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ABSTIACT 

The STUDENT problem solving system, progranmed in LISP', ac
cepts as input a comfortable but restricted subeet of Enalish which 
can express a wide variety of algebra story probleme. S'J.'ODINT finds 
the solution to a larg~ class of theae problw. STUDDT can utilize 
a store of global information not specific to any one problem, and 
may make assumptions about the interpretation of ambiguities in the 
wording of the problem being solved. If it uses SQCh information, 
or makes any assumptions, STODBRT c0111111Unicates this fact to the user. 

The thesis includes a susaary of other English language ques
tion-answering systems. All these systems, and S!UDBllT, 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 S'l'UDINT system. STUDDIT 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 STUDINT system is a first step toward natu
ral language coumunication with computer,. Further work on these
mantic theory proposed should result in much more sophisticated 
systems. 

Thesis Supervisor: Marvin L. Minsky 
Title: Professor of Electrical Engineering 
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CBAP'l'D. I: IN'J."IOJ)UC'll()B 

The aim of the reseaich ~ported here was to discaver bow 
~ . ~ , . t·: 

one could build •·:compute_:i:- progtjna which could coaaunica~ with ; 

people in' a n.aturfl langueg; within some ~•tricted pro~~ doma~. 
_ I •,._ ~ 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:9ble ;:'iut 

restricted subset of tllgli•h which caa be used-to a:pre.:.::_·:wide" 
. • -. • • •. • • ,'. , ~ ~- i,,.:; "!1 ·,~ ~" 

variety of •lgebra ttory prttbletQil. The p~~• ~~ ~ figur;:-l 
i -:,: :i: L ·:, " u. 

illustrate . some of the coaa\ini~tion,.and pr~bi~ 8'>lviag ;CaPJlbi~:-
: - -~, .. . ,. ,.., ~ . , .. ~ ' . 

' -T• • .-. -

ities of~ this system. ~{_;/;.'.- C 

In the fO;J.losi-qg d_1.~1188ion,- I ,shall Uaj lihi:1•es '•~ as-:' 

"th• coq,~t•r ~•r~~•:: lqlish". bl ali -~ ~a,es, /·:~: ''In.: 
.• .- • -~ • ,.. ·.- t.w -i ~ . . 

gliab" ia .. juat tbe .. ~~ictecl-- al&beet o.f-_-&agliali, .. uid.ch.--~-allewaW. 
as input for the computer prQgram under discussion. Sin addition, 

, . ~- : . .. /' ::.: -~ ;.: 
for purposes of thi,,,rep~t I h~ adop~ the f¥loirinl opera~lonal 

.:. - i ~'' ,.::· i,., i:::• '.:. --:,.:; t •. _ 

definition of unde~t•lid~g.; A demi,ute~jnd•r•ttplr:• tubset ~~~-
.:, . . • j'. ◄ 1-: :".! "- -7 

glisb if it accepts'. input. seut:enQi!a ~i~ ar~ ~I"! o~ this J.g'9et, 
• : . ,;- _,.,.. .; -;; t"_' ~ "-~ . ..,.t··-

and answera questions biaa4'd on ittfoniat~ cintatiied,.~in~1:he input. 
-.: • (', ~- • J J.',, :,-,, • 

'1'he S'l'UDBHJ system understanch ln.gli~ fu:.;tbt.s •~~ ·;,i:-

A. ;'1'he -Prob~ Conf~i of the S'JVD!fl IY~f-,• ,_ ,. 
' ·._ • - :·: j. -·- ~: ':··l.-.. ~ :: -~ - . ' _; 

In c:ol'l8kuctlig II ques:tion"'anewe~ ~y•t•, man,y probl~: 

are greatly ,implifled, ;l.f .th• pr.1,lelf{ c~ixt is i-ei•rlQt~. ~~: 
simpliff:-ca~io·n resutti.ak fr0111 :ti., rei.6-~o&a -i,ojfe4~lrt' the~:.. 

.. -- - , ·- •. •_ , , ·-· . , ';'_ • , , ... :- 7 '.: i,.: t ~; L \' _:· ·• ~- .': 

DINT syst:eia, ••Qd the:;l'.eUona tJ.t•e~:•~lt~cft~ jfi..,:, •ill_'k-' 
dis~uased in detail ~n th, bo4y p~ t~ 'r:!PO~. ;;~ ~- : · . 

··- , - z -: • .. ~ '' - . :- --:· ,;; " 

The STUDENT system is designed to answer questions embedded 
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in English language stat~?~'!\ C?f, ~~M~~-L~~~y:'l)EJtl•~ .. .!\!!lL:!!''.~ .. _ 

those ,shown tn;:l'igute 1. .9TUB111Trdoea ~tlliauby::1couh°occiag,ifraf,, 

the Englteb · input -a corrupoadiq, .. s •beef J a lgeh4":.;eqwt t ton19 '"anti" ' 

needed, STUDBMTdlaa aceeaa tqrr,a:· stare tofl_,,.,•stolNrlHoiltfoi'llll&ton,? ,'. ·, 

not spec;if!c::•to:a!7-_f,artit11liar-probl••1 ,,nctEoaaJ:setrrin• ~eleYMltc: L , ··, ., · 

facts and equations from this store of infci111idtleaih SiGl61'com- - :; , 

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

help of-the .q11estioner,tf it.,19ta swckw1·•. ' 

?het:e a-re ia.,DUlllbe~ -of ,rea~ ·•1 11 eioN tbe, c;ontext of ,·:, 

algebra atory'.:,p~•tema in: which. to ...,.Iop .... t~fi4oe• 'wlticb would)' . :,;c C 

allow a computer problem solving syst•r:ito,,.coept,1 ~l(,la,..ger,: ,,J h· 

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

store -iuf♦m.tion ·.w'4id t,t:o, alllllff• ;~et:1k•Piantld.c ,-:.,11'C&lfC9'" 

namely, a lpbgie.c::,.qv.&ti..-. 1'hel:ie ·a:ut 11f:l;jl,l tkillfiilian.ilgor.tdiU 

for de~i.ng .~t.u:m iimplim.tL~.lt!h• ...,.ti-~•-diat•.:i,a,;-· 

values fCM ~~lt,11 "Ml"d.a~:U.es, *ic;.,.aianY Ge ,ac_t of Ie4119t ~ • - · 

In ad<Ut wn.. 1, ·fe.ilt · tllat, ttaime -~ ,4 -----11abll.-·.....-: of 

Englis4. ,tn,.tii-dli,~ Cljpu of ,J1lgebqt ·a.cecy i:pr.ol,liela'wei;• _ _.,. · ·, 1 -.~ 

pressible. A large number of_,llbeae,_.,y.'lR'oW.-·:e>re ~le:., 

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

of them intQ, 6111>1111'! s .tap.ac, llagliah,.,, , 1Uw ~~Uoa •,illllllNt'-

ing .te,tk; if,; :()Qe: p~ ,:by;; rbiiWm& ;i ,Jilad>csbEM ;,i:}$ ,.atir-a •~ft 8 , 

from inp\Jt ,~q i~OA:, of 'thef,-.qUinWRl&'W fJ)JTOII! 0 S'•' ¥9 •catt •of,. ,., :, 

tain a, ~i-e- -of ;,CQIIIIP81:U011 ~ :tna ~---JI ,pf• 181.'UD1!:lC1rJ C -, ; ·,. : 

and oii:,:it 1\taan, Qll:-:-:t=l,e.,,a4118 ·11to~t ,itt ~~ ~•••ftJ .,.., '· 
IBM 1094 ~ J1alt ,qtleRiona tha:tti 1ttrG111rlumdiill ai ~ <St!" • 

faster. 1f.ipaJ1 ~ tnr~ing, the ~:.pn>'bla.1,~d Jn1~ ~••lCOIJli,t- · 

parison, ou .abow.d .~rd:hedJtUHf:~..-.i -ue,~.:1JN1:1094:J,,.\1fhieh~, ,._ 

can perform over one hunclrat,thouaand.J edlfttbiOM yer•'~.:r: ' ··· 
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B. Reasons f.or Waat:lng ,Natural My11age Iyut..: 

Way ,$hotJld oue want· to.•talk· to -a l:!i!ilipW!er -in.<lqlish? There 

are man:,, tongue• ,th, ,computer already,u.Qdarti•t••• ., ,soch, qa POI.TIAN, 

COMIT, LISP, :ALGOL •. CQBOL,c te,,nf1918 just a.r fen, •. :·l'bpae · serve ade

quately as conauaicatiott media with tba:c:cemputer ;fo~ a.,!arge· class 

of probleas •. A more ,pertinent queation ·i.s r:•aUy,;~; is 'English 

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

English input is desirable, -for ex811JPle, :if :Lt· 1is,1nec:esaary 

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

English. If a computer could accept :Bngl:Lsh·•wputj'.,.mueh ,:tnformation 

now rec&~ded OlllY .in -gl:Lah would be avatlabl-e 1\for.mcolliput;er uae 

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

A computer which understood .-glia woubd l,e·.1DOre .access,:tble 

to any speaker of :&ngliuh, wbetbe:rr er -not;he waa.tr--a$.lte4<·:tacany 

"foreign" computeT. tongue.. -~ a single &bot' •t •di• ,coq,.-ter "ith 

a question aot likely to be repeated!, .U:c· wouJa1.not, b6;wo~Cbwt\ile 

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

rather than ~at retrrieval, BagL:ha ·t• •• god,!, vahi~le 'ior 

stating queries. For a good .description o:ff the• ,r.f;fteNt>.ees between 

fact and document retrieval, a.ee Cooper .(a.2),.-

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

describe a proplesn, only: a :metnoc:L ior fiading a so~ to the plf()b- · 

lem. A natural language is a convetti!ent., :vehit:1.e ·fo~ipvwtding ~' . 

description of the problem itself., .leaving the chot:N1:.of..·processi.ng 

to the problei:a solver accepting the input·~ In an'~~ ca:se, · one 

would like to. talk to the COllptltex abbut a p.robl•:, Widl 8pp,ttopriate 

questione and interJections by the. e0111puter on. a11atapt:wtta· ,f.t -finds 

necessary,. until the comp11ter ,cla-ims that,,tha,·p~eblem ,t.,naw well 

formed, and an att.e111Pt at sol.u.t.i'on can he ,mad& 
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· Finally, man's abUity to,~ ~ts ~ lei(kuag& 1:ts' a prinie 

factor in his iatel:li,sence, and if:wle cant 1~ bovl!C()';rlllB'ke a:·eoai
puter Ulld-er&tand- ai:natw:al language, ·we,wll·iiil\ra 'J!aken·-a blg; step

toward er-eating:· &1!l} "artifi-ci~lly :Lnteli-lqpmt"'· ~r (32l). 

C. Criteria for Evaluating Question-Answering Systems. 

We baye. cle£i~tl,anderstwnc:li11gl i'ft,tJM"IIIIJ., b:fh~, ability t-o an

swer questions in! EagU.sh.. A <nud.fer of.,~t:f:t,tk-~~ing s)tE!teme 

have been built, ab.duwill be,de1SeriibetiH.'D.,:the~ nDftiiect:ioni• ,ttl' Mils·: 

section, we shall give a•.lWlJlbe.r·•of· c:ri.te'l"t:a :feri-::; eHluttngi1cthesiti'&h- · 

answering systems. 

In many ,syst•ms there is. • sepal'at·tw;:,~ ,·n.tlil· i\\'put and:; que~:.. 

t ion inpuc. For all systems under, coutde'l'lt iM; the•, lfipttlt''itite-&t<i6ns' 

are in BntHsh.. ''lbe . input data ,mayTbe. eitftef'Y• iav&~!t1h Jt1 ln · a · 

prestructured .. format; ,e.g:. a tree, M"':¼lll,nY~ll~b 0!'h~rf&ngliah thff~ 

input may;,be: ased,, •• ,ia,:ciata baae,~a1Fl-'t5~'10fi!miffedlt1lttt4Si a -struetured 

information storv. Shaons,Air1ll1:,chnilp&den1• sutvey:;6£1 Ettgthfi qu~s'ol' 
tion-answering systems (40) j calls t!hosiF'«iyst•fns 0 6aiUig' a stfilctu~~d- · 

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

"text-based questton,..;an..,erft's" :w:fricih ~t"ltr{e't@.i faet§c'.lfront Ute 1ortginal 

text. 

The ,extel\t ,oti lltl'NN1',St'aMtl'lg 'tjf • ltf'Uifn i9J.\.I.S1'tS1fering "System 

can be measured ·al~ t!hrH diff.«~.i~~ctf!dl~sithls j :1.ifnt!~ctic ,' :isenait• 

tic and de~iv•,._ cA:loq the··sym:aet:ie dfiiiniiouc!dnf! cffi'·'tAea'sttrE!'' 

the grammatical complexity allWAie=-'fin ;C"Rpttfisettt:iBc!ei'~, c".'ffll/s 'may · 
differ for the data input and question input. In the simplest case, 

one or some, ·small numnr of fixed ,ft>~' sf!ltt'ei'iee~t'i're ''a·rfowabl~' ·tn

puts. Less .restricted inpu:ts ·111ttY ,naw,,~ ft\'itfticH' \'ffii'diJi!<!St{~' ., '' 

parsed by a ifilce'd1 grart1JG1r. The nearet>flia, ~-::r-s:::1:a 11a tfmrititar ·; · 
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of all of Engl.ah,, ,the leas rut:ri.cted• u_. tlie: input•:.' ·:&ecaoae ,uzt

based 91ntl<>ll+'"aoaweu»a accept· n mput ia1lY at:z:111& ~; •ra, , with .. 

out fuf'the112 :procenq, ,they have~ ;no. •~11.cl ,ludat:iioiai •· input. 

However, the, -~t-mltrievel p~, may ~: ,he, ablie'' W» apatract 

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

mmn syntactic complexity. 

Ip 4ata bep Q1.lelltion-auwer~ a,-t-;-.,, on!?1i:er.luri• re la

t ionshlfp•- between .. -.-._ er. objiecte ,-. -.,<be" rept••••ble m· tile. 

info~ i~p store. -Otltet.1. inforiud.on· aa.y .· lte.:4ia.cardil4, or; lgoored • • 

This- i,, J:· l.~ii•t:~ ift.• the, ...... tic:cflaeMdea1of --r•taading. 

In order to obtain answers to questions not explicitly given 

in the,,µlpy.t,. •.41MestJ.ft-N&Wt'iaa,tJ78t-.aust:,liev•rrts1'•'~power ;to..:.per

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

facilitate sudJ deilUeA'.:iv•r at,.i,,lity. ,,r'ftle,,raap oiqdlldu«ivedabi;t.tty 

is measur" 4l.~na.:the \led1Mtlive1d1lteHioa·!Off;u••••t•a&ttng.' ,,'l'be 

struc~.ur• qi, ,pe. 1J}f~rm,at4,cpa-,stor,,;aay,.,alaodaicl,; l.n1;,aelecting ,only· 

re leya~ ~te~J1' 1:: foJ ., "• i~-- t'btdleduct tve r q\teatl.ea~nawez::lng · p:to-
. ' ' 

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

, ·~qt~-.~ ~riteria ~leHlY .rel•ted,.to. tbe-,.cee,.of :cun;er-

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

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

In the l;>ell~--~aee;fitQA;QUW-wai.:-,ve -~~8&l4ea tay.lli---Hiii 

by tal~ill& to J.t i,a,-agli•~ .Alt.►.ruth-el:,.-i OM,■i911ti1ari.e·1to,,.td 

some new pi:.0,1~•,... to,, ~• ~, • ._ t, o:r i•t ·.wtut., •~dllUnge af8ht "imply 

completf,,,r1.e~ra,aa~g :~~ tiw,:_.tµe,~••t•i r. 

.. Ar:,, ~oi;itu~nt -~•it~\ -cOQl~r•",i.QI\ w ._._.; of a qu..-•. 

t ion-a~.-w~~ .ayate,1Lia ,tlw ~~' :qt ~W# .l-c>fi,::dbi iMefrnal; 

structur~, .,Cl,+ the ay.at•, t~~: is ~C,e&lfflY' tit u11e ,k,,.s·,;#itb·best .-one· 
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need IM>t be,· aware,-of tht laronaaU.011,. Herat• kl1iftur_e,:-_UdiJ.t ell. 

At worat,. a,' thorough- lmbwleclge of' tM i1M4lnal '-ilrwt~ may :l)e.' ilec• 

essary to construct 1'1ttele input;, - 2 .1 - -) ') ·, 

Attother: 111eaaw~ of the-- wa~ula~a:.,it:c:a -t~ioil-anwwering 

systeflt''. is • tc:a~ aM.lity, to iAterect trith-· tlle ,uau. ➔vqu, We wt>rwt ewe,',·, 

a question is asked and sometime later an answer or r~t:cef f.tn:.: :_.,• -

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

given of the eau•e of: failuril nor 4Madfte·i s,-.ta *14- the~ iperion 

to givei an,- help.- , ftis is. t,.,tctl,6f''the'-eP'ftat'4.&a··of'·fP~'r of :i ·'1:· 1 

Air P'Hce -4;iery st•tetu- (J*,- 1t•y,war, •Jenotflll"t:~atc-a-tilon}"-~ ln ,, · 

the best:-eaa~,- the 1 s}'llt• wUt, aak tJile,tiM' fttrv'tpR'lfle- help' atld' 

accept stlggeeti~ ;df appil'OfTiat& ~rieWJ::.of--acH.oti. :i- - _t '·' ,c, 

In this section we have given four criteria for evaluating 

question-auwWr-lng-s5'11teM~ ·i'hey-'M,,_,1,e:,rtlt !M"ilNMlj*•; foi1.b'lf8: · 

'l)' Dttenfi ofrru1M1erataild1-at1-"E••-~lc'j ; fl!!liililt-l!C:i ·nd~-tle.,;. ; ; i', 

'.1. d~o;i17~ ,1>!l4:,1e~) ,. ,, :·;;. . " - ;• ;,-: 
2) . ___ l'af~li~;yi. ior ~tendi~~ aJ?+JJ.~,•t <,;fllt~~-~.1 . ~~~Yf,, 

deductive) · 
,:~ : C -• ', ~ > : C •, ,.~,:.i..' '-S': ;•'.••, •~•~o: : : ,. /,. • ,, •, ~ 

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

4) EJt:i:nt ~f •btt6ractioa•vitl ttaet ' 

D. Engl-t1h,•l.antua1e 9!!1tiea-Afthetty;-:s,:atw~•>f,. - .,,; 

, lb. thiW ·aectiMl1 Fihitl~gi'te-' i''Ci-ltlliH'1a~ty:· of e·'~er 

of BngH11h-_;language,,queitlon-anavei-iq iyit8M~~utittd.ng the' crl• 

teria outlinei· bi 'tlte ·prevtblis aec-t'iun.. 3 c:'J.'iiil';4tilh~iieeton-'.'!wll1. • provt.d-e 

a context for the aetttth· of· the: coaciQcliilj;;e&apftr:,vlttchi'•~rizei · 

the•·capabf.Uties of tile 'S'l'UDBRT"-ilyltem.- - Pb'r..l.i"'ii!actiftion· of1~1he diflii•;;:J 

ferent syntactic analysis schemes mentioned below, see the siiney by 

Bobrow (4). 
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l) fbUU,s.· Glw ff .tJ,e•e..i·U..tt· ....,~J.Ollr'ell:llfe«-iD&i,s~•t•• 

was wrJt~ .i.Q l96Q ,fi- M;lT· l)y- ••hoa,_: Pbill4f,I; .,.»-) .,,;.;a:td.S• a,,; date., •.· 

base system which accepts sentences wli.:uu~EC:,. NLPlff'Sed: 'by, a.·,very 

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

Chomsky {.S). ,A4'1.i+i-PMlusYJltMtU..,;KJ!illi:J"i.stJ.nS'::K~e:;,,hff iN¢l't 

word, 8'118-t " ip. oaly,pne. p-,9Q1118tic.,l eel••--• Md ~)l~; a, HDteJlee. has-., 

exactly onepal'(liag. 

A par~e4 sentence i•. tf-"Jts~jn~4i>':'•ilill J,j.Jt·of, five ele

ments, th~ ••je~t., v-e~\>-,. ~\lj.ec,t._ tj..gae, t>i..J~t, ,pnd., 1tJ.ac~_~1>9.rue-~ 

the sent~nce., •ll.ot™tli,_,:inf~~n. ·~~.'I ffrn~eflHiMl<,d-~(l~§JaJ'd~. ·· 

Questie>IW_ are ~~~r'4. ~Y 1Jiflt4j.p& t\le-.;J.;i.s_t:: ~Ofllbllt•t:; tJ"•11sf9qwd ,._ 

question against the Us~-::ifOJ',,eKIJ·,~~:I~ .... ,. iWh~,~LlN,~b .. is 

found, the corresponding sentence is given as an answer. 

PhilU.ps' sy•t• has ~.de4ueUv•.,1'J>ilj.~y-t~, addf..N,.J'i.WW- , ... 

abiliti~s wguld r~u4,r~ rep.-~•~;I.GJ~•---,• ""'49Mti(?ner must 

be aware that the system utilizes a matct'l.i.ilt1p·H!,~eil:-111hi.~h does not 

rec~z~· synonyms',' ·aaa.1 thet~fo±~· tke: aent&l\ce~' .. 'l'li~r t~llefi.er' eats 
' J '. :J 1 ; f)') i ~ 

lunch a~ noo~. '.' will no~. ~e reco~nt,~., as., ~1;1 ~t,l•~e~clP, ~~e 9:uestion 
• • , -\ •• " < ,,. S-f "-•' • - J. ~ .. . )>,. • ; •·~ • " ~ ,. ' •• ,, 

"What does the teacher do at twelve o'clock?" When,,i'WJ.1ips' system 

cannot find an answer, it re~rt.,, Qaj..~, !,'(pjj1illAQ.EJ~Q;,1N07;.: KNOW)". 

It provides for no further interaction with the user. 

2) Green. Baseba 11. ;ls_. a,•. qy.,e1Jti.a1m~D1JWfJi~; S¥ft•;ti,ts*goed·, ,, 
;.. •...• ·-····• .......... -,..~ .. .,.,.,.. •• ,.~---~-~~ ···-·-·-;;.(,._. __ ,..~-.-;;,-t. ...... ..,.,·,- ·--·-••'- _, . .,_,,_ ·-

and prQ,gr.~d at. ~pln IA1>9fa~o~iff J:>Ytkf'tni \l,tJ.fL,~oafkY 4nd 

Laughery., (19). ~~.·,is· _.,,dJ~At ._., Jff~.._n,i.llt!w\1!.t!Juth~,r4flli!t ts·.'Pltf;.~~ 

in me~ry, int a.,,p1;est:J,'µc:t•re9 ~fee, ~9~~:e , iltf,,4115.-,,~o~f.sta,,ef, J+he . 

datee, 191:"'~J\pn., 9N0•4.~ J!~Sllltit lmi:.,ft,;qr~nLoj,,SfiJWfj._ri~tn·r'l,tagve ; • 

baeeball :g~s:- O,h'· .tlf-••tio~• to t,h~v•m•1~•n,,}t4) P,VtifQ. ,.I 1U-1U.11h,.,

not the dat,-,. 
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•'Qt1estidn$' must be simple seti~eneef;i~tlr rlo'relativ6-'·; 

clauses, fogies 1 ~ · eoordfna'te conueet'Nk ~ '~ #ffh' eti'etie iesit':rfct'idrtS, 

the program wiH acceJjt anf-'question:'edut'Hed :irt'1ior4s cch'l~a:foed :l.n 

a vocabulary ,nsf'qufte adequate for 'i~ktng .c~#Jittdns ~dt'bas1-:' 
ball statistics. ?n additffut, :the p~rsfrigCirdutfiie~ &as'ed "on ·te'ch- · / · 

niques developed by Htir:tis :(2'1) r mt1s't:;ff:nd ··a ·par1H'ng .,for'th~'·'que'st:l.on.· 

The qu~stforis must pertairi 'to tta>tfstfcs :Wbotit baseball 

games found . in: 't'be .. infofDla'tfdn store ••. :<hie ·c•nridt . ssii 'q'aestfons 

about extrema,• sucti ft "'fitglrearf'" trcor~ di~11f~ewt"''ffltlii1>'et of games 

won. The par'sied qt1~sttori :ts'·,,tfansfo~ed 'ffitd tt 'ttifiis-&f speciffic·a

tion (or spec) tfdtf artcl ·the ·qaestfon"-'anaweffng ~O'utin~'tttil:f:'zes 

this canonieaf fdtiiiifo~ the ·meaning 'of"ffre 8c:lu«Wtfriii( Feit e)(.antple, 

the question ''lnro 'beat.• the Yankees on Jtit,r14~ w6'tild' 'be ''tra11s'formed 

into the ''spec l:t'st 11
:·· •• 

Team '€1'dttittg} == ··New York 

· Te~ ~inn:ink?-' ? 

