:· 1 

The remaining special ag~- Pr'~~~~ be't~~A~ti~•t,,'i~- us.~<! ,i_o process 
. \ .' ,,: ... :t '., .. ,.,.,.c"':' . : ·' ,j·~t' .. ',-~ .. '_\L~ .-··-- ; 

the phrases "in 2 years", "5 ,years ~:g'(':'·r~~~Hr"~o~'~·iii ~e .;~h,!'.~r~e "2 

years from n~w". is t,r~~formed _t~ _ni,~ ~' ~e~.r,s',' ._l?e~,or~ .\Pr,~?,~ss_ing. 
i. ' 1-1~' ' ' tJ .' '.. -~- "'' ·---·~·-1 ( ' { ~ .: ·~ / -··'« ~ .. __ , .... -,, ~-; 

These three time phrases may occur i111nediate\_Y:·M.t«I" {~" ~(( "age", 

(e • .-aVi• "~iii;•,s ap l y~ara a-go") pr. at ~aN~nJripg~f.,i~~ntence • 
.. . · .· · ..... ,~---~··~;i' •.1 ~~rr1 ~-r~ :f.-~ /_ 

If a time phrase occurs at the begirlntng ·01t·tife ~ittc~;-.ltt: ~lic-
itly modifies all ages mentioned in the sentence, except those 

followed by their own time phrase. For examPfe, <4•ur~ ye~W~~ill' s 

father's age will be 3 times Bill's age" is equivalent to ''Bill's 

father's' age in 2 years ri'H b'e' 3 'ttidia'~tt'Ps ilg.I in' ;t 'f~"'a'r;ri-! ·now• 

ever' "3 yea:ts ago. llaryA's ag'e wii"2' 't~1·~xtiu• 1~' ate i:rtow'*''is' ;Jqtii~alertt"'
11 

to ''Mary's ·a-8e 3 yetirs' ago Vas 2'Jttme'a'lAn;;"l ·qe" ·n~. 'Tlfus piefix 

time phraaets are hamtted tiy dUtt'fbut'fifs :twtiir ·av~'lr ''a·1t--aie-.r 1hot: .; 
modified 'bj 'aoot'he'r time -phrhe.i ,, ;; ,;;:;··. r) t < '" •,;i: .. 

After· these prefix ph'ras·els''ltaV'e l>eetl :c:ft81ti'ib~ed; ea'ch time 

phras~ is ttans lated i:ijfprc)pr'iiare'ly e . 'l.1fe '1'hi*We' Jttl1if tsrfj .. rs•i caii'ses ; '. I '• 

5 t'o b'e ·added 'id the 'age ft foflmi'!f,''.fand ~·'1,Yeati· ~-· ·c'ati~e1s l' r; 

to b~· si.ibtiacted' 'frbm the age· precettfhgrthf}t) pti£ait¥! '''l'li"e' ,(o~d "now'' 

is deleted. :. l ! i 

'o 

Only the spe·cial heurfs'tic~.- described' thha' 'fii vere ned~•aary to 

solve the first age problem. The second age problem, given below, 

requires one additional heuristic not previously mentioned. This 

is a substitution for the phrase "was when" whiclf ""Jl~t:f~-~ 'en,..._ :,.: 

couples the· tw0 f'acfia'i(~d.ribtnl!tf fW thJLf.&il~ 'A~8!1• ~ q tb~ ·~at. · 
when", S'tuD!Nt''sUbllttilit'eif· -1'wa1Fk ye~'T'ltjbl • "K: )f.flt~f~·gb••·'.~ltte · 
K is a riE!V'varlable 'cre:at'ed f'cir tttff ~di~} :ul._·: . ~ .. ·j l . ~. 
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('mE PROBLEM 'l'O BE SOLVED . IS) 

(~B.Y <.IS. 1'iJIQ;_ .W. ~QIA Jt~ :~ ~·~;i ~ ~ .}#S , ~S .OlJ) AS ANN 
IS NOW • IF MARY IS 24 YEARS OLD, 1l)W OLD IS AN'N Q.) 

(THE EQUATIONS TO BE SOLVED ARE) 

(EQUAL xoooos ((ANN) PERSON) s· AGE)) 
i ' ' ~ " . ~ . . c ~ 

(EQUAL (( MARY / PERSON)°·s AGE) 24) 

(EQUAL (PLUS ((MARY / PERSON) S AGE) (MINUS (X00007))) ((ANN 
I PERSON) s AGE)) 

(EQUA'L ((MARY /l!'l!JRsoN) 'S AGE). (nMBS 2' (PLUS ((ANN I PERSON) 
S AGB) (MJ;NUS (X00007))))) 

; ~ ' . . . . ; ' . 

(ANN S AGE IS 18) 

In the example, the first,se.Qt~nce b~~~~ the two sentences: 

''Mary is tw.ice as old as Ann X00007 yea~~ ~g~, XQ,OO<F years ago 

Mary was as old as Ann is no~." These .,tli(-0 oc.currences of time 
• ; - . . • ,..:. ... ". ·~·" . ; ·, .? ' -: 

phrases are handled as dhc~sse;d pi;evioua~. Simi,lCJJlY the phrase 

"will be when" would be transformed to "in K vears •. In. K years". 

These decoupling heuristi.cs are lfBefu,l Il().t only for the .. STUDENT 

program b.ut for people trying to solve a~e .~r,1ibl~. The c,lassic ~ge 

problem about Mary and Ann, given, ~hove, ;t_ook ~n ,till' p-ad,uate stuc;lent 

over 5 minutes to solve because he, did _not knQw thi~ .heuristic:. With 

the heuristic he was able to set up the appropriate equations xa4ch 

more rapidly. As a crude measure of STUDENT's relative speed, note 

that STUDENT took less than one minute to splve this problem. 

G. When All Else Fa~ls. 

For all the_ problem,!J discu.ssed th1.1.a far.,, STUDF;NX was aJ>le to 

find a salut ion eventually. Iq SOJU.e cases,, J1owever, peF~ssa~N; ~lo­

ba l information is missing from its sto,:-e of infqrma_tion, or VC\lri­

ables which name the same object cannot be identified by the heuris-
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tics of the ·prQgraUJ., Whenever S'EUDJQfl: <;~Q~. £:Lad ,a .solu~iqn for any 

reason, .Lt turns to the q.uee.tio~e~ ~or hel,p. As .::\!) ~e Pt:<>l?l,em . 
below, it pt'ints out "(00 YOU ¥NQW .:AlfY MQRE.~n<>QHUS. ~'I;W,EEN 

THESE VARIABLES)'! followed .by . . a l.bt;, qf it~ :¥f!I\i..,\tl,es ~j.q ;:t,})~ .Pt".Oblem. 

The questioner can answer "yes" or "no". If he says "yes", 

STUDENT ·&aJS '1'.EELL ME"> and the qlu~st.j.qn~t ~an ~pp~i\& anothei:: sen­

tence to the stateme~t of 'the probl~. 

(THE ·PROBµM l'O BE SOLVJ$D,.IS) 
(THE GROSS WEIGHT OF A SHIP IS 20000 TONS • IF ITS NET 
WEIGHT' IS '15006' lONS ' 'wHAT IS 'm W!tmtTuor !HE SHIPS 
CAB.GO Q..) · ,,;i; 

THE EQUATIONS WERE INSUFFICIENT TO FIND A SOLUTION 

TRYING i>OSSIBU IDIOMS . ·:. . ·. 
; ' 

(DO YOU KNOW ANY MORE UtATIOMSH'fits··~ 'rtmSE VARIABLES) 

(GROSS WEIGHT' OF sHIP) . , .. ;:r· ! · . ' : "l'. 

(TONS) 
·!·,,. 

(ITS NET WEIGHT) 

(WEIGHT Ot SHI'PS CARGO). 

yes 
TELL ME 

(the weight of a ships ca'rgcF is tlte Cf.{fference between 
the gross weight and the net weight) 

THE EQUATIONS WERE INSUFFICIENT TO F.Dl~· /\ .. $QJ,UTION 

(ASSUMING THAT) . 
((NET WEIGHT) IS EQUAL TO (ITS NET WEIGHT)) 

,. . : . . : . ·: ... · .. : :~ / . :;..· ' ' '. '~ 

(ASSUMING THAT) 
((GROSS WEIGHT) IS EQUAL TO (GROSS WEIGHT OF 'SHIP)) 

(THE WEIGHT OF THE SHIPS CARGO IS 5000 TONS) 
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In thftt 'problem, tbe additfon&l lfi{fot!lllMtl'iiOll' ·typMl ift :(iitl lo'ier · 

case letters)'· was ·sufficient to solve @1111,:proliJJeim~ ; 'If :fe11Wn 11ot, 

the questltMi 11<>uJ:d:f'ieltepe&ted··;tiftt:it t:Jt!el~·~fiatiOliet' ••td '•no-.~ or 

ln ·the -problE!m below:,· :~he 'sal'uti14nLto thehsec13of ecttta- TT\ 

tions involves solving a quadratic·eq11llClOnt;'lfhloh~i1-1beyo11d;tibe· 

mathematical ability of the present STUDBHT system. Note that in 

this case STUDBHT reports that the equations were unsolvable, not 

simply insufficient for solution. - · sn»an itUl 15equaats:.:rvdditional 

informati~o_,fr~· t~e,~.'~ee~l~r-~' ln ·~~ ~~~~;~{tG~'~'a~~-~l~ner says 

"no", and STUDENT states that "I CANT SOLVE 'l'HIS PIOILIM"1.ad terminates. 

('mE PROBLEM TO BE SOLVED IS) 
('DIE SQUARE OF 'DIE D~ ~,~,B~ER OF 
APPLES AND TRI Rt1mD of'··OlacB'~M"lfU TABU IS EQUAL 
TO 9 • IF 'DIE lltllBD OP APPLBS is 7 , FIND 'DIE ltltlmER 

~l'~2~~f.·~ ~~n1.: -· . .t(?::; I.Yi ''! 

('111E EQUATIONS TO BE S0~2 ~}.y~;,. : ::; , ..• , 
(EQUAL 002515 (NtllBD OF OIARGES ON TAB'Mi!)) 

(EQUAL (NtlmBlt OF APPLES) 7) · , 

(EQUAL (EXPT (PLUS (~.,qP;·#'~.l -(¥D.J~· (NllmER 
OF ORANGES ON TABLE))) ·. 2'.y- 9) - . . . .. - . 

UNABLE TO SOLVE 'l'HIS SET OF EQUA'nONS 

(00 YOU KNOW ANY K>RE RELATIONSHIPS Al«>NG 'l'HESE 
·~) ·!i,;:~rr;1···r·~q? lJ ·1:.1~r! ·e-. 1 .·J,,'.," ~~-

(NlllBER OP APPLES) 
• ·.· -1-." ·T'"•f'~ ·~·· r, r··· - ,- ; ·~" 

cmimEi oF oliNGE's" oN T.A:BL'E> ' ' 
~; .-•. · ..... 

I CANT SOLVE 'l'HIS PROBLEM 

• ;'?; .. , 
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H. SU11Dary of SAA S'lllRFJi'l' SW?:!eLo.f .inalhh •. 

The su.bs~t-;.n ipgl,.tsli" ~e:rs~a~aw,.,\ ~ S~JNT,Js bpilt 

around a core of sentenc.e . and phrase' f,,n;1aat•, ~i4h f:'.411 be· ~~a~,{q~ed ; 

into expressions in the.S~Dll.·ded~J:4-v1! 1~., iQa, th~s ~~i4;. 

core is built a larger set of formats. Each of tlJ.#S~ Ci;t'e U:rst., tJ;~{lS'" 

formed into a string built on formats in this basic set and then this 

string is transformed io.to"aJ:l expre~si.9n.:.in the 444u(;tive.modeJ.- ··For 

example·, . .the• fo~t ($,. 'J.$; ~VAL TQ .. U i..~r;clu~nge4. t(t .tile '91i!si,c f()~":' 

mat ($·rs. $), a~ tpe. phrase "I~ CQMSiW'!r.VE:.TQ',' .is,Jfhans~4 t;o 

"IS 1 PLUS0~ The c9nist;rµetJ.qns .disc;wt~ed ~a;rlier .\n,vol.yi~g.s~agle 

object triansitive v~~~ could hav~. J;>e~~ p.aacl.l~ct t)}is way,, t:}J.9ugb .... 

for programming convenience they. were ._not •.. '·' 

The -C()mplete list of .t;he. basic fonia;~. acc~pte~.iby t}le present 

STUDENT system can be det~rmiae4 by ~Xal&JiJ:l.i.Dg<(!~,tJ;l~ri&rqgr~'1J,-·Hst.. ; 

ing in the Appendix) the rules from the one labeled OPFORM to the one 

labeled QSET. The ME!EOl;ru1es of the STUDBBT' 1pfogriri\1pt~t!tsely 

specify the acceptable fo~ats, and their trans i•t49ft8 . tcptl\e model, 

but I shall try to sunmarize the basic and extended formats here. 
:'J.·.;: ·_;.,• < -~-';'_~ .. ,, 

Implicitly assumed in the syntax is that any operator appears only 

within one of the ~ontexts specified in the'table 5 ~il~1 iri'biapter II, 

and only the operators given in the table appear. The listing of 

STUDENT starting at the rule labeled IDIOMS gives ,translations of 
- .. 

additonal operators to those in the table. 
' .l' 
l • 

' ~ ~ ": ~ 

The basic linguistic form which is transformed into an 
. . 

equation is one containing "is" as a copula. The phra•es "is eql1al 
_;. ; ·. !.:-;·: -~.~ :,•\tJ] ~) _~;.~---- t· . ' ,! ··-:.:. t 

to" and "equals" are both changed to the.copula "is". The 
, ~ •' 

; £ ~ - ·- ~ 

auxiliary verbal constructions "is multiplied by", "J,s divided by" 
., . .._:,' ;·d ;'.~ <.i ·: ~·~ :· !~.n :3 -... : ;: '. . 0 r'?" ' 

and "is increased by" are also acceptable as pri,ncipa 1 verbs ·in a 
; ' . . ,. ,' . ' . ~~ ;, ' : ' 

sentence. As discussed in detail earlier, a sentence with no 
; ' '~ i ., ,, , .. , ' -:;. [<" f _. 

occurrence of "is" can have as a main verb a transitive verb inmedi-. 
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ately followed by a number. Thi-8 t\umbet .Jiu.Bt. lJi-'U~.element Df the 

phrase which is the direct otljeet ··of the ~1>,··~8 it\ "Mary:has 

three ·guppie;•1-. '11\is type of transitive ·V"er1i: can alet> have· a cotn,.re­

t ive structure as direct· object, e.g.,.-llaryit\tali twice as many 

guppies . as Tom has fishtt. 

This completes the repertoire of· declarative sent'ence format-•. 

Any num1'et of declarative sentences .may ~- ~jblned, with 11·;~nd" 

between each pa-ir, to form a new ( eorapiex) deelarattv~ s~ntenee. 

A declarathe sentence (e~en a complex declahtiv~)'''can be made 

a presuppetsit!ion for a question by precetlittt1it 'frith' "IF" and fol .. 

lowing it with a cooma and the quest iori.' 

Questions, that ·is, requests for information from STUDENT, will 

be understood if they match any of the pitterns: 

(lfHAT AU.$ AND.$) 

Y . (FIND $ ARD $) 

' (HOW MANY $ DO $ HAVE) 

(llOW MANY $, 1 IS $) 

CWHAl ~s>~) 

(PUB'$):' 

(HOW MANY $ DOES $ HAVE) 

This completes the sull"l!lary of the set of input formats present-
. -

ly understood by STUDENT. This set can be enlarged in two distinct 

ways. One is to enlarge the set of basic formats, using standard 

subroutines to aid in defining, for each new basic format, its inter-
. ' . . 

pretation in the deductive model. The other method of extending the 
:.·. 

range of SnJDENT input is to define transformations from n~li input 

formats to previously underst.ood' ·b~sic or extension formats. In the 

next chapter· we discu·~s h~w this latter type of exten~ion can be 
" 

performed at run time, using the STUDENT global informati~n storage 

facility. A combination of English and METEOR elementary pattern 
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elements can be used to defin@,tl)Q tnpet foniat.•lld tran•fonation. · 

Ev.en, it a st;ory prohl.~.ifl: i&t:•t-' •1tihil.n-<the ,a .. bset 1of<En1Ush 

acceptable to S'.WD.ENT> rthiJf. i.&•inQt ~ 8\MNntee :~1i' th:i.s :problem can 

be solved ~Y STUDJSNT (~as~ill3ci.t. to fl>e aoh._!tlo)rt , 'IWq phiiasea des~ 

cribing ;the object mu~. be . .at wo.rf>t..1oii~y ·''alialttl.ydiilffaeat" by· 

the er.it"~~· pt:eec;:.r~~ed ~rlier•-. A1pt~~i~~ alo~l··1ilfoaat1on · 

must b.a av.ailable. to .. $.WDEN'l', •41-4 the "Jiaeiia , i.,_'.YOWeid •AlfttSt .not .ex"t · 

ceed :t~· .... iliti.es of .~ "'lver,. ~~rfl .th~ahI'll0!8t alaebi:a story . i 

probleJJl& .. f:c>Ul¥1 tq ~e.oa~ard :texts ·~aAQti •. bec;aoJivo4 ~y '.S'ElJUB'E exa~ttly 

as wr.itt.en, the author :h•.s '•~:Uy 1-e• .·Ml•·~o· ibid MJJUtrfAS~J;aae- ,1; 

of almost all such probl~1-.•. l!Jh~l\,.is ;.ttllv""'~ ~~,,S'l'DBlt. J'Appendi.X .ilh 

contains a fair sample of the range of problems that can be handled 

by the S'l'UDBNT s.y~~·, · , .. , ,·'. .· :.· , : vd<~ 

I. Limitat!gps ,C);5 '<SM .tS'llll>ltflidpi!Mf! :JO! BliiM• '··· 

Th~ ·,te,cbnique•·:~liteicl. i• "tAi• •••fl ia. geaieraL am can ; . 

be used to ~1 •• :ia ~te:r· .p;rQlif',8ta ~.-t.......- ~.aitdljcWXiel!aanci 1& · 

fairly extensive subset of English for a fixed semantic base. HoW'I' 

ever, the current STUDENT system is experimental and has a number of 

limitat io"8 •'. 

matching,. - lf,ffoh f~t< ·iA .uilid ·:to.~ua ~1wsltng '\&adenitaod· , 

by STUDEN:r,. no ~ilJJAterpretati.qn will occua~;.:,; ,,~a.,rtheae;.fmlne~a. i 

occur, ~n E1J&1i.sh -di~urse uen i:n •ls~~a: ~-~Y :,..bin..'>' in: -•E111Snt-i.c1 ' · 

contexts. not co~1-Cih-,SllJIM'I~ fjnt.::p11il:llll&'*'_.~.,.tfr:ir ... ,.,,·:.1-1s-r 

·mats. For example, a sentence matching the format "($ , AND $)" 

is always interpr:et.ajl )&,,S'l'IJDIR'l' .. , thef:i:dltjuncti:tt::mu it1*J, declarative 

statement:&;· · :'l'bere~-.' the:- fl:1'nt:enc,e J?l'aa ,}uaa-;'iiJ -..a>~H3 ::b~•-r-r anal·;,~ 

4 pears·" wop.l~ be :i~rnec.tly _d1vldew "1to->·-.tha t:INf!mMmt-=-" 

83 ' 



"Tom has 2 apples, 3 bananas." and 0 4 pears." 