Because Bas'c!hd:11 does 'not utfliZ'e' figltMi -fdr dat'a 'input, we 

cannot talk about deductions made from lrif6tniht&i tia1h':i:'c:i£ •in s-ev
eral sentences. However, Baseball can perform operations such as 

counting (the nonibet-'&f "~s played 'f,y ~. ''f'dr ~atfiple)-' arid 
thus in••tire ~enie ttrtt·tt· is ut'ilizirtg seitn~1•'s~p'lirat'e:d6ta' uni'ts 

in ibs &tore, it is peffordiirtr dedu<!t'foris\ ,- ': 

BasebalP.s ab-iliti~s c'an 'only be' ert'e'nd~d;~b:f extertsive re

prograumiing, t!tt,ugh ·the techniquea' 'dt'ifi'te\f ti~e '~- geri~a'l' appit-' · i' 
cability.' · 'Becatts~ the lJartting prctgt·atn;furs 11·~ery''lk>1ilpl'ete sz,aumar, 

and the vocabulary list is quite comprehe1i:ft~-. ffir 'the'·ptbblenf dotna-fri, 

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

ball 1"!'0:gr~. 'No provision for 'intet~ctton· 'wit:h th~' UB'er was made. 
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3) S!E29!!:, ,Tb~ ~ 9 ~~W'J~,i~ '¥!,,1'~~3~1,m?: qqe•~~o~1,an

swert,.~ r~Y'~t~ .. 4e'1t&~d. ~ll4 prqg~H~; ~r,~.1~~•,-~1,~ ~~ 
McConolqgu.e"(~l,). ~~c~J;irt•:~~~~~, (tlt,~pc4ild1t~ •,~;,e,~ysloe,~;t.,,, 

has been :;;~n~ff~~ed, fQ _iui«,~e~i<r ,~,_pe Jo~ .;µa,,,f.f ~~ uin~~~~iQ,•ud, 

store •. An .i~4,~,,h418 bep ,p:r:~par~d.~J:~t;~,~, ,lo,e.~tMn C?~ ,-!;l,tb.-., 

content WOld•, ,in ,the: ~.~t;. i .. e.. i1',c !\\<l~ ~,d, ,_ \~1l' '"°~,/! ' ''.-e~t, n 
and "birds," while excluding function words like "and," "the," and 

"of." All the ,':Oqt:EW,t,,_wo~~• .of 4' 1tiU~~t~~~~~ ~~•~~, -~~ ~~ 
formation r.icl\ JJe,cti,c;,ns of the.,;..-att ,~;,. ,t.e~~qtA, J,,e-:,~e~i~, t 

that are locally ,de~e •W--.~'bent. wq:r:d.~ ~~~~ w ~~'oq~~•t:IA~-. 
For ex.~le, if tJ\e ,~-a.t:(.,o~ ;,rctre 1~\,:4',q_,>¥9,~0,~~t•l~•t, ~;~h. 

content ~ot;:cl~ •~~•;,j~ )'1(!atll,. the t~, .. ~~~¥e"~;~'M •~~,,'!'>~ 
on the ~lia,a,p/' qll4 ''Mo.e.t ~ocu"~u~UY;i._~,Jiil'~~-•~,Jfi&ll~~~•cs~•~J!~V'e~,-

At this ~1-,,Lt;he pr~~~ ~tfo~ 8, ,8~¥ J-.qa\J~~o~!nt~,que~• 

tion and of the sentences that may contain the amn,~s,-,,,4•c~riaon 

of the dependency trees of the queetiqQ)anq.,~1:i~tfM~e~!~ may 

eliminate some irrelevant sentences. In the ~~,rr~!lji~~ieat 

worms on the grass" is eliminated becaQ.Se 1',~gna" ia the,10\tiect of 

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

general, ca4_,, ,tl;>.e. .~~in~ '"e,Jl,t~tts ~~ r&i~ ,,i~ ~•~ .1~~~ '.Q~er 

as po~~ibly ,a~w~l'f~ ~.e q~~ion •.. 1 , , tJi,,}•,;i .: . 

SD'lllEX is limi~ed J~}'Dt.',~ioal,ly .by it>:,..f?'~;,,~ th~.~~ ,.; .. 

tent that the ~tynt.a,ct.i~. ~,b~•.u elJ~¥'4te,f, ~~~~~ ~~~s ,1 

It makes no use of the meaning Q,f_ AIV,:~4,t,4,t~"~'"~(~d&.,: aQCl .04~f; 

deduce answers from information implicit in two or more sentences. 

Because tp,e :&,XQlll&I'.,,is. i~~8Pt,cPf f~ ,~aJ'..ABl• :~. lf,}'q~&~ic 

abilit~ pf ~~~- ~~. be;, ext .. ~ L~,:t.~"f,"lJ;_Jl¥i.+M• ci,~ei:., ;l>e!! 

fore it c.,p. be~~ ,, gP¢ 4u.~,iQJ1-~~).Q1,_;8.,._~Ji:iS~ 1~nt~ 

abil;i.ti,ea will h:aYe, to .b4l ~,. _; r .· • .. · ) , : 
- . ; -- .. . ..• 
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,i_ !j -,.If:)_: ~ · -~: j·; '.\ r:J.~j, 1. .,,~•.•{_'['• ;.;: ;• ':--¾ ·, 

user, but because it is implemented in th~,~~~ :t~tr~A,Y~:,D} "'~J~~~ : 
(9), a user may modify a previous question if the sentences re-

trieved .. ~~~r~,-~ot •~_ita~le, •. __ The ~ec~~1'~:~-f~n·2•,,~~ct~~,:~rt,:?ni~ces 

must be k.e»,,t in ··pii~~d ~p ,g~t best re~4\~,~-
1
,,;J )i lr~,-.,,. ': 

~) Linda":•. While at ,:t~~e -~~~r~~~~,1 ~1?-~•t,1..~,u~~, ,,?r; ,~e~~~~~o~, : ~",. 

Robert L_i11~_sar,;(28). pre>g,ra~~~ ,t:l!e --~~ -;~ ;~~,~~~70\o~~~_p.•~~lr!i)tt, rf.-1~5j~'·:~;;_i 
The inpqt t,C? . t~,e syst~. is/ sje.~ o~, :a~~~--~~~~ }~ ~~1.1~,,,f1};\~,h ';,~;,, .u, ,._ 2 

subset of English devised by C.K. Ogden. \~~l,,:~, '.~1~c1?)in.as;c:~ )'L~~~~UJ~~r~ ,, ; 

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

mar. The SAD psr.t .,(S}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-
• -; l .:: l, ,, i 0

.,

0 

.,:•J, '.~.: ,_-,_: •• }·;~~-){; ')i:.11·1~•:j~';';- 1:: •r ~:~•~~'f(,;1j~_~ .•.t 

tic Analyzing_ Mach,iq~ (S.AM? ex_t,rac;t,~ fI~ l~es
1
e .P)lf,!1. se~~~~~~es : ,. _,-, 

info~ti_<>n about t~~: family re~~~~~~sh,ipt' ~~~·•,~)~)~p~7t!19~~~-~l~;~~l ,iA , ~, 
stores this information on~ ~qmp~t~r representatiop 9/,~he tamiiy 

.: · , ,·: ,'- ,-, ··~- •~•''.· r(•,j": :.~:,:.;~ J;~ :'.:"~.i \ff'';f.A :·.. ,_-:/:lC 1:i, -,:.. 

tree, and ignorea. ,all other informati,on :l.J:J the _sentence. Fol;'. example, 
r_ -.~• c, :•·; : . \ ,·-· !i(H' ·.'it ;~_A 1.r.: -:; ; :;vqr.rr f[b !;_ri-~.e·~t \r~--".l '1S.,; '("~·: · 

from' ;P~, _parsing "oJ: "T0111, !olary I s br9the~.t ~e~r: ~-~ \~~J(~~<t:-,~- -~1 
- '~-i~~~e, l 'a 1 

say' s_ P,rog,ram ,would extr.act ~~e ,sibl,~ --z~~t-:~t
1
~~f1:J?:"o~rh:~,}~n~) ~,~Y~ . 

place th.em on the family tree as descendants .. of .the same :mother and. 
,. • - - _, ·-_ •• , .. _ : 1 .-;j,··.-i t.::r:) . .it::i:1:Ji·s· ::~.1 -~ .::~c:.:i~:: · · 'c. · 

father,, ,apd _ignore the in;fo~U.o~. -~~~~ :i~~r,E;,.!~. lfe~~- '.;•,, 

The information storage structure utilized by SAD SAM, namely, 

the fa111Uy; tr~e, f_acil_itat,es d~ductio~r _fl:~~!'t.~~;~~8~,i~~ }~A\<;:f,f 
in many_ se~tences •.. ~eca_u.~e; a fa~i~r ~~~~~tB,~\~ :,iis 1~t\ne.d • i~)

terms of the re\ative _pq~it~on, (P:~. Jlu,n ~-~t~~:~1t,.~~'-t~o_ ,PJ~~ple;;,\n :.,: 

their, ~,-111,~ly tre,e, :~~utation ~, th,e_r,re,1rl1:~!1•f1~P:,:t.~,5~~1e~~ffieI1~; 1 

of the number. of s~ntences re9uired to plac~ in the tr~~ ~he path, 
- : :~ ·-, :,· .... ·: : ' ·~::;.-· ','' .. ·"~<C'·.;·)sc· '·!',Jt)>,,J r:~)1:::·; :~:;~·:··), .Jz°J"'l.' 

between t~.e individ~f:11,s. "'•:, ! ,-:/, _: ,-ri, ,< ·.:c..: 

Extending the abilities of the SAD SAM system would require 

reprogranm,f;~~ ~.-.. < ~o _ prov is ion h made fp:.;~- #'t~~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 Retriev-al) was design~d by left~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, l
1
eft

to-right position and ownership. 

The information about the relationships between various ob

jects is stored in a semantic network, where the nodes of the net

work are objects and the relationships are indicated by directed 

labeled links between nodes. °For 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 inclusion 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, indep~~~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,'' S:tl 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" :fUICJ. 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,." U,,'fMll.ll.~,~ tJ"te 

question with .,.Tlte anawer is 10". 

Any extensions of the SIR sy&t• aee.es•itaM\,Bd<U,\:.ional pr_Q. 

granmling effort, though it is coneieera'bly Uriel', tlQ add .~ ,,ynt.ac

tic forms than new semantic relationships. Within the input limits 

of the 20 fixed format statement■;. the l••r ,a«eel Mt Jmow arott;hi:l\a 

of the internal structure of the tn:folllHticlll a,to~•• .. r~tur.~. 

E. Other Related Work. 

In addition to those questio11-au~wi.n&••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 ~-,.i•t•ncy 0~ 1 ,a ~et 

of statements, and the validity of 101tet1Ler;1UM1J.titi> ln t-i..-, s1mse 

that, given a co~ua traoefoned:Uo •oee,,lo&i9§~;;1t0t.•tio•• aA,cl ,a~11~,, 

statement,. a logic•IN•ed eystem. can •~w ,:he,,tJiiNf;JQn, "Is t;his 

statement (or its negation) implied lty tlae,c:q,1tu1J!J; ,,,~c;b loai.c- . 

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

Cooper (12) and Darlington (14) .\>9th h.lJ,re.JrQg~aQIS -.,bich 

translate a subset of English into the .pr;oposiU-.o~1 • ~alcJd'1S. J>aT-,. 

lington is also working on progrnus ,vhJ.,:lt N8. lti9flB•~•'•:.EaaU.eh illl;o . 

the first order and second order. p.r-edi..,e•te· 4t1lc11U11· •'; A .diffi~ult P:l'Qp_,<p · 

lem being considered by Darlington, in trying to handle implications 

of English statement• tn terms of tbe;Lr1 ilogicai tJa•ltiti.on. · ia the 

determinat:ion of the proper level o:f:,.•nailys4,e fff12.a.tp111•ti~ala'J" pweb,,, 

lem - that is, wether t9 trans,latie the-l input, iato:· ee,:olMl,OJ"d~r 

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

use first order predicate or propositional calculus to prove the 
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At ·,t~ tfWi\kutlJi 11M-awu · of· ~amti,;. !Una ~2~► ,O)herl ·:,(;lQ) 

and Sillars (39) have designed a system :Lnt'8\tch ·.ipM11tUrearnindL18n.gl,iab, ,: 

language statements are converted to expressions in the first order 

predic~rcate'GJmi-V'<OINf"ll·UMli CNdtetilseediiftm<",Baillub 1,a~p.iage 

statemeilfGfa e\!mst•it-eiC 11k1¥t• gi9eft'..pi-etvllei :: 1 • 

. ' ' 
' 

Bce&rtlfy' s · lidv :toe.-'l!elter ·i(, ») ;· r!ChGa911.,,,not ,;dee i1119cL to ,acc:ept · 1 , , 

English inpttf!f ~M MJi41'••n 8:1Ntlt1uainlaee.1fo1' a·1questien-+ans,,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'--•~·•~: J.~ack¾lj~. 

program ift'...,ett1li'9111eR';1iOYCnlr:j:topoaitiOltal:•CP loelda. 1 , 

' 
1 11 tu.ulltet=>of;peepii!' have,:4orie wrk·•kartngfd.irectly on,·the,, 

probleM;.;;oPstilvitii aljillr•1;t,0rd; ,~.atWost•tW! t• IA&llsh .. Sylvia 

Garftfilt!@b( f8} wrote"iOf•••ti ttt f wlleall 1llehd•1ctt1NW11th•qlleurisciea, 

she would ·litie ta' pra~illliitntJia i-,OletH,.lof?Ilitl'f• atgelra.: 1'0rd1~pi-o•m • · 

lems, but -nwi!!i- wote, tlilei1t1t•tr•J ~• i. hf:;,thenb••ta• iea.i 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'la~·fttt2.1a·1 11tg1H! c:U.ffete~ei,,"a.Jtriakaent:bJ 1;'•bd.•~ was 

taken· ·t!'lkn Girftilltle' &i;p•feri. -.:..Soqweie ••IU1llliu'ipf-1siap1'1fd.ed state'": 

ments''6!fi a1gebl-a,ist:oty::p~.»ll.., ill•r:tr ... q-d:bedneqJ.,ti" ... foriled, frou. 

pro1'1i!ilil iti- 1fl ·fltst/,yeatl il1gea.r~PtUl9N<>k=iirF> ;,c, , ,::,-c, 0 : , , , 

·Hichaet_;1G«,1._,_. ( 11) r· at,>MIT~ '..iet"oh a,rtum1.papar,defl:.d.bing 

a progr'alf1 o•ft~M.-.~ w1'1i•hn snil ap"- tbw; eqoat1-I for:1111Jllle}~JP.ea ef, •4~ , 7 ; 

bra story p'.tbMeilliL·(~s1>:l\ancl.:l..Ss ~fS'NIIIDllr)i.~: :: SDae,t,£1,de specilll:l: 

heuristicil: I, il•e--· fol'ee "a&• ,t'bbleme~werw, ~;1>¥11'.edd:ri.-..uea he , .. · , 

invented.• ·: • , ,c 
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I hta ·thua'. lllwd.d··:xuok~~-~aar'.!Wi ·1:4 .. ·· 'libif tb n, . · .;. ··•···-·· : .. # ...... ~ ..... .'"' ·~- _c. --~-.-•·-·- 'l,. eaa .. ODL .... •~: ·-

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

He sugge11ts; 111et:hqdiJ ~) t11~ :ilOi1 llfJ -.liahiJ.npllti bll{~ns 

which WOllld '.1'811(uJ.r.e", 8Jch a;re, :lm.iDl:!laiatidloq.itllbptiDtW:fll9 ·i>ha1t1Ji!l,•lftiat.n1, ,, , :.:: 

in the $TtJl)EN.T•• ll11Uw 811h s ,.., thier~ 9f8D illOt' !llpp:Ufi:a'tika:n4.ni ~s,r,worki..l::::., 

The STUDBR"l -prograa '.G>tlBi~rJt .immlS:' ·118:I !lljabo!L,a.~ ,and)~ wor i.Jiit:h:, '<; • ii!S t 

as little imowlalae:, about: ,the meatittlltM wonla1,.p;:dlli ~bJre, :.·,,, •·· .J 

~ith the goa,l c0ii. fimdibg ,a . .aolutimi¢or tbitl~ou:kat' prbbhm-;;:, 1r:~ ;; , '..:. 

~ } .i-j Fi, '-J!1 •'' · .. :~· ::,.-~ "h 
. ..i.--... ,.·<11,._ ·-·•·~· ,:,.--~· .. ___ ,..., 

., 

,J 
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Ute purpe•e .of tb:la ~apter ,u to:., put::ithe tech~., of analy• 

sis embedded i.n tu 8'l"IJIIENI!.· p»opa. 'UlizDL& ,.._ icam:est;.. Jami iila-i• 

cate ... hov- they. would -~- ,t.nto,,a SlU ~.al lan:auaae~~ditll.' eya• 

tem. We;will-ductiti>a,in thh: ehapt:1er.1&,,t;kmey, of1,..,.•1t;J;c· gemt'a• 

tion and analysia of itisoour.-a. ·si\JPllll,•mn,,tl'len•&e, CCRmi.tlered a 

first approxdaitt-ion to: :a, coapute'i' impl....atatioa, ~ dt.e:. analytic 

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 analyais ia so greatly simplified by the imposed restrictions. 

A. Language aa Ccmunication. 

Language is an encoding used for c011111unication 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 aesaagea. M may 

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

standable in this context.· Por example, couider 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 COlllllUnication 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~~'.'t~;{tij~!fhg :p~°6de~~- · 

of the listen~r must be an appro:iH.it?e '1~t.~~jof 'tHi ~nlod!ttg 'proce'sl,(, 
of the speaker. Education i'n ta'ngJage·'(:t~', '1ii:• l~r-~ ~p.t!tl:, an a'ttempt 

to force the ia.nguage pro~ess:ors'bf ~iffererii iJJi,\,?'rhto a uniform 

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

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

(37): 

''Different persons growing up '· in tn~' same '1.all.guage are 
like differ-ent ::busher,~ :._t; trild.all ce-,tt11te the• -shape: 
of identi,f~,1 ;-~\e~q,,ts_.. /l'h~. ~~~~~J.. d.~~•i)1s <?.f tw:l,g,a and, 
branches· will 't'utf':rtl the·' ele'phant:'i~e••'form Jcfffferently ··from 
bush to- bush:, bue'- :the OVR-Jtl\l ~dreaulb- ar.e..a,).ike.11: 

As a speaker tr~nsmits successive mea••-f'l?ODCe:ttning some· 

portion of his injoraaU-i:on map, the list9IIMl,:i ':WO :unclcstams the \lle&:

sages construct• a, aode•l of ;a J'si.truat~,. -,71te !re bft.t:kffl .. betl,een. the 

listener's model and the speaker's informati.oJI ldap·u: ·tma from eac:m · 

can be extracted the transmitted information relevant to the universe 

of discourse, iM'ludirlg •info1:IB&t1-a rchduG,.1a,ba ~ the) el\t:ire set 

of messages. The :Lnternal' atrucc~·.of tbe',U-9:C__.,,, •-~el need 

bear no resemblance to that, o,f 1:he IJpallker', find' uy , in sen«al con-

t a in far less detail. 

B. Theories af La9!!!1!:. 
Accordi.ng tto Norri.-a' the«y·i).'f :aitPMf (,»)·v-t:m! ,eacpding and 

decoding t,f, :ii~ can "8 at-rtMv.Liii«l- iSatO ,tiu,e.. ~--. 4"e :$irst. · 

level• i• the, •Yttt'aotdic which, •deala, .witft' the ,relatttJ,aslripe 'of ad.gns 

to other signa. 'A ~bic ~is,, ,traatt:i.dlgi .:wcads , u ·,llill!lllbers .. XI£· 

class~s of words; can yi&'ld st~uct.urinp o£:•asa.-1whtch ibdiceee 

coumon processing features. The second level, s411181till- ".JRt,aLysis, is 
concerned with the relationships of signs to the things they denote. 
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' 
.J ; ~ -:,. : ;J J -r: '-.1 ... ·.! 1-· • :1 , -~! i ,( ' .-'.~, ·1 ._..,n:: j ~~l .. 

A thiz:~ _}JN~~, _,Ji;r,m,t i,~: Ja~~f is,, _:t~, ,f:;;o~1'Ge~ed, J!.~f,~ ;f ~e"' ,f ~ l'.!1!1~~-io~sh~ps 

be2~J'~,eon; qs ~~ .• l~, tJ1J~}.r1 _,i~f,,,,E~flc~~t~:it}t~re)·~,fse~ fl :!l,~~l~~~. l~24Air~~- ' 

Our fr.~!.Qf?'. 'r\11 .~18c~l ~i.~Jl: ~,\l ,\¥~~;f;t~es1fs n~f ,m,1,!~~~ ~i~~,,,>f~i-: 

mary ,.~,~i~ .. ~P::,P1~,fn~.),~';tifm.f?"~ ,~~-~ :lS~f~\~:)~~~rc3t';"<tt,~'.'\D~fl~~; to_,. 
the generation of discourse. 

;.,~•- f ~·.~Hr,-··: . .,-: '"'.;1 ': 1$ ~1 ' .,(·:Lrc .- f ,,' t.;:;·:·:;;~)~.: . _!f": ~i _;. ~ --~-

J , : • . l. 4l ,. · L 1 .... i ~" ·: f' ·. ,_ h._, .._;,- .. --. f ri:; ~, f~: ' ,; ;..; ·:} .- J J ·4 ., ~ ' 

Many theories of syntax have been developed to describe the 

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

comput e~i . pi::~~1:~ Jwh~8~., ~-~rf ~r:pa a:~n\'\'tfl.fy, aa"M'c1~~::~r ~! ']: rR:,~ ;S.. f!JDIP let e 
survey,of' .such!~ aaarithe ;apeE:>filpt .... wf~ .:inNtili:fit, al.$' 

of thee-~ fli~'ci'.~~~-~ c:~di~, J~~ -~~~~~.,~~;~ ,l'\~~l~~~,t~ l~<'~~·~g~:· ~) Be-

cause th'ey, :Lgnoffl rslldi :.an rl~at:- faJapaict.t:, Giff1laa1luqav1»ros1t-• based 

on such theories often yield many possible structurings for a single 

sentensej wh:idt :iia- uaam►:\fllQlla.cto. a peUOD:,. ;~ fithEaaDe1>:uaa of ,meaning, 

ma~,« • the ,Jiee~s '11811>:feuous. ,:finteq>~~iamlti~ ,b& ,1aliau.118:ted. ,. 

For c:4, gc,nci.cliac•ai;mi ,Qf ,Mby •~u.1•.-4.• a~ClaQt:d.4- ·,aaa.lysi-., ·, 

Based on, SOlllei ideas dellfC%4Md ,_,. R-.,er(.4~,J 111! 1QQmb,r,: Pi:f, 

prograu ha,te,;1-.en •ictmt ,whJch i&eWJ!llbr:atimtt•~l}f$rC<>r~ee.t.: an.. . 
gl ish-, sentene.es,. ,!n -.-s1t, eaa•.,• ,c• Ubte.-:• ,t,e..-~ .IU!ft ~-

dominate ly meaningless nonsense. The coherent dis«:oUU.fge1MJ1atQ~ 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 ... ~idte:J_.~ . .:a...f'. 
leased,,·.fol',,~ali. ,~ ~pq~----- .ldl.-.·,U> '1Nle·1tfi: the ~~.::iD. the 

generatled ,-eentenae· ·.Ht Wy': .atmctdd:l Ji1p·•wtM, ~ ,wiJm 
those .··~ cin •~~ :hlltt-,.h 'lft:IIM,a,;,:&ea.l'ia, ~~:.:,;~~ ,no 

attemp;t :is il8llle cto 'Wl&i-!:~ dwr#iiv,e ~ :O:~·_,,.,,w,rd, .~ in 

so far es this' JDeilllia& ,Js:,re"ll-ect:ed M~2C~UIIC~fldlh ~IMJr 
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Some th~ff~~ ·• ,,,_1:C.1,t; ,d~~ Cfl}'}'H"- ~~~. !f P.-R~)N~;~ l'~~W-C:f,, ,ffe,, -.· ; ·, 

being d,evel0J>~. -~-~ _ -~~W,~~f./~ J~Jfas~.f~f!f ":tr.f0 F~t1l-ffHm!' ~fP&, 0.c:; ;: 

developed at the Linguistic Research Center of the Unive~.pJ:.fl:1NL '?ff-; ,:: 
as are an explication of Norris' theory of sigu. 1.'bough not yet 

imp l~nt~,1 ~~e~ .•~~t;'-~: ,~°t'~~J•;i l\f Pffl'Jl'o Jli.;l.r Jlr.:N' ~1•;,~,f: ¥1 pr~

limiru,i~y ,im:r~.~~- st~ct"1fe ~~~f$rf~,:~rllfo~-T.r ~' ~;f;,,f!;, •~t~~fJP: __ , ,:, 
struc_t;ur~s.~ ~fh_ ~,,:f.~f1~ffi,:!°ff¥•Jt .. f:fmit -~J-htNteftpe•-~ :'.) 

' - - . ' . . ' ...... 

semantic_, F-,~Jan~"'•' •-~,~e~i~lf.fs f~~~l,=1:P8:.,~~1 t!Wl~e.,~~'W,f~fe~~-' •,lJ., 

have t~~-, ~.&Ille ~~~"-, ;; •'?111.:: .. •i~f•, ll;_r f~; f~z ,~~fflrJo~; f9f1, 

structllf.~~: iito F~~ ~:~J!1'.if~r~~--j ~ i~H'°~;,,~i+!H-''.•.~.J ~r 'l; ,;; 

plici~, ~e_l of t:h~,~:~Jf~-. ~ ,rovf~+o~Jf:;~J1 M';'11ih~"Jh~~f for 

deducti~n of. ~1;1fcl~,~1.~r ~lJ~f,=~ ,~rail •~$.r fl-;f,J~!-:•,,; .•. r.: .• ,,: : . ··i , 

Lamb (26) also has proposed_ ~,.,rt.Ff,fzf,fi,f.fll~! ~b,fognP~:i~~:;, 
mar. not yet :llllpleaented on a ca.puter. in which auccesaive levela of 

analysis ~re . J>8f.~o~, ~H'L,a,, fJ!Ull. llft'-~P~n!!,lv f~m1ffo~., ~rue-. , - - - -:; . . -

tures i_~ a,~•~~~~• ~~J1~111!':: !'f.J~,,J,l'Pf&f~ r JB-0 ,~hfabf~~ ".t~,~ , ,r;,< 

tum,ar~, :t>uadl.~s1gf1 .•,•~~-.•.• ,r, "1f~lftf • ~ff1'if~!ff~~2,9.11 ~h~t1i'~ ; 
latioUf~i~~ ~ be~~3 ~Jffe;1:,m~; ~1~•\,,~f!ff~a-.ffS~n~!c~ 
mean the_.~~1 ~~~~ •h~~l~f-;lfMI!_;_ :J~~J~ ~~>l•f~t.ff' ~ t~~~ ,,t~~-', 
stratum. ~~~- aptrue:t~r~!. •f~,,!h~-~~Cf l f~f'.,~t!~ip,~ 1 ~f 
aeaning~ 

f,___ ! ":". 

c. De,~tp~t!2ff ,off(~~re,s; pfs5w,,:~) ' .·;: .;:;, ''i, j 

1'he theory of,}f~l8Q~~!f:tt~ ,,~c;~}¥!f!)~i«;~ r~ •l>~B. 
' ( • .. -~ -~ • - • -::::i. • - • • • 

describe below is desipecl to handle what ve call cob9rent discourse. 

A disc:~u~~~ is a'.•~~~~ of •~~~~c~~ 1~~~ .. ih,f 1t~:Mt~M,,of the 
discour1e 0 caattotflN; dtt•naiud2bp··,jqtsapl'etqs11ach:,Nlltfftce tllde-

pendeb.tty; diiiregardtnj: tlie' 6tliet .• ~i~ if'i--0t1fi Jt~c Ufffat: .. 'l'tie 
,.1,fl1J'rfq1'0iF 1f5B:-1 ~ ~-t~!J. <;;-:.::._ ... t .. 