Each of the operatsr words shewrt"in;Ft'.gure 4 musti be used as 
an operator in the conttfll'.t as· show or ·a mfsinterpret'.atiion will 

result. For examplfa, the phras·e "the 'nliliber o;fHf:f:ntes I went to 

the movies" which shauld be'interpreted'ff' a vatiable string will be 

interpreted incorrectly as the product of the hi<> variable& unlimber ofH 

and "I went to the· movie st', because ''times" i& a lli~& considered to 

be an· operator. Similarly, in the current! implellien~a·t ton ·of -·S1.'uDENT. 

"of" is c()tlsidered to be an oper.ator if ft '-is i1ft"eeeded lfy any number~· 

However,· the phrase ''? of the bOys Who· pas&ed"' rv;nJ: ·}k misinterpreted 

as the product ·Of "211 and "the boys Wh& 'J)&SJsed". · · 

These examples obviously do not constitute a complete list of 

misinterpretations and errors STUDENT will make, but it should give 

the reader an idea of limitations on the STUDENT subset of English. 

In principle, all of the~e Ji.t.~trie;tJ~9LW.·~t.ilil"~~t':!:~e~~ · However, 

removing :;some of thaa would Pe,q«d.re ofily rm~·~H,to the ~program, 

while othe.rs would req11i.r,e t:eclmiques oo:t- UlSM i11tFt1\e 'emti«ent· 

system. 

For example, to correct the error in interpreting "2 of the 

boys who passed", one can simply check to see if the number before the 

"of" is less than 1, and if so'; only then' ~-et ,.\>If', .tfs ·.9'i;.•' · 

operator. 11-t:imes" •. · HO'W'eVer ,J a 1DUCh more ~~t~at1!d gt:8ttmar and 

parsing program would be rtecessary to dist-ioguish-: di..'f>'fe't'ent occur­

rences of the format ~'($ • AND $)n, and eot't'ectly ·ext·t'SCt simpler sen'."' 

tences from complex cooMdinate and s'Ubtit'.d.inatl~' .ent~es-·. 

Because of litllitatd.ons .of the· sort d~"l'bedi ~hove·;· and ·the 

fact· that the S'llJllBHT s.ptem. curre'titly, o®upie4r':81atbti.t'· all' uf the 

computer nimqory.,, Si'UDKMT, set:Ves· prtneipa·Hy: ia:s, :ar~stration· of -
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the power of the techniques utilized in its construction. However, 

I believe that on a larger computer one could use these techniques 

to construct a system of practical value which would communicate 

well with people in English over the limited range of material 

understood by the program. 
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r:--:-.·· 
I 

This algebra probl,.ea-solv;ing, sy.ft~- ~I\t.ai~ tw~ PJP~~ 

which process English input. One is the problem i:Au' i:<11.r. du~s~ • 
.. ' J ), '-, '~ • \ t ·- ·- ' . . 

STUDENT, which accepts the statement of an algebra story problem and 

attempts to find the solution to the particular problem. STUDENT does 

not store any information, nor "remember" anything from problem to 

problem. The information obtained by STUDENT is the local context 

of the question. 

The other program is called RP'JIEMBER and it processes and stores 

facts not specific to any one problem. These facts make up STUDENT's 

store of "global information" as opposed to "local information" 

specific to the problem. This information is accepted in a subset of 

English which overlaps but is different from the subset of English 

accepted by STUDENT. REMEMBER accepts statements in certain fixed 

formats,and for each format the information is stored in a way that 

makes it convenient for retrieval and use within the STUDENT program. 

Some information is stored by actually adding ~TEOR rules to the 

STUDENT program, and other information is stored on property lists 

of individual words, which are unique atoms in the LISP system. 

The following are the formats currently understood by RF.MEMBER, 

and the processing and information storage techniques used for 

each one: 

1. Format: Pl EQUALS f2. 

EXamp le: DISTANCE EQUALS SPUD ~ TIME 

Processing: The sentence is transformed into an equation in 

the same way it is done in STUDENT. This equation is stored on the 

property lists of the atoms which are the first words in each 
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variable. In the example, the equation 

"(EQUAL (DISTANCE) (TIMES (SPUD) ,:(~)))~' .. 

·· __ ,:.-~ ..... : '. 

is stored on the property lists of "DISTANC£0 , '~~ 1a·nd "TIME". 

If any orie of these words appears as 'the iAtt'rJi wor~ of a variabie 

in a prob!E!m, and global ··equatidns are n~edea'·'t~ ;sciive th:is probl~iii,1 

this equation 'will be "retrieV'ed ~· \ . 

2. Jformat: Pl IS AN OPBRAT61. OF tzrit K 

Example: TIMES· IS. AN L OPDA~R :or '~ '1 
Processing: J. dictionary. eritrf ·fcir Pl is created, with sub­

scripts of OP arid K. For TtMEs·, the dfoefonjry eritfy :(tiMES / OP 1) .. 

is create·d. Tfie dictionary entfy f~r'"any ~id 1 i.8 placed on the 

property list of that wo~d (Jtot¥1.), anef !ifretriev~d .! and used in\ 

place of any.occurrence of that word'iii'·a;pf~btem. 

3. Format: Pl IS AN OPERATOR 

Example: OF IS AN OPERATOR 

Processing: A dictionary eritty is cre~ted for Pl with~the·sub­
script OP. The entry f'ot OF is -(OF /O~) ~. 

4. Format: Pl i:s· A P2 

EXaniple: BiLL IS A PP!RSON 

Processing:· A dictionary''
1

entry i~ created; for ·pt with sub­

script P2. The entry for BILL ts (BILL/PEJtSdN). 

5. Format: Pl IS tHJ!: PLURAL OF P2 

Example: FEET IS THE PLUllAL OP FOOT 

Proceasing:'·"t2 is stored on the' ~rop~tty list: ~cSf Pl', after~ 
". '. . - t. . ,·,1,·· : ~~,· ·'·1.'~_:.- ·!'-'. I- >, -,~ . :· .' .... 

the flag SING; . the word Pl iS. stored·"on fhe property list of P2 
: • • • , . ~ - ' .. ;f -- j' >- - :: : '' -/ :: i '. '; '. ' 

after· the flag ptURAt. Thus FEET is stored after PLURAL ort the 
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property list of the atom FOOT. 

6. Format: Pl SOMETD(§S MEANS P2 ': 

Example: TWO NUMBERS SOMETIMES MEANS ONE NUMBER AND 'lliE 
O'I'RtB, ~ER,. 

Processing: The S'J.VDENT program ~~ .. ~9;~ified so that an idiomatic 

substitution of P2 for Pl .will be made i.n ~. proble~ if it is other-
, : ~ , ' . ; l • ),. ,) ~ ; ., ' . : . 

wise unsolvable. All such "possible idiomatJc . ~upstitutions" are 

tried when necessary, with the last one entered being the first one 

tried. The STUDENT program is modified ~r:.; ~~e, 8;d(iiti.cm of four new 

METEOR rules. Since Pl and P,~.,are_ iJ;l~~~~~~·~ai feft;jfld right halves 

of a METEOR rule, they need not .contain only words, but can use the 

METEOR elementary patterns to specify ,I;! fqro,iat;:. change instead of 

just a phrase change. For.the example sho,~· the rules added to the 

STUDENT program, as listed in Appendix Ba. are the rule labeled 

C02510, the rule following that one,,~he rule labeled G02511 and the 

rule following it. 

7. Format: Pl ALWAYS MEANS P2 

Ex amp 1 e : Om; HALF AI/tlAYS MEANS Q • 5. 

Processing: The program S~T is modified ~o ~hat if Pl 

occurs, a mandatory substitution of P2 for Pl will be made in any prob­

lem. The last sentence in this format processed by.~R will 

be the first mandatory substitution made.. Thus "one always meaJ;ls 1" 
/'' ,, , ';' _: 

followed by "one h~lf always means 0 • .'.$ 11 w~ll cause.the desired sub­

stitutions to be made; if these senten~es .weFe rever§ed no occurrence 

of "one half" would ever be found since it would have been changed 

to "l half", by mandatory substitution of 1 :for one. 

For each sentence in this format pr~cessed by ~ER, a 

new METEOR rule is added to the S~EN~:~ro~ra~. inmediately fol-

lowing the rule named IDIOMS~ The fonµat of the METEOR.rule added 
' . : ' 



·is (* (Pl) (P2) mUM),.;;:·.liheke'.1~t . .Ad 1>2l'aieUJih.i!~i~jtrfialJU'.~ sen­

tence processed. Thus by using a combination of English and METEOR 

elementary patterns and reference numbers in Pl and P2, one can add 

a new format' M .Senl:~e· ·t---o ·;the''t:lftt8m1.Parepe~di..WSn P'OP(t!!K~J!ei;:· the 

followi11g"st-lif.iement 1Wfi'Jlt<>C'Mntf~...._~ :1l1J.tow~.Jgo ·' ', · ;: 

"undezitf't:arietl• '{t>r~f t~~lai~~£iii<:wbi\t1Ptiluii•-fl\i VMb 

·-: - ' 
: : t .. 1 

This permanently extended the STUD!'.NT input subset of English, 

while av<tl.di.rtg :t"he 't\ec·M&U'.;' of' actwfll.W12edi~llhld ~tl\8 thW 

The gl'Obat-:i.nf~t.on ·-stor-e&-lfOt ~l?fahtgecr !.roui~a- ·· ·1 

tions t-O 'fol"matJJQha~~<>''Vl\itaP:~·J;::,&i8ift, <--~""le ,tf8e.·•::•g · 

of the'MlnoR lfrot!otype' IiOtfttl\in' attat ~ :luH 'of 2~i:'ge~l1AM.anr ':l '''' · ' 
proceff'blW operattOtiawt.U<!fl!SP lfitti-'lR~-';ircfP'MIH.iit' ~-~eee~v·· 

storase' atti r~t.rtevat: of' th'i-tJ0 wtd\!.i•~d&e bf.litifo~allilfl:ii'. :.tajd ~~·':.,J • . .i 

dix C is a listing of the global informat:f:c:M.·10Uft'~jf~ '(in' .:::; ,:., 

the STUDENT system. 
j. 

•(I' 

,-,,. 
•. 1 

.-.. d ~-

''.·: J.i.J. 

" , ·~··~ ; '·,T ~ .... 
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Th:ts chapte;r;: cont:ains a c;\e~c;,;fi;~-:t:p~ of ~e J..;t$l' pr~ram 

used by ~"to .,aq:Lve ,.-etuJi.~;-f411n~lt~ f¥l,U4~I¥f•, l'Jt~i .d~ 

finitio;Qs Q<f,~he,,~-Ji~~.tpp;.l~l;,_~~t(,,i.~,~·; ~'·~ QO~~l 

are shown in the figure at the end of this chapter. This desc;r.ip:--.. 

tion of these functions is essentially independent of a detailed 

knowledge of LIS~t tf:t~t\oualt4PC::-C~an~;,~~CUl~~~~~~:~~Jll 

be directed to the more knowledgeable. 

Th~ tpp l4v~l .~~-ion~. SQliV:~.1 ,is ~ .f~ion pf tP~~- ~gu~ 

ments. One, labeled EQT in the definition of SOLVE, is t,!Mt,·~: of 

equations to be solved. The argument labeled WANTED in the defini­

tion is a lilis~ .. ~f v~~h,l~• ·vb~ ~l~~~ :~wlr•,c;~~ tMr.P 

argument., .l~.,:rg~, ~ ~th~,n~¥q ~ ... lV#l~Jl~r.Wti:ioA:.r.M. di~ 

joint fr~ :ijA!fUUl, -1SQJ,,,VJ!: -w;i.ll fiQ.ii, the. 'f!l.~l.\'!ILRif 84,: !"'9Ci1tplp.:lfchli>ch 

is wa¥~. i,A .. ~J'118. ~~ ;•y or. ~l ~ ~ Ji.tit'~•: !O~;~ l~;. ~· 

In use.,:.the. l;iist 'mlll&r:~'la: :l~t ::~d¥1~•1 ~: ._. poµ~-'11·P.r ~~et., 

The output of SOLVE is dependent on whether the set of equa­

tions given can be solved for the variables wanted. If no solution 

can be found because the solution involves nonlinear processes, SOLVE 

returns with the value UNSOLVABLE. If no solution is found because 

not enough equations are given, SOLVE returns with the value INSUF­

FICIENT. If however, a solution is found, SOLVE returns with a list 

of pairs. The first element of each pair is a variable, either on the 

wanted list, or a variable whose value was found while solving for the 

desired unknowns. The second element of each pair is an arithmetic ex­

pression (in the prefix notation shown in Figure 2), which contains 

only numbers and variables on the list TRIMS. Thus, the answer found 
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in the proper terms. 
.~ ' : ' 

,;: I 

For example', let us conirid'ei' 1~he Se~· ofj~el'l stnruffi1n~ous 
equations shown below, ancf snppb'1J StrlW "'t!re13J.tk~ ~o"" :s:b:Yvt!· thls 

set of equations for x and z. 'niese are given in infix notation 

for ease of readi.ng. 

(1) x+w•9 

(2) 2 - c .. x 

(3) c + 3D = 
(4) 2C - D = 

D 

6 

5 

' ~ . ,-

'(5) 'x +' iy ... '4' 
1 :C6f /~' ..:''3Y + 2 

(7) "4k - y = ::./'-

The list TEIHs is empty,·; ~rt(f: th~s t:he '7aftie8 1 

muiit 'ifll be num-

bers. In this case SOLVE would return with the ·tts{ ;o'l; p~i~s ··· · 

"((y, l)(x, 2)(z, 0)) ," which indicates that the values x • 2 and 

z = 0 satisfy -t'ni'S •set of 'equat'fona' ('b~'' tfil>W•' mdtbe•fis bf'' tld.s: let·. 
which were u8ecf ;to Ciete±mirte the ~a1b'es) ~' ,j Th~'· '\ra'i.u•:: y'''.l.' rf wli~'' 

found during the solving process. 
., .... ,, 

Most of the work of soiit!!'is;tlbne)by the.'f(ineilon"soivtiL 

_,_.,' ! ,, 

SOLVE transmit"S' to"1 SOLVER.th:e· list of"1frdT!D''vart~f,1i~s~~ th~· b.~t ~if<' 
TERMS, and a nttll asst>cbtioft;'i'lst '.. (caf1:~tFAt.is)'-'~t~l\"•is ''t~cur-
sively built up' t'O' give' the 'aniwr·~ 'Th~ 1~'7du~""bf''SOL'1ti' is' this. as- Ci.) 

sociation list of pairs, tH.th th'~ ''fitit ~u~eftt of2 edcir"pa1t' 

. being a variable whose value .. h~~·be~n1 fblirtd:~: fheHJ~~httd elem~ht 6f
1

' ,·''• 

each is an aotlditnettc' expresddh wtiiC!l\·)itiaf1~Sdtafncilnyi;.VariaS1e :~'L' 1 
·· 

on the list ·ttRMS (as' was the cal;e ·for'-'etli)Atts' 1df;~mj~·<: Ho~~'Ver~. '. 

it may also contain •atiables which ate ftt$tuetei41ri.t~ 1of 'p~lr~ 
later on the associatioti "list. ':tf 'va'.tu~s rfo~Hi.faf.i:~6f~~ ·,giv~ri bf 

later pairs are substhuted · ir1to tl'its 'aritll~Ete ~:k~r~~s!bn, "bne 
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gets the "~:r.~~Jller~i,<?1 _~~e~~i;~ ;~~'V,~P. 't~ ,~~ 1~~~~ •Oaj.)' <-~ 
variables on the list TBBMS. In the example, SOLVD. -~ r,.e;;,,_ 

"' - •· ·' - L 

turn with the association list ((y, (4x-7)) (x,2) (z,O)) which 

gives y i,~, ~~~ f?-~ ,.x! SP.J.W$ D¥1~4i.~e cAH~~,1:,t~,i.~ ~o4 ·:S~lU!Fa-
tion on ath~! ~~.~~i"-1t}QJJ.; _,l;Jst, ~~F~~ ~,~¥}\•,1_ "~ i . '. ",. 1, • _, 

SOLVER is a program which solves for a list of .~~~ . 

variables. It does this by choosing one of these variables, adding 

the others to ~h~ 1,~~~ o.f ~ and calling SOLVBl- ~ . .-Q,lve ,for this 

one variab,;l~ ~ ,.t~p.as- cf(_ t¥1 pther wanted var1•1>Y11b ancf ~h~ (~igina 1 

TERMS. If SOL~l- -.µcceecls -~-solving for this :var~b¥1') ~B. . ~ . ' . " " . . 

pairs this one variable with the expreHion foQDCL. tfqJ:~;~h~ pair 

on the end of the ALIS, and using this substitution in every equa­

tion it tries to solve, attempts to solve for the remaining wanted 

variab_~.~s .•. , If; ,t,hef,~,.,.~r,~,,W> .yi<>fli!~ -~~Js.\~~~ ~r~ew-rps. ~he 

association }H't ~ilt !lJ>•. _,- J::J: L•.i ,_ uv 1 •• 

equation co~~,_,ip.b1g, t,!i,~b va.r~bl~\':c f:~~1~ ~-H ~µ,._~~a;,.O:f 
values for variables listed on the ALIS ~?~ ~n.~~-!:.-; .µ tll,n,,' 

makes a list of all the other variables in the equation, and checks 

to see if ~b.'fl,~r~ ·~-pot. on ~)ite.~~~t" ~i;: JJ 19,j.t,;~U.s h 

SOLVER, to s9lv,e! for,,~p.~se. JleW:iYH'4i>ffi!s. ~Jlr t~~~'l~H~~~ ~apt~ 

variable ~~~-1 ~h.e,:ya;i;fe~Je~d-,L~-L If_.~~J~P ~UC!=~,Sf~l •. - - _:,:-:. _t 

SOLVEl tries, to, q~~t~~~bet;, eq11a;~n ~~~&P191i t~~~a~~~ v•_rj.~~lt!, .. 

and repeats the prQ~e~s~ 
'. .;, ·-" .J : 

INSUFFICISN'J:~., If. ~~Jt:R. ~· s1;1.:,F.~~-f~_l.~ . .r•P.4r1v~!~~· fp~,·th~·· ~~w 

variables ~~'L fQUl,ld~A>r,JF--~ller~'. Je7-i~t ~ ~y,_y~~~~g1,,,<iMf>~Vil 

finall~ .5~~lM SOL~c~~c;h?"i't;~~;s, j;o ~9-~ve .,~lJit. 1<1~.a~i~;1f~r. ~be 

wanted vari,l;>l~. i , 1I~ .t.ll~~'~qu~t~9a ~2':· Uqe~; iJJr.1hi!8Y&Jii~fb~e, 

SOLVEQ wq! b~_ s~c~~,~~¥1 an<L_Si!e.. ,,,s,ol~tic;>n~ l rSi)~~~·~~p aq~ _ 

a pair co~~~stin~;.:of .~I)~ waQt,ed, vari,~li«t ~n~ 1 t~;llif ,,~•\u~ ~o the .e1;1d, • • _ , 
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I l) ~ ; •. 

SOLVEQ is un1uc;c;e•aful¥-·lSOliVBl t1tie&:.>anallliee2e•••tioll, I)bttt, cb•h tf ,n' dv1 

no solution ,fWtJa cbtt r fo.uoct SOl.VBl,Jlftttuna thebvalllitt...,1.¥.ABl.i~ - ~~;" ··· ; J 

This deecr~pU.on .bH been &<>ratiher laUgWincl!_ci:lattalft to-' i.:.'' ' 

exp lain ~~ t9tle >:J«ae ,af LliS! .p:eogirmnaat ·rttie3edd «of :;;clU.a :)(Jfaaptet. · · '' · .J, 

To make i~ .ore-.-peeii:l;c;>ilettriWt·JdoQ.l!ideit whaU~e1i8.Jwbri,.fk>DVER! 'l •· 

tries to ~olive. die :eet o~>:eqaatidtUl.':tJelNJ6tltttjsame (Ollaej ROlfn' L ;r, !b! . .,\ 

earlier); \ 

{l) : x.+ w • ,9; 
2 

(2) x - C • D 

(3) C + JD • 5 

c 4), 2c. . .,._ n ~-.i 

' ' ' 

'~·':i' , , ; ', <: c,(!Ji_}• • :JC: f+•)Zy ·, __ r,4.f .'·' '!' 

(6) ,_;j.r~;Jy>il-•2.-.)a ;_~t.r,. 

(7) 4x - y • 7 

} '' i ~\ 

,i·.: 

SOLYM ·is .aakecl, ,b): sol,,_ for. ·X ,,.114 &ii: · ::'lt.ia.U;::IOINSlc to · '· 
,_, - -

solve £.or~' in C.enW ,ofi .!• -'SOLVBl ,pi;cb ~at'1oo fJ.;)ij.'.)fiindJs tli'at ·: \ .. ;-. · 

a new variab.l&:v,!!.P·Juur ~and,.-., SOllBalto -atti1're-·1flor ~- "''' " 

in terms of:~ "8mi1 :J , iSince• then ':is .. • otli* ~ :«f ~ :litt: : · 

this set,.-AJOLVBR i.tLtanaw:lceeafful ·'&Dd-:SOUllEb••~Rdolis ~ti.on'(l), 

·I 

: r 
; . 

and goes to equation (~2)-. Here: i1t· can..- SObllatJt'o 1.Sdl'\'81.\~· fhe1. , ·' · : " · 

two new variables .£ and ~ in terms of .! and .!• In this case 

SOLVER is, successful •. -ustng: lequat:im:Vl!C~)l<am:l>l(4-)1•'·:1Mie ~ th-eae·· 

values are. suba.titut.d <in 'JKlUU.i;i:m (.2-).1, fSOLVJIQ>~ •01lva for..;!;~ 

becaUfle, the' ~ation.:ia> not" ,Linear: in:$.:i" 1pc.. ::c·: );1 ''i'd · " ·· •,( t"': 

SOLVBl ·now abandoner.equation· (2) ·and. thtitfTeeUlts'iit obtaned ,- h 

as aubgo.a1a. fox:. aob~ (jij .,r;,-rit,fiuda an.accu"8inbe :bf.!' ,..again"" . 'n; 

in (3). Ag-ain it eia:lla.• an:cSOLY.BR, Im avi._ ~1.tme ·mlw; ~·r~ble ·; ""., ••;P 

i in terllljlr·-i)f .! ancl ~·· ··8ClJHBll,triea ,'tg use·1 (~\i ~'80llVE~rcrannbt ., \ 

solve .tb:i..&:i 't?qtlatie>n··for,z.i ,.~.a-t-ng .. .(7-);!SOLV'Bli r&t~Vi:th :nr ALls· 

of ((y_,(4x - 7))). Using this ALIS, substituting this value for y 
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into (5), SOLVELcal:l1 ,._n :iOLVB'l te aom•t•th:ta::reqaat:ion1 ·fot" .! ,, 

which it dods, ;al.id fin.aHp!·SGLVBL;,returu tBVSIOfWla-<.ttM ALl!S H 

({y, (4x - 7));·•'2cJt))'•With 'd088 give lf!he,¥8ltte Of ,')lliftlit81'9l8 

of z. Having found .!, in terms of_!, SOLVER will now call SOLVEl 

to find the it~J.ue 'Of:!•· SOJ,VEl Urtds ~aft occn1rr•nc8'>0t'·;! in 

equation. (6) 91 and' aStet",,s11batit:utien,of;;UJ;ma<'41i Clle''>.&l.JlS ,,,.,SOllWQ · 

is ab le..: t;o r«o he itlaiia ettuatioa for =,!ii : ·beeau•e Lit ·' t; I Un:a~r · in .! . 
Adding the pe.it (a.G) to. the:·:ALI>S9 SOli\flU.~ru :f!td·to:!SQWKR, 

which passes on this ALIS ((y, (4x - 7)), (x,2), (z,O)) to SOLVE. 

SOLVE, using the function SU!ORD, which ~stitutes in order 

pairs on an ALIS int:o :an ell:pression and si.mplifi:es, ,.lfin•lly teturns 

the ALIS ((y, l)(x,2)(z,G)). 

This example shows the rather tortuous recursions that these 

functions use to solve a set of equations. Why should we use this 

type of solving prog:r;aa imtead of;:.a :more s:t~d.gJ.tt!fc)rwa.-d :matrrlb: 

method? 'Ibe .4)r.incipal reasoa .. is that, a~L.fkown.::. mnldineair equat1.ons 

may appear in Che set. In 'thia case, ti an•m~w·valAiEUl' can be 

found frODt ~~her eqqatd.ona whdclt: when isubatliut:ad an~ tt111is :nc>n­

linear equation .Dlilike it ,li.ae-at! inCthe! ·vari.Sb-le· .m~:fJlh:to'h 'We: .Wlit>.t to 

solve, then SOLVE. wi11 find'.'.4;he: vaJ:ue. o£ tbbl: varA,ble.;.~ · 

The m.et:hod .of oper.ation, 0£ SOLVER 11equli.J;'e8 that ·if n vs.i-i-

ables appear in ·.any ,equation, and .dta.t r~ w ..uaed,, then: at 

least n-1 other independent equat.fons· comrad.lnillg' thlese var.iables· must 

be in the set of equations, or the actual mechanics of solving will 

not be sta-rted. · Thts .eliminates much work: i1kt1Mlre rare eJt:lrraneou* 

equations in the set wlncli: contain one ort:two. ~! ttlei wauted variables• 

However, i.t precludes aoivi.ng a- .set of ectuati:ons: ~ is hOtll&I-

geneous in one unttanted vatlab-le, and wonlcf:tb.a!iefore cancel out 

in the solution processi. ··Thilfl:. iS·the princif)al reaaon why. 'Pl"t>blems 

such as: 
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"Spigot A fills a tub in 1 hour, and spigot B in 2 

hours. How long do they take together?" 

cannot be solved by STUDENT. 

This solving subroutine set is an independent package in the 

STUDENT program. Therefore, improvements can be made to it without 

disturbing the rest of the processing. The routine described 

here was designed to handle most of the problems that can be found in 

first year algebra texts. 
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A. Result!• 

The purpose of the research reported her~vw~• :~~~ ~~.,\~p ; ... ,, : .. .: , 

techniques which facilitate natural language coaaunication with 

a computer.- "41ilil~•ttc ~~y,;qf,,,~1untit.;diMw~1e1•@!JV~~~e~. 

as a basi.• fo:r the ,4~~Wm ~l}d :~~st.~M-"l':i~f",•~ JHq~~;\ne"'.. Y 

systems. •i.is it.heQ~.Y ;w~e,.~l.y.~tU.~-.;4111\4 ~tn~cl~~tqul: W41t:k .. ,, ~.-.· · 

remai-. .to ~.4~ae., , ~ev.eJ!, _,i;Q .j.M.:•P1ie•e•~:,~Q .. -~~~; tb~><... . ., . 

theory, s~E¥f ~" a -.guu.k for ~QS,t\;'\'}~~a ,qf l tille ··•1UIJAfr 'c:sy&,t.anJ• ,n;: 

which can :.(}OllQUlilk.at·e .in a l~i,-t.~ .s~]pMt Q~:.~&l~~: ··.~ ·::: 1 

J. ' ·-· - ' • _J 

The laingu•g~ :MWJ.y•b- il'\·,STUDl!J'lrr~~h;al),.il!Jp,~l!MP)~al'!:\.Bl) o~ t~e .. ·.· 

analytic portion of this theory. The STUl)IQl1:1Q•~-~·~,y~:r;y,1 ,., . 

narrow semantic base. From the theory it is clear that by utilizing 

this knowle.dge pf t:tbe·ilU.it&A .J::,.nft'l(!t}lle~lof ..,,~ ~p\it ·Ai.sCOlQrse, 

the pars:!~g prol>lep. ~c~ .. F\tl8'~ly e.:l.Jllp~~8't'iHs~ f~; . .I)~~' ~f ·· 

linguistic. for~ t;bat:··JD'IM.t·;~.~~~4,;i;t·.N@:fOCt~l;\. ;J.fua . 

parsing sya.t-eJB. .,..i;:e ilHiifJittd pq any .:JMiU _Jt~-iiQ :bctMbi~:Ul; ·S~ -~' ' 

plificati.OI) ~14 pccur. -lb.$s IJ.ql(MB;-t~- ;th,ttt .~:A·J8'1Qe~lu~u~g~ -

processor. s°'":t~ 11.i&b~:btt tJ~~~t!w~~e::Jnput;,,~".a ,s~i,;~ 

contex,t ~f~<re. go.in;& al\e'ilAdfitR: <lie s-~i~ ~lty.1":1:,~-- ,, , 

• ;,-: -- > ••. , L 

'Ih:~ --"~tic,,Oa-se, .pf the. S~, l:,aQ&UBIEJ riana,J,.y,&;\:'1,;,:f.s 4~limt~ 

by the characteristics of the problem .~Ql~g #Ylt:Wa ~~<iu,in ;1,t,'I. c,,:.,,, 

STUDENT is a question-answering system which answers questions posed 

in the con~~ :pf ·~,a'lg•~ .-story t'f>z;q~c' _,_rI:Qi .. ~~2i~~-UDQ.,. 

we used f.QUr ci::~e-1'iJt fp,: -~~l~~ng -~~l. qu~Xti~i;n.,g ,lt~~r 

tems •. ~t '-""' comp,!H:~ th~ S1'JJJ)ENJ,,~!Y2'1;;•·;t.Q, th-~ ~Ii. iA-·tM, \i:gbt 

of these c;dteria., 
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1) Extent of UnderstatmUUk:':~~ll_;lfkj~~question-an­

swering systems discussed analyze input sentence by sentence. 

Although a representation of the meaning of all input sentences 

may be placed in some conmon store, no syntactic connection :t.s_ 
ever made bt!tWt!etl BE!ntenc@S··~· ) ... <:· q · 

: ' .'! 

Iil -·thE!· SWDBRT ·sys@'elli ,;an ·aeeept1alU·e 'fiftptft i'& ~~F~~ence ·of 

sentences; · ·Btteh that tliese <~enteiices '.eitlttwt DDe uad'ent~ by just · 

finding ·t!he meanirl8&' 'Of 1t~ f.Mivl.>dua1Ja:@nt:,if.ee§f'.:igik>ttMg ;.1'ftieir 

local contexe~·' Intri-d.ettt>ence·'dep~mhirici.14s <mtli't''.,. deHtWitttid~ and 

inter-sentence· s~i~tk :t!elaeimffiWl'rs ~ fl~1uff'edHi:n t:lU'S i~a'se' fo.r 

solution of the proetm~8i~n'<' .11!'1'f!e·-<dt:-iiiHen 1-0fitIN~~ftti!c ·· 

dimension of understanding is important because such inter-sentence 

dependencies (~•g•·itb~ .'lisei-tof·p~no~}'Tir§ ·v~y··dcMDoilEf'tis'E!d in -

natural lS118tJage~~tc.&tibll.;~'·1;-; 1, 1 ' ·,,U ... ,,; :· 

"'.,, .;.;-.: 

The ·semant.ie medel ;111,1@'We' 1J!I'UDE1tl!'S1st.m -£• jb~ ton ..,cme 

relat:iensh~'J(ce~l:f!t';?: aamt"'fHe 'M&ia: t~;~e~., ~: · 
position of···these flincfPicYn8''"YiE!lci;:~~;~,fdruftzli~~fclY M'e'fil&d' 

expresS.ed '418 indiVidua.J:(;li?!lg@i~fc ~IO't:tis ~in tt\e t~ -~~~·~ 

The inp'l!lt· l'&nguci~ 'i;g;>rk~r 'i'ft ielf!Pi'.aii'rg :,:.:ftiik:t i~ ~art <t.;.inclny' s 

or R.!iptta-eit's sy&t~.JU'-"Die 'lOgilt~H ~~~ -O:Hbia~• •Y- -b~wPtnore 

relationships (prectieaties')' a·ll~\Jite: i.rtl tM~ !-tnikft i'"b\it•-id6' not!' fa..l.l<>W 

any composition of these predicates. The logical combinations 

of p'l?edi<!at'es used ·oa.ite ~lj ··~~. et~d'ect·'lln ltber~tit: ~~,:tagief:fl 

combinatfons. (uS'ing MRd'; 'o:r;n~te.}'. · - : ! ~;,' i:: : ,··' .-:.:. :) ~. .. : ·: ,.._, . '' ;:;,. ·: 

The deduct:ift 'Sy$t.Jelli Jin S:RJDilft;, ·.as 'it\1 "l,f~lts' a'l\d lta,>h•el IS ' 

progratttB, is 'd1!!tf::i.gned .f'Ot",t!he 1-c~'ofF~iOM ~d lie.~- 'R 

can bnJiy dedUcE! ~"6 ·::of:ta, C4!-rtM.n~2~~ th~~ ihf~~ion, 

that is, arithmetic values satisfying a set of equations;; ~.n per­

forming its deductions it is reasonably sophisticated in avoiding 
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irrelevant information, as. are,.the other •two blllm~ed .• • It :lacks 

the genei;a:l• power of<a,.·lo-gd.ea.l ,s~stem;r. hilt JiB;much .->r~heffic.ient 

in obtain~· its pad:;icular clas& . .nf ·deduc&!b>nllrl,,.~:.1'!0Uld .be .. a 

general deductive system uti·lizing the sxtoms".:Ctf all?l.ubnietic.·. 

2) Fac1H1..ty ·for ~ending• Abi1ittes; .. , .· •ExtlmcidDg ;tlhe: .syntaetiG 

abilities· 1of any of ~ othea!'- qust,:f:~amwe.r.l.11tJ''&.Jfaems cLiscusse.d · 1 

would require reprogranming. In the STUDENT system new definitional 

transformations can be introduced at run time without any reprogram­

ming. 1'he: lLnfurmation co~rning. !.these:":!~~<».~!~1!~~-~1:.1 ~ in ..... 

put in Engl:i.sh, or in a ·eorBbina:.eion ·ri>f '£'d8liiltf::;lhld ME'!F.Oll, .i>f ~t:het is 

more appropriate•. N:ew syntactic ;trtn:is~_ti.u.nlJ,iftUSt! .be:raddad.·'by 

extending the ~gram. 

The .-seman:t:ic base of ·the STUDENT •sysbimi iG8tJ :be extended only 

by adding new p.ragr:ain; as is true: ··Gf. 1!}le odter ~""a:ns.wer.ing. 

systems di.scussedi.- .HGwev& &TlJ.DIDI? is o~ed; itbfibitd"ilit~te ... · . 

such extensions, byl.miai.ntf%,ing the Utt:e:naetd·cmj8no£"'.di:fferiellt parts 

of the program. 'l.'b.e n&ees&a:ry iai.fut!IJUl!tion DEledJ.eill1~ Be, -:ad.de<i..to tlre 

program equivalent of the table of operators in Figure 4, in Chap-

ter IV.· · ''-' .. · 

Similarly, the deduct: ive port icm. of , &IUDBlftf ~ 1'i.ltich • •olves the 

derived set: of equations~·· is. an inde-prendenti [pi!lldtaip;':, 'l!'ke:t.efure, ·a;·:. 

new extended S'<J.l~r can. be added to the' _sys:t..- f>y;,,j:us.t: re.plaa.i~ 

the package.,. a'nd maintaining .t:he input ... autput dJa~r.is:t:ics ;of. 

this subroutine. ·. 

3) '.K.nowledae of Im:ema]; .St:ruotu:re ·NRtled byi;l!fs~t •. Ve-by 

little if any intz-.rnal knowledge of ti. cwode:biga :bf :d:ie-r&TIJDEKT 

system need be known by <die waer. He must have: .,a tfiJ.'111 grasp o.f the · 
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type of pr:ob1etn th.at~ rcan aoibr_e.,•anc:L ., kno1-1hdge_m·lrhe .1nput 

granmar .•n,Por. 'exempl .. ., .he:;must ..ha' ~war:JI: ~ha~.:Same "Phmaar ~,: 

always be :used .to<»eplNBietlti:t:iha'a.ie :tvari:atile "Jirl,a; iplrufl!lam,i w;ithf:n, · 

the limits of ai.tai~:bty 1delinedcearili~'9' :: Be 11UHi~t&e:~tt-·· 

even within these limits STUDENT will not recognize more than one 

variation on a phrase. But if the user does forget any of these 

facts; he·ctatT sti!lil . ...., the:·ays.13~~ ;~~.!'-~~-l~~~-d~!i~~<!,-' 

in the .next:: .sect iGmi .~lowa· him :bJ· -make· ~da·: fDr ~ ·any mis-t.ake. 