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

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

plies that thet~' ls_: no s'tibstt-iiflg' w1:tbl'.'tttiie0 1a:(acoi11-si that' does not 

have S()'tne 'fiit:etpl;etationln th~;iliod'er 1~:e'1:'h1f1-.(tt:u;:.ation)l>eirig built 
by the listetie'°r'. · ~- :, x_ ,,,,.; 

1 

A listene-r''s abll,ity:_·to build' a mocrtd''of a situation from a 
discourse Is dependerit 0~ inronnati6n' ~~llible· t:'0° h'im from his gen

era 1 sto'te' of k~Iedge.. 'l'he'r~forE{ 1:l ii3 ·qulte pbi~lble. for a dis

coursf:!· to S~i!tn c~het-ib'.t' to one liitei:i:tt}- ahd' noP a'&i:hei-. ; K'~iter, 

reading his" 0Wfi'wrl1tih~, · may fet!l · th1t·:.t'i~as' i~mer-~t:ed ; conerent 

sequence o't' senten~''3s, -1>ut fri fact·, 'rt' :ts·-'":tn~1lierent: t'~ · a1 i I 
other 

readers. This . is,: t'.intod:iiriately ~ not a- rark odcu¥f;ni-~j ih the' s~i

entific literature •. Conv~rsely::; a' list~ne~' .tio 'if a 'ps'ychiatrist, 

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

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

The STODDT ~y&tem tit'ili:t~'s' an expand~bte store'- of general 

knowledge tc>"~ilild'il tnod-el of a'-slt:uat:':t.6n';de1fcfit,~d :i..n'·~ ~ember of 
a limited cl~BS •of' d.iscourst!iL tl\f form 1-;t 

1

thls '\ioael;t>f''~ s'it:uatlon 
._, - • ' i.._ - -~-, -~ •• ; ·~-, !·-: .. ~:_ ,,,,··.. -, ' .. ~- ,:,~,.:.,·. •: .'. -·' .,-: , 

built by StmlEN'f'"will be 'discussed 'in detail 'fn a later· sect:ioii.'of 

this ;chapter~ Xs Ur--' a~ 'f know; S1'0DM is~'th~ only ~oinput~r i.m
plementati6ri bf a ttieofy of discourse anJiysif 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'Qf:,:n hi:s-:use "Of· thi-s.: term 

he specifically exclucies the use 6£ ·meaning::,;,stati.ng: 

. "The method [of discourse a~lysis) is formal, depending 
only on t;he-,occurrence ·of·➔-morpltem4sras cliattaguish.-ble 'ele-
~~nts1, _andf,>n<?r:,_ u~n.hth! ,~?t~ty~t • ,,,~n8w!~s, ,'?t ,~~e, ,pa~ti~ulai 
mean ng o eacn morp eme. • · · 
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D. 

A basic postulate of our theory of language analysis is that 

a listener understartcts a discw~••' by: ,u~-lti'::ttiti, ..•.. ~
va lent ( tn meaning) S'equence of 'simpler ke'i·irei' .~t'ettce~ /" 'A k'.ei'b.el 

sentence is one vtdch the listener; ~ati"h~l'8tllti4; dfi'ect1f;-; that 

is J one tor whteh he knows a t-rlinsfdriuftlbn? tnicf ti1:a th'tb~tion .. 

store. Cofutersely,'" ·a speaker ·g~nerites' a· sit:'-'fof 'k~l-nlifl senY~tices. 

from his information map, and utilizes a sequence of transformations 

on thi'& set to yfeld hi' spoken disc6urJie. '1'1d.~ J~t:'1.of' k~rhel 'ge~
tences is not invatiant~ from ,Ser·sott H, i>erlloti,; aJ ·~_.1t1rh}:el{ roY· a 

' : :, 

single individual as'he learns. 

The use of kernel sentences init'ii{s way is;cbntroVetstal~ 

However, the theory is proposed alf' a goo'a fr,_ewi:>t'lt 'for ttti1aehit8ncling. 

and implementing l'anguage processing on ·a ·iomputer ~ 1 not n~ceiiiarily 

as a model for hldllan behaviour. the' id1efiitn't!~s·"'b't tfiti tll~ory as' ~ 
psychological modt!l is iin''empi1:ic'al' qtte.iltibfl.-'':¼'$tih~ee't42) has · ~i ,: 

given some psychological justificati:&l for- a~blliliig tfit!' ex'istiance' of . 

a set of base sentences' and Chb1b8ky (1f·1tatr';'dt:ibWi1~; tl'ii:1tnguis-

t ic merits of the use of the concept of kernel-i"a~ht:e11ces. 'besp:i.te ·· 

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

kernel sentences i's different· tnan that of.::.ak~'lt'..er:~'y. Our 

use of kernel sentences as' a basis of 8 1a·~gu.ag'el 1if' analo'gous to the 

use of generators in defining a'group. 

Although we are not proposing O(lt" theor'y at ~a bast's for~ a psy..; 

chological model, it has been useful,to ti'9"6\idtftcumiocutions, to 

describe the theory in terms of the properties and actions of'a hypo.;; 

thetical speaker and listener. All statements about speakers and 

listeners should be interpreted as ref-e-~t-4-ns'~ff' ~'1'te-~·:-p~tam~ 

which respectivdy, t4!nerate ind analyze· coti.'l!t'ent • cti,i8ou;se~. 
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- f !.. -~ •' .-- "!. ~: 
-· .,.~- ··~ -· "• 

lJ1,· l!¥ lie!5!f',-~Jll. tbs,~;~: ¥•t-~Mffl'P~-,;Jffl~. •.~,-.-., 
speake:r,1~Jl.: •~- ~}-J Rf:. tJt!7, lfClFl~, t~• ~f8:r (J~J,,pqr ;l'~~la,•1 ,~ 

- -•• _.,_.,..._ .. -•• • - • • C • ••• 

shall nof b~ ~ttf~~~~ ~.,~~:J=hMtn~M ~~ ;JwJ,JL,,.Pf _;f.;ts, __ ~'."':. 

act fonn.,:-:,P_iJJ~ /P,-f¥,,,,~i;."~·~'N+\: ~""~~ J~i,J~t;:~~ 
language_ t.,,ff~ ,•: ~t-f~~Y:~f- ~ll.Jlfflr~J~ H,~.l!$FY•, .~~5~~' ~101f._ 

a set 0 :;{~:;

1
:~l:1:: .:~·~; ;;1i~f ~j~;,~~;~J ~· · 

positions Pi , and a set of semantic ded~~!~ W~• ~'~ ,!9J¥i&iell 
F: is a mapping from ordered sets of.!! objects. called the argu-

meuts of ~ ,,:.i,~o.. F~re·, s,~F -~to.~~.!f~f;~ ,, ~,rMl>if:N'.~ --~ ffiiti~r": 

va lu~1 ~.W-t :f~~, ~,rJi,11~ 9~~1 .,~£,: ,J:Jwf,•~fll,"W'Y~ f~f',, !1 "~~. ,9!- :-~~
dit ion~! ~~,r~?~:~~-1!d: ~ft~ -~t_;rf ,,~ .~o),ld~~H·:i~•".~~~M, ~~1'h:1p 
in a clas,s .of p\»}effA'J ffl.t,}ffi,'f;h,JWd,.m->re ffi;~,~•JI' .~~•:::·, ~fit-'.. -

lation 1.: ;:;J,, ~!fef,~-f}f-Pe, 19ji fJ>Jr"~t;~-~~~i: •J~-.r~~ · 

of a ~ab~~, (ll p.n_~qu,~ 1 i!1,~~~J/J:er),,~ a,~; ~,.PfP.~~ ~;: 3~ Jli ~-~~~a• 

called ~p~,,,~F~~tr.~f~ffi:~!le~, Jo~\ fll~_.~eJ~~~ , ~~~JM>"8 % ,f&- .• 
lat ions,, ~f'!. ~ai~ f:,J,~rf.~r;ist;,• . •. ,-, . 

An elmiS:tiI1ir~oa C~f:Wt~~-, 9f1:41:, ~. 811'0S.~,,4, JQ-tn2, ' 
n 

some rela~ion,~ ~ ,>,,t~ ·~Pstw~d~ -~,t Pttl.\i <>ei~c~c,!#Mf:1~,!Fh~ , 
argument conditions for this :r::elati~A,'•. "ff{¥ "-,:. ~-~t'k/:1.P~~,~r_f-, 
positions as the beliefs of a s.peaker about what relationships be-

twee!l. ~P;j~c.f~, h~, :lit'N F~-~C;,~s}t.rf ~-,;~~J:P·d(t·~f<>rJp., j Pa\t;J,~, 
eositio~ ~r'r i9a.:~~1':il:~011b~~Jpna3 C.i'\,~~. 'W~ ,~~ ~t..1~~a.i:y ... 
propo~ it iops,.,. 

Tµ~ .,,~yt~~ajp-tu~,i,il'.N-f~ Jfve,,~ff,ff/ff,ffn/0fc8fft\~~d l\e,f • · ; 

propositons t?,, ~~~offiF,l~kf.fl1tgn5 _~~~. RforHl~rr3fW, .f_f\, .t~;~t!-1- •· .• 

In addition to the ordinary rules of logic> tbeae rules include axi0Dl8 

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



deductive 1;ules also include linka to tlae -.-e• 'QtTt:he fR .. er. 'lqr • 

example,. one auch. 4.ecl~i•e.,~e far: acWina a,~it~-'io :'_t:he 18011lel .- -' 

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

true." 'l'hese rules essentially determine how the model is to be ex

panded, :-4illld are ,the ..._, -complex, :f..-C -of '11':1cGlllp.let:e ayatebl. Har,,. 

ever, from ,our pr•at point ~,Yiew., ••Llleed :an~cccmdder :these 

rules as a, black bait vhkh. .can a.tend 1::be ..-, ~ ·prapo8Uion&, in the 

model. 

A cl-0secl ;gqestum is a relati.rmal label: fu1' slcane: ti sod· ._ 

ordered set of .!! objects·. ~. The, a1181l8r Uo t:hi8 'tplilattaft, ·is: ·a£finiative 

if the propos iti~f!, consist: ilig of 1th.ta label: abd<t!b.El '!l obj e.~~s ,· is 

in the model (Ol' c .. , ha· atlded to i.1:).i ti :tme nea-.mi 31£ tbi.11 pr.o

posit ion u i-n die lliDClel (or Call he ,acl&.1)-. 4dla.·---.r i.a neignive. 

Otherwise the answer is undefined. 

An .!J!!!· CBJ!•timl CODBiiltla of a; rehftional, label ".£or an n-arg_u .. 

ment relation. •t , aad a set-, of -.objecm· cona•pandtl&IJ< to -n-k 'of these 

argument.a,, where ttl.k-&l • , · An •.anaver t_(! _ an."ope~. q~stion ia- ap ·or-· 

dered BK of k objects, auch that if tbu.a:abject:a~:a~•, •~iated· 

with the k unspecified arguments. of if • ,the, reau~ 111npost.ti.on is 

in: the moclel or caa lte 84Wed to it. .An--~pea q11811tion 11!187• have no 

answers, o~ •Y ~,one or more ·ana.wem.'--A:.-oanditu>nd.s an open 

question Wlith k-1, ud an obj,ect sati:a£ie.s ·• con4i.tr1ond.£ i.t is an 

answer to the qll84t ion. 

2) Generuioa.-:of Kerul,S~:c We:,h&N.:-~e•ctibed ~ 

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

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

are ass~ieted with the aodeh · Cormpond.ing t.or .. the.aet of} ol>jects 

oi there i• • set Hij .- of st:tiags ,(in .. -laglula-:.:in~oar' .C48,e) ,· · 

called the·umes of tbe·ebjects.· 'l'here.i•• a ~llJll'one.1118,p:ing:from 



{Nij}:onto {oJ : .It. is many,-~e be-c ... ~~ '~~jec~ may hn.e. more 

than,OP.e namev·e•S• ,frallkfun:er· ,.au hoe cld9'-:1>otffl =-,, .. tacdt -into,.the 

same object.in the model. 

Recall that functioaa map n .. tup:l~s .of>:ob-je¥h• irttb ()lfje'Ct'B ... 

Thus a function name, and ,an ,n-tup,le ,Cffl:1 .spect'fy :an •~ ,We •· 

can derive a name •for ,dtis, object! ::fl!'ont the funct-ilon: naae >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.: Bxanq,les 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' t't'.J }onto the · 

set of £unctions. Two examples :of wultti.ph· l~ic •~ for 

the same function are: "father of . '!,,and.·'1 . '• father"; --- ----
and " ___ p_lus ___ " and "the sum of ___ and ___ " Thus, 

if objects x and y have naaea "the first fflllllbtn:'' aml· ~~ s1,C~d 

numbeir" and aasoci~ed with the· function n*·" :ta :the U:~utnic 

form llthe product of ___ and ___ ",. then the tlalll&.:.:of the• .ehJect 

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

of the first number and the &econd numberlf .. A•parsiag of a name 

thus must decompose it into the paz:t which· i&- the li:llguci.st•ic f:0nn, 

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

tion. We 11hall call obj,ects defined, in tel:1DiJ of • fuacti:on anct,; wn 

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

are not functionally defined we shall call simple objects. Simple 

objects have· simple namea · and functtona1ly~~~1-ei,<,c+j~s have 

composite.• names.. 

In addition to linguistic forms associated with functions, 

there are linguistic· forms associated with relations. 0 :ror an n ar

gument relation th.ere 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 ei.aneni::aryproposition is con

structed by inserting names corresponding to each argument in the 

appropriate blank. Names may be. B±n!lffiri,i-·~compi,sfte-. "An exmnp;le of 

a kernel sentence for a proposition bullt from. su~h 1· 're1atio~a1· 

linguistic form :Ls "John's fath~r gave· ·.·3'' tim~s''t:n~- ~a-lary of· Biil 

to Jack." which contains the simple -~ames "J.ohn", ".3", 0 Bill", . 

and "Jack". It' contains the functio~al lln~istic forms n 's 

father", " times ___ n and rrsalary' of' _____ ,, and the rela-

tional linguistic form " --- gave ___ _ 
to---"• 

A kernel sentence corresponding to a complex proposition 

is constructedrecur~lvely from the keml!l sent~nces·2~rresponding 

to its elementary p~op~~iti.onal co~st{t:fient:s by "placing them in the 

corresponding places in the 'l.inguisftc fo~ 1r· ,·. :·. ·and --- ---
II Or Ji~ 11Il.Ot II etc: ' --- --- ---

II 

' 

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 it' tr~~L that ·- ?" For 

an open question, dUIIIIly objects are placedi1n the, op~n iirgume.nt po

sitions to c~mplete a propositional form.· -~es'-e cf,~y arguments 

have names ''who"', ''what", "where'', et~./ a'nci -~ich'
5 
tiuumy objects are 

used depends on the. condition on that arg~er:t· ~~slilon.-'' A q~estion 
. 'l • •. . ,::)·{ '-,_,)',-:$!·; _t_:_;__:,.:) t-,: •- . ~ . .: 

mark is placed at the end of the kernel sentence constructed in 

the usual way from the relational li~ghistlc'
1
·~~~' ~ha' the names of 

the arguments. 
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·~;-.~_i c,.,. -:;'.:~.~ 

In generatii;ig a cohereni:"--disc,ourae, a speaker chooses a num-

ber. of. i~~C?-~i~~o~:~ i~ -~}:~~~f, ~~,.~~,ffff:'~'ife~;,,~'.~cl~!.~- ,,?::fir <, , .. 
tions. Be then uses lingu~~~~~-; 1:~~~,tJ~ ,~,~~frt,~,;~iFh,::fh~_,~el 
to construct the set of kernel sentences corresponding to this set of 

chosen proposj.tiona. · In th,e next sectioo. we wi_ll d1•c~• how h~ 
,'~ _--; · '. ~~ 1•• ~.,, ··:.:i~>·· . .'."!' :.· 1 ~ ;_..;:::,;:~;;:~.;,,;. ~_.-1 '_::,· .<1:: t..:.: 1·· . ..t ~J'."..£8. J:HlfL<~. ;, ; 

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

M~t .. :•:•••, •- J ?i• • ~ .l : '••' 

J)_.,. ~~ns,~o~fffl\l,,.~f ~~t,~rf!f •se:Hr~ •.eJn'!t k~fnel, 

sentencer:.-~• f~r9J>8;~~,~~> t~~"! r;:"~ .. t~f~~ .. ~tr~!~-; ~~ ~~i ~~~,~~.~£. a,~,· 

kernel_ ~-~:?tence, _i~,- ~he, fr~6~{t::j.~ .-.,~~~o~ ~ffit ~1,~~p ,1., f'~,. ~~~ . 
larly, the_ ~~l'ing pf a~J~~ i~ .. ~h«;_ ~~~_r:t,.,~1~1}fr,0~~~:lr:rJl~, un

der the Ji118PPi1'8•, }~ t~~~'= ",~t ~, ~~l~t;;~ :,,1.rr.r;_;!~~~e q1i_, 

meaning-treseryi~- tx:,nsfo~_f~~: ,~~ ~e~
8 
~e finalC::~f,Sfourae., ife 

use the ~rd 
11

tra~format:T~~" in its J>~i•d aene°i•~- ~~•~t:~~t}!3: 
the narrow technical ·sense definecr-'by Ololliiixy-(7) • . 

~e~e are -~ distf~c,t t!,Pe~,j ~!i1fX:~o-~Hf~:/c,-r~fF?:l'rl: •:!141 
definit;ionJl~ A strucj;~r•J o~ •,Yll,t~c-~ic ~-r•1¥.JJP~~i~--~• .. ~11!y de-

... ' ~-J _:.:-., ;;, .. ,..!, ··;- '(.., ;-,,...,;.,·}iJ _; 1 ~oL~_,,.; 1 ~·~fl():.. .,t ! ~0£:'.fi .• ,-q ""..: ·- -"!.-·:.a·~• ,.J -. 

pendent ~"1 the st~~cture o.f t~~:lce~l.,~ff1P1.:,(1f) !!f1 ~~~~G i"~
1
,~,~r~.te~ •• 

For example; ·one syntict].c tranafoniaf~• tak .. fl .. ~~,1 in° th~. ac-
• • •••• .... ,., •• ....,__,., __ ~•-•'-• _.,i..,J.. ,: __ ,.__,.-,...,,,____ . . --

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

tences into a ~ingle,_ ,comp_lm.t coordi,nate sentence. 
~ . _.;r:•·:' , __ ·-r .-,., r. _;,.,)JJ~;·1:.~:·-:: . .c;,,::-n·.e...:i.:,::•~:;~_ .:._r,; 

One J.arge class_ of, •ritfct.,i.c tr~~~~:t~,, ff }'!'~-: ;to1 •~b-
1 

stitut~, P~,<_>tw,mi~l.J~~~ac~•~ Jpr, ~~- '.:'rr~~~,-~),~~R'•,e,~J•~~ls ~e ::: ' 
ordinary pronou!19 suc:h, aa _ •~11

, ~~s~",.. or, ",i~"~ . 'the:y_ !P~7. ~. r~fer- ... 
,_ /,~;;,1·.'ii-~~ :;..~ ·;:''.J'.j1• . .1 ~ ~- ~t .. :.:ff· . .: J~•;J·'..-1.I. ,.,d~_).:_J'...(..1(; ~ _J._.~~:t;,fTI'.~.-1 t. .. · -:, 1 .I-' 

ential, p~ras~~ su~tr•.' ~'F:?~ :~~-~t~_r:• ~- "~~: ~f~~~\ rC>f-.~,f.fl.,l~D:t~it·. 

'l'hey_~y" ~.l~o_:, be. tr~Pf.•,~(fom':j,~~" ~ f~ll 2 ~,c~~•ffi,-~•-~ •~~"1! :·~-~•~~~~~~11-
for ''the d~s_ta~ce ~etween N~ Yor)t and Loe' ..a•l••II• -. Ip c;a,se~, where. 

;;..;: <·1.1_·,t:: -i,:<L~)"'~·· ~~: :.'. ::--~"'J~::! _j ; 1 .~1.1. tu 1-:rr 1 - ·.1~1:1 J""' .v!:t?~'.:.; r_~ :' 

such P_ffn~i,~ 1 ref:e.;~-~~f ~ f•: ~4~!,~,~~F i';~:!Ffffi~, ~tJ~, ~{1~1, ~i~-- _1 

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

appear. 
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The aeeofld t,i,e-.a£~r-ena.fcmuCtolll"J.bl de/flil\'titW•hx - .l.t. ~ .. ,. 

volves &WNlti-bdc:ilons Q;f,,l;tnguiati.cr. JStP.i:aga:ia.:l fot,n,&.,-201";-:aM11i.ap-; ~· ,:;.L1,. 

pear ing itt rt hilt, 'ku.ae:1 .~eat:em::es • j . A:1r., ~,} ::>fda:,:i,apy ~a,, e arsnne ,ef. -~ ·, o 

"2 titMa'' w.e-li1By·1W~a ~ice:''.:,:tlhd .~:1
~ .. ~~faes:'\,AW1Stn.tdtc'.Y, :i/,:5 

"one half -ofi'li. .111: ~tion ·bi :th:£a•at.dng,,~t:l:aa:l.i:.aome ;t,-;cana-,,,-. ,., 
format:llons ,peno:m:,.fpm .a.u.batit..a:iall 8lllll i1'1tU!r•,._w,1wJ. rem "lllCBlllpll:e,v• n:1 

for a ~e,l ,a:e~ .:oi, tile fosuL'L!B iia-~,11111J[e r.,__ ~• ;,;~~t'. ~;U ,_ --t 

and .! are any names,, ,JQQe;-~fUltl¢on1tl'-t:1!'(8hef f Mt.aoa.ix:aa.t.ailb¢itiutie 

"x exceeds .! by :t.." 

Some transformations are optio~;.1,.aml _;~b~~--1,e-~~-'- _ .. : ~ .. 

if certail).;_,foalul ue:. pxesent. "'in, the,urneL aat:i.~·1.flartiain:,cr.aD1conia

tions .af:\e ,used: by ,.8 -apaak&J:' .for ;S.~Utttc puqioae&.'f'.i(• rl8Xlllnpla,... '· ; .L'' •· 

to empha.Jiztt::~rtaiJl ol>je.cts--.,1;:o.thel: r~ctt: blllnafmtma:timlE'.BUCh, :·• .,,1 

as those •w-¥-c.b, lleJ1:iin::a;prOD011Urili.l, -subacit:utu>rut:· . .&m:;nUBai·,beaume , ,0,, ,,_, 

they decr.esae,rt.-ha .d.epeh :Di', a :eona:trw:tmn,r\:Aa,t•,•BJHl!e llWfined ,by YJ 

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<> t;J'Jl~t->:·1,. ii~, :tb.i!n,: 4iUl&Pdw, ·~iA&j~age:i :-atfmutglf,~a lled 

kernel sept~s _in th~~er ~~ ._.,.~t -lle.11:.hea,·dlooan; B> , . 

sequence of :, t:.~ttf<41 l ,~u ~f i.11it MJQ81 '. t r.Mtlf~ wh:i.clD :i1 :tie 

defined on:.this. fft ot. ~me.Le QJ;, mf the~~ aet,..o:£-~en.t.enc:es 

which reBtp}t fJ';Olll; ffpJ.i.c~ons 9£" tM:,ft~ ~NllMffl.'1MH1:ina;,q The ,' 

result-1.pg .,~en~~A~f .. ~t~s~ vJ.ll ,h:,A: ®haJ:181lt:,iliscooraei to 11,. 

liste~r U:, ~" knowtJ: Mli t:be· ~finU.iond"rtz4m1&n:snat,i:tihs.0
- appUeih:- ::." ;;, .. ,-, 

In addit~~nfor ,eyery P•iit-of, &iiatlnct :namiea:tJWhiQh; t;ba,1tpBake1:unaps 

back iI¢o,-~ .• 8",e>bJ_-eet:a,:the. liaUMtl'-1.111:lat :a:UfO:.tUpJ into,,•,.atna.h 

object. 

In Qfde:r to-~w-ify this teeor.y• we---• J.a;App.elllj:Uc B·v a --, . 

sample semantic generative gramnar which will generate coherent dis-
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course U;Dderstandaele by tbe· ~ wna·Jiya,i& :pr,ogr4Jll.; '~!'l\e, ob• 

jects are numbers, and:,:the flll.lC~i,ons: ~a ·the, a,r.:lthniet:1¢,;operetious 

of slim,, d:Uf~ ,.· .product -~Qldicquotieht. , 'l'lw' tmlo/ lr.wrl«rion: 'in 

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

informally; -.t,furthec ,Htigudfn:i~• d.nva~:tob ru ~ary .before a 

fornia,l ,.w:tat inn for: tr11Q11ifonsaci.cms, eau a l~cii upoai,;;,, ~a lle l 

to the_ s;anmas- dis ''I:! Slllllple- 11:crol>Jeni •n:ei,ated ~ ~~ ·Chifg,:gram

mar. '111b 4R'bbl.e1& ·is,rgalvnlred,,- t:h«f S'!ODD1'1' :tiysullln., · ... , , 

F. All!:1f!is' of Cohere• Dis.cou:cs'&. • · : · • · .. , · 

Generation- ,o,f, cohe:&el\t• discoura4:.ccms181::8 Ott; tw.· diin.uiguish

able steps. , kom :propositiflns, in 'die '('Sl)eakett'•:a,llllOdta ,of;}:.the1 ~r:ld, 

he generat.-e&.an onter.ett,,set: .dfi.:kan.ei ·:aantte~.-' ;1le rtheb. app~i,es a 

sequence of- tr.ahsfomnab:ions to1 •thisdc.ftnel• ,....4 ·, ~'~tit.ng,,dt:g:.. 

course .is la-rcoded '118888p,wh!iich:ts 1::ort.:,ana~-.:1 r~!de<tbcied'by a· 

listener. The listener's problem can be loosely characterized, 1as ~n 

attempt to answer the question, ''What would I have meant if I said 

that?" 