'-;'·'' 'U ; -

4) . I.alter.action JU-th.· •the. il69'.aJ :i ~ ~ ·~Dania rembed.ded c 

in a, t~liarinlgYiftltltuam~ [~ lfiI~<ib:xr.je.Ct1'lMC tdim..,_.sl\ar:i'lig . 

system {-lt3)}1;,,andi<ithhi:·g"Natilly.;:rfiai:d,lit:;at:ee ~actliOh widt. ~~-~, 

user. STUDENT differentiates between its failure tO!l"ll~blte; a.,'' · 

problem because of its mathematical limitations and failure from 

lack of suflieiedt ;iaformat:iou..,·:,.o!n ~~~·;.:of &:Uure:c.ilt ~asks: 1the ·uiJer 

for addiciiona1l d.nfmiu:iM:-1.on;r::«m augQt:a;1.the ·JiaturEti;o.£:.~ wdei¢ • .. 

information :(r-e:lat>mnsbip ~ '..Veti41rllal'llif ·it.he"tlft>bla)'"': .; :-Ul, 

can go :baek; te .bb8 !US:ett<Tepes:tei;~-:lfor stbfQl'!Mt!iaailmMil .i't1 has 

enough1 .to '8cHv4i> the pt"9lemf):-or: -:tmt;iii c£ae Qa& 2-9i~ up. . · ·)' 
·,. i• .. 

STUDENT also reports when it does not recognize the format of·' 

an input sentence. Using this information as a guide, the user is 

in a ttilch±ng .. maeMma tjp£(&lltuacioa,.: -'alldt can .cp.&d.eibly. FlleaJ;'tl ·:to repe'ak 

STUDEN'l\' s -::brand ~- in~ :ltagl:f.sh•;.11 ilrfllmnteor-ing <die :la'84JS11Ptiiona ; · , , 

that STODJ£NT ,DiaJces iUout· .ftbe ·}input,1f .Janet tmt>1:wJ.otia 1.1: in~ioa 'd..c : 

uses' the use-r an 'step rd1e ·~ ... 1U¥L 1relfi:lr<l -« fliB:iDl- to.'. ave>i4- •i .. 

an unwanted ambiguity, or add new general information to .tee 11. 

global information store. 

The crucia!>_~pi'.i:~.-~r:~ ua_~,; .i~~~~ L!.a__::~~~~~_;,!s 

embedded irlli m Lan-lii.ne · t: imer-i:sha.riag, :sytt•l c.4ail·can ,.thQ&,-prav:ide 'ID(Nfe 
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B. Extensions. 

The present STUDENT system has reached the maximum size allow­

able in t_.he LISP sy~teu. on a.· thb't;Y,-two ,tQO~$,Snd w,qi;d ~ 7094. There­

fore, Vf~ry ti~~le can be addeQ,.dJre~t,ly ~,o ~4e ~;e~~et $YStem. Jill 

the progratlJll:lng :~tensions .m~ti~n.ec;l :~eJ,~n~,.e p;:'d~~'te~ on the 

existence of ,a much larger m~ry machine~, 

.. ; 't 

WJthout,. i,nv~ting ~~ new t~ehn,iq'1es • ,I . tl:ti~ .ttiat the STUDEN'J: . 

system could be made .to unders'tan~ mo.st of the "~l~~ra story pr.ob­

lems that appear in first year high school text books. If new 

opera.~ors, ~e\l ,comb,¥tat ions. o,f .µi~~-j,~ o~r~~i0,~~ ,occur ... they 

can easily be l:ldd~ .to 0~,~, t}\~ ~brc;>.ut,:l,Q.~ 'f);>.~~ ~j>S the kernel 

Engli.sh sent.ences :lnto ec:wat.i;ons;. U;ie ·~~.pf fo,~J;s recog­

nizable in the s~t• ~'\¥} \>,e i~<;t'~~e<J: ~µ~~ -~o.grit1J111ing 

through the ma.chio..ery, a'\Nililabb fQ~ s.t.~,~1\$ ..,glolw;~ ~f,ormatiQll 

(this. was 4~scussed i,J;i,.more detail :~ll- Ch,~t~r Vl• ,~,pro.bliiUU,sclt 

would n(;)t, ,ha,nclle '"~e _ tho~e lJiBv..iu,gr ;e~,~s~!-Verl'1e.rbi.a~ .,~r iJl\Bli,ed 

" inforql8tion about th~ ~ld .not. ~pr .. i~.le ._:µi a s4:Jigl,e :sentience. 

, 

As men,tionecj, earlier, the ·iSys.,~~~·~n ~ m~~l.'18~ ,0,f, an.y give?\ 

schema only-. once i.,n S,0~¥~ .a ef,Obl.Etm •.. '.l;hb i. 'De~ .the schema,• 

equation is added to, .,the . .$et of ,eq1,1Btii>,ns. tp pe ;•plv,~, aQ.d ~~ var.i- . 

ables .in ~4e, schemc;t Qnly identi,f~ ,wit:h . .one ~~':"let; o.f vari ... 

ables appea~ing in. the p,robl~. , .,.O.,f.. ~aniple,,, U ,"~i~q~nee equal.s . 

speed t iJDes tiID.e" were the sche'Qla ,,.th~ ,"4.iB;t/l:Il<;..e,'.'., a.s a var~able . 

in the .sch.elll<;l. migpt be set equal ,tQ• .''c;lis.tance ,t;ray,~le.4 by tr~in" 

or "distance traveled by plane", but not both in the same problem. 

This p_rob.l~ cAi>uld ~ resolved by: n,ot . .adding.,t~~:~~ ~uation 

directly to :.the set of equatipns t<;lt ~. soJve4.._):~tf)t ·'.l?Y lQpk:ing .for , 

consistent ;sets o,f v¥iables to ic;\e~;ify w~th the-•~ .vari~bles. 

Then Sl1JI)~t, coul,.d add a~ .i~tan,ce .of •. the •-~ ~.tiRA$• with the 

appropriate su,bst.itutiowh foi; each ~~.i;•J;e~, ~et .Q,f._var,iables 
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found which are "similat" to the schema variables. 

At the moment the solving subrout'ine of S'l.'UJ>mrrcan onlyper­

form linear operations on literal ec{uatfons ,, a'nd iJubstituti~rts of 

numbers in polynomials and exponentials. ·rt wouid be re'latfoely 

easy to add the facility for solvirrg quadratfr or 'even higher order 

solvable equations. One could even add, quite easily, sufficient 

mechanisms to allow the solver t'o perform the ''(fi'fferent'h'tion needed 

to do related rate pro'blems in the differential calculus. 

The semantic base of the STUDEln' system ·could 'be expanded~ In , 

order to add the relations recognized by the "Stf 'iJy'ritetn 0-f Raphael~ 
for example, one would have to add ori the low~s'i 'leiie'l of the STUDENT 

program the set of kernel sentences understood in Siit, d1ei'r mapping 

to the SIR model, and the que&tion,.;anS.erirtg rcnrt'ine to ,retrieve 

facts. Then 'the app-aratus of the "'STUDJnf'? sys fem '"Otild proc~sS' much 

more comp Heated input statements 'for tne·;S'It mo~1?. ' One s"etious' 

problem which ·ttises 'When the semantic vase' ts· eit'edd'ed iS bas'etl on 

the fact that one kernel may have an interpretation in terms of two 

different semantic bases. ?or exam}J'le, "'Totn has j 'fish ;; 0 can 

be interpreted in bot:h SIR and the preserit' niJ'l>itltt··;syttem• To 

resolve this semantic ambiguity, the prb'gram can ctieck the context 

of the ambiguous statement to see if there· has been one cans'istent 

model into which all the other statements have· been pro'Cessl!d. · If 

the latter condition does not determine ·a sfngte pr·E!'fer~ec:l inter-' 

pretation for the statement, then both· interpretations can be stored. 

In addition to these inmediate extensions of the S'1'l:JIJENT system, 

our semantic theory of discourse can' be us~d as a basis 'foy"-a ntuch 

more genera 1 languiige processing system. As a st:-art, dne 'could 

implement the generative granmar described ftr·AppendiX E to produce 

coherent discourse-problems solvable by the s'lUl>i!ft system. 
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. Another mor~lCUl.it!l_lff ~'Dit,i.t:Y·.bJ, ~o':M.fti.3',_tiik~:tYt.e of speak­

er's model of the world to attack Yngve's "baseball announcer" prob­

lem. The baseball announcer has certain proposi~'f~~~~i\added to his 

world model from the events he perceive&, i.e. tli•.~eball game he 

is watching. Mandatory application of certf.\'1-:•~U •. ~. ~ul~s add 
i ,, r.,') i.~~~(1 ': .. l.tf\ -'1\..: i>' 

other propositions, and delete some that ar .... ~,>:.l.'Wbia••ihese 
' 

changes ar;-g~t~g on, the announcer is,. t;-g~p._t}!~t;·_} .t:l:!!llli_y coDI-
. i. '° Fr . .;T~-\lJ<n.-·-r-\ ,)· ,'"\C~"-1 ~ 

mentary (coherent discourse) describing thilLD..lt~~4$ watch-

ing. By making the proper ~ssumptions abo~,~~;~.~1b~~ntion 
of the announcer is focused, that is, whicht,;lifPlii•'~·~· is 

l 
going to iuse as a base of his di~ae at any t~~. I feel that a 

.. :"•) ~ ~4 .: ;i:...' .. '., .... 4\f, -~ :,.t: ... "" 

reasonable facsimile of an an$~~f '\'Ntft·be -~ ... ~~- This is, 

of cours~, an empirically tesf~1>'f~1\:#_c:!t~esis. 
f l'-~ ·, ~_'. 0 ·: : 

- ,; ~'..' .. : .. '', ·: "'· 't ~. .', ! 

Another use for this model for generatfon. atUITarialysis of 
' J 

discours~ is as a hypothesis about the lin~~~:}~~~-~~j.~ of 

people. :Psycho log is ts have built reasonable~··cOm.puq!r-modets for 

i. human behaviour in decision making (17), v .. ~.?J~~~~-·idf,_ nonsense 

syllables ( 15).,, -~--~ oJC'Obhara-ol:vi~ attu8i'iett~l {~y~· .STUDENT 
,. . l . ~ - " - • 

may be a good predtc.tive model for~ the behaviour of; people when con-

fronted llrith an ·ti'l,ge,J?t@'-~r-01~.J~-·t~ •~1"'$!• ~j.s, o(~~i., tested, and 
.> '· • - •• " ·~' • ! ·-:: • ~'.;'.,.f'=t""'~ •-"'-'·'""'"' , . ...._, . .._~~-• .i ,·,, ,-,.,,,,;)) 

such a study may lead to a better 'uridt!!rstanding o'f,::~n behaviour' 

and/or a 'better re'f\>rmu.lation of :ihts theory of t'a~~~~e processing. 
: ... 

. ' ' 

I think we' ·are f•J: . from ·writingi_,.-. _program. whi.ch e;an understand 
-. ' ; .· -

all, or even a very. large segm•t of English. 11ow•rex. within its 
. 1 ..,,... ~A: ~ · ~ 

narrow field of competence 1 STUBl!Jfl has demons~~fi\at "under-
.. ·- . • . . I 

standing" machiMfl° CJin be built. -Indeed, I bertev~''tlfa't using the 

techniques deve;to~'ittCtBia. ~rd;l,_.-One could c~struct a system 
' 'id ( i,i' •• , ~ -· 

of practical value "Jf}itep would ~unicate well witjh people in En-

glish over the range of mat:e+:l11_1·'~~.too.cL~ .t~.~~o~ram. 
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PRINT 
·~s· 

STOP 
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APPDU>IX B: LISTDIG. Of pB 8111PPJ PalGIAH 
1) Definition of STUD.Drr 



"""' i. 

cc.~y; Ul u!::~,.,~~PAU t~w k~AJ(l' SQt.H THf'C '~:2, 
(GETEXP (fl) • (/. (•Q,t!IOllps ,(FN qrn>CT 1. Dl.~Tl)4 
• . '. ; 'l>QftElCrt ' .· . ' ' ' I . . . ·. . ' • . ' 

<~·~·· 0)~\~<e<Jit:·TEAHIJ f*AilOttosfr · ,, ~J 
(• · ' U' 1$ $) ((•K EQUAL (FN OPFORM (•K 1)) (FN ·.· 

,:"~Y:: ~~K,}»l~ _ (~,J'D S!~V.Al,l,$l.f!tYA1p't, ,';::~ 
(ln.U•' U•P!,lDOllf;IM>IM1A~"fHIU> . ~t.~ 
~~:~~~~E ~~iU~r:.t;E~ c~;l>~l ·::~,~~~N~LE) (Tiii CE ·~~~ 

' · .,.:'~F THI. LENGTH AND WIDTH OF THE RECTANei,J~""!~"': .. · 
.·, , , U"fllf). . .. , .. , , ";,!'01: 

~~oasiz U/. -~;,>-~.«ONE oF THE NUMBERS AND THE o!!JPi 
( . '' ........... ) t:· 'l ' -~iii')' 
(• ($) "\Oi)t:n .. . . . PNIW) 
(IOHIO ""° NUlllHRS). coitt "UMHR Mto 'hf£ i>Tfftt tM.itR) 
'" I ~ ; Wirf>\'., .. ' . .. ,, 
(• (•t:< .~rtk ',:t-. . I-~ 
(PNEW U•P Tm f.1tACJM.~ WI TH AN' tl)ll'()j.\ATI C SUBSTUTI ~1 ;~;f}'.f , • (t '. z.f) • ,r ~ \. ) : · . • , -' ·•I. ·: lJ I«'"- ' 

<• ur "'tcflbC•A ~>J> i <FN NLSHLF> <FN r~; 
(i. {,:q,;:~\·•>t~.' .. ,,_,,;(,.-: -r~~.:1~1 

(• tu~ J;fv.Jt'2) (bf/ CAS. :O.R. G. PRB. ( •E 1),)) .... ·.' tAGEPR08 {!"\'•alt QIWHIS) , 0 :~ · A } 
('ffARSOt.11C~101.llJ! 0 t . :· '·2H '! ; ,, ' ·· • YE ) 
twHENFUT ( i ~ tNl'llftlfi a.HIN) t nol«"t:K' (FN GENSYM) YE } 
(• :rnl.l'..-:illl!'»LM» WI.....,' 
t• • ClltM .. N) l ;; Urlft( '(:FN GENSYM) YEARS AGO ((,. 
:• Hiii£ lllllUJ ( · ~'.:.:1(1) • 
( WHE NBOT .( llfliit: !:(Nill 00' 11 .G\.Ht.) ·· "<•· 1 2) llf . ·. 
twHENCO $:(1M$~ --.:WtLl.i K 11Jt:fll. l"CMIS'>'" '!ft •l# . 

8tHffi 1'nNl'f:''.. N!fi 
Ci.*S flMMU .tcl)!Oi>~fi~2~ ;.:,;•'. :.,t.c.:. :'fY:L'i '!'ltt'> " 
~LLH tmll£1811f,i (IQ,rr>1. wt.> 
~14NOW ({c.l: at JtER9ak JS NOW) ( 1 S AGE NOW) ' ? 
((MOMNOWt'!"t;tllt;JMtS ,._~. (IN 1 2) F ' 
(.'10P ~*1:<~ ....,_J>f;.' (MM) '. tf.':{•Q PROBLEM 1 l!Hwli ) 
i" r: . .,r-.,~; tJfUL1~ ~" ~~-'.' .,· I ;i?~; •. :,: 
(•. CM.'IU< ;1fl'.•,1rr{lt 11.fll·.PROBUMUl 'JMJ 
(._ (f4ltt F>ttr kJ1 (•Q: MDBLEM S AGE)) ' ·11'0PJ' 
( • tSt->" (~~ PRO&&;Gt> 1 ) · " >W·) : 
l• · .. . <t•t I PlRSOfO S S AGE) (/ ( •Q SUB.JECT 1 U ( •Q · • 

.SUt.llC'U 1 a J.)) •t ' 
.', ' 

'CSUBPROi•• ($ en ·/<PRO),ll'f)i:'>((:•A :au.J~" H fiot.'Q'·.' 
·· i PRllREll:;~Ji'f*<i REST 3)) PPAC>) 

(• •ft) ·:U~A'RH>TH i (./ <*'Cl PROBLEM 1 S AGE> ('.ti$' .. 
.HNIC'f, IJ),, · " ' . :. · ''. . ' S~) 

·(PPRO Hl. ::t(, .. lf'~E'M) lJ " ' '' . " (' •) 
(POSSPRO •:·Ct. '.tU I POSSPRO) $) CC•A SUBJECTS)) 'f/· ~ 

~ ~PM>lklK JIJ· ·:c *"2 .Rn;r 3 » ' · : ·, / · .. llffllfllo > 
rt• ;U)' cGo<G;llST)') '(/'(ltQ :f'AOaLEM U t•st•llllO'l!s 
' t ; ' 1 U ... E' J) ) Pll IU •) 
C;UOPRO : C'Si> <tW :Ml1llf.IM > 1 > •l 
(GETACIE U Ul )/ PIRSON) $ AGE) 0 (/ (•Q PROBLEM 1 2 3 

,: ... , . .. I{>. ft"llll ..-·~•»1l .1 •n>.. . "'" .•r~<;' _.m> 
(• ($) w:. ~>f'IOBLEl4) 1) •) 
(TAGE ($ THEWl AGIS $) ((FN REMDUP (•K (•A AGIS)))) 
, · :- 1 Ck <•fl \&.11.fioll' Jl:E,t!IQ.il IGHT 'ft)·)'~. : f·"'ifNM'CU 
(• ($) ,)!'>"*i<!'O RETURN AGESEN)) IRACUT> 
. 'AGESEN ·t;t),; ~ .! (~ 'flt<M>BL84)) . :\, 1 1 •) 

:t~ ·• 'u.n,~ f (M• <•E 1)) AGEDllllU 
•te ;~ I~ .D ~;.. 0. · (/ :«•S AGEOP 2 3 It)) Sl'fOP 
. . ,: ( :i.;:, - t. • ; ' r n, .: " • :· ", -, 