'To ana-1¥ze' :iHdisoollt'.:se, the U.atener, •ust.:,if indi clMf:-s-et -of ker;. 

nel sentenct?s- fro11l:wl1ioh i..t•·was geneir.s:~ed; ,'otttf~,11ay<to1 d.6''-t-bts ·ts 

to find a set: <>f tnv&"rn trnrns.fot'mSt:tons' :\Jhit:c,h ~ni: ~t]rett:: <to the 

input dig.course; yield: a ~uence 'df' ks.l:nel ~-ifn'Celt'i> :l1,1he•:tisttenet< 

must then,trarnrfiornf these ke:r~i sedtien~ ,fflj..,Mi;-awr"'Pr!t,al:e r~ 

resentatioll'. :i:n his· .infontat~n, &t:Ot'~.' C 'l'he; a,pr-opri.~~• ·ttf1 -a rep• · 

resentat.ion •~-- a function. of- what later, u1nr t'he! Lt~~,:ex~cl:e to 

make of the infc,rmat.t.on cor,.t.ained 1-u: . .tM, «~our.are. ·"l'ttt! tfstener · 

may simultaneot1111V t,:i,ans.&dl .a·.g1vt:m,1ternel''•~nc~•1nt& a 'ftmllbet' 

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

of pragmatic analysis, statements require only storage of information. 

Questions and imper•-t,ivea r~qud.re- apph)J>riat,e·; reapbililes< .fr·om; the 
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listener·. The difricultiea in anaiysf.i3 dieHotdmfie, fi'lto;'tliaie' 
associatea w-itn·,,rft~itig' t:flec'tt~l'..''tt«in!ineii.r-1Jlit~ H~;1ehet1>fM~ 2 al'~ ·n.:..: . ' 

the 41~.,un~, 111W thoa~-·a•s~tatec!,-1-iilffI!tciftff8nltnjpt~ ke't&1:-~ ,_,.r· 

tences' int. rqreientati.'OnW, in; t~JlttfitnMittoft~Jatofe1:h, ri,,, " ;;,,, ·,< 1•• ' 

Mathews (29) has 'Rg'ge•~et!' that 0'inatjs:U'.)~h 8be;pisrfonted by · '.i',. 

syntheai.s•. •'A ~~c~',efUkernel11ienffi~e•1°hd<>•~-~~·1ofr-erain..-.'' · 

formations tt~ cli~e, ancFthtfitriaifeffiatl8ftil.:•fie ,,(ifittct &;:tffi~"1<:~..; · 

nel iieten.dMh ·'ft\! -r~u1tf~fdiee8utie1•fai aitfcfledila"gffiiftl'~ irlpuf~ 

If they an the·srile, -tlit!Sekeriel"tintciiieeW0 idd tt'ftWfo~¼ons give 

the r~iired. ana lytiifs. off; the ~lttput p ?.tf;•~uet J .f f fJ.f.ti~ }~is ·~ B'O. 5ffla't l Li l 

the realilttng'dbetturse(Tf>ecomee '1i6re J:ilfj•'th~-:-~f~,,,.'!'- "· ,, ,_. ·' 

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 iscout'l8·)'•✓theno)toiee ,of'1keHlfNi4fld &d• .. ·•ttei~reaw -w ~tty 

restricted;; i 'llda.tteehnlcfu•<'<)fOS'fMtedele -:t,.i:N-~-~ filipllemehted ; i: 
in a. pi-apam·.being ~ttkten-~t'11Jr.RB,·t,y,1fa~•~._rti~tL-(~;. ~ ffl• ,. 
technique·•haa.:;tbe,,ad'9ftPge ttMt ~~"8e ieaa~l"-•clni" be,,, ,J •· 

utilized for ;;1,od'n&liJl'l11iifs a:nd ged$tiW blfi"~thlt,e. •· · · :v:: 

· .A 'dlOre 'OiiT'ect ,·,aaslyt·ical .~ WOUJl:I; ld#iluli a· e/et· 'Of ln-
verse ,analiyt iic: · tran•ntl.1Dfilti:11o• ... , .~er -1.lfiis,,a; ~ftiliMadfmt, thllt, wy.;. · 

be -oaed dn -paerlititls a ••flaioourH·, at'D ~:{~1J)', wilj:,W~lJ .ana i··,wr~
sets B>fcaentie11ee•t,th4M ch• ilna<lyti:kh~ran~cm-Lt'1.7-t :t•",the••iti- '.. '., 

verse·of '.Di '.'f£,,'41ind,,anl.ly, if l">f!.~S,)d• ',8j ~.;J..ae,,,eblJREfi-o!fi1lf'htdl, ·t,:tt,i.:nb · 

verse trans::formation•· 'tic,, ap.p 1:, and; :tltie Cft!ter,::{bflidntir' _,.a~tcllit-l.on ;.J : . · 

may agakl be.,~8',t :b:, ·OU11tiztb1t luiun.81d.cili &11CWl'llt'!4i -,11.il, ' • ? •• 
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course is \\f;~AAt;CJ, .,;~e.t,,;-,:i~i@-f,,;h11n1rp~l8J1114'/u~mrtn&i'J'ep:-·r:.,,: .. J • • , : 

resent4~i~f.do~ .~~~@ ~•~~fJl!rrli-lhi~~e l M~t~J ~:A-MR~:j,Pli ~9J".e, • : . , , . 

The . ..-jo~ ~qb.l-.3 i!h<!~~},lt~\iRa,tih'41f~.ffs'8v~•• ~ ~.g,J,f>la ... 

of those words which,-:-;:4:l;!ePfil~tj@.1t.rU·R&~~~i.s; f~j,.,,r~l-Oi\♦.,r ~, 
those which are part of a name. This is difficult because the same 

word (-~c.AM~l,\'\iScf8)1'8~!)B..,¥r.D•ifftrt1JUlii1l~JJleft;~n(11~J•NM~ 

Haviq,,.,._.1f4Ltld., 0~;'-eia\~n,1t~t~~,Jl°"9~IJ~:illJQ!l8f?JfW.~ r-'prH.~fi::, 

th~ ~t;S~~ o,! ,~~k ;-.lac;~, ... ~~'r"'1Jt--:rthfJ,baMilYHslM:>°""' ~,.; : ,,·i··c.,, 

termst:.o.Q,; ,CQJ!IP,O~•-;;~~~:,~~- f•n1t5'9Mliii~4Jl~"I f§ffS JM,:,~laM'i ,1, 

whicll ,~r,,•.N~,p~~!i ,¥,~Ol{l-J;\l~il:1B'-rf!H0ln.::,,,., ~Bl'el•t~l. -,i:i L 

linfPI..W~ ~ ,-1f~~,1, ~tDni•tifu~Jm8,i~l19oSurifsJN11111M-,.i·i~. -~ : ; 

discourse can be trai)~~cl in~9.;a c~~l,§111,,.~IPftt~At:Ao~,j.pJl;ll•·; ,,. 

information store of the listener. 

G. L~ P@del9AW;;ll9e,tl&•;,:,i·,,:. > 't: J(j ''! .···~•·.,.'-.. :: 'H'w· .. r,:, .. r ,_, .. , .·•·. 

,· iAi ~ lM=,r l~~w ;--~~ jS i auwu.• ;-lb)' 08 $:U.atsenel! .;would,' <· ;; . ' 

imp~y, :«;h4;, i~AA ~4tRt~~ .~i ~,Al,Mot1~•u .. nh,1jiafd1'111Bt£on.·J:: ~-: ,, ., r 

st~qis ~t:il,IJi~ .~~~ :·~ ,:tjlw.aiQ(t111\Jarlia=-4•1~.of ,-,lhesytt~ld, 

at least ,iol(,,~he,~"r•Q,f ~.,_,..~ :.t1flo Jii~ftft.MJ91MSP»•oat>,.,;-:i~r., 

tion must preserve • .,U,~t::$;Rn i~illn¥lel~l~tlde-. · •.,-, r C, ; 

... If -.hed.is.t~ ,_:I,_., only,.,i.~ 1:Ln:-~irt.ainjupeUa10E Dile 

discoUl':ff,:he:- Il1lflli1iOll1?, ;l)WJ!!We.• 1i~lt,aaaticactNtM1111ailll.nt.ajhi,a j._.eteeat,,-- .. 
' 1 

and dj.~a-zi, ithe :.l'U~.,,.,w.fihi.n:h)i.« 4UIB .-~~ _.fl.~n~sl.JBN-·,( , . r 

el is i.ePIIIQl1>hLJ: to ihe .. ~•••.a.-..:,del;.,tartil•r•••rtitlla::ialibrmele~ ~:·5r,, 

vant d~iAlU11-alh~~$1t11Lk;,.de. 1ty :<~:)ltJ)~_cka .-rduimaaais ,trf lthe~ ·, -, 

discour~:s J:M..• •• her Mdet d>yi:dutc. 1-attt....- -l 1 ~au:lerdit&r'1lJ'ftrGi 1 · -: -' -~ · 

interest, teei l~MiW.~.ha.lSUilbl.,rt'la!:_...W{·:JHl:fJ't:111til•t::l.ona.i rila:, , v-: 

ca 11 such restricted information stores limited <1~ tJlltf!•ls .::~• f." ~ - 01 

3.1 



the STUDElft' system, :-a·U. -utilise lilldtecl: deeilOtive :moaels. _.·for ·the 

area of interes_t in.- eacth ef·-tlleae pc-o&•aaa thwe-,1'Ms a-'1n&eU'l'al" 

reprenntation for-thednfotdlat:ion: in:-the a-1l.awalt19',inputt~; •!btse ·· 

representations were aatnr-.J_- ln ttu.t' th;ey,,£,cd.litalledHih• deduet4,on,, 

of implicit information. -l'or,example;'fuLindaay'a<fihnil,-, tree rep ... _ 

resentatioQ made it ,_..yau,, cedaput•·the-,reiationehd.p l)lf an,y a,o,,fn

dividuals in the t~ee'.i i~t-::o'f thenlliJabarl of'.;flentence8.Gnec•, 

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

Because the number of relations and functione,,expreasible 

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

corresponding limitation c,n;the,- nuaik,ei-:.; U.~,t,c:c:;forJU thflt· •ay 

appear in the input:.. '111.ls:. grea~l:,-, siapli<f:i.N tlle-·:pa1r14ng probdem· 

discussed urlier, by, restricting alte.-...d.vea ;,fett:wordarfin tl\e,: 

input t:ext .. 

H. The STUDENT Deductive Model. 

The.' lt'UN.I~ •Y!t•111 is __ !.~• -~l-~@;!J !on of th.~ ~~J~!CJUp~r-

t ion of our tbeoty,! ·,fflJ>ENT performs 4tertain inverse ti·aufonaations 

to obtain a sett o,f ken~l sentences anll -then transforma•·t:hue· kernel 

sentences to expreui~ils in a liniffed ~eductive model. Utilizing 
,---. ,,. ~ \ :, ··,, ·, ,. :· .... •• \;. ~ .!. ... -' - •• 

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

standi11g, it ti able' t~! answer questioils b~sed on in'ti~tio~ im-
, -- . • .. "r l" 

plicit in t~~ inpu(':Ciiformation. . ,,. 

The analJtic .and. transformational t~chniqu,~ 1 ¥HJ!~,e~ ~ 

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

here the ca~?nic:a_~ fe~f,~~n.~~,Je~::o~/?bJf:f~f,~ ,r,ia,~fS?!1-8 !~-,!~Pf~ . . ·---- .. · ..... "·•. "-·~ ·--... -~·•.-· -,- .. =~---.. --·-··~- . --·-~' .- ..... --·· - _, .. · •~ .... - .·. 
tions within the model. STUDENT is restricted to answering questions 

fra~d i,1!-, tJ:,.~ c:o~,tex~ 9f, ~}~!~r,,,!~~!Y Rfo:t>,l~.: -:,~l~br,ic ~~ua

tio~ ~re, a ,natur,1 _ r~p;r,HJe~~~ti?ll-J~r. Jf-!J>~~,~o~J f!l,,~~~ inRtJ~ ~ 
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The objects in the model are 1WJ11.ben,. or. nl111bera with an,as~. 

sociated dimension. !l.'be only r.elatioa,. ia tile modai:1 iJ!L eqaelit:y, and 

the only funct ione, · represented directly. . ia, .. t1ae, aode,l.J are the arith .. 

met ic operat-it>na,;ofLadditiou,, negetiGl'l', multiplic:a&::ien'.•·,,divd.siott: 

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

basic functiou., by c;ompostion, and/or:·sq.betict1tiea.of coutants 

for arguments , of· these :ftmd:.:iona,. , for; esam,4~,, tht!c',operat'.ioa· oi 

squaring is defined as exponentiation with "2" as· tile, aecond,.tr~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-iDDs ~ iJl'Plicu,,d.n the .En

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

first element of a list, and the arguments of the function are-suc

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

.. Opera ti.on 

B1ua:li.ty , 

Addition,. 

Negation 

Subtra~,t_ion 

Multiplication 

Division 

Exponentiation 

In.fd.E· NC>Cf-!t ion - , Pref ix.I llotlittion. 

·A+ B 
A+B+C 

- A 

A - B 

A* B 
A* B * C 

A / B 

AB 

'' 1' · .. tBIIUAL, Ar •) · 

(ft,US A,,, B)
(PLUS A. B C) 

. " < _; -

(M~ ~) 

.. (1:1,U~, :4,, (~S B)) 
:J.r·, ,. ; ,,_. ,., ,... : 

(~~-,!\B)M ( IMES'"A'B ~, 
( QOOTIENT A B) 
cirm'1 'is),, 

Figure 2: 'Notation Within the STmlERT ~ductive Model 

In the figure, A, B, and C are any tepresitit:itioil~ of"bt>ject~ -in the' 

model, either composite or simple riame'ai.' _; i'hJ" usuif' iilfix notation for 
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these functional, npreesions is ,given ft'R'-<t?omparison'. 1 Bec:ause this 

is a fully parenthe&ized notation, no 4tnbi.-suit:y bfi:~tet'fonal: onleT 

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

tion expression ·NtB+,C· 'C>r its corre&ponditlg natural•-hrttguag\! eicpres

sion "A times B plus O". Note also Ch~t 'in ·thi:s';pt"efix• notation plus 

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

they may .have arty fd1nite- number of ar~nts:, .e,.:g·. (flMES' A B C D) 

is a legititnat:e ex~ession· 1in the STUDBN':r tnode'l.; 

Representations of objects in the STUDENT deductive model 

are taken frOOl the:' iuJNt. Any string 6£. ~!!ds ttt,t-•· conta'ining a 

linguistic form associated with the ari-thniet!k functions expt-essible 

in the model are considered simple names f-or objects·. "thus; "t:he age 

of the child of Johrt and 1Jane" is coritfi!deTed· a· 1•imJ>le -n~nte: becaus-e it 

contains no functional li'rtguis'tic form4· ff'~i-al:ed W'lth- functions rep

resented in STUDBNT's limft'ed d~ductive ~r.~ . 1h a more general 

model it would be cohsidered a· composi:t~ 't'l41me', :.Sn.cf ;the functional 

forms "age of ___ " ·aind' "child ·of ___ attd ___ 11 irotil« 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.tti~- ; An, . .aP,i'WftT, ~~i,tfl' qf,,« -It~.~~' ~f 

identi~y e.g"!:.'':The.~ber of ,~98~8J.'• :r~ •~•r te-J .. ~,.1~i 

The other 1•i,ical r"1;-ri<;tio11 ,pn 8.A9Ji_._ BPPl~ .J.HI'~ in :•• 

the ~1'UDBH?. systeia r:l~rsi..P~~j!nce JIDat ,a, icie~,.:in u.n'tt ~r~a ... 

ponding to .a 4Mn~i/lJ1; ffpociatec.i: wfith a ~1:➔0 
•~ ini t}la ~':_-' 

sired a1µ1wer.. P.c,r .-111Pl.~ Se@M,tj.fJuJ:1" ~aJtP~l~ ~Jl, ~,.ilue•\"' 

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

STUDENT is 111 fathom is 8 spans". 

The deduc:tive-. lDOdel 4escribecthe~ 1a us~fllk,-b>~ ~n!Wj!~ing

questioµs be.Qause we kll9JI h~Ji,OfJ!1J¢J'ac;t3 ~\.j.c,~, .~t.i<m fi;o,a 

expressiPJlS in this mpdel;. . that ~ .. ,we.•~ ~--tiO ,.aq).ve sets of 

algebraic equatwns to. ~in4 q~:ir~l va~ea, .. ..whl.@ull~.,fY .t}Je&Ek 

equatio~. ~. sol~iQU.-ttr.o«;~ Q~,,i~~ti•,~~.:in d~ 

tail in Chapter V:I.. Th•.· tr.:ana-~.tipq.,tpi'O~,, :qa¥!'i··~1 tile the_prN 

describeil.ea.r:1:ier, whtc;b .s~;r u.._ :~ _go ~~f:AA..~U.~ll, .ii:iput1 · 

to this ded®tb1e W,Odel, is d,eacribed J.p ,~e~ __ p. 
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CHAJ.>TER Il;I:. P§PGIWIUlW FORMALJ:SlfS. ,HD JeYlGUAGE .. !Wiliwut-lQN. 

Almost any ptogranming language is· unweraal in tbs sen:seL chat 

with enough time, space, and wotk at the, impl-ementatt<oh, any computabl~ 

function may be programmed. However, tlie' ttHJk o,f 'pi'ograan{ng• ·:cah be .. , 

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

ented progranming language. The ch1ta' to ~:·tt1nipulated · by the S!'U-

DENT system is symbO'lk, and of indefinite. leii.gdiL~nct' contplexity. ' For 

this reason, a list-prt>cessing language was 1:lie'. nk>st appYotfriate type 

of programming fot this task. There are· s number\ of 'such languages 

available, each having its mm· set of aclvaht'ilpi end diS'advantages~ 

For a description of the general propert:ieit'' bf ·U-st:~1>rocesi1ing lan ... 

guages~· with a detailed comparison of faut'' o-f ttuf·bettet'-'known list

processing languages, see Bobrow awl Riitiphtte-l:· (:S.) .'"' Mowt:!'Y <because I 

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

DENT system. 

The LISP formalism i8 very coiWettient fb<r prdgranming recursive 

tasks such as the solving of a set of s·imultane~e:,:Efflu&tidns. However, 

LISP does not provide any nataral mecham••·:t<>r1 ~e9:etiting nwmlpula.;. 

tion of strings of English words, enotller very iinp~t:ebt ;$1'.lbtask in 

the STUDENT system. For this t,ype' of atahipttla-tloit•·~ would like to 

perform a sequence· of s-teps imrctlvlhg op~t-ttimi:s"~ti··•s recdgnU:ing 

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

ments in a sentence by their context, rearrangtnir a strlrig bf 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·H.y pri,3i'~.· However, a for

malism for just tllfs sort of mantpul-ati~ii f•1 ~he· ba•ts· of-·the'n>IIIT (4'5) 

programming system. Rules in this fotmaU.sm 'can· ~a Hy exp't'ess vtty 
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comp lexat.titlg; Jllail1pulatiotl4- •~'nd-- .·Ut: ~••Y to:~~..ua· '.writ.!. · .. llow,o · -· 

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

context necessitates going back and forth between LISP-oriented tasks 

ttnd <DU'r,-ot:i-enteo usu-. -: •l'herefore, .. -~ ••M.-ecl,,rt~Gl!(lT· rule ,,nc,,ta-

4~ ~:,,"8e, _#t{l ~--~1,f~~r~~~ a,wP;,;H'O~-!~a;LltMl-1~.I. wb.tp.li 

woul~ in~~rpret;: •~~11\1 «·-.,-t_4-lOMl-~ioJL ,J:U-MW 1~,+I;\~, ~tion •. • 

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

the elo9.1,u?ty:e 9,f t~,,l.W: PJ'PSftlDAiP& i~ngy.a,g~; ~Ji~:~-, ope-,;~t,ions;· 

~i~ co~-4{ J,e ''W~ p,.~~~l~,_,,~ .~ifl ~-r:4,,~1 ilW~e-.c~W,ww, 

be expr~s.~ euiJ.:, .-. All_- 9¥,teQC;ie.d ,l~•e ~YiM: ~ b.e,at ,,~es 

of ~'J:. ~~ µsp ~q\lµi ~~: ~fa'G- bt,\ilj., f~, S$TJl~j,,. \ll,lt .. !+- i,i ~P- ,. 
more ee,onOJDica.l. {;9, 11&"1,,ye, ,.~; .,x.t,~~OAf:: '.~.Y,, ~ding. ffat!-, •awn- ; c ·

tages. and 4.~ffV-aPJ:f-P&;"'1- ~Ml~~e: ,~~d>Y ~~W&; &ir:e~ 41~'"4 

A. Specifying a Desired String Formac. 

~ luil~.~,~SS.O.~- ~.~il:el~ie1l.J}:,- ~_:_,re-, fJ.t

clude here a,!~rief -;',~ih@f j,I;&;, ~•t~.,. _. We,,,4_~, J:'b.ts,_pe~se,;Me,, 0:f 

the :JW#:.-atio~, ~-,~~r-r,,.P:J.~~~-'.'.9f! ~3 t,T~OJ'INl,tJ~ JU:-G~, 

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

nation Q,f.the ~r.M-J~.e>.t f'~,-;;,j.t_.,~ ~J'ef.9,lve~,,llY,-~n..,,.l,t;tl,g :.1 • 

the l_u,t4-N,9/ ~e,~~1 p,r~~,in1 AM,~.-J,. ,J~,~~;,M}t~er- , 

case, _.i_t~ may ~' ~-..•a.ry. t~ ~ona~lt: ~•i IQ!i)r•- ~1$ ~JJ:~~iff -

A METEOR program consists of a sequence of rules each specifying 

a stri~ ~r~~fo~~-••-•~yill& •PfM'-~ ~~iQ.-i ,Mil~--~~· i ~-=-· us 

first.-. F~•ici~r -~ a ;IJi~~ ~qnJtP;?',IP.lit,U_~,Js>.fPl'AU,J.e4:,, •·-• W..,~ll .. , 

~•Jl ~h4ltjtri~J to ~"~ra-.fP.~ ~A.,ffl@ffi&~,,_,JbBrJP9r~~•lfW_. · 

be tr~fp,~,..by a; F,~e.pnly if,-4-.~~9;1 a H~~rn_ .9f: ~· -atv~ 



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

mentary ,patterns which specifies a s~ue~~e of it,ma that ~st be 
, •• ,-. 1 • ,t. ·T,; ~-.::rI·)1:1:.,~J 'j ~.:!·t: it) .es,1,._~ .. !.t.-,:qi,1:y . ~.: t_:·..1::0·,,:. -:; ~-

matc~ed in th~,;~J:k~p~c;e •. ,For--~~~l~t i~n68~\?,~.~~ h~~f/,~j~\:{~;sj,f , 

"(~E ~1>,''r :~~,n:; a ?1a~~~ wou~1 ~ /?~~~ ~~!i .~! f~~ 3~ 1~k~i;,a~t c~~.~';:• 
tained a "'111E" i11111edhtely followed by "BQY" • · l;n addition, to, 

,-, ;·· !. ' ·~:.I ; ·: r- • - '. ]".-•,.,(1.J~,.~, '';: ~ .J '-._''•] ,:_,,:{ 1
., '•. r ',.:; 

known; constitueqt' .~·~,o~~ can ,llUltf:h. \l~~~,~~~~~t,~urrf!. '., :..'!11,\ ~l~.-, 
ment $1 in ~ left,1?alf will ma~~~)'°lir~~~~fk~~~ct~o~~fJ~u~~,~- _Th~,.:'·• 
left hal~ "(A $1 B $i C)" will match@ contigµqua substri~g of the 

..,. •'"."- . -- . · .~:>:1J ::iJrl.,~ ~-u~:1· "~~L.;:i~;;~,i:...,~~ ·:·,_;_;;~•-

WOrkspac~ which consi,ts of ~~ ,A ~<>,B<>,ir~ ,~J. ~a~tJ¥. '?!)~ .. C~l}!t.itu~,~t, , . 
. • -·· ... -- ._(. •• ,}i} ,.,,',f'' ., ,.}!l . . .,.(L., .. •·-~ .J .. ,. ,,; 

(specified by the maJ;~~r ~:$1"LfoHow~<Lby -f,,,l !ell~td ~J,;; ~:i,ta,ct~Jf 2 
• ... ·c,., . --- .. _ 2.)idtid 1.w.,,.'J, ... ,•A,~ .• , J.1.,~-.,~•'-.i"',,• .... 

constituents (matching the "$2") followed by an occurrence of a.£· 
Thus $1 will match ap element of tl?,e Wf,flt&l)ace w!th. ~, spe!~j._fi~d con-

- . , __ ./· _ .• ~"' • 'j- ·; ,;_ • .i'~; :,:..;,;; ~ ·. :._- ~- !", J,; ,,,;.:,. t1;: '.,~_-...tl)~; "- ·.-:. J • ., ·' 

text. If a left half would match more than pne supstrin$ in the 
, 

1 
.: '" i! --.:·L. :1 , -'7 'if~_:-. : 0 • .;< ~:±;1i:~ :-;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 ·pitiefii~• ~f{11··m.atdi ; Tuecf ~:.U.~ 
.-. ·, • r --~-;-·!:.·-~---~L (~ ';,•Ja}~ 1)-;'s! .. :;:,.f~'J~ .. :·:_:. · •./ i _,t 

ber of unknown constituents (~ .g., "$.3'~~ m,t~hea .. l 1:1nk~, c~nst;~u-:-
: '. ._; _: 3 iJ o :-;, t·.,; 7 h1' __ : .-. : "';).,,, J · ''. ··.1·,,' .?~ .• :.;,;,: .. 

ents). METEOR also has an el~menffrl;~•~te~~ ~:~.!menfc,'i'$''.~i~h 

matches a11.arbitrary number o~ UJlk~ COt).Btitue11ts. for example, 
~' :.· ~-; J i j · J Ll \~ ,,r ~ : i.· r ' ,.