,,• • ·~ U ;WAI.,~> · · 0 · (i (•S AUOP 2 3 It)) 
WWJ~i:.« •·:1.w1 .. · 

(SETOP • ~-. !)..,. ,;;ijl'f'lpt <l• (!Q::TEMP le Z'U1 > ~HHlU 
v .~~r::;'.~~:~R~~,,.;• · ;(/~~~}~ 2 s tt», ~~~~~ 
""'' :'•d ~,,j.tJ.¥~ AGO)(, •Or;:v·i(lqtQ f,lf1Ps2:.I' U~fl I 
it. . ' ~ StTOP) .. ' 
'(;.' (PP•~.l•ti.h •1.~~-· " , SHOt> 
U O'f• ffl~'.'.J:e.1~Gi0f_._ .H· ('/ .. d!IQ.·:1tESJ .. JtJ, :·,:c'.''_U 
le t~~ ~o:f ~I~!~·:, : (~ (•~ ... T~~ ~~ (•~ ~~~= ~~~) '.: 
X'.aETNEXT ~ 7 l #' ' .. ' ; " ' . . -'. FUTOtl 
'fl>PENO \\) ;\gJ tl1J~~ &tl:~ j/)(•S GARBAGE (•A AGE.OP))tJ 

~FUTOP ~if,, ~ ~1t:'~Jc,("~1l"" '?16~~)ij> ' '·~UTOt> 
t!ASTOP Ht 0 ,,,1smr"'"' .. r~. ,,.,,)1> , i·fASTO~~ 
.<'----·· EH !; . , <lv~•Q ~IND hK Ult. . J; • . c•tHfJ> 
~~Er~ oL ,o ,,.(, 1 <~s.P~O•L~·f.A l<IND>J> SENTENCE 

\.~~bE('ltU>tn: .~~(T::~~fMl~6 LE AND (•E 1)) (•Q MIS 1)~ rJ" "r . ""GE>. - . . ., 
<• ($) • . Ml E > .. - . . .. . .. , . •> t· "t•~"' ~~ ~l't~fe}··l·~·MIP!~l!i t•A IUIHTJJ· •!lrfMIC> 

,.,·1 · 

;:,~: 

~~~ '_;:::.; 
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(OPFORM ($) ((•A FIND)) •) (• ((•P USING THE FOLLOWING KNOWN RELATIONSHIPS)) •) 
(• * ($1) RETURN) (• ($) ((FN TERPRI)) •) 
(• (WHAT ARE $ AND $ QMARK) ((FN GENSYM) J) (/ ( (SP ($) ((•N VBL)) (/ (•D SIMVAR SIM)) •) 

(• 
(• 
(• 

(• 

(• 

(• 

(• 
(• 
(• 

(• 

•S FINO 1 2 5 6)) QSET> (SIMP * ($1) ((•E 1)) SIMFIN) 
(WHAT ARE $ QMARK) ((FN GENSYM) J) QSET) (• ($ ($1 / PRO) $) (1 (• DOLLAR) :S) (/ (•S VAR ( 
(WHAT IS $ QMARK) ((FN GENSYI~) :S) QSET) •K 1 2 J))) YTST> 
<HOW~ $~ I~ $) ((Fri GENSYM) 4) (/ (•S AU~I fi (• .. ~.U~; )~;~·-~L:~~) 1 (• DOLLAR)) (/ (•S ~~. (•K.~ 

~:~ff··~rf. ~~~K~ •• ((FN GEN~~M.~}.~ ,; (VTST cffr~ (.~r>,.~i.• <·.~. l> .~~\!PH,;0.L~N.D) }QtteW! f<:> 
'~'}'P.''•libtt~ $ HAV~ QM"~K~. ((Fff.. to (VTOP. &~ 0\~r. ~n . (J;(~$~Tf$'(ifll>,. ",':~·: •) 

. \ 'ifHi;I! @lt &f·'t ,. ffWEl"" ' ' ' I •I' 11 (• • v·n~> "' .·~~rxz (*11 'Ptsff· n ' {/ l•S RT 1) 

<llOll1·'t'A 9 $~ ~(ff' GENSYM) ~) (/ (•S '1~1J ; t' · 1"'• 1
·· . . TEND) 

(fl~~~lt'"t:•~/"~~·U ((~~· GENSYM» 2;· ~~~~~: ~f 1 '~: . rn ,, 'f~~~ruu., t•N Vi.ff.. -t;y • 1 
• l"t; !YTO~~ 

fffli.'l ( ·R~MART (•K 1))) " 17 w •f '~ ff l ''"'¥rt.~ ~llAJ. .. TO :S) (/ (•S ~RT :S) 
ofsE 'tiJt.iEOBY$) 0 (/(•SREF(•Kt~ •• • .'.· .. · .tlfx,~~jV:t: .''.·· •>. "f 'Qpfn~ (•K 1)) (FN OPFORM (•K S)J>.P'' I [ (• xiJ)I • ·~ J . ' . . c" •) .· 

~ TtlltU Tl hdl:· ' • ( ~1 . IWRIJ . ·, ·. •» 
f't.'tt Df~"4fY U q </ .<•S Im l!'~ QUOTIEjn'. '· tWTEl«> tlt 'f : :RTYl . . '.. •>: 

· ;c~. ·(•It lH <PN'·Of"f:l>RM'l•t;U»H. I ..(• n,t)'ai·il' •.. 1!6,.l'li_~vRJ.1» , ... ,;;.,;~.TEND> ... ,; 
. 'R91v ' y•·.' . ' '"U ($")·" ((iilX rd'rtr'"'1' . ~ " . . . •) 

<• · ft )! ~ AS!D at i> O' C/((•s'lE~.,.'t•ir:"PL\lsl (t' ·c· cu., .. ((•N vBL» )SIMP> 

" ..... ,~Ge> f'! !n in,<~~·'. 0~f~~ f*!)~p»),.; 1 I·: .u·~~N ~&'.1:···~" 1~>t•s'sHiLit if r:.1;, tG'th«•s' 1T;>-
·<· . (f..ls'' ,.) {/ t•s·t~Ed·i·t·~t. .. u»fN ~J· ~· ~ ,t....r:. .1.11fll,.l'~1111A-.'UNIT)) , •• ~-~Jr.ED('· 

·c'IL •• p(t'iffCl,;oRMt•t"J»Y,>"°"'11·' 1'· 1"'' ·'" ·l'll'l''.""1:'",,,11\,., "~PRN)>: 

. :.:)''" ~ uloti,tue 'i»4aliSU~Ct1,h> (FN ol(;·· ''~'t l ffl T ~/~•S ORGPR8 1) (•D Sl'f:!Wt )'!!..AR),, 

(• "··<.t 1
f: ~ YERB~$ASMANYSAS$($1/YERal ,(t (SIM,., "~:."· l).(AA.Q31Pf\Bl)., r~~r··~~ *);: 

'i' l " n ( h ( EQUAL '' ' I "t t ' " •I, "' ,I : "Msfttt "l'tttt OMS ft:.Vft•) N 

·• 1 l'"J( iilliiER OF 10 I 11 11))))) t ilr ~ .. . ~fOr~)} 'ii<:l 1 C\t('t lffiEMP): 
. t• . l;t ·' I ll>it'f" .II.IT Pf>. u $ <n I DUO .. ' . • " (IDT#W'•" • ~· :; .· ., i.p I.!:;., ' "'~• • ru• •> 

, : l'i}~. IRELP (•f"E® L'(FN OPFORM (•K ltl' ! (b ~f.?<. . Pr G MECTANCU:J \/ (•D 1Dt4MP ;.. 
n> Gf ... 1,,,:H fff ~"9RM (•l J S l]a~>. :~ l z»~cw: · f '·o , NEil.' etMISl:~c 

· .: .<· :·. ~~~Wr ,, ~E'!'"~~·m~~f'61:·~0Sl"1!1 * ·tto · ~f ~. , '.!. ':.o. 1.D_TE~P. ~ozs,1.,1/> 0 ::~51~~( .. ,;J~¥t~'«u;•i~~·E~'.Cl,,hi $HELF (el EQUAL 1 cfltadl (• 2"• t ·~~·:.·~,;~;;p;)l)jT~ifcizlso't)) -~510)~· 
. 1 • -it M itMA'flfvr't 2)))))) (•Q WANTID.,~T!f ~ (G02Hf ~~" h"~' " · 1 • , ,. .,. "1;¥rl? •) 

' . . QP& M (•K 2>)))) ~ ,,( DF#fli , .. (' , .. ,\)l>f ... . • •F 
. ' <SIMJ .. , 'l): .. t!fit·;·~111els· t:.1 (•A VAR)))) ~1 l. ~ :.;ct '): ((~)I" .~(-((DO YOU KNOW ANY MORE REL41,-IPS . 

<• ·c J f~ · ,. li t*f·l'''-)1'E 1)) <•S EQTl 2H · 1 
• ,,, •• ,,~--YAN~;)~':>; >\llt•J •> 

. <• .. .c. , , Qt<f: i.Rt: , !if 111~H <.· Egnn » . . .. · ,,, "'· .. ·" .·. ot~ o . 11., t>.. ci~~'" 11.AA,·.· . w~.: 1 • •> 
<• * .~:1LS,f_1,·' <•$,- 'Jn-!.~H ··:" . SP)' ... ~~ '' l\'~:· !;:: :!,"J..l ME,$~~~$) (~N''"~'E-'R'l''A?.~~G~~~:~ . - ~ - . . . - . - . 
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REMEMBER(( 
(PEOPLE IS THE PLURAL OF PERSON) 
(FEET IS THE PLURAL OF FOOT) 
(YARDS IS THE PLU"'L OF YARD) 
(FATHOMS IS THE PUIRAL OF FATHOM) .. 
(INCHES IS THE PLlHlAL OF INCH) . 
(SPANS .. IS THE PL]L OF SPAN) , . · 
(ONE ~tF AL~YS ANS 0. 5 ) .. ' . :. · ·· · . 
( THREs:'. NUM8ERI A · YS MEANS THE ,I RST NUMIER AtlD :JHE. SECoilD 
NUMBER, ANO THI TH 11l0 NUM8£R) . c · ~ .· 
(FIRS'(; lWO NUllER~~LWAYS MIMS ~ ,. :.~ : .~ .. •· _ . 
lffE FlllST NUMHR -.. ntE SECOND IUMIER~ , ' ~. 
(MORE '.titAN ALWAYS •EANS PLUS) . . ·'" 
(THESE ALNAYS..:MEAfll tf4E> ·. . :.' · 
(TWO • .. •. r: IOMETf. MO MEANS ONE ftuMBEJt. :. ANO THi; dfHE NU8811)"' ' . ., 
(TWO NtfMI s IOMETSM!S MEANS:; ONE OF ntt 

NUUERS AND Tffl OTHER:. NUMttRJ . 
CHAS IS A .,VERI) .. "-
(Gl'fS JS ~ VEfB) 
~HlVE ts A. VEiB> 
~ LUS THAI{ AL~Y$,J4E~S: L~S1HAN)" . 
( LJSSTtJAN ;:~.$ 4fi QtiR.('rol Qf tEVEL. U 
1Pf1\CENJ l$,:AM. OPIR'AfOR..,05.- LIVEL lJ)": · · 

.( PEft. CEW'l a.as ~H-~.AQIA'.·' '.J4;Ns ... RlrEfti .. 
lPERL£ll l}:'i~~Pl~'t)R~lt VEL }>-: :.:: ' 
:~~Sll~:i~~~~ J>F~:L~ .• 2)~ :: '. ~ 
<TLMES' ts M ~EUtolf OJ ~v§L U: ·: .. 
l~Wffll'11dJ!o~ftfH\ff L~~J~d~L. . ... 
(OF IS A~QPERATOR) :~ .. 
(DI FFERENCt IS AN OPERAlORL ' ' 
(SQUARED l;S' AN OPERATORJ.~ • . · ·' 
(MINUS IS~JH J>PJRATOR OF. LEYEL.' i>. 
(PER IS All;<lNRtTOR) ~ . · · 
(SQUARED ts AN IPERATORl. -~:. , 
(YEARS OLI. ER :ti ALWAYS.: MEAN&,..ecus> ~.'. ·.· 
(YEARS YOVi1'4t ,HAN ALWMS #.£4'J"'LESS T~ .. 
( IS iQUAL·::ro Jl YS ME- 11> . ·' . . 
( PLUSS I s··AN la · RATOR> ' ~· · ··: 
(MIHUSS 1$:~Aflf O"ERATOR) .· 

~~~:~~~.1t:s;~~sRr&~1L()~TIMES~ • 
TW I CJ TH£:' 'l: Of. l'JtE Llant. i'.':Afl)- ..,,WI. DTH ~ .fltf REC1; .... E> 
(GALI-OMS 18 1:::,pl\JRAL ., GALll*:J '• . . . . 
(HOUIS IS. JH , fiu~L OF :ttOU,0 ' . . . . . • . 
(MARY I S I•.' PDSOIO . . 
(ANH:. I S A 1£8010 
(OllJ, IS )::,P(;lsfNl 
(A F~THEA! ls A JEl$0N) 
CAN l)NCLe'fS-A PERSON) 
<POUios ••~.~T* .PLffRAL '' POUND) 
CWEl.GHS &jZA~QlB} .· 
)) ~ .. ~· . 

REMEMBER ..(.( .. .. . . . . 
(DI UANC&.'JQ\tALI $PEED;:TIME.S l'IME. L 
(DlsJANCE!l<*a.I ~ CO(ta#T{f)ff'.Th4ES' 
NUMBER OF GALLONS OF w u'Uor-
(1 FOOT EQUALS 12 INCHES) 
(1 YARD EQUALS J FEET> 
)) 
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(THE PROBLEM TO BE SOLVED ISl 
(IF THE NUMBER OF CUSTOMERS TOM GETS IS TWICE THE SQUARE OF 
20 PER CENT OF THE NUMBER OF ADVERTISEMENTS HE RUNS 1 AND THE 
NUMBER OF ADVERTISEMENTS HE RUNS IS ltS , WHAT IS THE NUMIER 
OF CUSTOMERS TOM GETS Q.) 

(WITH MANDATORY SUBSTITUTIONS 1ttE PROBLEM IS) 
(IF THE NUMBER OF CUSTOMERS TOI( GETS IS Z TIMES THE SQUARE 
20 1'£RCENT OF Titl NUMIER OF AD~TISEMENTS HE RUNS , AND THE 
NUMIER OF ADVERTISEMENTS HE RUN8 IS ltS , WHAT IS THE NUMIER 
OF CUSTOMERS TOM GETS Q.) f_;, 

(WITH WORDS TAGGED IY FUNCTION THl PROBLEM IS) 
(IF THE llUMIER (Of' I OP) CUSTO ..... TOM (GETS I V£RI) IS 2 ( 
TIMES I 01' 1) TME (SQUARE I OP ~O (PERCENT. I DP Z) (OF I 
OP) THE NUMIER (Of' I OP) ADV!R ENTS CHE f' PRO) RUNS , AND 
THE NUMIER (Of I OP) ADVERTISEM&NTS (HE I PflO) RUNS IS ltS , 
(WHAT I QWORD) IS THI NUMIER <IJJ! I OP) CUST-RS TOM (GETS 
lVERI) (QMARlt I DUI)) 

(THE PROILEM TO BE SOLVED IS) 
(THE SUM OF LOIS SHARE OF SOME MONEY AND BOB S SHARE IS $ lt.500 

LOIS SHARE IS TWICE BOB S • FIND BOBS AND LOIS SHARE .) 

(WITH MANDATORY SUBSTITUTIONS THE PROBLEM IS) .. 
(SUM LO IS SHARE OF SOME MONEY AND BOB S SHARE -ts It. 500 DOLLARS 
• LOIS SHARE IS 2 TIMES BOBS • FIND BOB SAN~ .LOIS SHARE .) 

(WITH WORDS TAGGED BY FUNCTION THE PROBLEM IS};. 
CCSUM I OP) LOIS $HARE (OF I OP) SOME MONEY AND IOI S SHARE 
IS It.SOI DOLLARS (PERIOD I DLM) LOIS SHARE IS.1 (TIMES I OP 
1) IOI S (PERIOD I DLM) (FIND I 1!1¥'0RO) 801 S 4ftO LOIS SHARE 
<PERI OD I OLM)) . . 

(THE SIMPLE SENTENCES ARE) 

CCSUM I 01"): LOIS SHARE (OF I PP> .,SOME M9NEY A- BOI S SHARE 
IS Ii. 500 '.DOLLARS C PERI OD I :OLM)) . . 

<T~E SIMPLE SENTPICES ARE> (LOIS ~~~: IS·I (TIMES I ~p 1) BOB S CnRIOD / OLM)) 

('J.lfl_'NUMIR (OF I OP) CUSTOMERS ioM (GETS I VElJ> IS I (TIMES ·{(FINQj <tlllll'lll ~· S AND L01S SHARE CPQ.100 / DUI)) 
/cft::U TME (IQUARE I OP 1) b .. (PfftCENT I OP.J>' (OF /'OP) THI , • • , 

----R (OF /-,9P) ADYERTISEM£lrt$.'~KE I PRO)...,, (1'£Rll>.D I DLM)_) "' ·~t.:. , . 

~'.~JM:~:~E=J~ I OP> ADVE~}S~llfT~ CHE f'foibj RUNS f'~ "5 " ;~<!f!E ~ -~~:_eE SOLVEP: ARE) 
.. ~! · · ; ····· _ ·· · .:. . , . <liluA\, &~flt. (~ltf.S SHARE)) , 
'-.<iiiiiT I QNOU) IS THE NUMiU. CO~ / .4P> ~eJ TOM iNTi , . '" - ~ · ;. ~" ::.-. '- ' 
f'.~RI) (QMAll / OLM)) .' .. · .• ·· . .: ,,: ; , : · . ~) ~ ~UAL-"G-~.2~1,~ S)) . ·• (_, ... ' ' ,. ·- . . .. 

'· .. ; -:. ;, . " ' . ' .· .. ·, ' , ;i;~~t-:'fiPlS~) <TIMES·~'(101fiiJi: , :" ... · 

··. ~ ,~:l®A't~'.~~ '°""~IR~> ·, '' :3 ,;~~LLdi.lrs:.~1i SHARE oi:: ~E k..E~ c:~l'il~.W.vi (~1-· 
. , . , s;. : • , " :;, :: ~~~~~~» .·:' ' ·:; :' :: .. 7:. . , ' ' 

·.·.~L GG~f CIUllllJ!t;:f P: ··-~RS TOK '°ITS r··VUQ),) • ,, "; .. : ,, :. < : . .- . · _ · · .. · · 

.:.tiiL ,,...~,,,••u~if .1Ki ,, ;;.-, ..n> .,,. : ". ~; ~,iat·~~ ... '~~~~EtlT.la ~I·-~ ii0"'1'.•°" 
"'-., tJf•. ~~ ._ ~., 1'•..Jf;;' I ,Ti•'• I"'', ~-.. ~, , ... " ..... ," •' ,> ~- ~ .J.10.~'\.4, ~ • " .,.,.' ~,f'.,,~ > • • ~,, .' _, ·:: .. 

\;: ·eML-·. '"l:i~ -·~MMERi ~· um' I ~>;lwi.~c..cu"1 ; 1L-.t~'"'T&aL ~~·-' .; ~: b:-~-~p' ;·. ·. .~ , . • ... · .. 
,.(f11 ..... <"'!f!--,9lt~V!ATlftlfltllf•<HEtf:lllllel:a\lllSH2>)) ,. lfJ .... t.CI , -~·~~l)~, : ·· 
.~ ,:_: ', 1 •.. ;~: 1; N . .. , , , . ··, '.,: . .. . ., ~- ·.~ <AifWHJllli 111AUt• ·· .. , ·-··. 

.. __ ... ~-'. '·.: : · :. .. :, .. \:. '(_ .. ·~ ... ;-<~-~'!··~r•! !QIML To <LCffs ~QI.RE; oF SOME ..0..n» 
ClMI' ••l!t 01 t~~'RI ~ _G~TS IS 112) ' . ' ' . . . . . · 
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CTHE PROBLEM 10 BE SOLVED IS) 
(MARY IS lW I CE AS OLD AS ANN WAS WHEN MARY WAS AS OLD A$ ANH 
14, "!OW; ., ,.,, "'-'llY )•!Ii ~a.. YEA"5, .8~ # HO!ft: ~ U AN1t A.> 
cw'11H MAHVA'10itY s~strWY1oid' hi!' PROa'{iU" 1s>' ' ~· . 

·. (~. . . I.I ~- -ll ~f\. ,,,,.. ..· •, 9,IJ> .AS, ~. WA$; WHE·N·· MARY WAS .AS OLD AS 
~·I&, ,-.W .,, 11i.~ ia AA .v,~s a~ l'·)IH~ ,11 """"a.> 

, •. ~., 0.,JY; ~)ION THE PROILEM IS) , 
"·'. . ); 4.Ji :;t ,T,IHliS'·f O!' J.), Mi . ... :0 . • •. . I PERSOIO · , :,_~, . ). WM A$ IA M (ill /. ON) IS NOif 

. lllOD I DUO tf'f!~ I Jl .. OH~ IS I\ vrm ~ CWHAT I 
1~>· .~ ~ /: .~ .~K I OLM>> 

, Wiit' $rMt>i• stin'l'Mi:a ARE> 

. H~tAAi!d:_/~> :ar& ts a en~, t, OP .u <AHN / PERSON> s 
' ~jjl·~· . ~· .• 'l'Sil'~ l .~ )) 
nm~·~- U4Aitv / Pinolh s AGE IS (ANN I PERSON) s 
iiil....,.i* CPtRi'Olt 7 l>LM» 

· ··ttlllldlT"{ flP'Hllt s· M1! 'TS tt CPU 1'01> t· DUO l 

<~ ;/ MIW !;I: OHN I PERSON) S AGE ( QMARtt I DUO) 

~f':; ~'. I ;; ~ v \ 

(THI EQUATIONS TO IE SOLVED ARE> 

· ~<~MlfQ:MMN ../ ncitAiQ!j.) ·•~Ga»• 
·t,i·,r1 \ ~Jr1t~1·· 'J "'""'~· •. ,,;,. '.' · '(:· ·, ' 

{EQUAL ((lllAaY ., .. P£QUN)' s AGE> i-) . . 

'''.''~t -I :1>11't!:OM>- !Ii ~i. -<~""6. ~aJW»-.<·<""' 
• (iOMW.~ i("(tiJ.v' /'ifl'l1tiN>' S 'A.at'> (TINES 2 (l'LUS ((AHN I PIRSof) 

··:AJA¥),,~ ... C~lHl, ., . .·. e:·• . 

i:/; ?; ~~~ 

(ANH I AGE II 11) 
I ~ •: ,_; ~ 

<'".' 

(THE PROBLEM TO IE SOLVED IS) 
<Ttt~O TliE PERIMr!i{R OF A R~CTANGLE AND TKE PERIMETER ·' ·otf ·A ~ . . t<>I•'.~ .i S • I I' lTJf( PIR I NUEA OF .THl .lllCTANGLE 

•. •• '"'1k ..... _* F tHt! TllfANdLI!"; 'lMAt fS Nt "l'flttMETER 
-~ ~~,,,~~ \ ~L~. q. >.. . , r: 
(W ITN !WIDA TORY SUIST I TUT I ONS THE PllOll.eH l $) .,., . ...,,,,..,..-_.r~ A l\EC'fMGtt AND 'lWl 1"1tlNETER OF A TRIANILE 
II 2• INCHES • IF THE PERIMETER OF THE RECTAJllLE II 2 TIMES 

. ~ h!fl!l'tli'llOWfg. #ff. M 'ft.IAlllG'LE , WHAT IS Tiii PERIMETER OF TIIE 
TRIAN8LE Q,) 

WWCW WOlllt 'TMre1 '4Y l'WCl'HOH l'H! .... tllt •i> 
'l"!>(ftllt PIWI') -....Wtth4tftlt '(Oft''/ W) A"1MO'tMLl!'MD'•'iMtftRIM£TER 
.. 'i(Glll'fwt ~ 'MUlllfC\\.~U'tli INCHES (PERIOD I DUO IF THE PERIMETER 

·(Olt> t·Ol")~'IW •UTMGL't-1'$" 2 fTtllllS ·t 1>P"-tt 'l'ttl-l'lltllill'rllt ( 
;~l~·'4.f) ~lHt~l!Altft!.,;1.~tlflttT I QWORD) II THE l'IRIMETER (OF 
I OP) 'fKE TAIAllGLE·C~K I OLM)) 

i'l'MI -llfl!l!LI .s~Q A'4J · 

·''"SUll•.I ~).\ Tltl•,.llUMlliJ·«O~_;;_~,;:r> .. A -~HT•t.l·~D THE PERIMETER 
· · <OF ro,J A TflMciu rs ,, 1m;"" c .. tuoo roam 
1'liitf''HlirMlfii'tOa= 1'/o,{1

THE RECTAHQLE IS 2 <TIMU I OP u 
·('11f11·""Mlfl~ f,41f,",.-~~). ll!!f TRIANGLE <l'ERIOD I DUO> 

((IMAT I QWORO) II THE PERIMETER (DF I OP) THE TRIANGLE (QMAllK 
I DUd> 

!f' ~-,,;_ !" r~ -.·, \'ft·'~ 'I :_. 

,+.( ~~~: .-·!'. :1~ ;.· ~1"'';' '1 'i 

~'),~fdt .ti 1t;1Qtvlll. ~u 
~£ ;i:cll'"1f'adinfl<l'IRUIETER OF TRIANGLE)) 

(EQUAL (l'ERIMETIR DF RECTANGLE) (TINES Z (l'ERIMITER OF TRIAMILE))) 

'
1 {taJl'C:(',t!JJ''CJE~fMft~ ;OF RECfANGLE> (l'IRIMltER OF TRIAll9l.E» '''"•• ~~)) 

11_ 1 
•• ;~r,1 _._,r;1·~~.: ' ~-r 

(THE l'ERIMETEl OF THE TRIANGLE IS I INCHES) 

~. ,, 
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(TME PllOILIM TO IE SOLVED IS) 
(llLL IS ONE HALF OF HIS FATH£R S AG£ ' YIEAAS AIO • IN 11 YEARS 
HE WILL IE Z YEAllS OLDER THAN HIS FATHER II llOW • Ho.I OLD All 
II LL All> HIS FATNU Q.) 

! ~ 

(TME EQUATIONS TO II SOLVED ARE) 

(EQUAL ...... .C<&IM;,_./ t!ltW*l S. (fATHEA I l'IRSOll) S All)) 

(EQUAL Hl$'9 CCl:I Li') PEflSOil) s AGE» 

(EQUo\&. ,,._ tUl.ldr) .-...>- a AM} -HJ 'PLUS 1 UI~ l f'UIOlt) 
S CFATNP / l'IUW>.'l AUil> ' .. . . 

(EQUAL u'll'ILL I ~uoiu s: ME> <TIMES .SGOo (l"LUS CCllLL I 
l'IRSON> •!(•MN•· •I ..,....., 1, All). C•I MUI: •);)~ > 

(llLL I All II 1') 

(llLL I...._ ..... ," 5U 

---'"'"'"'""'-...1..~~~~..J..i' ·~-..1::...:._____ ~-".:.!_ ~!i.- ___ ._._ ':..c._ - _;_ 

mc~L ~~ ~~· ~tel. Al Otls Al 11 LL S F'ATMl• • Z 
TIAI$ ,..~~ .4!J.~ 14-~JJ.. aJ J ~ AS OLD AS II LL 
• THI SUit;¥~'~ l~ ~1,,'~Jlll> .ljJ~~ ·~ .,) 

<THE £ .. k 'fO ·J. ·-~ 'Ui) .. , 

<EQUAL ~.,<w~ . .11 ~l!MfP • ~1" 
(EQUAL(~-.,~-, :. ,.,,,,.·.·~1~f.·~."1 ... ~.l~ .• ~l-. .. ' 
I l'llHll . #. .. J .f!WIGll> "· CJA1"P~ ........ s AGU C .. , , "'-. . . .:4:, . >U .. ttJ, ·, . . . .. ·: • , . 

(EQUAL <-..'~'™-·I;~ "' ~11Wl. I ~,. ~l '1~ · 
<?IMO J .('Nl",(~'41,A:f•tNf {~· .U') ·"" b' .. ·· 

CIQUAL ccitir.'l i 1~)' {(ttnftW /'~>'I 'CiMcL[/ PERSON> 
I AIU Ct!Mf .. J -C(itlliJe ,, ~) .... ur~-· I ..... ,, • .\QIH·> 

v L'. ~ 

(llLL I AGE II I) 

·.·iy 

(Tttl l'ROILEM 'IQ IE SOLVED IS) 
CiA llUMHR II MULTIPLIEI> BY 6 , THIS PRODUCT IS lllCREAHD IY 
_,. • 1'111 RESULT II 11 • FIND TH£ llUMIER .) 

: ._;.!''· 

(THI IQUATIO• TO IE SOLVED AR£> 

~-IJl'M!IW~H 
caQUA\.· Wwl ctuiu 't11uMala> 1> ,,., ••> 

1,,,• .,,,. 

- 'tliiim al .. i.> 
, 1'""1"1if~'fi ilLiiD: 11> · ~-,G: PllCI OF A IAIUO IS 11.70 DOLLAlll. IF THll .PllCI II !f l"IR~~ Liii THAii THI MARKED PRICE • FlllD TN£ MMUO !"RICI 

'11";· 

<rt'E .~~- • 11·,~'1¥~ ~) .. 
,.QUAl.~111 (~m·,.,c1» 

,~~~· ~v;~i1 ,:i)..-1. ~•••• c~ ;,i4m 
I 

CJQUM.·'lllJ .. fF·MNfJ.~T~fP 11.70 CDOUAM»> 
' 
l ·.~{L-..1.·'~o'····f;." .. : . .,,.,,·:;.; ,....,.......,,.._..t1;,_f.,.fot;.DO&.Wft ·.·•• <to:i•:l: .. ="Hr, nr 1 

'
1'£ .... ,,,tH..,..rs I' .. ',. \ ".'.) j 'ts 1 fk·· .. 1• i.-=·•-=t--' '''· .. ",' ·":·I':"·!,,~ •i 

~ fWAll ~:IM'MillllYtlN .......... , .if'l'.WW·•·'' ....... ,.,l.-P:\1 ,,....IWF1SM 1fllifiUli tt!t 
l~ ii;, '."'r .~ 

'I"":,.... .... -- • .,. . :.4 ' . '" 

<~,·~~~~ fi, r,•·~·"·}~· .1 · ~>~t·r 
(~L C .. Jl,JtF. !IUP"U (MARY I PERSOll) (HAI I VERI)) J) 

' i:.; \.hi. ;, ' ·'·',. .. , 

c~~~··t:.~~-·-·~~'i -W:~t'HITilllt C .. ll'Of 
,..~,(~''.1~~:-~;i,~-)}))"',· i' _': .: . ~' . 

'..{"' , ..... 

<THI llUMIER OF FllM TOM HAS IS 6) 
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(THE PROBLEM TO BE SOLVEO IS) 
(IF 1 SPAN EQUALS 9 INCHES , ANO 1 FATHOM EQUALS 5 FEET , HOW 
MANY SP~ EQUALS 1 FATHOM Q,) 

(THE EAUATIONS TO BE SOLVED ARE) 
' ., I} f.; ,' .. , 

uQU.lli ioun CTtMD- 1 U8MOMS> n 
(EQUllL' fYUid .. ;c.u11ttcacn.J.•Ctf1Mll & (HIT):)) 

( EQU.t t""t I MIS 1 (l,...JJ! (:tJ MIS <t ('I NCHU) U 

·'ft ~ .• ' . 

'IKE EQUATIO~ WERE ·INSUFFic;ENT TI> FIND A SOLUTION 

((£ -.'£C11Mlt·1 CY-)') ('ftMU. ) .(QITlH .(lllUM; CTlllD f; :· i 
(USiG TH( FOLLOWING KNOWN RELATIONSHIPS) 

<FHT C<fi'MIW'tt HWCllUJlffl~ ' ·. r·i · · · · ·,,. , 
:· f _t l. · ,. -'· t.~ - · .. • ; ::- ~ r ,: : r: ·. . , . 

• ,_, j- !:i:-t: \ . ~r .· 
U liA'ftloM't:'I t 9'"*J' 

~~---T·.?T""::~TV~5:i)~ ~'.: 

<THI PllOILP 10 IE SOl,.VED IS) 

f I 

(THl! llUllHR OF IOLDIERS THE RUSSIANS HAVE IS OllE HALF OF THE 
llUMUll 8r•al4Hll~•AYl<•1 T•l-MllH OF,MS"TillY ~VE IS 
7000 • lllAT IS THE llUMIER OF· SOLDIERS fHEt HAYI 4~> 

'!· 21~orr1~.i ~:~~~.:~ 
,·. \.-c,~~f"i-P.; \j;, ~;1:1 .. ,' rt' <1· ·:. 

<Tllli ... ftllli;1t11ilE SOLVED ARE) .. 
1 ·,r:i:.-J.1 

CEGllll 1111ltt:•&l_,I ff!:IO'-•UN <Jl.tE\' /. P,o).J~~vl VIAi>» 

CEGIAL (lUtll!R OF GUiii <THEY I PRO) (HAVE I YUi)) 1000) 

~=i~~Ji,li~l1tr~~,<=~H,t'°a>act"'" ,.!~ 
•'.E"''"~: n1nw&i~ts {'H-. t.~ce;·~2~t:~ rl11n;:.~_t1:~, l1> 

THEt ....,..._. .. ,.,!1...,IUCIOf· qcf IM ~· .ftlilU~lJ~ 

(ASlallll•lm.l!JH./ ;u Sr ~;Jf,\C "'' 
((llUMIER OF SOLDIERS (THEY I PRO) (HAVE I VERI)) II EQUAL TO 
(IMIMHR OF SOLDIERS RUSSIANS (HAVE I vERI))) 

tJtf:;,l~f~; ,'.'\;: ?:.f·i_'f 11,:~ l>I'! •• 1-;,' 
4 ~" 

t: ;~H ... ;,' ~H?U:; :~~ ~--;'~~(' ;'.:;·. ·. ;.;··~r •, :. 

(TMl'-ll: ~Fe •UHJIM ;1"1\' H~.E ;ti: ,55,90>. ,. 
i~'i I•".· 

l ,.;(fri~,; ,., 1. r ;· ,: ; : , ;·1 

,;!·): 1 I(.'.. 

I.THE PROILD! TO IE SOLVED IS) 
(THE RUSSIAN ARMY HAS 6 TIMES AS MANY RESERVES IN A UNIT AS 
It ~~IF Ill iLOI ERS , THE PAY FOR RESERVES EACH MONTH 
llS SO: l S ll~ rTHPl.lllHR OF. WUVESJ.11 ll4E 111111.-! -MIO 
1'tl IPblT' ·tttt "RtiOUR ARMV l!ACH' -llTll IS 'I ~•"rt MES 
1'1E llUMIH OF INll FOllMEO SOLDIERS , THE SUM O• THIS LATTER AMOUNT 

N:awr,. "R .• E•1n1s EACll MONTM IEllVAl.!..t.•• ... _,,_.,Fllllt Jltl, ..• 
. 1cuuru1a 111uT r11t 1tll*s1u - w·- nt1 IOlllllR 

IO(OIERS IT HAS ,) 
~ ' ,• ' ~ -~ ,• . ' • '; ! • 

<fr..,:..~t~o-.;;~~:i~ ·~l~tD ARE> 

~~"~n~~':t',""'R.qF\yt!l~~ED so~D·.~Rs P!:P'", (KAI 

' 
CJ~~111.t9Hst<_ .• _.~~ O_F.Jl_ES~!lv_~_ JNl'Nq. lil!l .. I~ _., (~ I Vl~1H · .. J'lr' , r .. .. . , • .. . r' · . · . · · , . 

ckwti'(~_IM. '~·T inMf ~ ... "~~dtAi A~·tAc~ MOii.·™, (P~Y 
.,,. 1fP~·~. •·~T¥>,~ n'"•~ .~s"o ~aqL~n > ,. 
cJQUAL (AMOUllT .SPENT ON REGUl.AA ARMY EACH MDllTIO <TIMES <TIMES 
IJI\~~)) (lllMHR. OF UNIFORMED SOLDIERS))) 

tJca&li('."l_ii·d· u;o.1WEIW., ui:H liibl'Tft> t-'tiMI* ;tHiels ( 90.;tlioiwsn 
Cf'~•~r~ ;A .. MP, .111! UNIT»> 

drcaci.it'fUliailU. '•ittA~Es 11/'oNtt';Rtlssi~' •. '" <ttAi'i'vDI» '· · 
(i19'l1,,.,(~,0f,,U•tFO .. ED SOLDIERS <IT I PRO) (HAI I YEM»» 
t rr,1n~:: :!~:::~:.:·~t.:·'',.,~··'··(;: .. -t( ~·.':t€1! .-., ,:·:<"~.•.r.i l~·,~:. 1•·:f • .l<;~:·: 

.... ~1~1~1 J"''1f~~;&,pl ~;Fllfl> A SOLUTIC* 

-

THAT> . 
.01 UIU FORMED SOLD I ERS) IS EQUAL TO ( NUMllR OF Ulll l'OllMID 
iHf i~~l YMf<i ,~l~Hh :,.101'1 ,,,,. rn~:· . J :·(10 ·11'.:1 ·· '" 