4 
- • 

the le£~ half ('111E $ !OY) will match a subatring_o{ tlie wqrkspace 
._, ~ 1. ,"'.~.-,:,::-~~.JlH:S ~l f!.::,::: ;._.:,·, ':_~.:~ _; ~ ·.· · i· - -

which starts with aQ occurrenc~ of "ffll""TciIJowed _ by any number of con-
-.' h :-• •. ••:; ;., : •• ·'. 'il ,~ ;_·,:•.~ •·;·(; fJf.!n ~ :!:.:':("':':..~=j !":) _!·, .• -': f,,_' ¥f;~: . ~ i. 

stituents (includj.ng zero) followed by an occurrence of "BOY" . It 
:·, __ ~1~:-'.i/;:..· ·i::",::'::.:.•,.~; •:: .·11.~:.:.::~ 1·1f;~._,:::-~r~,_ ... :~ :.·.ii.~::~: ,.:-1. 

would, fo.~ e~ample,
0
,~tch a sub~t!ing ~,t~~~,1~~r;~f,~t,."$qJVE ~~ 

GOOD BOY)" or of t~e ~orkspace 11(Af1.~Y ~)~' ~.,, If the left . 
. . -, .t.- , ._ ~ : .:'<~ .t,•,:-~:f;-• .,._J •c. i'~,•1: ,, .. I!;', J4,,.• 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>.ff~~ntf.~. o.:£ 

the wor~space up_ ~9 but not _iiiclucJ,~~J ~h-~, ,fH~~ <>.~~~,r~,~1:_lF_e ~t '_'G!r,f;I'.CH"; 
• 1 , . . = • ·,.,I ,. , • • ,< , .,,,: .J' ,• • : • '.f • <,.,_ ._ ,,,.; .P._ •.. CJ! .C ~ j., • ..- ., v ; , .- \'"'. • : 

the pattern "GLITQi" matches thiJ occurrence Rf ''GLITat" ip tbe ,i,o;rk- _ 
.. . - . • . ·• - ·-..:i_-~~ ·::/ ~ -~., r: .1•.]-J;1:··•J;F:,c.: - .: fi,i -_1 -~';; :. ,--.. ;,·-: 

space; and the ~le~~tary_.pat!~r~ "$~"J't~~~~.~~ },~}~~11~s ~:. 

constituents of the workspace ~~.iat~ltJolJ~fn~-;9!-I;1'?·:.: 

43 



Ei~ment~ inthe workspace may betagged'oi'a~bscripted to in-
... ~: :;.r.,~. ~ ~ ,;: '.~,., :,. :::, ~ · . .l , .,, ·, •· • 

dicate special properties of this element; for example, one might 
.11·.1, . ,·;_.,j "}riJ :· .~n-·t,,i:,,:,., : .. "'~ ·: . .J:".'.l'qdi_~(;'..,.; ';,;'· : 

have (HAVE:/VEU) or (BOY/HOON) as elements of the workspace. Such 

eleme~ts .: c~n 6e"inatcht!d by na~ (uiiing . .,h~ J~ itoi'··~.--~tt~rn e1emeJts), 
, '. : • • , 7 ·;-,· •• , :.' • ., ••• : , :.~ ••• ' ,. ·~ -··. r i, '? :f:1:·· .' , _-;; ~-:~('* 

or identified just' by their s~bscripts (l>r by both): ·'"11,e e1ementary 

pattern. ($1/V!iB) will mai6ii''any si~gle co~sti{t:ue;t'\,iit~f't~.; verb; ,. 

that 'is,.()~~ wti:i.ch has "dt~ j~~bscript' •'Vfu0 , ~ven if'0 ~hlil ~ ~onstituent 

has ~ther s~bscri~ts •. Thus the left h~1£ u~~ h1Mb) :SOOkS) 

will. ma'tch. the substring (ALFllEI>' cREAD•J\rBD>: BOOH}. i~ t~~ '. ;~rk-

space <NOi4'li.m»·>cwns7riu> vl106is0 hthiit. Lt~n3: ·· "• 
', }j 

Other elementary pattern elements are pr-~idea~ ~nd new pat

tern elements ci~ be defined and easily u~ed iithln~th; ilE!toR system. 

B. Specifyina a Transformed Workspace . 

. We h~"~ disJ~~sed 'h~ a cl~·si~ecl format can be specified th~~ugh 

a prot::~type pat)tern~ cailed'a l'eft/h~1f>"tf we''ti:~'to inat'~h'the
1

work-
' . -~ : ' ' ·, '.'· - . 

space to a left haff, but it is not in' the format' ~pecified/we say 

the match has failed. If a' subsi:ring o'f the worb~pa~e is in the speci-
. • .:-. , ,: . 1 • · , t , , , . , , _. , .. ; \ {tr:;_ ? _: ' I . . . · 

fied format, the match is successful. When there is a successful 
.•; ,.,a t • f ._: '~ • •; ",! .:• !a•, ; • .,' ~) _;;,: ,•·; \_:, .• C --.,' • '. 

match, we may wish to transform or manipulate the substring matched, 

or place in a' t~mporary ~t~rage locat'i~n, ~~i1ecf' a; .t~li, c~pi.es, of 
)' . •~_.)J.~--.: .. _ :··_, ,, ,-, :": --~!L:.C:' 

segments o( the matching substring. We shall now discuss the nou-

tion used for specifyin~' :uch transfotmationiL and stoi:age' ~f materi~l.. 
'; ; . /·1{'.. t ~ _; 

A left half is a sequence of elementary patterns, and we associ

ate with ea~h e:lementary pattern a ntmd>~r ''indl.c~t:i.ng tis ·po~ition in 

this }.;·ft:h1lf seque~~e. , Por example~ l~,,the'1e'tf" h~'if: {$2 If$ E), 
>, ••_;f. I.' ;:''" • ; '. ,'t, ~t(··, • ,i'T - ·,·; ·: , ,•\,":'_i••lf'l°'··.t;·•. -~ '., ,,·!, 

the first elementary pattern, $'2, would be associated with the number 

1, the second,' 6',-~ifith 2·; $ with 3, aha E witb'4~ ('}i'a match' is• sue-·· 

cessful, each elementary pattern element in the left half matches a 
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part of the substring of the workspace' matcned T,y "thfs ie"ft half. The 
part mat~ned Dy 'an elementary. patte'rh can t:fien t!J rerer"eA'~~a' by the 

number associated with this elementary pattern. For the lel't''half-' 

given above, and the workspace (ABC DB A E G), the left-half match 

succeeds, 'and the·" ~ubstr'ing '(Bi C) miY t:1ier l,i;, rifirlnced. ~fth the" num

ber 1, the substring (D} ·by 2, (B·, A)1 ty 3~' 1na'" '(£11 l>y9 4: 

. The transformed workspace is specfti~a" by' th;~' "~ight half" 

of a METEOR rule. This right half uJ.y be' j'~si:"~he fuim~r~i'p,' :l.n 
which cask the matched portion ~£ th~·JLJi:fkiplb~ 1i';)a1:rite~: '"o'ther-

. ~ :.• : ,, •,• -'. • . . , .. ·'."''~\T•f1r,1::• o~•;;f~fl l:•,-, .C~ • ·1::•, - .,,•;.t-:•• 

wise this right half ltlust be a list of' 'elements spe·clfying a'replace-

ment for the matched St'.lbstring.' An:?h'.tiie4'~.i in'~til~c•rtgtii,:}1111.J list 

reference (specify) the appropriate part of the matched substring . 
. ' ·_' '"'.',[.-.·. ·-n: .,;, -~--\ ~, "'1 , .•.• ?~f~~ -, .·,·t ,, .. ·'. 

Other- items in th~ 11st may i::eferendt'ffiemsetvestor st'ri~s· in" 'tem-

porary s'toiage, o/ 'functions of any ~:~'t~r~~ie~llfi 'i'iibi'trtrilgs:).,L· In' 

the' example aiscussed above, if''the 1:ikbPha'ii''w~:f~j ·& 2')fl ':ttir, th~n ;, 

the matched po~tion.,bf the worlisi,'ac'kwb'u'idE~~'r¥plaiell1by-'(B''.A"° n'tt DH), 

arid the worksp~c~ liouid bec~me' (i1 ll".t D3 rl".D 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 1n' tbtt~oi-'k'~pack 'in11~ri1 oidEit'' ~pp'osi.te 

to that in ~ich they had appeared.,,, 2' ts;, re};e'il~~d~ai hiid? {~1 tni.s i:-igfit 

half and therefore two copies of"this 'tW~~in~e~; s'~h~lrTb,k';~ ·~n)•• ap- .· 
pear in the workspace~. The' el'.ements ''M aiii 1i>T~ i:ti"Hl''i-tgbf h1~if. refer

ence only tbe~seives, and are' th~re'.rcit~"; lns~
1
rt'~j<lil-~ct1l'tnt

1
b''tbe 

workspace. 

Usin'g the right-half elements' d~sH·1~d~3 th~t 'is,'- 'naihi>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':. cf~t~de~"ii-o~~~p1icat~a l~. and 
1 : • . . cl . ' .· . . . . ' 

rearr"anged in the workspace. Elemenii' t'f'i,i' acil~a 'tb ''th~"~o-fks't,1c'e 



thus, far c~n <>f_ly b,~:yo~,,tants;. Let ~'- ~'?-1:?'afd~r s~: 5>f~,!r p~s,ible 

right-half el~en~s,- ,11.1,Y a'i°, ,al~ 1f~dff~_fed_~?'. ~f~ff ~i~,\l 1s,~,!n :~i~h 

specia} Uags ~. 

r -~~ 

flle CQ1j1f,~nts 1RfL~f~, sll1lJ,,H~r~y:rftf~~~f.cJJ~ttfap be 
referenced by a two ,1~n,t_ lis,t :witµ fJrst_ eJ,me~ _ei~!tf:r, *A (f9r !11) 

; 1_ 1-J t. , .·:• f ~-- {_-':, , I\ ,, _J ~ .,:.. ~~-d t.~.l_.- ,-E1'.l >. ..;c !.., -,_r;·, 1 ! _; : '.i 

or 'lrN (for _!ext), and a second element, the shelf name. For example, 

(*A EQT) r~fer~i,_cell' th,_~-. en;ti,~e, fO~tf!n,t_t o,~ .~, .. ~~~.;! ~~,, ~,- I(_ this 
-- ··.- - ,11. - ·- ,..:. . •-·• 1'·-· - .. -.-· ··-·-~·· • __ } __ ,_ - -- - -~. 

element appear~d in __ a right half, th_e -t!~t}rfl, cont~n,~, of_ that ,.1,ieH 
I.) \ ,- ·1 ....... d, "'.~; -~ -~! L .:, .· ;-,., .:.::::, ,;1:..;•:: ! 't ;.._"'./ :·.! • ~1.; ._'.. ,.- _},:.. 

would be, pJac~e_, iA ,}geB fOrf~,1l>:?-~,Jllf,If 1f,~e,Jf\ f~,f ~Jff g~c-~/ _ .'!!1e J 

first el.~m~nt '-?.£ a_t a~-~,}! ~~in,~: _8,~: c,9~~4 l>fw~~• ~.1iltJ~,yp_e Wf>J\c-.... 
spac~ py u~in~, ~,he e.l~n~, C:"N. ,.~cp)_ J~. ~-•!.rJ-11t. h,fJf. 

_ , , , • , •,: '. I •• ' • - _ _ - • , ... ..._ , • ~ • • •• ,",, ~ _ ~ •• , , ,_ >.. L _, _, ~ • 

'l·. 

The P~.J, FN ... ~a _the first. ~b.f!.~, o_f ~- list_ •i!.~~ng as. a 1:ight-, .. 
"· ._. ·\ . , , , • __ :- ,- _ - \. ~ -- , _. 1 p , ,, ~- • • • :~ _, _,., ; -~ ~ .- 1 . ' r , l : 

half el~etl~:,J~lffJ::~: lr.lt th,e -~f ~bf!: fr f~f~u}if,f ,i~,,a)Jy~ctJ<>Jl, 

nam~f .~~; ~~ ,f.o~~i:~i <>~~.,,ar~,;,Hlf! Jrf~n~,~,,.~t, ~~f,~,;J~ffi~i?Po•,;,: '1!1e .. , 

value _of, t_h~J~~ctif.?l,1,}~f~ t~f8-. s1~t, o.~,~{~,!1t!'.1 J&11fl1rf~f.,~f ,~Jl~\, 
worksJ>a.c.e. I~ ~bis ~Y,:JIW -~~Pr, f111\ft,~n_.J,!~~1J>41,t'if~ .,f;.~f? a ~~' 
rule. 

11:le, na,. ;k~. indi~ates ~Jiaf_Jhf, f~~~ ·~~;,the jl~rLfoJJ?~~I\8 i.~.; ~?
be ~va luate.11 a,s a f14~t~'1rJt ru~~ ,_., am1r_,.t.N~-~,.f! -~,?'. b,~,,:·.r~ffSS~" ' 
into a .li,.ft:,,wh_itji.fHl b,e_a __ •JA&~, ~lff8Pt .9,f t~e ,!9J'k~p_aFe .• 

9 
_Thu~., 

,•--/ t.:,~:~~.,...,,:. :),).;::~,,.J •. ~~. ~ ,: .> .J•_., .:.'..f.J·-1~.1 ~ ,.Jw,; .-,.~_J _ _::_'"!., t ·is., 

chunlqJ wh~fh, a_rt l~mJ~t, ,~pd;~'~'~ ;910,~fr,.~ffl>}~-rftr~~~~~,:frc~'~~an :~. 

single word_)?an, ~~-J.f~~dJ ~~"' t sJ~J:~-,-~:ft,; 'ftf~fp ~!'J\~~~-
workspace string. The inverse operation is the expansion of a chunk 

~ --,,J " " ' ~-; ' ' 

so that all its components appear as individual conatituents in the 

workspace.. .~~an.•,~pn1 J!:i i~.~fJlf~tJ>Y;,, f, ~~! l~8'f ;~f~J.t~1 .pe'-ittn~ng. ,9f 
a right-half element list •. 

'~•':-~~1:·Y·.··· .. ·· ;~~f_.~·,r,; ii~ .v:~'i\, ~·;._~;· 

JJe ha_~e ~,bus, t~~i!1:~.c~s~~:'·hp~ the; ~~~~.fo~fi~\~. 9~, ~. ~,~~}ng. 

calle,d the W?Jk!,PfC~:' ,~'!f ~:-•~fre,•~,e~- .. ffl. te~_,ft,-~_.Jeff h~2lf0 __ ~f!!!1, 
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b_ a.,pattern for. 4 cleairecl input format, and-ra1zigbt! half ,whiab i• a 

pattern for the desired output format. there ia aqor.~ason•to·;liait to 

one the number of outputs frOlll a single left half match. In fact, a 

third aection of, a MITIOI. ru1';.; c:aUecbtlhtt'i~reul!intJ"'••ctioll~'-,t!or 

histori11al reaao~). allowa t:he· -pr~.-r te :ane~an7;numbei;;,of ,oth•.e 

er right halves, and place these refereacecbi:Uaisxat the beginning ot1 • · 

end of any shelf (temporary storage list). '1'he'storage of such a 

"right half" is· tadicacect ta the,·routi-.S)••ttlon(Wy.-ra,, U•t '·••tting 

with a *Sor a *Q, followed by the shelf name, and followed by a 

right half:·p•ttera •. 'l'he *S inclicaceaothat,;thefl•efetence4'material ts .·.; 

to be !tP.:41<1 on the-beginai1,11 of the ~naDed allil1:~ t,"'Qoindicates ;that: 

it should· be .Queued, on .the end· ,of }t!he. ahelfJii ccVaed:,with a r*N. for re• 

trieval, ,its1helf ,1,uUt up by 1,1'8 tie<•ae,u~1'1ist. (a- l•ltt-in• 

fi~q,-qu.t li1t).. 41ad- a aheU buU~H1p-1bJ1:.>at~·W"l arrcru,haej:,fil'dt-in,- .: , -· · 

first-out list). 

The . 01:lly -:otbei: - a taai fie1nt11 fe,,vce .;Of ,:a 111'111&&19togr• :ltha tl ,we 

have not yet . totK•ed ~oil.,,, the coa.tsql)latsuctrurei ias•:c,aetr oi r.ulea. ,,·; 

A METEOl rule Ju~• ,e llalfej:••l'!d·h•~ ::arrlfao-ttq" 18ec:ft.i••, GrcUnarilyJ £.f 

the left•balf -.ateh iatls. ,coat1:0Lia )&lftOINtical~p ,pa••• ,toothe. 

next rule· in. •~queace .. 1., If the! hft,.,.baii:aa-cluaKcetfda~,,Che·right·,bttlf, 

and r;otiting. 1e~tipn1 ;a~e isttetprebed, ,,aocl tlhen eoal"!Ol ,ia ,,passed .·to" · 

the rule ?UIIIMld..ia tbe,''gc,-,ton. <Bown•~•' 'by:~rt:Wn,..ofia'''*" 

imnecliatel,y after the: rule,-,n•ae, in ,the,rrule~:}tdle,.:aithNit1f ,tl!anafer oi.', 

cont~ol ,ia,,awitched. aadi-0aly-.011. left.,.Jlal~·di•iikirae~ll.::,cont~l peas '' ., 

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:rte:z:~~::. . , . , 
preteci aa • '!IO"'·to" •conuiahg:'...\'!aall!lfi2~'~ "<n'htrarnatit•zr:.1S.mre ,a:Um,s 

easy .recur.11 ~tc)ml..caetl>~ut,inu. -::tlte 'aae,.,of,1leil~lf,;s~eaa or. faiibt~, 
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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 rules.-. ·Each rule is· 

a list of. up to six,,elements. ·l'lle,,fq,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 111t1st be pres~fit 

in any rule. If no najie· is Reeded, t:!be dumy name•''"-"" ·can _be used. 

The second element is ·a 11
~•. arlcl,•ts optiortal. When it is present it 

reverses the .. awitch,Qn flow.of c•nt1;;ol;'and ttarilfer of c6ntrol to the 

rule named in the "go-to" is made on left-half failure. 

The third elemt!tit is Maadatoliy,. and is· a left-l\alf pattern 

which ilJ to he Jllatched in the lfOrkspacte. The feuwch:.element is 

optional, -and is a· right--half pntern sp•ciiy: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 operations 'Cihich.plao~ items .on 

shelves or set 0 go-to" values. The :final element ,is called the ''go

to" and. specifies 'lffler.e conttrol :11s to be passed~ :tf a 1lHU!ch 'Suceeeds 

(in the normal case). A '',\-" in this position spectft.es .:the ;next rule 

in sequence. 

C. Summary. 

In this chapter, }we have briefly .aunmattzed :the f,eatures of a 

language for string lnanipulation whi:ch has been,embadded ,(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 trimsformations 

needed to process EngH.sh sentences, and :also use, liPere appropi;:iate, 

the functional notation of the general list-prqJess~ language, LISP, 

was a great advantage in the prograomingeffort:involyed in this study. 

As a final illustration of the power of tne c~ine<t 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~f:ns.,the complete 

METEOR program for the algorithm, iqcluding~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,tJiiithg '"('IHEOREM)" · 
~ • ? 

The other lines gi\te th~ theo.rems that are p:i;oveir b)l: the algorithm as 
' • :<: ~ : ,, 

steps in the proof of this theorem. This ME:J:E()Jl :l'rojragi 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,mich I have seen which 

performs the WaQg algorithm. 
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CHAPIQ IV: T~'.tIO!f OF B!fGLlSll l'O 'l'Hi: &'U>&T '~ .. W,D§L' 

The STUD.ENT a:,ati!Q C'OftB:uJt.s, of :two :main •~l'Qgr.aias,. -c.all-ed · 

STUDENT and RBMEMIE&, Th,e · prog~am ,M-lled IDIRMIU: aecept.s aml'..,pro

cesses statements wl\1,Qb contain g)A)b&l iafol'!lat~; :rtbat· is·, in- . , 

foruµ1ti,on which is liQt .spe~tfic :to any"one st.•~Y pi:o'bl::em. We .shall 
' •q • ••- •• • ,r~< , •• • ••~ • 

discuss the processing aQd, infotMtion 'Sto~'!J~-.tedm~ue,s us-ed 
in REHBMBER in th~ next, ch•pter~ •A U,attng'IOf -tlie ,global ,informa

tion ,gi,ven to the STUDEHT &yst;em may ,.be, fou.d in Appendix. c. 

In this chapter, we ,shall describe the.techniques embedded in 

the .STUDENT prograua which are used to tr«oafo.mt ~n,Bn~ish statemeDt 

of an algebra stor,y ·,problem to ex.prue,tons •'iff(l:he: STUDBIIT·.ded,uetive 

model. By implication we 4re ,also defining .;the sunet .of English 

which is "understood" by the STUDENT pr.ogra11u' It. mot'e' ;explici;t des~. 

cription of this irtput language is given at :the .. endi ,of the ehapter. 

A. Outline of the Qper,ation 0£ STUDBNT. 

To provide perspective by whi.,ch ,to view the d<et&iled he~ristic 

techniq,ues used in ,the STIJDSNT progr,ami we shall ti~et g,ive an out .. 

line of the operation of the STtmlNT program~ ~vea ,a problem to 

solve. This outl:Lne is a verbal des.c:r.iptJ;oa:o-.f ·the ,flOtif. chart ,of 

the program found .. in Appeneix A. 

S.'l"lJDiNT is 4sked .to s.olve a particular px»bi-em. We assmne tha.t · 

all :nec.ess~ry global infomation baa been stetred :pNVi.oMsl:,ei S'l!UDBRT 

will now transform the Engltsh input •t:atement :of th,ta ·pro•lem·into 

expressions in its limited deductive model, and, th,roughdtppl'Opriate 

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 •t•uJ~•- equatipns, 

keeping ij 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.!IJBIIR tmokss lha SOLVE program 

to solve this set of e(IUaticna for the d.as.tred unknowds. If a solu

tion is found, STUDEN'l' p.rints the v&lu1ita of.the unlmowns requested in 

a fixed ·format, subst,ituting in "(variable IS ~•l114i)," the appropriate 

phrases for variable and value. If a .s<J•l:titf:on,:eantlOt be found, 

various heuristics are used to identify t"CJO '1!tti·atile• (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= Bis added 

to the set of equations. In addition, the -St-Ot'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 cequati.Offli 'that .it retrieV'eS 

because it thinks -they may be relevant. 1f the tt1'e :0f global equa-

tions or .equations from identifications lea.ds .. t0 a lS!fJlution, the an

swers are printed out in the format described above. 

If a solution was not found; ati.4; ~rta;L~ idtqdl$ are present in 

the problem (a result: o·f a defini•tional tranaform&tton us-ed in the 

generation of the· problem), a: substitutton 'la''macfe ,fur ,~ach of· these 

idioms in turn and the transfonnation ·aal' 'solution pr.odess is z•e

peated. If the substitutions for theff i.d:l!oma do :not 'enable 0the prob..; · 

lem to be solved by STUDENT, then STUDENT ·req..,tsr .aclditional•informa

tion from the questioner, showing him the variables being used in the 

problem. If any inforrdation -is giva., S'fflDIBT Cries ,,co aolve the prob

lem again.' I£ none is given, it repc,:r-t11:,itiS'·:tnatiUU!y •to solve this 

problem and terminates. If the problem ·is .Ve~ :S()ff'ed, ·the solution 

is printed and the program· ,terminates,. 
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B. Categpr;i.es. of ,¥ofd~ ,in a Tr~ps,t,o£?18~i~~t. 

The .words and, phrases (stri~gs ,e>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 t}:le tray.s.forma,ti()n to t~~, 9~du~_tive model. The 

first category consists of strings of words wl;lich_name objects in t~e 
\ ' : • ' • • : . •1 f, (<I• < 

model; I call such strings, variables., Variable#' are identified,, c;,,nly 
".,, • ~'. ,'_' I ' • • \ 

by the string of words . in them, and },f two .si:ring~, ;d;i.~fer at a 11,, tpey 

define distinct variables. ·. One imppr~~pt p:r$?_1>lem cons_ide;-ed below 
• • • •. , • •. • .; I • • ,. • ' • _I ! _;• '-; : I._. , '< ~ ~ I' t.~ ' . . 

is how to determine whe.n two. distinct variab,}e~ 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
1 

and,, a.r.~ onl:y made if the 

problem cannot be solved without suchsuPs,titutions. _An ex,mple of 
. · , '·1 . ,.· :(_ , ( , .• ~ · ., , .. t ' 

a mandatory subst:i-t'-ltion is "2 tim~sfl,:fo?;.,~he,wprp,"t;wic,e". "Twi,ce" 

always means 112 times" .in the coq.t~ ~f the mQdel, frul ,therefore this 
\ . , . J . \' ; • : ~''. . 

substitution is m~n,1d!ltory. On~ optional "idi0111atif'.' .substit';'tion _is 
. • • ~ • • • , . • • • , r + , ' •' J. • , • , • • : , L .: C •. ••, • ' '. '•'., , r ,~ : 

"twice the sum of the length and width of the rectangle" for llf~,e peri-
l ., • .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\.~~p,ter I,I. 

Members of the third class of words,, i~dicat;~, the presence e>f 

functional linguistic fo,:ms which repre~e_n! ,fupc,H,o.1;1s in the deducJive 
' • < •• • -• ., •• ,,., • I,•· ' ' 

model. I call members of this third clasJ:1.,.',',ql)eraJors'.'· 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:>Jfrfl;'•!~a~dr;fY; tl;te ,.~:r,,o variables 

suu:011p.diqg it_ ai:,e. to be added. An ~.~+e ~:~ ~:::fffI' cpll>.pJfi!X operator 

h:-t:he .. phr~/'p,;irCf!nt,.,leu ~~pll., ,as,.j.J;l. "11LP~.'r~-fe~s tJtan the 
;_ '·, , ,,, . . ' ' . ·.· .... ; .. :: •·;;;. .,, 

mar keel pr4~", wh..j.i;:.p indicates tllat. tl}.e ,~f'., ~~d.i.ately preceding 
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the "percent" is to be subtracted from :too, thls -result ·divided by iOO, 

and then this quotient multiplied by the variable 'following the "than". 

Operators may be classified accor'ch.ng'·tt, where their arguments 

are found. A prefix operator, such as '"th~" iqtiare of.'• ••• " prechedes 

its ~rgument. An operator Uk~ II •• ~ •• percent'• is ~ stifdx operator~ 

and follows its argument. Infix opera·tors.'auch as''" ••••• plus.; ••• " 

or II ••••• less than ••••• " appear between. tne'tr twt> '. irgument:s •..• lri: a 

split. prefix operator such as "difference' be'tw~eit.·:'~ • .'and ••••• II~ 

palt 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 conciltionaity, d'epending on 

their context. For example, "of" i~·equiv'al~nt t:o.'"times" if there 
. , , . -

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 multiplicative re·lat:1onsiiip bet::.re~')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'tegor1.~sj of phrases interact. 

To make the process more ' concrete;·. 1et us ~-6ns-iA'er th~··· f'6 flowin'g' 'eiamp le 

which has been solved by STUDENT. 

(THE PROBLEM TO BE SOLVED IS) 
(IF mE NOOD or ctJS1.UMDS 'TOH cm i's 'J.WIC! m'k SQUARE 'OF 
20 . pg-'Cllft· OF 'JB~, NtJMan· oF' -~rtiBMiiti"1ti'' RM;' :Mm. 'l'Htt 

NtJMBER · OF '~··HI iinfS 'ts~' 45'! 'WliAT ts· i'HE: imMBEi; 
OF CUSTOMERS TOM GETS Q.) 



Shown below are copies of actual printout from the STUDENT pro-
• • ', • • > ,..,_ i . ·. i ~ • '. •. ' . ' • 

gram, illustra•ting stages in the transformation and the solution of the 

problem. The parentheses are an ard.f~ct "'of'th~ '1.tsP 0

progr~~ing "lan-
,-1 .j . -

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 t:h·e program) are ~ubstit~tor"s: ,:,t:wice'' becomes 

"2 times", "per cent'' b~comes the singit! word "perce~t", . and ,rsquare 

of" is truncated to "square". ; Having' ucli. th~se substitutions' sTUDd'i( 
prints: 

(WI'ffl MANDATORY SUBSTITUTl:ONS: ·11t1 PIOBUM. IS) 

(IF THE N'DMBG oF CUSTOMERS TOM G!TS 'ts ·2: TJMES 'THE souARE · 
_ ~· . , .. _ - ,~ . _ , I .. , · . , • -y - - ;· _ - r::, ~11. f•' ·l' -· . •. , , - --· · ,. - · . 

20 1>Elicarf ,W''ltl'.E Ntto!a or 'ADVEJtnsmattrtifu itms';'Am> ·nm 
NooE1(d~ .WXitils~' u·iaJwsf ;1:i 1+s\ 'WA±' :rs 'l'HEi ~Jf· ·, 
o}' ~'-li>M ~ ·. ij.) . ~, ,~ ! 

-~ 

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 proJe"ss, 

and STUDENT prints:' 
1 

, 

(J'li~ WO~ T.A~,JJJ, !.':qJIC~ ~;.~:.t~>--
(IF m& 1lUtBIBl' (-oil/ OP):'~ ,!'(I( ,.(CBTS l VERB) IS 

2 (rD«S / OP-1) 'l'HE csQUill /fo~"l) 20 °(PERCENT/ OP 2)(0F/OP) 

'l1IE NUMBER (OF / OP) ADVEllTISIMBNTS (HE / PRO) RUNS, AND nIE 

·NUMBa ;(~ · / OP),~ l(M 0'/', iPIO):• RlJNS· ts ·45 ,, 

{WA%; L/;.qwm» '.!8 1'IB 1ffllBBR' (Olt. ~J'-Ol't OUS1Dmll8 . 

TOM (GETS / VERB) ((11ARK / 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 taiged_ wo_rds will play 

the principal role in the remaining transform.9tion 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~,iexi~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.$, fqllowed by 
- , •·•. ·.·' ,; .J.' -

a comma, 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 ·,advertd;~t• he.runs 
is 45 ." and ''What is the number. of Ct.lStQlll_ers Tom gets?" 

This last procedure effectively reSDlvas- a \problem t-ntP declara

tive assumptions and a question sentence. A seconlt.·CfflllP,le.xity resolved 
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by STUDENT is illustrated in the ft:i_...::Aat..aee·~ol';~~':pa.fi-~ ·A·-~ 

ordinate· ••fotence 'cdnslstirt8 'df t'~1·~1ent~itcit( joliied''1ij a":c&ana ··~ 
mediately lottowed byan !",irtct" (i~e}t••«:f'1~itiilcf .Wf~h{U&·'cb~ " ~:i· ;: · 

METE6lt'!leff ha'tt''."'tf ~ Alm $)" j ..ifti 1M ~iiolve4 tiitd 1the1e 1-'two ihl,:; ·.· ,; . ,, 
dependent''.•,~rttericei: The 'first' 0 s·~nt~~-::~1MWt''ti 1cfter•fdre"'r•-ot.J4id .. 

Using these two irtverse·ay11tacitc.tr~njfo~tlons, this ptd'6-!. 

lem stat'ement 'b :res'olv~ · 1rttd')n~r.ptl-1t•~itel fint4'd<!le:· '.Potntli~ 

(THE SIMPU SEN'iDCIS·AII) 

(THE NUMBER (OF /OP) CUSTOMlllS TOM (GBTS / VERB) IS 

2 (TIMES /OP 1) THE (SQUARE / OP 1) 20 (PD.CENT / OP 2) 

:Cm'"/foni '1'1B:~:•c1)t 1'\W> oikwjatJMl.wfs (BE I n'o> 

'(-1'HB lftllftlft (OF / OP) AMl'tlmtDrs' '(WI 21
/ ·1>16) 1URS ts 43 . 

( :PtltIOD · f :lm.M)')' · . , , : .. , :, ': , ; i , :: } a: " . . 

('(ViMT i QWORD) IS fflE -~··cot/ OP)';~ TOM 
((11.'tS '/ 'fflB) (~V U):11' ·'S'i .,,: .;!J : 

Each simple sentence is a iieparate ltst,·;t.cf7/l• t!trcl:os.¥d~id l)ir'Celi:. ... ,,. 

these~~ 'and··each· ends 'ltith a delillfite't''(~r i,el1\,1frti~ 1q'tfeat1~ii'~k,=.··; '':. 
Each of these sentences can now be"'rrlai\Vf'o~ (ait¥eJtl}Ft'<f 'ti•1 :tnt~r:.:~ 
pretation in the model. 

57' 



D. F;2m,KerqftqSli!fWSSS to §9t~:at\2Q,\ _ 

_ pie tf,a,~s~ot:"'8~,i.Q~. fr9~-.t~t;,1,iml>~~ ~,,r~e\ ,,,•p~f,!?~c~s, to equa-. 

tions uses .. ,thx:-ee ~41:vels of ,fre.c~~ence fQi; Otl~~._t,;g;s, , Qpe.:t,~9,l;'S of 
_! -~ ,' • ; , I ~ . . . , -, / ',,:=. < " • 4 .;, j <,#< ,- ~ , , '--' • J , -.• ~ , · . 

higher Ilrec~dence l~v~l are us~d, ~~r~!'H, tn,,;~e _t,x;a~i~e.r111atipn. B~- . 

fore ;,~t9,i~i,ng t11~ .o~r,tor1;1,, ,,$Ttffi~;,Jcao~,, ,for Ji:\ns~i.,,t.~~ :Jo.rms, 

associated with the equality relation. These ¾9:CUW, .: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;Jc~~-i.'!a~,~,je9.~~1i,t~>; The 

use of t,r,~ns i~ive ,,Y~rgs ~.s l1'd,~c,~t~1i~,.~~ ,,e9.l\f,\i;~,i i t'¼i~ !;~, /!',,. ,,~eh-. 

tional linguistic forms, will be discussed in conq~~~i9n;~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 ( functiona 1 1 ~~8\f:~~-:'.~r~}~,:. :~I:Q i: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~PlJti~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~ ~~ f9l?: _;the .,,occ~~~ ~ ;t.~se .~x;a~~ \.er~•- ~~eeding 

on to the main transformation procedure. flie ~~~r~~ .. of sen-
" ' . . . . '. ~ ·- _, ~- ~ ,_ 

tences containing these special verbal phrases will be discussed later. 

If "is" 4.oes µct, a~r 4s aq,:a.~i.~~~-:,i(.A ~q ~,-V9F1',a~,~~ase, a 

sentence of the form "Pl is P2" i~ ,:f.p,t~~p~'~· af\:,::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 ~ith_il,Il .eitq.e,;,Q,~ t;PeJll• Jf PJ,..~ and 

P2* rE:p,reJl_~nt .th,e,i,~fitpm~~~c ~Fans!of~~ipns .of,}'il., ~,!~~. thep. "Pl 

is P2" is. transfp:rmep i,nt;o t}l.e aqu~tton . 
• '. ,.,- : ',, • ' , • ,J 

"(EQUAL Pl* P2*)". 
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'.Ch•-- transfarmsie:ion o-f Pl and P2 to g~1'dem · IRF1ttterpretatfon 

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 recothf2:ed by the STUDENT '.:~re~!f~tii.'~ New operators can 
_, j -:;., ',, ' 

easily be added to the_p,;oiram equivalent o.f ~ table. 

In performing the transformation of a phrase P, a left to 

right search is mad~ .. (or ~m operator of l~;ri~-~indicated 1,>Y sub

scripts of "OP" and l). If there is none, a:1.left-:to right search is 

made for a level 1 operator (indicated by sttbscrfpts "OP" and 1), 
,. - '"··-. .' .- :.: :) '.~:-: t-\~TT~:?.?.~X .~: \t'.:/ 

~~d f_inally another Jeft to right search ,:\S~~9~,lor an operator of 

level O (indic~:t:ed ,l>y ,a s•cript "OP" and :11().,au.aerical subscript). 

The first operator ftrilhci in this orderecf·'ifeif'ch ~etermines the firs't1~' 

step in the tran~forihat:fo'n of the phr;~,·~-'.'f~{s 'ORerator and __ its con-
, -. , , !; .'· • , , ·• c. . - :_:. ~~\:· <b . ,r '.if·. , . 

text are transfo~ ,u .. i,nd,i~ated in co~\4•1~,-:the table. If no 

operator is ipresefiey•, deiimiters and ••rfil~lw.,,,1f'V·!an and the) are !de- · · 
:; ': tf~: :· l ': 

leted, and the phr~e is tfeated as an indiv-u.i~:J.e entity, a variable. 

In the example, the first simple sentence is 
'11,: t., j. 

- ' (1.'HB· 1flMBD (f'IF/OP) 'CUS~-hMllfW(tffl /fflt111)' IS 

2 (TiH!S/O'P 1)~ '!ftE'l"(sqt;AB/Oi'-"1')'"'20 J(MnlCEkl'/OP 2) 

(OP/W) Tl!E tl'OMBU'·'(O!"/M'J:.Al,fUf~-

This is of the form "Pl is P2", and is transformed to (EQt:tA'L Pl* P2*).' 

Pl is II (TH! 'NOkBD tot /Ot) custOMEas ~-, ( Giff /ffdj) n~"Tfl~t 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 i11BJ1ediately 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 s4bscript OP, ~ndi,s;at:t.B,Jt~at "OF" b .aa operator, is 
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Oper,tor 

PLUS , . a 
PLOSS 0 

MI1'US 2 

IIDUSB 0 

TDIIB . 1 

Divn 1 

8Q(MU 1 
&QUAID: 0 

" 0 

LISBTIWI 2 

RR 
.. 0 

nac::ar. - . a 
nu.a, 2 

8111 
·II,-., · 

0 

D~ 0 

or 0 

Pl pµM,B P2 
It' • • - ••.1"',-•..,. .,. 

Pl MiiUS P2 
mam-h· 
Pl MDIUSB P2 

1'1,~~-
Pl Dlftt P2 

tQIMBPl 
Pl; :tQIIAIID · 

l'l\ ,...,~ .. \. 
PlLZSITIIAIIP2 
pf .'.I, :f2 . l, :. 

··\. :':fl n&'P2:' 

.llJ.~,n. 

·.,.J 

Pl I.., ~8 
0

_ ~ 
-· .· ..,_ ~ ' l ..!. • 'I, - ., , ~ 

81111 Pl Alm P2 dD P3 
i:;aa,:pi•-n·, ,. 

(PLUS Pl* (IID8I '2*)) 

.,J~~~~'-
(QUU't ..... fl* P2*) 

· <&dr ~1J 21 1 
o• • 

(IDI p11( ~> : ·. · · 
)''; 1<qgtJ~~,:p.*>r 
. , .. (~J ~:J- OIDU81 ., . P~~~) 

.t . .j. 1 ." ...... J .. r --.. ,;_;d . UA 

. (QUOtiD'f Pl* (I. P2)*) 

:; ·•' -~ -~ ~ ~t ·a,•►···,· . 
. (P~ ;(i;IMtQ'.,112}-. ; '.1 

;(Pl~,~~!:M~t ~l~ . ' 
(PLUS Pl* (sa n ... '3)*) 
~ pf" .,il~i' ~ ', , · ' 

,-:~---••nb : .. ·.~r111L<.-m» 

••"" Pl OP P2 

,, .. (TNl":Jt ~· ' 

(Pl a, P2)* 

; -. :-; _: ;:: •• -""J 

(■) If Pl i■ • phr•••• Pl* indicate■ it■ interpretation in th• aodel. 

(b) !Wl!l wt, ... p;~~ ....... 1%~f~::., ~~~'.•,.fJ!l''1,d,X• lenl. 

(c) ~-~~~b~_CClfllC ... ~,~~~~V m.il!••~ ~ the oriu •bolm~ 

(d) 8QUAD P-1·•--~--;~~~"":ld~-.~~~ ~f.,~,~l wl 81111 OP Pl. 

<•> * out■ide a pareatllNu.t ~~ ~t.-,.;!IIJatr~ ..,_ .. pbra1e f.a 
to be tr■ufolMII. · · · 

(f) 

(a) 

. 
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st:ri;pp~- away,! and t:he1 tmn&fonlatuin !pi:.baa1t,.d.S1'.1nlJIAl11-1ied:;:.oint:th••-' 

ph,::~ -witll ,,atH, DP 1~-~°" M,'11ll ~tl. r:;Jld>.!t:h:ist'-M~i-'',:Jr · 

t ion, no, :9Pt9ratQll'a,, , . .a ;ff,~ iabd• ~'!tr ,i~ tma •~ ,, n ,y, tn v.-.,r < .'·':: , 2. ,, 

To the right of 111S" in the sentence is P2: 

(2 (TlMIS/OP 1) 'DlB (SQUAU/OP 1) 20 (PII.CBRT/OP 2) (OF /OP) 

TRI -NIW&-: <f)l't/0~~:~S■& Lih(_,.., ttlJISj (~)} 

.. 'l'be, fi~ Ol)eJ'Mor,, foµmli in'.,t:isf·fllllr.lN~ ,.._,operat.bT ~J:,.teiff1.' •· 'I 

2 • FrQIP., tll• 1:.:lWllJI.· :t.n, r.i.re 4, : we i1reai tllat:othd.a .,_..torJ Jias, l:t'le2-Wf f-eiet 

of divicl~ tb~ _..i-d ...... a.te171~ ±t.<•Y<~✓- l.'hel !')~-~•

isc. reaioveo ,.aad th.-., t~aicmaia,ti.op;:1.iisl n,,aatW illlh theul'...ti:tntei2 ptaYae<e-V>tI 

I.a thfihGftlP,le,1:t~,,~•:6 ... at (~ltn{e,Jelt~~~, Mt<>Mi Ttf·lG.UT? \C 

" •••• 2000(0l'/H), ••• ~.".~J _;:_,i·1 1,.tZj ::;·tr, bc1::.,··.·u ;::','·•:·•c.;:-•• j;.;,' 

Continuing the transformation, the operators found are, in 

order, TIMBS, SQUAU, OF and Of~:Hl,.ltli!liSII Un8.tecli-1ii'i'4aillclUfH in 

the table. The "OJ'" in the context "... .2000 (OP./0P) '111E •••• 11 

is treat elf. aa;,lu\ tafU BIIES~-~Wftlif~a1;JtB~r.1~realii3.~f "OF", 

the opera tot 'm.,irklag .' ta j l'eiiOvid ~:U12MTiiiUt lttg,illliiiiloli•ifft:l~xpres-

· :·} _! .:.,,M'l. ::~~~f1,~/,r?1IJ ·1:) ~::r:;Slmz) JAlf03 -} 
.... ~. -.,'..-,-~·;..:-ft}\ <tf1 .:~,:it1..1~_;:1 :-: ~r(JOS. _ ;=.-::JM-r'r) 

(TIME 2 (EXPT (TIMES .2 (Nmmo OP ADVUTISEMENTS 
(llffla) DRS) )Ktl) )5.1:1Mo:r2u:::, \;) JU{fil.f.JVi 'Hr~ } 

'l1le transformation of the second sentence of the example is 

done tn·a eiaailar.,uanervians.::,ielids r..-.~, .. , .. fg ,ui • · 4,,,, ·,, · ,~, 



The third sentence. is of. the form 1'What is Plf".. It starts 1otith 

a question WPN and: is therefol!e .treated .!Specialty.: A unique variable, 

a single word consiaiing of an l!' .of Q: fati0lliltrd'1,!y ·Mve· tntegers, 

is created, and the equation (EQUAL Xnnnnn Pl*) is stored. For this 

example, the variable XOOQGl , waa, crsated,:· •flif, t!his"'l~a:t' si:q>le sen

tence is transformed to the equation: 

{EQUAL XOOOOl (NUMBER OF CUSTOMERS 'l'OM (GETS/VERB)) 

ItLaddi:td.:cin, the created:JVariable is,.,p-liacecl on:•the' lUit of variables 

for which STUDENT is to find a value. Also, this variable is stored, 

pair• with Fl.,;the .. untr;,fNrifot'med,;rigbt sUie;;:foT:••e·•t1l f>'r'inti'ng out 

the a~s~i-. If a val.- is founcL far,, this, varia.t,1:i ,-~ $'.lilDDtT p.rints the 

sente11~e, (Pl is va·lue) with ~he•·apprcpl'{'J:■te., svlJatitlftie\\ for value. 

Be~ ,re, sbRw: the fu..11, set of:ieqc,uations:, and,:,tba,p«-1.ated solution given 

by STUDENT fo.r the example·. 'M~ng:;; coc.-,td:a~, , l&r. ease· in ao·luU.on, the 

last equations created are put first in the list"of .. equlilti'orl.s~ 

(lBE EQUATIONS 'l'(hBE S0LVED>,ARE) 

(EQUAL XOOOOl 'NUMBBR;OJ. CUS'.lUIEB.S<:ml( t&ftS/VBRB))) 

(EQUAl.,·(IJllllD .er 1.AJWDT181MEnS ·tB/PIIO)xlUJNS): 1 45) 

(EQUAL (NafBER OF CUS'JDtDS n»t: (GETS/VERB)) (TDlES 2 (EXPT 
(TIMES .2000 .(Nt:MBER OF ADVERTISBMDTS (HE/PRO) RUNS)) 2))) 

(THE NUMBER OF CUSTOMERS ·'lOI( QB'llS l&'.:'.l62) 

In the example just shown, the equality rdation was· indlcated by the 

copula "is". In the problem shown below, solved by STUDENT, equality 

is indicate4 by.>the ocautNroce: 11Y.!:-w 1rt-.f..tifilei ,t4ifflf1fti ~·proper context. 
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(THE PROBLEM TO BE ,SOLVED u;) , . 
; : . : . . ' '; ; ~· 

(TOM HAS '!WICE AS MANY FISH AS MARY HAS GUPPIES. IF MARY HAS 

3 G~P'llS, WHAt ~ '.ffl.E ~ O,.,~JI,rqt!,,M,~. Q.i) 

(TIIE EQVA'.CIONS TO JSE SOLV,Ep ,Al\El. , 

(EQUAL X000Ol {NUMB)pl OF F~~./;l~ (J!,A~Eq))) 

(EQUAL (~ OF ~;1:¥ .. ,QWlY✓.~) (~IY~)) ~). 

(EQUAL (NUMBER OF FISH TOM (HASf;V~~.J~ J.-(~E& OF 
GUPPIES (MARY /PERSON) (HAS /VBD)))) 

; > ""-

(THE NUMBER OF FISH TOM HAS IS 6) . 
?·.; 't{idti ~ --f. '· 

The verb in this case is "has". The simple· sentence ''Mary has 3 

guppies" is transformed to the "equivalen.t", sentence "The number of 
. ' 

guppies Mary has is 311 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 transformed is best ex-

pressed by the following METEOR rule: 

> 

(* ($($1/VERB)($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 
) . • f ~ t . . - .. 

a sentence starting with "TIIE NUMBEf OF",, ·foli~~ei 't,; th~ un°it ,'' f~l-
••. ~· ·1 , • : .-:.,.:;~: :) ~•n·· 

lowed by the subject and the verb, follow~d by "IS" and then the 
;• f ;. r 

number. In ''Mary has 3 guppies" the s~bject is i'ifary", the verb "has", 

and the units "guppies". Similarly, the sentence "The witches of 
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Firth brew 3 magic potions." would be tiarnsfatmea- to; 

In addition to a declarat'ion hf' numbh','r:a ·aittg-le·•obJect tran-. 

sitive verb may be used in a comparative structure, such as exhibited 

in the sentence ''Tom·W• twi~e :.,'~y'fi'Sir~1*t9.l'--11~. guppies. II 

The MITIOR. rfl~'i.Jh{~h' g4.'~e■'-ttie' -ef'fec~1h-ai'U1~~'.torr''for this 

(* ($ ($1/VDB) $ AS ~- $ ~§ $ (ll~>..,.§) .. 
I·- f'._:. .: •;_j• . .,"_:, •, _,,J -.i, •1t) .f.i~1 J.f"J! ..• 

(mE M1ED or 6 1 2 IS 3 THI N1IDlD. OF 10 8 9) *) 

For the example, the transformed sentence is: 

"'l'he number of fish Tom has is twice the number of guppies 

Mary has~• 

Transformation of new sentence formats to formats previously 
- . :.r i . ' ' 

"understood" by the program can be e~•_ily added to the program, thus 
,,1 ;.,,. ' ~ .i - !· i ' ' ;:.~~=1--·· ·•-:I:: ) ' : .~ - ! .... 

extending the subset of English "under~t~~'.J>_y STUDENT,- In the pro-
~ -~ .;. • i ·--: .,~, · ... :, i ... h~ ~M • ·,: "\ ~ ' '; ~ _; • •• ' 

ceasing that actually takes place within STUDDIT the intermediate 

sentences shown never exist. It_ was easier to go directly to the 
• .;. ., _ ,:;~-,-._:: ~!-) ,_.": ,r·.::·~:·:·:-1\_:··:,):'Jji.-.J./' ·,.,_ 

model from the format, utilizing subroutine• previously defined in 

terms of the semantics of the model. 
- t I '1 ·, 

'l'he word "is" indicates equ~lit; <>nly if j.t is not used as 
. ,1 ,• -,_,, __ .,\ ' : .·.·.:·. ·:_ • • . 'J. , '.• 

an auxiliary. 'l'he 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 SOLVID Ad) . · 

(EQUAL XOOOO 1 (NtlOSD))· 

(EQttlt (PLljg·, (ffMBS (inlmu}' 6) 44) 68) · 

(THE NtlmEll IS 4) 

The sentence "A number is multiplied by 6" only indicates that 

twb obj.ects in the· model a-re relatecf 1bt11ti.pl'l'eat1riiy, llbd do-es not 

indic.ate eitpl'i~1t:1;, any equaat·y relation-. . The'·1nt'f!rpretation of 

this •sentence in the model is the prefix 'ii&t'atibtl product: 

(TlMES (NtlmER) 6) 

This latter phrase is stored in a temporary location· fdr-posiible 

later refer,eace~ In this-probiem, it is re'ferenced'in·the·ni!Xt sen

tence, witn the phrsae ''TflIS' PIOJ>UC'l'" > 'The lraportant: ·wrird in this last 

phrase is "TRIS'' - ffi»DY ignores all·'other 1K>t"dsr I:ri a variable co~

taintng the key word'·"'l'BIS". The last,'t.-porar:Uy 'stot-ed phrase ts 
substituted for the pbNae eontaining"'1HIS1t,; Thu-, the'ftr,t thtee 

sentences in the problem shown above yield dn1y'otie equt.tion, 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 "thia" may occur in a context where··1t is not 

referring to a. -previously ·etot"-ed phrase; BE!l'bw ill' an' 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--iJ~c~~ ..• ~l ,JJiiS. PRICE IS 
15 PERCENT ;LESS ~ .~ ·~ ~eat, -F,Jfflna'ltlt ;)fARRED PRICE.) 

('lllE EQUATIONS 'l'O BE SOLV)f.p,AQ) 

(EQUAL XOOOOl (MARRED PRIC&rk 

(EQUAL (PRI~ OF ~Q# (~ '-~~ ~: ,f~CE))) 

(EQUAL (PRICE OF RADIO)(TIMES 69.70 (DOLLARS))) 

('lllE MARRED PRICE IS 82 DOLLARS) 

In such contexts. th~ phrase,. conttS~ing, !'~!' if': ~#1)}..,~e,4 by the le:fit 

half of the last eq1.u1tioq .ereated. In tJiis, ~~. S~ breaks 

the last sentence into ,two s~le s~mten~s,,, d~~;ing·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 £:i,rst i~. the. act;on. of t~e C9,10P~~. op~ur-1tq:r "pcn;Aellt: less 

than". It causes the number immediately,prea,ding i.~J i.e., 15, 

to be subtracted from 100~ this rHulJ; d1~!4e4-v;g;rl:Q() ~ .tu give .. 85 

(printed as .8499 due to a rouudbig ,euor ,fn U~Ji:i,.ttg: point conversion). 

Then this operator bec~s the infix op•ra~r 'I~"~ , ,This is in- · 

dicated in the table in FiguJ;e 4 • 

This problem .!ilso illustrates ho,-w IJl)its ~I\ •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~ AAua,tj,on· cAfl, e product •of 

the number an<l the '»}it,. e .• g., ''69 .70 ~~1
1 c:b~oaef:J r{l'PfES 

69.70 (DOLLARS))". Units are treated as special variables 4n.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, Stl:JmtNT'conc~tenates the number 

and the unit. For example, tlie solution for n(MAtlcElJ 'mCE)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 (TIMES 1 (FATH<>."8.)) (TIMES 6 (FEET))) 
;- ·"' ' ,, ' . 

(EQUAL (TIMES 1 (SPANS)) (TIMES 9 (INCHES))) 
' ' - ' • ' ,•· " ,. < • 

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, S'ltJDEN'T, ,would 

blithely answer this problem with "( 1 i'A'DiOH ,IS 1 1'.A'DIOK)II. 

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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"1 FA'lli()lf:" b~~e ,"(TIKES 1 ~~~))". ,Tb.e plur,~h f~rm for ~.at9om 
' ' 

has been use4 .i~~ad ~.f .the singular f~rm.,. S~~•-talw,~ys u,s~~ the 
- ' .. -- . --•. .· . . . , •·~ , { _,., . ~ ... .) '-· . ' ·. . ·-· 

plural form i.J ~11own1 , .tD e'l;lS_ur~ th~t ~.}..1 ~it,.s.;~e~'i ,i~ pnl.y .. Q,n~ 
. . ' - • -•· ·--·-· - • . -· :.r, .· ...• ,· . 

form. Since "fathom" and "fathoms" are different, if both were used 

STUDENT would treat them as dist~fl, .u,n:t:
1
~1~;~ .u~~!• ·: ~e plural 

form is part of the global information that can be made available 

to STtJJ?Em, and ;~_e p,l,~ral, form, '.o( ~'. ;~:r,'\ f.8,, ~r';l.~l\~l~°:t_et f?r a,ny 

singular form appearing af.t.er ."1" ;[\.,,,ny phr:~s~~-, ,,'l:t\!, invers,e opera.

tion is carried out for correct printout of the solution. 