--

,.,..,. ,-.,}. w ,.,,... -~'"'<''d,_._ • 13,.,~, ,..,fr.,_~) ""'i"' l.1"•(1"". ' !! r .• ., . ., ~ •. . 1 • • ..,. ~. ·r , • ' - . -~ ..> · • • • ~ 

"'1llimtH'i.t EQU.\L 'fil"fiWIR1o~"RUibt:s 
, f.<if~ "/tl\otH» > 

~~~IE ...... v.i• A•Ultt-'f 'fMl"RlilltM A*IY'Mt II IOO) 

ctn.a llUMHI 01' UlllFORMED SOLDIERS IT HAI II lll) 
·,.. r~:.-'"''d·.,+. ,; -~ :"-r,·ri ·4·--l·)n~·'. ~ 

-h," ·~ ( • -·,'.Ji~·{·,;~ ;1 :- ~ ·, ··~ ,_..... i ,' ·~:.H"'~'. !J"I ~ :..• .• ' \' f 

) 
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.p. 

<THE PROILEM TO BE SOLVED I$) 
(TH£ NUMIER OF STUDENTS WHO PASSED THE ADMISSIONS TEST II 11 

.,fllactllll:IC!l:•THI 1t1Ai< llHtNR OF: lt'1Dl;lttl IN THE HIGH SCHOOL 
, IF THE NUMIER OF SUCCESSFUL CANDIDATES IS 72 • WHAT IS THE 
NUMBER OF STUDEllTS IN THE HIGH SCHOOL Q.) 
•r·;.;. n, G:.~)·-~~··· .~ 

• ~·,_ ~.·; ,~ <) .,i. ..: • -

" '.'(Tiil <4QUA'HQNS TO IE SOLVED ARE> 

(._.. .. Hl,(ffUlllll:-QJ ~$Tl,IDlllT$ .u1 ltl~ ~HOOL» 

(EQUAL (NUMllR OF SUCCESSFUL CANDIDATES) 72) 
.~.:·:~~?._J~- ;')I. -J-~'.-~.f ( ~}J.f ,{ ··-, •-,t'.'~ ·, • , • _: .. 1 . ' 

1 

CillUAL ~ ff?t~ lllll•,JIASJCi·AIPlllSUINI TU.Tl <TMI~ 
.1000 (TOTAL NUMIH OF STUDENTS IN HIGH SOIOOL>H . . ' . ' 
~'r ···~~~!Iii~.' ··,--~~' 

'WE ICllATWllll,._.. MSlfl'ftCIENT TO FIND ,A SOt.UTIOH 

,,. ...... •JHll) ' ' 
((NUMIER OF STUDENTS IN HIGH SCHOOL) IS EQUAL TO (TOTAL NUMIEA 
OF STUOINTS IN HIQH SCHOOL)) 

RH' if J '. .: .' \ .' ·-- l~ '' \ ; ' . · ;- ·, -~ 

Tiii lllllt!l'ltlll'iWIRl•'llSUFUCIElll TO ~·NP:-• SOJ,UJIOll.,1. ; · 
. ~.o'\·A~:-~~ -_, '.-,·~·.t'<': ~ :: · ·r., ·~: 

t.~~~ i ~ li~ 1·~· :< ::o. ,,f :: ) ; 
Tl!U!!fLP.Q!llllrU P_l.l~M.L ... 
•tflli0 ....... LElll lft'fWM l.DIOMATIC SUBSTUTION IS) 
(TffE NUMllR OF STUDlllTS WHO PASSED THE ADMI SI IOU TEST IS 11 
Pll'f~" 'IOTAI. NUMIER OF STUDENTS. Ill THI HllM $CHOOL ' 
,~,°i a• •«•Dts WMO PASSED THI AOMISllW TEST , 
,:fr'.· :r;,.,.~f~~~~l~~,JN(llllr10.'tlllCliOL Q,) ! 

f ,~'·. ,_:·."'.·O i~,:'(".L::~t::'(Vi l.~ ~~ 

(THE EQUATIONS TO IE SOLVED AR£l 

'(t!QlfM.• 't'OIRlll ~- OI'' '$1UDINl'S tfl. !l:t:Gtt SCHOOL)) 

(tQl/M.i • ftAMP: 'OP'i~"1S! .0 PASSID ADM I SS I OllS TEST> 72) 

(tfQllMd~'GF SlUOl!Mn:NHIJ PASSED ADMISSIONS nsn (TIMES 
• J.J,.C!O <T~TA\ N,.UMIER OF STU0

1
ENTS IN HIGH SCHOOL))) 

THE EQ.UA:rlOllS WER~ INSUFFICIENT TO FINO A SOLUTION 

(ASSUMING THAT) 
((llUMIER OF STUOEllTS IN HIGH SCHOOL) IS EQUAL TO (TOTAL NUMIER 
OF STUDENTS Ill HIGH SCHOOL)) 
· rn:·.~r- ·~¥ 0. 1 ~- ~~ 

'·<CTWI·-· lf''lnDlllTI IN THI llflllt •ttlOOfi ii''' 711) :•· 

.~:ai~~ifH~i~'fo' i.os .. AN'd.t:i.t!Mk''s-10·~ii11 • 
'~f~

1

Nm:E SPEED OF A JET PLANE IS IOO MILES PER HOUR • 

"';;l~;~~f!>,T~~in ~~-a. To._:uvu FR~M ~~.YORK TO LO$' AlllEUS 

:· ,:-(\1,. ! ;:.· './\~.1 j 

, <;r~. £~10"". 10. ,~ JOLVEP ~I>. 
(EQUAL 802517 (TIME (IT I PRO) TAKES TO TRAVEL FROM NEW YORK 

_ , TP .. Lps, ~J.P ~Y. ¥µH . . , 
't'.'(lbult' 'tAYl .. k" ikto OF JET' Pt.Ail£) CQlloh~llT' (TJMh·'lk (Ml LU)) 

.,~, ,m~y. li:r~~~>H ,•; 
... ctbuAt' totitdtt'~ili i.tw 'YblK to r.6s· ~llcitil:s) cflM1i"ho11" 
<lf:l~mn , •!' '""'". .. • -~· , .. ;' 

"•\'~f ( "fi.r, -!,'~1~ ;:.,• '\• ( f i t·.·l') J1 J_' \ { .<. ~ '.(• l ":'~ I ~ 1 

:1Tflf;-~lfft;;WW~k~UHm,111 •. r~!;Fft1R.··~1M~UTION 
• 1~&i1M\f''liE' M\lir1~0'lW;i6 lttAHONi~flsr ,, •Ii••: ·.n 
"Uffffl C.Ol$TAllCI) (.TIMES C.SPE.ID) <TUI£))) (EQUAL CDISTAllCE> 

,.;.;R,"Ms~•c~l.Ofh~~~'··:OF:,ffLl.lt~"' .. USJJ)))) 

/\ lfff!lf1 NG THAT> 
~~~'~J~:!S,Mit~ T~e'll!f:~ SP~.£0;9,, olET ~IP. , . 

'•tm~~h~ll"t6°ittiu (IT I PRO) TAXIS TO TRAVEL FllOM NEW 
YORK TO LOS ANGELES IY JET> l 

. ftlfW'JftMJ~~~' 10 Jo1~tA¥C! FROM;atw .°(~IC to ~O. •his» 
t-.' ., ,·,r 

(THE Tlftl' tT 'tAIC,Ei' to tkAVJL FRClfl llhr'YOitg 'fQ' Loi PiEr:p IY .nr 1.• s.:ltOVU> . · ·· ' · .. · ., 
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ml£ PiioBlEM TD ilE SOLVED IS) 

~~
li Qf,:,,A ,~,,~.. I MIJ(.E» ... N.UTS IS TH£ $~ .. ,Of THE COST .OF 

· . . '$ 'Qt. l . , ~ AN!) ~ CQS't OF 1'~~ .~icA,.S, Vt l'14l II~ 
. ;J1 ®:S:. ,C.OST IS $ J. 500 • ti\t WI! tGltf , i\f 'tibUNDS 

, . F M 0 'MIT$· IS THE SUM OF THE NUMIER OF POUllOS 
OF A~ IN ra.:;x AND THE NUMBER OF POUNOS OF l'ICMI IN 

''l'Rf ;'fffl1 'WX'wt'flflS"TPOU111JS'-~ 'ntr'C'OST-OF' IUIDIRIS' · 
rM IMIM ~ 1.,4_, .11 ,,,MIO: l'HE-CQaJ,.4f~tt:CAM l'IR POUND 
.,.~-P(CJU ·n .. ·-i:m . flND"TJtt"'COSr ClF' 'l'ltl ~f*llDI IN THE 
.... Mf.;~L· ~ ~ ~S IN THE BOX .) 

4N~·~ rp. ~-~Up> ~.L, :'; r.: 

. (£Qilif'wro«fi)<COST OF PECANS IN BOX)) 

, ~-;~,~t .·(i(iff· d; A1)4titli$( t'N BO*H 

·.H~:.<~~~:. P~~~s>., <TIMES 1 < POUtlD$ OF PECANS) ) ) 
·. ~','\ 

jfJltk;~tl~~f>r,o~ ~LM7D:.:'..(TI.~:~.-~ :::~:~:~,,A~S))) 
; f-L (Wftfitrf!J;t,4tllftdUlfWiCj. 'O); ..,., Mt~IM.JQJV ·~C,t,; 

· tftlAL 'Mfilllf~~-~ _.•·Of! Mt-llllEaunt '""'~-." 
,~!fii' .'. 1'tt.J,. ~~>,ti\~E:,~F f'OUMDI OF PICMS IN 

(~<ftllfEtlt -- "4fltB IUl'O•C.~i .. ~IJUH)(IGLLAllS))) 

·t-Li'!fftft tl .. ¥l41XED NUTS) <PLUS <COST OF A\.MONOI IN 

t~~,'ftfls''<~~MC1 ~C!~x><>.!,, ''"·:-; •. o:rN;;n !- '*8Ut- .. IHlmM~""8 TD FIND A SOLUTIOll 

(MIUMIH TKAT> 
C~ .. 1-t,....t fl E(tUAL TO (NUMBER OF POUNDS OF PICANI 

!~t:~f~f,~~f~~~j tt~~:K1.~~~i ~~~}, ~-' f: ; !!g ~-,i:· ~~ ).~:~r<;~i~ij\~:~:?7) .. ' ~~,?.~~~f~1·f.; ~~· 
i!(,._ ....... T'•11· ,,,,, ,,,,. ~1" .,.,~. -~1-0•• • .... • •• •• 

1t:Jnft U,'. ·~-·:':- .::;,1.,I; ~·t·,t. ~ .. .;-f~J·oi.,, ,;' ·l~I .~ --.: ........... :.,·,' ''':.'. 

i.;tUOMtQlfnllc:AISt(1tl ff'JA";'ffi tfilltl;.OFi_;, . ,J""1l!'llJl'!il : . d 
t .. ·.ht' 0¥! r.i. ;:',Q( 1 ... ·1il-_ r; i ~H? '··:t: ':f ' 1 :t{;fr,:, '" .~i>f ('! A(.:·L1:~~ '·: -_'. -~ 

ff'..:f"jrtf~iraDEQUAL TO (NUMBER OF POUNDS OF ALMONDS 
IN IOI)) 

;( A$$UMI llG ll:IA T> . ucon "' AfMOtlDS) tS ·E<lU~l. TD (COST OF ALMONDS IN IOX)) 
l· 

<THI COST OF THE ALMONDS IN THE BOX IS 2 DOLLAR$) 

i<flltr,!i,fT 0,~.-~H~.;~~~1S l~,,TH,E ~DX Is ... 1,Ht ~LLARS) 

ittA!Q f.l~·t. M49fafl.l • '" 

' <1'1ii:t'Mf0ft.tif ~ it"iol!MI'· HJ 
; ('UIL,W -'RKJ.llU'TH>N.OF MY CAR IS 15 MILES PER GALLON • THE 
' ol'f\Mlft wnwtlf lillllflNllittO;llftw YORK Is 2SO Ml LES • WHAT Is 
~1=-:~;)~L~?N~.Of, 1 ~' USED ON A TRIP BETWUN HEW YORK 

<Tv'1~ EB~~.·~!i T~.·,,'~·~tOLVED ARE> 

<filllllW'-•ClM• ( ..... ~'SAU.II~~ -~F :GANISS11'0•1Tf11 ":H'Omff. 
·~l~lla--tti•.• . ;,·,~. ·'·f; ·. r: l · 

{.t,H{ ';,kft\tH"nJ ~l l.H 11~~ ! l .. ~-l. i ,, '.. ;;~. , .,.1 I :/·1 

(EQUAL (OISTAltCE IETWEIN BDSTON AND NEW YORK) (TIMES 250 (MILES))) 
I i,!SA!il>•l i>O?'i> Hiff ll'l' i~··!~ 

I CElll4L (to\$ CONSUMPTION OF MY CAR) (QUOTIENT (T1MES 15 (MILES>> 
(Tlflf:I 1 (IALLOIJI)))) 

! lHE tf{HViltn.~n· M~;~r :;.;·(;~~ ( r·~;; ,·~ i 1i~;.- ~· ~~.:rn1~~cj}1 

ntE EQUATIONS WERE INSUFFICIENT TD FIND A SOLUTION 

cJ:i':r .,Jlrf3LL'&r1~\~':'1iihl6~~1~Y: 1 ' '' • · ,,, ' 

(tlmilk tMM' .... ..CJ'UBn:l&M™ "filMIA.U (i(WAL <DISTANCE> 
(tfMH (W llOiltll'l'IOlfr '(l1Ul4Ell l)J l>AIXDRS o•'w USED)))) 

,.I, ,Jllllf,.I~ rnME .-,~ .,,, 1s£i,r~ P 

I <tt ....... M IRMkt~ii<~Affe!ICE BETWEEN BOSTON AND NEW YORlt)) 

l ~fHrltlltltOflf tli/ tQij~f'to''ilab CONSUMPTION DF MY CAR)) 

., (AllUMINQ THAT) 
, (~,JM~ QA,.~,»~~.Jl,.f,.Q!,I~ 19 (NUMHR OF GALLONS 
I 0•1MiN-~~111\lil' :¥~~-~1"itp;;~~'i~~Tllf!~1.; '! ' 

{1H1~ t:"f'tl-l i~r: Jt1.i 1 .. t; ~Jil n :.' ·1; ·.>." ·.;..<..~·! ·1 1.~.1·, .. 1t;~· .. , ),· 

<+At£~~ "~1.1.dirs \j¥·~-\JSElfolt'A"riif P; ittwEEN NEW YORlt 
ANO llO$TON IS 11.11 GALLONS) 
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..... ..... 
°' 

' .~ ; ·t 1 

: \ ,,(.,'•i"!°'i' '". \f"'•.1)'f1!::2; ! :' .(1• <• ·' ' ,"\'• L '. ,i''! ~ 
(..,_..011.llt.HltlBE sOLVED IS) .. '· " 
{THE DAILY COST OF LIVING FOR A GROUP IS THE OVERHEAD COST 
PWS ::1111£ r:&Ulllltft~flOH HA'<' JA(:l!I !'Mi59N:.• T 1-. ,t-111 ;~~ OF PEOPLE 
111 '!llle'·GllUf.tt41 :'SH I S COST FOR OllE GROUP EQ\IAIJ S lH .. , AND THI 
IWMEA OF PIOPU IN THE GROUP IS 11D • IF THE OVEIMEAD COST 
IS•!J.e;Jf .. ES THI IUllNING COST , FIND THE OVERHEAD AllD THI IUMIN8 
CCJl'l\':..a:,~;ll- i) fi~t,· . '..I'. ·'' ._.I:;'• '. ,, 'H'i:~.: 

iV~~(;;.n=··'!! ::.,·v ... :, 

<M .... lfOll ft'•IE'letWO'dD ": 

(~f!l:'AL ·~~z~ (~1111!.NG, COST FOR EACH PERSON)) 
•• 1-, .. ;..<.1 ,: '• r )J'•' r.: .. ' .'/ . ;r- 'i. I.. ' 

< l•tJ lilillH '9YIMEMI ff · . ' · 

<ilfl1Ht9tMOll C81Tl' ('TfMIS ·U '(flUNNl'M COSTU> 

<«W(.i,(~R,9f,. ~~LE ,IN GAOUP) .llD> 
~·.: t,,_ ·' ..,~. i, .' .,:,i:f. ,:. , \J , . , !· .·L: -~· .. -'~ ,; ~-. ""'· 

<itaiL• <._tL't COST' tF' 'tl'Vllld ~ CltO.W> Ol.llEl lH CDOl.l.AM>J); · 

<iiifit.' <lilt Lt' CoS1' ... •U'ltltG' Hiil 1108') "'f~··iCOYllMUD COST) 

~bm··~~t'f1· .~OR ~~~ :~~R.~OH) (,~ER' ~F: ~~~E. :~ 
71

: 

tff,;~A~J~~'•/f~l~l,JN,X.TO FINI) A SO~UT,I~ 

~fttl'u~~)~ ft ~~it eotfj) 
lll.tlrutt • .l!J•U.l.L . Cf''' · .• " ''I ' ., ... '' .Cuswnn·,..T)' · 0 ~ '·· "" "

1" '·'' 
<J....,.,~ 9 /Pu.y.. :w ~HING COST FOR EACH PllSOll)) 

<M~iffl -*•~b :.: , ''·'" 1 
,~ •• i.t.~l'Jii:..;..?. .l. • .; 'JJ.W, • 04 ·1f£dq.\ri 2: ..... ,i-.,l.'I;. '· , ; :, , ..... 
,..,. _.~ ~~ ~. . ' ., 1".'?'. ~-~ ' ' ' .. '·' ' 
lt"' ibi' ' JI .. ~< ;-:Jf#,!' { h ·'.;I • J ·i • ,) • 1 ' c c. "'.'(kl' ~ 

cz 11r ... <J~::l! ~i i~-r cGx \, , . ,.,·"·,'.·· ,. ·.1 I .1 

!!?i,~2$-fs':r.~A~ OltE,~ll:IS; ~ Tftli • ~if't . . ,, flllO ~" 1'IO lfl'MfiR!I • l . · . ' 

111'1'11.G flOHltL"i IOIOMS . 