Noti;ee tlt-at · ~HinfCHinatien giv.m in therp~blrem,was 'insufficient 

to allow solution of the set of ~q~at'ioniffc{·te iotJed~· .. ~~refore, 

STUDENT looked in its glossary for information concerning each of the 

units in this set of equations. lt :r¥c;;~~d 'tne rel~ttoris1iipiflf foot 

equals 12 inches." and "1 yard eqti~-i~ '3 f~et; J dii'in~ 6niY 
1
the first 

fact, and the equati~ri it impll:~s~ 'stubmrr".,ii/'1:hJf"a·1He tb:";~Qlve the 

problem. Thus, in certain cases·-~ere :~;'p'i~1~-'f~:r~6t :,.n~"tytic, 

in the sense that it does not contain, explicitly stated, all the 

information .need~i for it;• sril~tfon~l~X~~f'1I ~~ff fl: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, wtt\lan,-;thiiJs•1 0£ ,equations 

there exists a pair of variables (or more than one pair) such that 

the NO vi.riables are '.onl-y "•Hghtly 1difHr.eac11 r,...._Lreally 1unae ·the 

same object in 'the 'modetl. When a ,set of -'eqq~t¥.>n• 'fs '1fflS!J'9.~~le, 

STUDENT ae&Tcne&i far nelwant global -eqeratitoae. ·JmPMdit:fion; it 

different" variables in the equations. The problem below illustrates 

the 'ideDetf~tion ef·cwo :,,.ariablea wherer'-.'111. one 19art,ald:e ,a prdnollll 

has been ,aub&tituted-.for a noun'flhrase ·iD 0fbhe'~~ '1iariabl,e. ,This,· 
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Ide~~iHc~tion .. is ~de by. chec~t,n.~c.~U. Vf'J£!,~l~, ~,~~r~.,,ri1?.s,0~9-r<>ne 

containi~g tli)~ P,J;,9no'!-n, fin4 f~Jtd1.usr~,-~i~q ~,q!~~'J~tcfl.l,tq ,;~fs., J,., ; 

pronoun pbr.i,~e~ ~!~h:4;&lJ\>st:L~u~i~!\Jo~ .. ,._.,tf½n~,,:8f ~fff·:l~~g~h ~qr-, ;u1,·n:: 
the pronoun. 

(THE EQUATIONS TO BE SOLVED ARE) 

(EQUAL XOOOO 1 (NtltlU!'i()tt:~~Ills<J'{'l'lft1fi(jf>J (Uft/VERB))) 

·. - {IQtMU:{tnltbl bP am,gtMt;JPMf,Y~VIMIBH- ·,JOOO) 

(EQUAL cmmn or sou\fii;:;ils1~<1{AAWJvfilj1f1
fTIMEs .sooo 

..• ____... .. .,_ ililllilllt ,·•7.~)',flffillattilln1111n.i,·~<r"' · , ,- · , · ,, ~-·••o••l!v• .... s,·,~,""1KIIII#Jr.., L;.,:S111Y1111"'-Y___,..,7-,1:.,i/ 1!t-.:J~1 J / 

( ( (2~LlL7{;' : 

If two variables match in this fashion, STUDENT assumes'ttiJ•two 

var~4~~ea,:a~-; ,R~-,q"'11 p~~t~,"1'tt,)11 ,~,,5~ft (~~~MG~~l;5~~n, as 

shown, and _adds an equation expressing this eqfflMY;-i~11;~~,jet 

to be sol-ij-Qdr .. L "'l'hvlsoliietoal ptocedut•iijOtiflill.I'ialii,HH.tlF~tllis 

additiori~i iq~~~i~~i:'" fh' 1
tti~

3~~1~: /tii~ ~~lti~atc eiill~iidJ was 

sufficient to allow determination of the solution. 
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' ·~ exampl~ below fs again a "non-analytic" prdble:!til. The first 

set of equations developed by StunENT' is' Utlio!vablt{~ 'Th~refore; 

STUDENT tries to find some relevant equations !nits stt,re of glo

bal information. 

('l'HB.EQUA .. lOlfS.TO IK SOJ:;VED AU)< 

(EQUALtlOOOQi (~iOf:::CJ•UOBS QP CWk,USID ·Olf TRIP 
BE~)~~ ,_!Q~. ~ JIQS~,~) T , ; ., , ,1.f ; . . 

(EQUAL (Dts?Alfm BIIWIIN 'llOl\'Wnt!ID::IDf yOU) (TlMES 
250 (MILES))) 

(EQUA~ ,(GAS ~S~;t;~J ,Qf.. .. MJ .CAJP (Qffi?'.J;I~':t' (~S 
t50Ut,ES)) (TtMES·'l:(\iAUOltS)}))', ' 1 " .,, · 3 ,,:, " 

THE EQUA'.I;l;ONS, WERE ~SUFFJ:~~T, 'll?crlntt>'.~l)~T!QN 
s • : • ,. • • .J,C, I 4 '_,,: ,",7 ·'", / ," .!:': . . . 

(USING THE FOLLOWING ICNOWN RELATIONSHIPS) 
((EQUAL (~I~=~i~~l (~J.>EEJ?) •. (T~l}}.,,<~Jl~l,, (DISTANCE) 
(TIMES ((J/{~ ON1 '\NMift'"'OJ' Gktf.olt" OF·"GAS USED)))) 

(ASSUMING THAT) 
((DISTANCE) IS EQUAL TO (DISTANCE BE'IWEEN BOSTON AND NEW 
YO~)) 

(ASSUMING 'l'HAT) 
((GAS 'a:MSUMl»TION) IS EQUAt TO (GAS'oojstJMi>ttON OF MY CAR)) 
(ASSUMING mAt)'. : ' f .· 

. (ENlltUR er ~LLOllS OF GAS USBB),;IS, IQUAL, TO :(Nut.mBR 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~ JJI t~Jl<t,-._t~ .. ~•s ,"~ber 

of" are igt;tored lf tp,,~y. a,re the f,i,;-at "yoH,r~ci--,~f 4t.,~aTi•~ st.T.i,.Jig. 

Thus, J.n this prpblein,, S'l'Ul)EN{t,,,,r'4j!tri~ve4 ~t:i°"'t;~fl,1,we,fe,c$t:ored. 

under the key words .. :9:yt§!lc$;_,, FIJlltim!-, .&!!,:, ,,,.~·,n\iJ.@f!,,,,,Two,·~c~ 

about dis~aJ;l.C'\;, h~ci ~en a to.red,. :earlie:r,i-~ ','dii.4,$:aµc~:, E!4llaJs ~peed. tJmes 

time" an<.L l'dht,n~e eqy_a,ls ga.s .~SlJllWtioa ii~~--~t?r•.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 a\t~,t: :.· i~. paade .to solver:,!;h,iti., a"•e~ed ~~t; of-

equat ioI?-s, the v~r~-.,bles_ ;ln .t;:he lfUS'(MpJ;4d.,J~"~~e."'""t~).ed, • to identJ• 

fy "slightly 4ifJe~§!~t!' ,va~i~J;,J.es ,W'ff4ch:•f4,lf~rd;t,, tlie, s&J-.ae. oo.ject io., > 

the model. In,thi.s e~aJJple "(DlST.ANCE)'1_,.•t,$.AS:iOISUNH'I9N)" and, 

"(NUMBER OF GALLONS OF GAS USED)",·1t1;e,all-,:,tdeo.t:U.i.~d with ''similar" 
variables. The following conditions must be satisfied for this type 

of identification of variables Pk•n~h,,l;, 

1) PLuµ.Jt,;t -.ppear:.,lat:t1l' io ~1'e,;5QJ»te111,thJtn, n. 
2) Pl is completely coHtJiti~; th. M'c ini·'tfie. ,hi!ns~ ·that Pl 

is a contiguous substring within P2. 

'!1lis identificati1,11n reUect;s .,a ayntaettc pllellOIO~nQJ.\::where a 

truncated phrase" wj,th O?; or more ,,y,acp<l~fy~ngj,jnr~•t~ _(Jrgpp,f!I, is 

often used in place of the original phrase. For ex~mtt1~;· if' the phrase 

"the length' of a rectangl~u "has t>Ccctrr~d': 'l6tf''.phz:~~~~~thf1J~t:1gth" 
t. t ,-\_ ! ·_, '. . -~- .·- ,· ."; . ' / 

may be used to mean the same thing. This type of identification is 

distinct from that _made using pronoun ~ul>stitutf~n, . 
• i" • ; 

In the example above, a stored schema was used by identifying 

the variables in the schema with the va~t~~les tha~ o.ccl3r in ~,he i,,rob

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!~~::,M:Ul)'IIT'icienti• 

fiea 1 each"' getie't'iC· key phrilrl4f"of ''the7 -~'witll" av ~tlhultt' flt'i;;._-; · 

able•tJf:. tile pNbl'em;,; a'lty' isc:MIM can heJ~•ecf"tilY,orite-: 1.1\'fa pr'Ohl%m. 

Because S'l'UHNT-lliallilfil.~sehma::U ~~!!sl'1faiMbn'lf 'cattm)t'''' 

solve--p.rob198 in .t\ich :a: rel11tionthf.p0 nch':,intJ•ctiitti~~·I~_U"'' 

speed t imea· t: iiue"· i.'M·'Mei'8' tdt~1 t•0,1H:'ffirei ia1.Wei 61"' ililt~~ce-T 

E. Possible Idiomatic Substitutions. 

There at'e • .,. ., flil"isu 111rilt~b'. nave a, , duai; chificter ', 'dei,endt~g 

,. 

on the context. inJtfte'iexampte;;be'lev'i ·the-ljhris~"t~liaet~t:of'i '' 1 · .,, · 

rectangle'' ~comea a ''tartable1witfi::..il(jWrefei'iMiflftoJiJ.ta5•Matting t, 'or 
definition, ln tehif'oft>'the,:lengt:h:'iiacJT~Qtti efq'!Wreet!engle. 

This cleflnition le UAn•ededbfor' aolatioh~"!?:Li "'h,'.') '11) 2:CHJ-l' 

('IRE PIOBLEM TO BB seJi.fEl>r11S) ·~ :, "' ~ d 

('l'IIE S1JII or 'DIB PDINl'l'D OI' A JllCTANGLI .AIU) 'DIE PD.IMETEll 
OF A TllUBCLE IS 24 IRCills. D' '111B n&DlftD OF 'IRE RECTANGLE 
IS l'lflCJlrln.,➔mJIID'llll Oi' 'lltl~tRUIIIIIL :iw,1 is UE 
P~,O!,~ ~:tQ,-.) -.:,·,,~tc,rr,,.·, •"\. ('. 

('lBE EQUATIONS TO BE SOLVED ARE) 

(BfflJAli1;'JlOOOOl-;(PDDIIUa &F-.:ft!AlfOU,f: ;,,·_, i; , .,, ' 

(BqllAli 1 {'PDDllftll.,iOF'-:~' (!DID 21 (PDIM!m 8P . 
· · _. ~IAl!~)J); - Hi ·:2 . · '· : ::,rr t •; i. ~" ., '-' ,~L. ., o s, :.; b l: ·; ·, : 

', .·~~t ,\~~rm~~~ .. Of. ~~l~~~~(lOtl '~~)) 

However, the 'following pr~bl~ is stated {~ ,te~ ~f the peri-· 
, -, ,;,~ .. ,(i ~·.; dHvl u2 -~j ~:: _,,;; : .. : ·J < / 

meter,· length and ,;idth of the rectangle. Transforming the English into 
:_ 1, } ( ·~ ~:i.i[1~1)fr

1
! bI1L" n,,..n ~ ,f,. 1:·:, ' 
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<THE EQUATIONS lOBE SOLVED ARE) 
.. 

(EQUAL G0251& (WIDTH OF RECTANGLE)) - i . 
(EQUAL G02515 (LENGTH)) 

.. , , ,,. ;~: ~:·j,;:: I ,., ~· j~ , 

(EQUAL (TIMES .5000 (PERIMETER OF RECTANGLE)) (TINES 11 CINCHES))) 
·1 ... __ J-J !.?C!S ~:,J;t_r1,··1S:;~11 ~ J · .... 

<EQUAL c LENGTH o, RECTANGLE> <PLUS <TIMES • < 1NCN1S» ··cw1DT1t 
OF ¥GT~ti!IUJ. · .. ·,~-.'~"'-: .,:,, , .,;: 

lHt EQUATIONS W£RE INSUFFICIENT TO FIND A SOI.UTl'OII .. 
(USIMC TME FOi.LOWiN ICNOWM RELATIONSHIPS) . 
<CE~ (T~~i .J UHT>I q'Mt£S ,J.i H~E&)1U> ·· , 
USSUMI .. G l..U) .. 
«LENGtR> 1s·tQUAt 10 tLENGTK oF RECTAffGLEh 

1HE EQUATfONS WERE INsun, dE,rf'TO'' HMIJ'.l" SOtl'TfOif -'.i; 

TRY.ING PO$SI.BLE JDIOMS 

(THE PROBLEM WITH AN IDIOMATIC SUBSTUTION IS) .. , .. 
(THE LENGTH OF A RECTANGLE IS • INCHES MORE 11Ulif'1ift wront·' 
OF THE RECTANGLE. ONE HALF OF TWICE THE SUM OF 1M£ LEN8TH 
AND WIDTH OF THI RECTANGLE IS 11 INCH£&. FtllD THI LENGTH AND 
THE WIDTH QF THE RECTANGLE.) 

' ' ! •· , :_ f C .-, £ . ~ ,. I ') --~ 

(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!l£S· t,: <INOttlO ..(jOWH-' . ' ,. 
OF RECTANGLE))) 

TliE EQUATI~ lifH INSUFF I Ct,ENT TO•,HND, A· IIWttOa:: ; ,.; c 

CU~NG THE .fQM.IWtllG UOWN -R£LAJ10N8HIHJ ~,. 
((EQUAL (TIMES 1 (FEET>> (TIMES 12 CINCHES)))) 

(ASSUMING THAT) 
<CLEHTH) lS '~U4L TO -U.ENGTHd>F' REOTANeLU) "·,. 

<THE LENGTH IS 1, . INCHES) 

<THE WIDTH. OF THE RECTANGLE IS 5 . I NCH ES) 
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equations is not sufficient for solution. Ne1-tbei- i-et-J:ieyj.ng ;uui us

ing an equationi:.ut· l';i,n~G~.jt,,:, die unt:t j,,~ ifu! ~1;01>1~.-.,JaPT, i;d~nti-
;k:.·1· ... '. '>,:' :;,;" . ~·::,·: J .• ~·; • ., • ·,-· /_'~ • • -; ;,..-'~, ,.. .;· - ;· • 

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~·- s'rin>ENT 'actually 
,, -. ,. - ,,,j 

had two possible idiomatic substitutions which it could have made 

for "perim~;;r of,/ re;.t~n~l~"; one was in terms of ~he length and 

width of the re_ctangle a~~ the other was in terms of,,~~~ ~h,?;r-test and 

longest sides of the rectangle. When there are two poesflHe: substitu-

tions for a given phras)=l,-?:n~_ is tried. f~~~~'-"Jl~,~el~7,the one STUDENT 
has been told about 1110st recently. In ~his i~~ple,,_ t,~~ correct one 

was fortunately first. If (the- other Mid· :t;e~n 'fi'rl!Jt, the' revHred 

problem would not have been any more so],v~ble., than tµ,~ .. 1d'riginal, · 
., , • ~ - ·- >·., ~ :.~ •. _ .. ;,,v· .. · 1 : , , 

and eventually the seco,M -(~pfr~e~f) s,~s,t+t~tt9n wouµl 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 phr4ae c;bos,:en.' "· ·· 

In this problem, the idiomatic substitution made 'allows t:he 

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 idioalat1c 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, quiite dif<f••t •. For 

example, the phrase, "students who passed t:ha:'8iCltnissions test" and 
• •. ; ; : f !; ·: ,~ ·. ·.• , .... 

"successful candidates" might be describing the same se,t of people. 

However, since STUDENT knows ·n()thing of'<..tlt~~ 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\! J~ vl:?fal:H~!''il~J~'('po's'

sible idiomatic substitutions serve the dual purpose of providing ten

tative substfrudons of cieflmtl~1ui, ariJ:'~ifil\l:!frc?lt'fon:'JJf I,~,.Wono~:;:· 

mous phrases. 
,1 

F. Special Heuristics. 

The methods thus far di.scus's'ed' h~;e tieeri' appl.icabiJ t/F the"' 
-,,, •-•, ·;'.) ... ,1~ • t ,,,,'. ,.·., "'."'. 

entire range of algebra problems. However,' for spe~ia'f c'lasse's of 

problems, additional heuristics may be used which are needed for 

members 'or the class; but nof'applica1>'re::t'6 dt1iler·:vrJ1>f~n1~f. T;A~;;, 

example is the cllss of age problenui,''as
1 t:ypiffJa 1>y 'ille

1

:::probre"m 

below. 

( mE EQUATIONS TO ~~. ,~J,~Ef' ~) . , ·y, 

(EQUAL XOOOOl ((~IL¾/ r~J) }; Afl~)[t,,qsi:,: :• 
(EQV~ _(l'MJS, ((11:g..L / ,P~~,) ,-~_,1 {~'JJUW,. Ji, ~R$00, ~ .. (tmg.E 
t PERSON)' S 'AGE)· (PLUS 't\iu.J.J.,' 0/''ftltSolY'T' \tATkkit" / ~) 
SAGE) ((BILL/ PERSON) SAGE))) 92) 

(EQUAL (PLUS ((BILL/ PERSON) S (FATHER/ PERSON) SAGE) 2) 
(TIMES 3 ~PLUS ((BILL/, PF:~).; ~:·i~J,?), ,, , ,,,-; , ;,,: 

(BILL S AGE IS 8) 

Bef9re the age problem heurlstjc_s. a.r:e, ,uf~~l,, J, Pfr.9:41~; ~:t ,h~.,. 

identified a~ belong,ing tc:> tll~t c~ss .~.fJ_>r.9bffiY •,mfl:HYfNl #~f~Jes , . 
age prob le~~ ~y any occu7~ene;~_ e>.f,:,9ne e>f:: th,! .f?}:Jp,ffl-nJ

1
,P\1t;~,,~~ •. :"as" .Rld , 

as", "years old" and "agell. 'ntis id(i!1'tigc,,t:ioJ1 i.,,, ~e,"ip!Q~~;i.ately 
,I · ·{.---~:,,· ~ ~t~•~: ,.•·.,,-C""'. .:.._,•·.I,, 

after all words are looked up in the dictionary and tagged by function. 
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After ~he special heuri~ti:es a~e .used t;he ,l!lp~.i,f ied J>.r~bl~m -~~- trans-
, ., " ( j .· •~· '. .; { ,; .;; ' · . . l ' , ·, .,; ,._ t • ' ' • . 'J: 

formed _to ,eqt.w~,.ifn~ -~' Ae.~~<;f i~,9. pre:vi~us;lY ~-

TE,,. nee,d for _ _'lP,e~,ia,l :Frl~~t\04J,. f~r ~~- 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 ex~~.le,. (pr instan,;e, 
.... i .. 

the phras,1:;"ijill'~- .. f~t,h_er's. u.q,cl~:\ h ~~4,},q,st,e~d ~~:,t1l~,_phr~se 

"Bill's, f~t1l~:r ',s UI)-C.le' ~ ag!!". 

STUDENT uses f1 .~Pe,c,i~,l heuristic .to ma)te aJJ: t_h.ese ,ages, e.x~ 

p lie it. Tq ~o th_i1, ~t mu.s.t knpw which, "'pi:~s are /'per,~Qil ~~rps" a:nd 
~-. - . J ' . . . ·-1 -- ' . ' '. • ' '. ·-:i ! ~' '/, ...l .• : • ,. ' : .- 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 88 such in the;,~qqa,t~~ •.. The. 11
, r.-~l~ing a 

' . - ' .- '. ~ . . . '. ·:.., . . . . . . . ' ' ' . " 
word: i.s~·tlia,··B'IIJDBRr npsellentilt:lbn;:fm:i pbi.Jjual~; Ulh!d; iaaat•d of 

"apo1itrcfph~~, ~Y .~
1i ,fi/;prp~~~-· cdiW~~;i~~f~~-- :~~~f1

)JMi~is a 

"SAGE" after every person word ,!!;2! followed by a "S" (because this 
! .' ~· .e l ,•_ , , • - • .-(. .··:•_r, -: · r• j••, ·_ !<'" , - , 

"S" indicates that the person 'W~rd 1l.~''1,e'irig1 da'ed. in 'a }'.fosses'siive 

sense, not 88 an indepentl'~nt' age•.JJirt~ble) 1."":'Wus, "a~;;,iridfcli~ed, 

the.~#11·~{ 1i~f:.),i~~-~_'w~~•-~~~;},~.,;~~~~:(QNCLE S 
AGE". 

In addition to changing ptifases naming'people to ones naming 

ages, STUDENT makes certain special idiomatic substitutions. For 

the phrase "their ages", STUDENT substitutes a: cobjii~cliori' of a 11 

the age variables encountered in the problem. In the example, for 

"THEilf'AGrr' s~ subat:lt'titeit' "BiLL" s:'rXmtt {g"•~; s 'Atlf AND 
BILL' s1 triTEIEll 'i::rci~· jftt' S AGE".'; ;The ~ii~~aes <i•1.'s a'1d''~s1' a

1
nd 

"ye:tfrs b ld"' iiie: 'thetf ~~tet~d -~, •. dUIIID)i phlaiits; n~t k;ving. ~hy 'meaning~ 
•· , L ' ,, 

'rh:t!te is" no n~ed t'o 
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preserve the tense of the copula, ~igQ4f..;.t,_b,:e~.-er:lfe~~ ~re or 

p~st t4!nae: b, pr~erfed'. i'fi.;:tu~-, p1t¥i~~i!s~ ~aff f~om now", 

or "3 years ago". 

· .. _:·J_ 1,. :!(~· ;"; . .i::,.,,'_~:·•::,,'..1 1··,,t ·:··:· J 

The remaining special ag~- pr'~~~~ be'tIA~ti't;'tt'i~- u•,~<! ,i_o process 
. \ _,,,: ... :i '·, .. ,.,.,.c"-:' .: .,,j•~t• .. ,.-~ ._'_\L~.-- .. -; 

the phrases "in 2 years", "5 ,years ':g(':'-r~~~Hr"~ol';•ii/4 ~e }~A!'.~r~e "2 

years from n~w". is t,r~~formed _t~ _n1,~ ~' ~e~.rt,' ._l?e~,o.r~ _\pr
0
~f~SS_ing. 

i. ' 1-1~, , , tJ .', ,' -~- "'' ·---·~•-1 / , { ~ .: -~ / ---•·, ~ •. __ , .... -,, ~-; 

These three time phrases may occur i111nediate\_y;,M_t«r ti"~(( "age", 

(e••Vi• "~iil;',s ap l y~ara a-go") pr. at ~aN~nJripg~f.,:~~ntence • 
., ., .· · ..... ,~---~--~;,, •.,~~rr1 ~-r~ :,·~ i_ 

If a time phrase occurs at the begirlning ·01t•tife ~ittc~;--lt't: ~lic-

itly modifies all ages mentioned in the sentence, except those 

followed by their own time phrase. For example, <••1if~ 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 'ti1dis'1U:t'Ps iltft in' ;t 'f~"'a'rir"! 'How• 

ever, "3 yea:ts ago. llaryit's ag'e wii 62' 't ~ 1-~Xtiu• 1
~' ate i:rtow" ''is' ;Jqtii~alerit" '" 

to ''Mary's ·a-ge 3 yetirs' ago Vas t'Jttme'a'lAn;;•, 'a'ge' -ntW,V. 'Tlfus piefix 

time phraae'S are handled by dfittt'fbut'fifg ;tWM ·ov~'lr :'a·1t'·-ate-.r 1hot ,; 
modified .bj 'aoot'he'r time -phrhe.i ,, ;; ,;;:,··. r.; t < . " ,c;,: 

After. these prefix ph'ras·els''lrav'e l>eett ;cfta1ti'ib~ed; ea'ch time 

phras~ is ttans lated i:ijfprc,pr'iiare'ly •. ffie tptiN.e' .... in t,r,j,.rs•i caii'ses ; ', I '. 

5 t'o b'e ·added 'id 1:he 'age ft foflowif,' 6and '.t'1:yeati' ~-· ·c'ati~e1s l' r; 

to b~- sbbtiacted' 'frbni the age· prece«i'fhgrthfllr pti£ait¥! '''l'h-e' ,ro~d "now'' 

is deleted. 

Only the Spt!'cial heurfs'tics· described' thua' 'fir 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:t'\+•11 ·cn,.... :,.: 

couples the, two f'ac!ia'i(~dlribinl!tf fW thJL'fttis~ 'A~8!1
• ~ '! tb~ •~al . 

when", S'?UDlnft''sublititllt'eif' -11wa1Fk ye~"i''ltjt+ • "K: )fih~f~·gb'*''.ilbltte · 

77 

,} 



('mE PROBLEM 'I.'O BE SOLVED IS) 
(~B.Yc_IS. ~I~. A,SJ~Ln-_/\~:~~~ 1~ ~J'l.45,~S .OlJ) AS ANN 
IS NOW • IF MARY IS 24 YEARS OLD, 1l)W OLD IS ANN Q.) 

(THE EQUATIONS TO BE SOLVED ARE) 

(EQUAL xoooos ((ANN·/ PERSON) s· AGE)) 
i a ' ~ .; • i • • C ~ 

(EQUAL (( MARY / PERSON)°·s AGE) 24) 

(EQUAL (PLUS ((MARY / PERSON) S AGE) (MINUS (X00007))) ((ANN 
/ PERSON) S AGE)) 

(EQUA'L ((MARY /.'l!'lfRSON) 'S AGE)- ('mlBS -2' (PLUS ( (ANN / PERSON) 
S AGB) _(MJ;N.lJS (X00007))))) 

(ANN SAGE IS 18) 

In the example, the first,seQt~nce b~~~~ the two sentences:

''Mary is twice as old as Ann X00007 .yea~~ ~&,Q,, XQ,OO<p years ago 

Mary was as old as Ann is no~." ;rti.ese ,t"!0 ::~~urrenc,esJ of t,,ipie 

phrases are handled as dhc~sse;d pi;evious.J)f• Simi,l~JlY the phrase 

"will be when" would be transformed to "in K vears •. In, K years". 