~ iJ ; ;;'}~.J '.):.\ . I {? '":·'·' 

tmE·f.Wi~iiMVi"n1'R(101CIMAricsulsTilrr1tM 1i> •€,,· · · v1,~ 
(THE SUM OF ONE OF THE NUMBERS AND THE OTKlll MUNIER IS II 1 

:s:t.~~=~~~~~~~\C!.'·~ER ..• Fl~~.~£ 
\ \ . ? ( .1; I '~ C H..i ,' .. 

i(t··~'- 'to 181 iOl.vED:AliE)' ,, 
, «ICML-1 . ..-J.JI ;{~a -.u>.> 
: (t~Al eo2sh' (CIME OF NUMIERS» 

'c~ ,-._~, ~' .i,l'(ori,~• •u>h. 
(<l~L· <~ws <~tl>i"~ERI» «oni!it ·NUMaER» 
I '~ f •: 1, j J ; r· ' ~ • - !: ~ .,: .~ J !' -> 

H> 

ltlE EClUATIOllS WERE INSUFFICIENT TO FIND A SOLUTION 
'r4f ~ T ·· , .. Vf ·:"•·,t• ~:._: ~ · 

~1.;c-· ;..;~· C-..l•"?.""lr·'!i- I 

TIYING POSSllU IDIOMS 
·., .... r" • ' :~ 

:'.Ortl'f O~ ~'1',;.~Cf: f··:1·~f'"·' ~1 : "1 ,,,. ~·. • : • ·w" !'. 

(THE PIOILEM WITH AN IDIOHATIC SUISTUTION ISJ 
'1ftMIJ .. '!Gf-·..afl AND THE OTMER NUMIEI IS JI 1 AND ONE 
I IMllllf'!W • ., ...... 1Ull' THl>OTlltR;:;llUMIH:· .(" f ... iJllll. - 1llUMIER 

< ~ ,,m~ 0~~· j~"L.· ~. :, 

~ff~~:.~,nJ0,1l,io~~~o .~~u 
l1t,:ifllhli1: ...... •1f:1Nffl~EUJ 
(.;~ 1l~°1'~/·-:l!')}' (°lj-> w.:, .. I. ·~ : ~'"**'ff Hllf' .. ltf) 

1.1 l1 f vr. .. ,\ 7' 

,, . ; :, . • ';_I 

WIUM, .. Ullll-..-al . ..L!J.lll lLiOTIIEJLll!MH~l)l. 

1:;:;;;(~~""'~,,~~I) (O~~ER ~E~~~.!~>,-,,,,. 
(Tiii ONE llUMlll IS SI) 

~.,.. ,,,.,,._ ••• - liO>' 
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'""" '""" ......, 

(THE.PROILEM TO IE SOLVED IS) 
(THE Su11foF 'l'WO llUlll8ERS IS TWICE THE DIFFERENCE IETWEEN THE 
TWO NUMHRS , THE FIRST NUMBER EXCEEDS THE SECOND NWllER IY 
5 , FIND THE TWO NU,_ERS ,) 

TRTIMQ POSSll(E ioiO..s 
<THE ~L~ WiTH "9 tGIOMATIC SUBSTUTION IS) 
(THI .·Wll·r .Ul,$.T r~~.41U> JJil Sl~D IUCIER IS _TWICE THE 
DI FFOOC lmtlN 1Hf: ., llST 'lilUMaER ANO THI SECOllO NUMIER , 
THE ~lll.J.'. ..... ~IOS TtlE SECOND NUMBER IY 5 , FlllO THI 
FI RS 1 'll'IMBIR dll THI SECOND NUMBER , ) 

<THE .EQUATIOIU ,T(I ... IOLVU NIU 

<EQUA ·Ql~~ .... CSE~ -~)> 

( EQU~ ·~~7,, (Fl .. :'tl~El)) 

CEC¥14&. CF!,_.""..~ (PLUS-$ (SECOND NUMIER)) > 

CEQU4L .. <J'1.U$..(FUl.T.~R) CUCONO NUMIER)) (TIMES I (l'LUI 
CFIRtt ..._DJ (lllfM <iECON1> NUMBER»>» 

<THI:~~., •. 1.son 
~ ., : f I <, •' • ·, ! ' · '~· .. ~~s-

(THI ~ ~ µ, t • .JQO) 

'":;~) '..;F,i!(: .,,,,~":·· 

<THE NotUM:'N•ll!-\llO;c;fl) .,_, 
CTHE SUM OF 1WO .,..IRS IS 111 • ONE OF THE NUMllRI IS COllSECUTIVI 
10 l'Hl'..ra:'-ll(:..st•o•''flll no NUMIERS ,) 

1RYl .. h1'ClllllH~HI ... <'-.:, ·· ._,,_,«, '. 

(THI Nfft:IM•.!Wllll~All;tiltCIMAftei:IUISlUTION II) 
(TffE 11111 OF ONE OF THE NUMIERS ANO THE OTHER MUNIER IS 111 
, OllE!Oll'.TH:«tMUllSJts COMUCUTIVl''TO THE OTHER "'*'IR , FINO 
TME ONE OF THI NUMHRI ANn THE OTHER NUMBER ,) 

'-" ' 
: ··l~· 

- ... i.. '.;! .. ft;. 

<THE IQ.,.TIONS:.TO BE SOLVED ARE) 

(EQUAL GeJ5lS (O~HER Nllf4BER)l 

(EQUAL 801515 CONE OF NUMBERS)) 

(EQUAL C~E OF.NUMBERS) (PLUS 1 COTHER NUMIER))) 

uauAi., Cl'Lus·· '°"'"or: 11UM1us> cotHER NUMBER» uu 
! 

<THE QllE OF .TlfE .llUQIRS IS 51) 

CTKI OTHJR 111,1110, II 5U 

(THE ~OILEM 10 BE SOLVED IS) 
<THE Qf lllllU" NUMBERS IS 9 , TME SECOND NUMBER IS S MORE 
THAM . tlMU ,THI '-1RSt IUtBER • THE THIRD NUMIER EQUALS THE 
SUM 0, ~ ',F l:<RSf lWO *Nllllt•s , F'I llD 'rHE THREE NUMIERI , ) 

<THE IQUATIOlfS 10 IE SoLVED AREf 
'< ·-· ., - ~· ••• 

(IQUA .. Gt2527 CTlllRD NUMBER)) 
: \A t "· : 

t«llJA~ 811521 (SECOfllO NUMBER>> 
• f-;_: I ,' ;'' 

(EQUAi 802515 (FIRST NUMIER)) 

UQUA .. <THIRO NUMBER> (PLUS (FIRST NUMBER) (IECOllD NWllER))) 
~ ,-~Of't'f!"' .. ,., ...... I'/"" '"'!f~''" --:, ''• · , '.,r,,;· .. , t'·''~ '""· 

CHUAi csiCONO liUM.t1R> <PLUS J CTIMEs 2 CF1 RIT llUMi1an » 
~· :to:.,.:(•'l'r' :i.?"if~,,, . J ·-tE::·: <t·f·+-~~ 17-.l ,i;:.;, ~ { •. }; • · 

(IQUA&, Cl'LUI (FIRST llUMIER) (PLUS (SECOND llUMllR) CTMIRD llUMIER))) 
, f ~~.l~''-'«H f_~;:~:1'°te1 f')•\' 

,~. " ... " r• "' . .: ,- . ) ) 

(THE l1AU1•~ 1$ .• HOii) 

<THE SECOND NUMIER IS '> 
• : ':.i(3 :t ~~· -~ -~ ;. 

CTME JMIRt llUllllR II -..S~> 
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(THE PROBLEM 10 BE SOLVED IS) 
(THE SUM OF THREE NUMBERS IS 100 • THE THIRD NUMIER EQUALS 
THE SUM OF THE FIRST TWO NUMBERS • THE DIFFERENCE BETWEEN THE 
FIRST TWO NUMIERS IS 10 PER CENT OF THE THIRD NUMIER • FINO 
THE THREE NUMIERS • ) 

; '>-

. (THE IQUATfOU' TO IE SOLVED ARE> 
'" f. 

etQUAI. aeull ·· tT11aao llUlllER » . 
CEQUAL IOISJB tSlCOND NUMBER)) 

(EQUAL GOIHB•(FIRl'f. MUNIER)) 

LIClUAL (lttUliCPtRST"llUMIER) (MINUS (SECOND NUMBER))) (TIMES 
• 10 00 (TH I RD NUMBER) )) 

t£AU.\" CJ.llt!IA NUMBER) (.PLUS (FIRST NUMBER) (SECOllD NUMBER))) 

l£QIAAL·(PLUS (llRST llUMllER) (PLUS (SECOND NUMBER) (THIRD NUMllR))) 
l'OiJ) . . .. ' 

(TH(fttsJ ~tll.IS 27.50) 

. CTH£, ~".fM'!J'R .~I 22.50). 

,1':n.,JW(ID. JIW!H@,.,A,J,. ·ff) 

· ,ifMl,.~L,116 .W ........... !>· I I) 
llJ' C ltlllALl·t· TUllS ll flLllS 1 , AND B PLUS D EQUALS S , ANO 
••••• ,. ll'Y~ .a. .... ,,. ... c • ) 

<THE EQUATIONS TO IE SOLVEO ARE) 

.<9~\:.~)t:·l~l . 
t ..... ·tr~~°tl~ UUllU$ <D>» U 
ct<tb'AdPtus c•) co» 3> 
<EQUAL <C> <~LUI CTIMES CB> CD>> l>> 

<C ts J) 

(THE PROBLEM TO 8E SOLVED IS) 
(S • X • ~ • Y • 11 • 
5 Jk,•lf- 2 • y • .. i • 
FIND X ANO y .) 

(:1Hll IQU;\;f HIMS 19 II SOLVED ARE) 

(EQUAL G025~1 (Y)) 

(IQUAL GllJltO (X)) 
' { ;, ~ :., , ', 

(EQUAL (PLUS (TIMES 5 (X)) (MINUS (TIMES 2 (Y)))) 1) 

(EQUAL CPLUI (TIMES S (X)) (TIMES ~ (Y))) 11) 

ex IS 1> 

CY IS 2) 

(THE PROBLEM TO IE SOLVED IS) 
(X I 2 • (Y + J) I 2 • D • 
tf,.l")/S+t•O'+U•s. 

",,-.; ,, .... y .• l ' •/. 

C'JMI. tQUAl'J411S 'fO H toLVID Alli) ·. ~I!.,. &ou-s cv.» 
(IQ"+I!· ~~W· (X)) 

(lflUAL (PLUS (QUOTIENT (PLUS (X) (MINUS 1)) S) CTIMlS Z CPI.US 
CY> U» I) 

· (iji)At c~IM tQClOt1111T cu u <MINUS <lluot1ENT <Pwa en 1> 
2))). Q) 

(l II ,, 
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(TH~ PRQILEM TO DE SOLVED ISl 
(THE SQllAR~ OF THE DIFFERENCE BETWEEN THE NU14BER OF APPLES 
AND .TiiE NllMBER OF ORANGES ON THE TABLE IS liQUAL TO I • IF THE 
•UMDIR OI APPLES IS 7 , FIND THE NUMBER OF IRAN4£S ON THE TAILE 
.) 

tTHl EQUATIONS TO IE SOLVED ARE) 

·(EQUAL GOl515 (NUMBER OF ORANGES ON TAILEl) 

(EQUAL (NUMBER OF APPLES) 7l 

(EQUAL (EXPT (PLUS (NUMDER OF APPLES) (MINUS (NUMIER OF ORANGES 
ON TAILE))) 2) I) . 

UNAtLE TO SOLVE THIS SET OF EQUATIONS 
·;.; 

'TRYING llOSSllLE IOIONS 

(DO YOU KNOW ANY MORI· RELATIONSHIPS AMONG THESE VARIABLES) 
f\. 

}NUll!HR OF ~PUt) 

. <+R .OF -- Off TAii:£> 
llO 

. ~, r 

I ~T •Lvt THlf PROILEM 

(THE PROBLEM TO BE SOLVED IS) 
(THE GROSS WEIGHT OF A SHIP IS 20000 TONS , IF ITS NET WEIGlff 
IS 15000 TONS , WHAT IS THE WEIGHT OF THE SHIPS CARQO Q.) · 

THE EQUATIONS WERE INSUFFICIENT TO FIND A SOLUTION 

TRYING POSSIBLE IDIOMS 

(DO YOU KNOW ANY MORE RELATIONSHIPS AMOJllG THESE YARIAILES) 

(GROSS WEIGHT OF SHIP) 

(TONS) 

(ITS NET WEIGHT> 

'(WEIGHT OF SHIPS CARGO) ... ; . 
.;':f'EL~ ME 

·: "'.: ,,.1. :~i ·~ 
(thei.lrellltt of:• lblpro:cuao 11 the~dlfference ~twe"' 
th• ~011•£welsht Md "'9 net we1aht$ ) ' ,, t' .. ' .. 

THE lpu~ I ON~'. WE"' I NivF FI CI Etfr TO F I ND A SOLUT_ I ON 

. CASSUMl.i T T> ; :.~ ' . 
((lllT WifettT "t. I S .IQUA\, TO. (I T$:'. NET.,)IE I GHT)) 

'.... ~,~ ., . ' 

~t'~N;r=~ ~· E~L '° ,~~OSS~WEIGHT OF ~)) ·· 
(THf WEl. .. T Of TMl SKJPS CARGO IS SOOO TONS) 
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APPENDIX E: A SMALL SEMANTIC GENERATIVE GRAMMAR 

The grami:aar outlin~ here will generate on~ word prob fems 

solvable by S'tUDENT,~th~ugh not the sef of al~ Jiith problems. 

RULES 

Create a·set of spnultane­

ous equatt.Pns:;wh!ch caJi be 

solved by stricqy linear tech­

niques, e~.cepl; t~t :,ulP$titu-~­

t ion of nuinerlcal valuee in 
--t • -

higher order ~9uat:ions which 

reduce th~ to U,near equa­

tions is allow.d. The$e are 
;,H',, 

the propositions of the sp-.ek­

errs mode1. 

Choose unknowns for which 

STUDENT is to solve. ~This is 

the question. 

Choose unique names for 

variables without articles "a", 

"an", or "the". In the prob­

lem any of these articles may 

be used at any occurrence of 

a name. In a coiaplete model 

these names would be associ­

ated with the obj~~s in the 
.. 

chosen propositions-. 

Write one kernel sen• 

tence for ea5h equation. Use 

any appropriate linguistic form 

given in the table below to 

120 

qAMPLES. 

2~ + 3y • 1 
y; __ l/2x · 

y .+ z = x2 ·· 

z = ? 

x = fir&.t' number 

y =sec~: number Tom chose 

:&. • thiT.d number 

'r2 time&: :the first number 

,1ua thi~ times the second 
·1 " ._j :~ 

number tdb\' those is 7. The 

second number Tom chose 



represent tlut aritlme&1ic 

functions in .the equa• 
tion. 

For each unknown whose 

value is to be found, use 

a kernel sentence of the 

form: 

or 

Find __ 

What is ---
Fin1'ic_' . . · and ......;_;_ · · 

What a~e ~ aad' _..__:. 

for more than one such un-

known. 

If a name appears more 

than once in a problem, some 

(or all) occurrences after 

the first may be replaced 

by a "similar" name. Simi­

lar naUffle are !Obtad.ne4.J by . 

transfcmnat:i.on.-whidl: 

a) insert a pronot..\n .. 

for_.•·; <DGUJt' -phJ' au· 

in t~-nqie~ ... 

b); 4e.letfi!' ~U.elr.nd/ 

-. or t•~f.M1,4~-

•tri-n81J. of• the ume:. _ 

Only one "~ll.~'si.Ja,iJal'J' et~in& · 

can be us•cJ.· to r"pli11,e. ap,- oc., .. , 

currence ef a -Q.S'1~, _J;l)o~gh 

any numbe~, of liOP~•~Q.tt· '.1' 

can be made. . .. 

,·. ;, 

j _,: 

121 

nUlllber. 

The sum of tke''seoofullta~" · ''•·l" '' 

ber Tom chose-iatld•)a!~tlbittd) "<J ~ 's:ipc0 

number i• ~equ4J rlto itlt41 j o J : ; .... : ! .: :. i:; n "'. 

square of t19er,fbft ~w . ' . . n; 
J_ L' ~· l 

ber. Whal1:1ianta"-~ ;:"•.-;•··· ·.1··· · '" 

number?• 

" t"'-O. ··-

Similar a:miauii' t·lo ~ r;·,_; ; 

"firet" fdl.~~1.tiulibu:f' · · ;i;_•'.} 

"second qwh4r ,M' c:boae"~'. ~ < 1:i Ai>-· 
"' ' ).. 

chose" 

.1 ~; j 

~ ~ f . ' 



If Ni .OCCQ.8. ·in ·,Sj -and 

sj+l' and in sj it is the 

entire substring to the left 

of "is", "eftU•l•!' ·Ot;<"ia 

·•."'v Replace "the:.JUOCMid raumlt6t · · 

.Tom .choa:e0 by tteht• •econd 

choice" in the third sen-

., . , tence. 

equal to" (cu: dfe.,entire-·· ,., 

substring to the1r:taht).1,~en 

in S j+l' Ni ma~:rbe :11\eJ)laaeid ·· · 

by any phrase QO~akttn1ttbe1:•' 

word "this". 

Any phrase P1 may be 

replaced by another phrase 

P
2 

which means the same 

thing. This would mean that 

STUDENT had been told af· .Ch.is · 

equiv a lent!4, :Wt.ing ·BBEMBBB 

and the sen~e: ''Po2 a.1118¥8 

means P 
1

11 or .. '!P
2 

aallettimes 

means P1
11 

• 

Two consecutive sen-

te~ces may be connected by 

replacing the period after 

the first by 11
, and". A 

sentence can be connected 

to a question by preceding 

the sentence by·"If" and 

replacing the period at 

the end of the sentence by 
II II 

' . 
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Replace "2 tJ,nteSJ•; 'by "tvee't·, 

and ".5"_ by_ ''\Mte h~lf'~·; 

Connect .ientwd•1r• 1 aud 2 , and 

sentence 3 and the' final ques.;.i 
tion to give=' 

"Twice the 1'111'~ ttUmbet' ·plus 

three times dt~ seeend 
numberi.itfOml ~-· i:sJ·7·, 'and 

the secon4" auiinl>et' h~ ch'Ose 

is ola•·Ml:f::f>f. th&: first. 

If ~-v• o"fL titi$e,seeol\d 

choice'tinltf a"'' third nttlllber 

is equal'11t~·1 t!l\e sqttare of 

the first.:nQllM!r 1 ;1Wl\at is 

the third number?" 

',,_-



Summary of Linguistic Forms to Express Arithmetic Functions 

and the Equality Relation 

x y x is y; x equals y; x is equal to y 

x + y x plus y; the sum of x and y; x more than 

x - y x minus y; the difference between x and y; 

y less than x 

x * y x times y; x multiplied by y; x of y (if x 

is a number) 

x I y x divided by y; x per y 
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