These decoupling heuristi_cs are tfBefu,1 no.t only .for the .. STUDENT 

program b_ut for people trying to solve a~e ,~r,Ql>l~. ~e c,lassic ~ge 

problem about Mary and Ann, given. ~hove, ;t_oQk ~n ,till' ~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 xauch 

more rapidly. As a crude measure of STIIDENT's relative speed, note 

that STUDENT took less than one minute to splve this problem. 

G. When All Else Fa:i,ls. 

For all the_ problem,iJ discussed th1.1.a far.,, STUJ>F;N,T was aJ>le to 

find a solut ipn eventually. Ill sQJU.e cases,., ,_however, ~e~~ssa~N; alo

ha I information is missing from its sto1=e of infqnua,tion, or vc;1ri

ables which name the same object cannot be identified by the heuris-
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tics of the ·pro.graa.., Whenever S'EUD)Ofl: <;~Q~. £:Lad ,a .soluiiqn for any 

reason, .it turns to the q.uee,tio~e~ ~or hel,p. 4s ,::\I) ~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=tt~c¥-!I°;i,-,1pl,es :j.q ;;t;,l)~ _pt".oblem. 

The questioner can answer "yes" or "no". If he says "yes", 

STUDENT -says '1'.EELL ME"> and the q1.,1est.j.qn~t ~an ~PP~i\& anothei: sen

tence to the stateme~t of 'the probl~-

(THE ·PROBµM l'O BE SOLV1$D,.IS) 
(THE GROSS WEic;;HT OF A SHIP IS 20000 TONS • IF ITS NET 
WEIGHT'Is ·1sab6'10Ns , m± rs·m ntmtTuor m snt1?8 
CAB.GO Q..) . ,,:i J 

THE EQUATIONS WERE INSUFFICIENT TO FIND A SOLUTION 

TRYING i>OSSIBU IDIOMS 
. ·:. . ·. 

(DO YOU KNOW ANY MORE m.ATIOMSH'fits-·:A!l.)tffl 'TtmSE VARIABLES) 

( GROSS WEIGHT' OF SHIP) · ,, ; :r ·r · 

(TONS) 
,1·,.. 

(ITS NET WEIGHT) 

(WEIGHT Ot SHI'PS CARGO). 

yes 
TELL ME 

( the weight of a ships ca'-tgcF is tlte cf.{fference between 
the gross weight and the net weight) 

THE EQUATIONS WERE INSUFFICIENT TO F,Dl~- A, ,SQ-J,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 additi'on&l lfi{fol'IIIMtl'iiOll'·typMI ift'(iitl lo'ier · 

case letters)'·was ·sufficient to solve @lt11,:proli1Jeim;,. ;,1f:fe11Wn 11ot, 

the questitmt 110uld:f'ieltepe&ted,·:tiftttt t:111e11-~fiatioiriet' ••td ••no-.,a or 

ln ·the ·problt1111 below:,• :~he 'sal'uti14nLto thehsecnof ect1ta-rr; 

tions involves solving a quadratic•eq1111clon,;iifbtoh~i1•1beyo11d;tibe· 

mathematical ability of the present STUDENT system. Note that in 

this case STUDENT reports that the equations were unsolvable, not 

simply insufficient for solution. - · &n»aft itUl uquaats:.:rvdditional 

informati~o_,fr~· t~e,~-:~ee~l~r:~' ln ·~~ ~~~~~;~{tG~i~,a~~-~l~ner says 

"no", and STUDENT states that "I CANT SOLVE 'l'HIS PIOII.IM",.ad terminates. 

('mE PROBLEM TO BE SOLVED IS) 
('DIE SQUARE OF 'DIE D~ ~' ~' B~ER OF 
APPLES AND TRI RtlOID of'··olacB' .. l)l"lfm: TABU IS EQUAL 
TO 9 • IF 'DIE lltllBD OP APPLBS is 7 , FIND 'DIE ltltlmER 

~i-~2~~.W~:r.·~ ~t,,.: ·.· . .1n;<:; r.r; ,,1 

('111E EQUATIONS TO BE S0~2 ~}.y~;,. , ::; , 
(EQUAL 002515 (NtllBD OF OIARGES ON TABµi!)) 

(EQUAL (NtlmBlt OF APPLES) 7) - , 

~=~~~ (~~~~gjP;~#'~.l ~~~Y§: (NtmER 

UNABLE TO SOLVE 'l'HIS SET OF EQUA'nONS 

(00 YOU KNOW ANY K>RE RELATIONSHIPS Al«>NG 'l'HESE 
·~) '! ;,;:~rr;1 •··r,~q? lJ ·1:-1:r; ·e-. 1 • ·.1 ,,'_," :\· 

(NlllBER OP APPLES) 
• ·.- -,-. - ·T' ·.f, ~ ·;·· r , r •·· - - , · '. ·, 

cNOOmi oF oBANGis,. ON u:ei'E> -, 
;:: 

I CANT SOLVE 'l'HIS PROBLEM 
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H. SUUDary of SAA S'l.]1RFJl'l' SW?;!et .. o.f lngl&fh •. 
The su.bs~t-;.n ipgl,.tslt: 0 ~e:rs~a~aW..,i ~ SfflJNT,Js bpilt 

around a core of sentenc.e . and phrase, f,q;~t•, ~i4h t:411 be· ;~a~,{q~ed ; 

into expressions in the.S~Dll.-ded~J:4-v1!,~•, il~a, this ~~i4;_ 

core is built a larger set of formats. Each of tlJ.#S~ ci;re U:rst., tJ;~{lS"' 

formed into a string built on formats in this basic set and then this 

string is transformed io.to,,a,:i expre~sic~m.:,in the d44u(;tive-modeJ.- ··For 

example·, .the• fo~t ($,. J_$; ~VAL TQ .. U i..~r,ck4nge4. t<t .tile 91i!Si;C fq~-:-

mat ( $ · IS. $), a~ tpe. phrase "I~ CQMSiW"X.VE:. TQ'c' j.s,J4hang~4 t;o 

"IS 1 PLUS".~ The c9nist;rµetJ.qns .disc;wt~ed ~a;rlier in,vol.yi~g.siasle 

object triansitive v~J~ cou,l.d hav~. J;>e~u1 p..aacl,l~ct tgis way,, t}J.9ugb .. , . 

for programming convenience they. were .. not •.. 

The -c<>mplete list of .t;he. basic fonia;~. accfpte~.iby t}le present 

STUDENT system can be det~rmiae'1 by ~x,l&Jit:1.i.Dge:U9!,tJ;l~d&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'1pfogriril.1 pt~i:!tsely 

specify the acceptable fo~ats, and their trans t,t49ft8 , tcptl\e model, 

but I shall try to sunmarize the basic and extended formats here. 
:' J. ·.;: ·_';.' < i·;,_ ~ ... ,, 

Implicitly assumed in the syntax is that any operator appears only 

within one of the ~ontexts specified in the 'table 5 ii/~1 it{ 'biapter II, 

and only the operators given in the table appear. The listing of 

STUDENT starting at the rule labeled IDIOMS gives ,translations of 
- C , 

additonal operators to those in the table. 

•': .\ 

The basic linguistic form which is transformed into an 
, . 

equation is one containing "is" as a copula. The phra,es "is eqt1al 
_;. ; ·. (;.: -~.~ :,•\tJ J ~) .~:.~---, 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 -.-· : ;: '. · "r?· . 

and "is increased by" are also acceptable as pri,ncipa 1 verbs ·in a 
; ' . . ,. _, . ' • ~i ;_ ' : ' 

sentence. As discussed in detail earlier, a sentence with no 
; , ,, - ':;,f'° 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 number .Jiu.Bt. *'U;.element ,0f the 

phrase which is the direct otljeet ··of the ~1>,--~• it\ "Mary:has 

three ·guppie;•1-. '11\is type of transitive ·V'er1i: can alet> have· a cotn,.re• 

tive structure as direct-object, e.g.,.-kary:t,:ali twice as many 

guppies -as Tom has fishtt. 

This completes the repertoire of· declarative s-ent'ence format-•. 

Any numl,et of declarative sentences .may ~- ~jblned, with 11·;~nd" 

between each pa,ir, to form a new ( eotaplei) deelarattv~ s1'ntenee. 

A declarathe sentence (e~en a complex declahtiv~)'''can be made 

a presuppetsit!ion for a question by prece8ittg:1H: frith' "IF" and fol

lowing it with a cooma and the questiori.' 

Questions, that ·is, requests for information from STUDENT, will 

be understood if they match any of the pitterna: 

(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@,t.bt tnpet foniat.•lld tran1fonation. · 

Ev.en it a st;c;>ry prohl.~.ia is~•t-1 vU;h;l.n-,tl,e .a .. bset 1of EnaUsh 

acceptable to S'.WD.ENT> rthi;J i.&•inQt ~ 8',MNntee :~1i, th:is :problem can 

be solved ~Y STUDJJNT (~a-s~ill3ci.t'. to ;l>e ao.h._\lo)rt , 'l,;q phliasea des~ 

cribing ;the o.'bjeat mu~. be . .at WO,rf>t. ,oii\y ,r,,rlialJtl.ydii/ffaeat" by• 

the cr.i~"ri• preec;:r~oed ~rlier. .. A1pt--o.Jtl1'i~~ alo~l•,1ilforaat1on · 

must b.a av.ailable.to,.$.WDEN'l', •41~ the "Jiaeii,a ,1,-'.Yoweid,-.st.not ,ex-t · 

ceed :t~,....,Uities of .~ ao.lver,. ~~r,i .th~ahI'II0!8t alaebi:a stor:, 

probleJJIS ,.fptU¥1 iq ~-.J~ard :texts ·C,IUl.llQti,.be 0;&QWOO ~y '.Sm»IIJ'E exa~ttly 

as wr.itt:en, the author ;h•,s ,.~ily 1-e• ,~ld••:to' ibid MQaerfAS~t'aae- ,1; 

of almost all such probl~iu .• tini~l\,,is ,.ttllvMf:W, ~~,,STIDD?. 1~..i,ppendi.x .Jh 

contains a fair sample of the range of problems that can be handled 

by the S'l'lJDBNT s.y~~• , 

r. Limitatimls ,9;5 's!M .S'PIPIJ'lk§u!ef! :>Of Agliiaa •. 

l'he.-.•,t~ique•;.~.-ienteid.i~"tM•~tiia. paeraL am can;. 

be used to enalt1~ua ~te:r, .p,rop-ieia •• tM/CePt :-,mtdij11Ddel!Mllltlci 1& · 

fairly extensive subset of English for a fixed semantic base. HoW-!O 

ever, the current STUDENT system is experimental and has a number of 

limitatiot:¥1 •: 

STUD~'.JJ int.•TPJ'et~iml ct,£ ,the ,iapqt.,d.lt ,ba•ed ,on_fotmat " 0 

matching .. - If, eaoh f~ iA rtMiliO --:to.mq,.,ua.: ~1WSl:ing '\IQd.emtaod, , ,,, 

by STUDEN.:r, no m.~erpretati.QD will ~, ,,~a.,<theae;.~a. i 

occur, ~n Eqg1i.sh -die..cqurse e.ven in alg~~•: ~1'4XY ::ptbl:liHaa'>' in: .BEDSntu, , · 

contexts. not co~,,.•.,SDJJl.1111'_,~ finf"....,.n.,_ -~•rtfdr-,,.•,:,11s-r 

·mats. For example, a sentence matching the fonut "($, AND $)" 

is always interp,r•t-1 l&,·9'BJDIIIT .. , thef:i:anjUDCttiion;.ild- itm, declarative 

statement:&;. · :'111C!'-re~..,_, the, ~ntence :'~ ,haa-;'iiJ -..~t3 ::b¥ll8tlu:i-r anal·;,:· 

4 pears • 11 wop.l~ be ,i~rnec.tly d1vlde~ ~tn,·.the: t:MH~t~!! 
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"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 cont•t as· show or ·a mfsinterprefetiion will 

result. For examplci, the phras·e "the 'mnilber o,fHf:f:ntes I went to 

the movies" which should be·interpreted'ff' a vatiable string will be 

interpreted incorrectly as the product of the hio variable& uriumber ofH 

and "I went to the, movies1
', because ''times" i& a lli~& considered to 

be an· operator. Similarly, in the current! inqtlellien~a·t ton ·of -•S'l'(JDENT. 

"of" is c()tlsidered to be an oper.ator if ft '·is 11't"eeeded lfy any number:' 

However,· the phrase ''? of the boys who· pas&ed"' rv;n1: ·}k misinterpreted 

as the product -of "211 and "the boys wb& >p&s1sed". · · 

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 !.t.~tric::tJ~9LW.·~t.i]#.t"~~b!:J!ltRVQ~~ · However, 

removing :,some of thaa would pe,q«d.re ortly rm~·~H-to the 3program, 

while othe,rs would r,eq11i.r,e t:eclmiques oo:t,, •• i11tFt1\e 'emtr•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', .rs ·,g<i,f . 

operator. 11-t:imes" •. · H°'1NVer ,J a 1DUCh more ~~t~at,ed- g'f.'8tllnar and 

parsing program would be rtecessary to dist-ioguish-: di..'f,°fe't'ent occur

rences of the format l'($ • AND $)It, and eot't'ectly ·ext•t'SCt simpler sen'."' 

tences from complex coo1:1dinate and s'ubtit-.d.inatl~' s-ent~eif'. 

Because. of litllitatd.ons -of the" sort d~"l'bedi li-bove•;· and ·the 

fact· that the S'llJllBHT s.ptem. curre'titly, o®up(e4r':alatolit'· all' of the 

computer nieDlOry.,, Si'UDKMT, set:VeS' prtneipa·Hy: ia:s, :ar'd.e1lk>nstration· of · 



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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CHAP;rQ X=· . STOM,PJt OF,, 9LQMlt, ~ , ... 

This algebra probl,.ent-solv;ing, sy•t~ ~I\t.ai~ tw~ PJO~~ 

which process English input. One is the problem ~J. i;,!l.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 P2-

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!", •~~ 1a·nd "TIME". 

If any orie of these words appears as 'the ilift:'tiil worJ of a variabie 

in a problE!Ul, and global ··equatidns are n~edea'''t~ ;sciive th:l.s probl~tii,
1 

this equation 'will be "retrieved~-' . 

2. ]format: Pl IS AN OPBRAT<>ll OF LEVlt K 

Example: TIMES· IS· AN L OPDA~R :or '~ 1 
Processing: ,. dictionary' eritrf 'fcir Pl is created, with sub

scripts of OP arid K. For TtMEs·, the dfoefonjry eritiy :(tiMES / OP 1) ' 

is create'ci. Tfie dictionary entfy f~r'"any ~id 1 i.s placed on the 

property list of that wo~d (Jtot¥1.), ancf lifretriev~d .! and used in; 

place of any. occurrence of that word. in'·a \,f~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 -cor /0~) ~ · 

4. Format: Pl i:s· A P2 

Example: B!LL IS A PP!RSON 

Processing:· A dictionary
1

'

1

entry i~ createcf for ·pt with sub

script P2. The entry for BILL ts (BILL/PEitS()N). 

5. Format: Pl IS 1JU!: PLURAL OF P2 

Example: FEET IS THE PLUllAL OP FOOT 
Processing:'" ·t2 is stored on the' ~rop~ity list:~ 6f Pl·, after~ 

•. : . , t. · ,','f,'• ,~~l•.•-1:~_:.- ·!'-'. I->,-,~ .:· .•· .. 

the flag SING; . the word Pl is· stored·"on fhe property list of P2 
: • • , , • ~ - '. • ;f -. j' >• • :: : ', -I.: i '. '.t •' , 

after· the flag FttnlAt. 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 
OTH.tB, ~ER., 

Processing: The S'J.VDENT program ~~ .. ~9i~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. ~ul>stitutionslt are 

tried when necessary, with the last one entered being the first one 

tried. The STUDENT program is modi:f:ied ~r:.: ~~e, 8;d<iJti.cm of four new 

METEOR rules. Since Pl and P,~.,are_ it1~~i1~~>ii ieft;jfld right halves 

of a METEOR rule, they need not .contain only words, but can use the 

METEOR elementary patterns to specify ,I:! fgro,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 

C0251O, the rule following that one,.~he rule labeled 002511 and the 

rule following it. 

7. Format: Pl ALWAYS MEANS P2 

Example: ON,; HALF .Al/tlAYS MEANS Q • 5. 

Processing: The program STt.JnmT 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;1s 1" 
/'' ,, , ';' _: 

followed by "one h~lf always means O • .'.$ 11 wi)l 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 :f:or 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),.;;:'.idieke'.1~t. ad t>2l'aieUJi.h.i,i!.t:r• 1.U'.~. 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~ ·;the' -tJifttl:jat,t 9pe~di..WS,n Pm!hi!!K~J!ei;,· the 

followi11g··st-lif.iement 1 WW''Jlt<>C-Mntf~....-~ :1l1J.tow<#J.'IW¥.lgb • ' •, · ;: 
11undezie'tarict1' '{t>r~f t~~lai~~£iii1wbi\ftPtiluiHldaf& VMb 

This permanently extended the STUD!!NT input subset of English, 

while avctl.di.rtg :tiie 't\ec·M&U'.;' of' actwill-W1"°edi~ilhld ~Dig thW 

STUDENT 1>r$at11' .. : 

The gl'dbat,,iJnforMtt.on ·-stor-ed--'lfot 4WDIN'fl-'t111~ lroui~a- ·· 
tions t-o 'fol'inatJJC!ha~~o''pi\itaP:~•/:J,Ajaift, <--~""le ,u,te-•'::•;,,; · 

of the'Mn'EOR l'rot!otype, Iiotft!J.loo' attat ~ JuH 'of 2&f&.li:'ge~l1Akt't ':t ':,' 
procmhtw operattobaWt.rt<!f!ISP lfati-'lR~-,tircfp'.-llft' ~-~eea~v-· 
storase' and r~t;rtevat: of' th'itJ0 wtd\!-i•~d&e :b:f.litifoil~aailfti\i'. :.taiti ~~•':.,J • . .i 

dix C is a listing of the global informat:1:oW·10Uff.tllyr~ '(in' ,:::; ,:-, 

the STUDENT system. 



Th:ts chapte;r;: cont:ains a c;\e~c;,;fi~W~ of ~e J,.;tJl' pr011ram 

used by ~"to .,aq:Lve ,.-etu,i.~;•f41n~lt~ 11Ap4~I¥'•, l'Jt~i .d~ 

finitioAs Q<f ,~he,,~-h~~ .tPt ,l~J:,.~~ti,,1~;~•~; ~ .. A:P,d 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"3\,;,:-,:~CUl~~~~M,~:~~jll 

be directed to the more knowledgeable. 

Th~ tpp l•v~l .~~,i;oni. SQliV:ij.1 ,is ~ .f~ion pf tp~~- ~gu~ 

ments. One, labeled EQT in the definition of SOLVE, is tJ~it,·~: of 

equations to be solved. The argument labeled WANTED in the defini

tion is a liliS~ .. ~f v~~h,l~• ,vb~ ~1~~~ :~fMli. •. ,;~~ t.Mr-p 

argument-, ,l~,,:rE~, ~ ~th~,,·@t; ~"'.lV#l~Jl~r.Wti:ioh:.r.M. di~ 

joint fr~ :ijA!fUUl, •1SQJ,,VJ!: -will fiQ.ii, the. 'f!l• .Rif 84,: !'il''"-"itftplp •:~li.ch 

is wa¥~. iA.-~J'!U. ~~ ;•y or, ~l ~ ~ Ji.tit'~•: !C>~;~ l~;. ~• 

In use.,:-the. l;iist 'mlll&r:~'la: ;l~t ,:~d¥l~•1 ~: •· poµ~_:JJ.p.r {~et., 

which ~y appea-l' i~ t;~. lHlBWel'.• 

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. 

For example·, let us conaid.er' 1~he se~· ofj~ert s:tniuffi1n~ous 

equations shown below, anl snppt>'1J sdt.W "'elre13Js1t~ ~o"" :s:b:Yvt!· this 

set of equations for x and z. 'niese are given in infix notation 

for ease of readi.ng. 

(1) x+w•9 '(5) 'x +1 iy - '4' 
(2) 2 

- C • D X 
1 ;(6) - ,l~: ..:''j\j + 2 

(3) C+3D=6 c1, ·4k - Y = ::./'-

(4) 2c - D = s· 

The list TEIMS is empty,.: ~rta: th~s t:he '<,aftiea' muiit 'ifll be num

bers. In this case SOLVE would return with the ·t11.s{ ;df p~irs 

"((y, l)(x, 2)(z, 0)) ," which indicates that the values x • 2 and 

z = 0 satisfy tni'S • set of 'equations' tbY' tft~., -~tt t:>:t' tlds" let·. 
which were use,f:to d-et-e±mirte the ~atti·es):'-ii'h~'--(ra1ti•:: y','.l.ui\,1iii'• 

found during the solving process. 

Most of the work of soiit'1s:a-t,ne)by the.'f(lnalonJSOi.vtiL 

SOLVE transmit"S' to::st>LV'!R"th~· list of1frAin'Eo''vari~f>1iis~~ th~'l.'i~t ~ff<' 

TERMS, and a nttll asst>ciatiott;'l'lst: :. (ca1.1:~T At.fsr'~t~J\r:•'fs ''t~cur-

sively built up l t'ff give' the an\iwer•; 'Th~1~'7iilu~--'bf''§OLffl' is 'this' as- c:.: 
sociation list of pairs, flth th'~ ''fitit ~u~eitt of2 edciPpa1t' 

. being a variable whose value-'hi,ji'been1 f6urtd:~: theHJJ~httd elem;ht oi:'' ,.,,,, 
each is an a-tiditnetic · express!dh wtii~lr)itiaf1~6ritafn "~nyi;,variaSie :~'.L' 

on the list ·ttRMS (as' was the ca1;e ·fdr'-'etli )Atts'1dtr1somj~•s: H6~~'\Ter ~ • 
it may also cont:ain •atiables which ate f:ttst 0 et~iit,Pof'p~lr~ 

later on the associatiotflist. ':tf 'vatu~s rfot'f1{iaf-i:~6fi~ ·,giv~n by' 
c , , , ~ •. • • • ~ _ • •-'; -~ •, • r ,,/ --'i -;.. ,~, • '. •.") I 

later pairs are substhuted itito tl'lis 'aritltmetfe ~:kprtHis!bn,. one 
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gets the "~:r.~~Jller~i,<r1_~~e~~i;~;~~'V,~P. 't~ ,~~ 1~~~~•0JM,)' ,.~ 

variables on the list TBBMS. In the example, SOLVD. -~ :C,4;;,,. 
"' - •• ·• - L 

turn with the association list ((y, (4x-7)) (x,2) (z,O)) which 

gives y i,~, ~~~ f?-~ ,.X! SP.J,W$ JJ¥l~4i.~e ,1'H~,t:1:,t~,i~ ~~ ,;S~.1U¥a-

t ion on ath~1 ~;'-~~i"-1t}QJJ., .,l;,1.st, ~~F~~ ~.~¥,A•, L , -~ 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,~~1¼-- o.f ~ and calling SOLVBl- ~ . .-Q,lve ,for this 

one variab,;l~ ~ ,.t~p.as- cf(_ t¥1 pther wanted vari•J>Yllb ancf lh~ (~igina 1 

TERMS. If SOL~l. -..µcce~s -~- solving for this :var~b¥,') ~B. 

pairs this one variable with the expreHion foQDCL. tfqJ:~::th~ 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 

variabJ~s, •. , If; ,t,hefJt,,fr,~JlD .yi<>f,a~ -~~J•. ,f~~ ~r~ew-rps. ~he 

association}4't ~ilt!-'J>•. .,- J::J: f.,J,.uv 1 ,, 

soiy~n.., ~:9lv"f!s J~r,,a singl,• 1 ll4',~~-Y"-+~~er by,.Un6M'i -•P . 

equation cort,ip-i11g, t!1J~b va,:r~bl~\9::' f:~~l~ -,.:µ ~µ,._~~si;,of 

values for variables listed on the ALIS ~?~ ~D.)~at•-4•!:.-, .µ tll~m,, , 

makes a list of all the other variables in the equation, and checks 

to see if ~b-~l,~r~ •~-pot.on ~)ite,~~~t" ~i;: JJ 19,j.t,✓~U.s h 

SOLVER, to s9lv,e! for,,~p.~se. DeW:/fHi4bt,;is • l.-Jlr t,~:-i~ n~~~ ~•pt~ 

variable ~~~-,~h.e,,ya;,;fe~Je~d-,/l'J$~.L If.,~~J:1-P ~uc~~,-f~l, .- - _:,:-:. _t 

SOLVEl tries _to, f¼1J~t~~~bet;, eq11a;Mln ~~,&Pi91it~:~a~~~ v.,i.rj.~;l,lt!,

and repeats the prQ~e~s~ 
' • ';' ·-" .J : 

INSUFFICISN'J:~.. If. ~~yt:R. ~- s1;1.:,F.,~•f~l-~ . .r•P.4r1v~!~~· fp~,•th~•· ~~w 

variables ~f'L fqu1,1d~:Jpr,,H--~ller,'. Je~~t ~ ~y,_')UJ~~~l?l,f, 9 M>~Vil 
finall~ .5,~lM SOLffic~~c;h?"i'\~evffl;s, j;o ~9-ive .,~lJit, 1<1~.a~i~,1f~r, ~be 

wanted vari,l;>l~. i , 11~ , t.ll~~, ~qu"!t~9a i;2' :' Uqe~; JJJ r.lh!!s ya:r;-itb~e, 

SOLVEQ wq! b~- •~c~~,~~¥1 an<L,Si!e.. ,,J!O!,tic:,n~; ,Si)~~i.~!P ad,~_ 

a pair co~Jtstin~;.:of .~I)~ waQt,ed, vari,~l,«t ~n~ 1 t\3;l!if .. ~•\u~ ;o the ,e1;1d, . 
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SOLVEQ is un1uc:;c;e•a£ut;.·,1S01WB1 t1tiea'-'anallliee2e•••iioa, :)bttt, cbeh tf •n, dv, 

no solution ,cwtll ,btt r fQUOO SOI.VBl.Jlftttuna thebvallitt ... 1.¥.ABl.ii - /; ··· ; J 

This deecr~pU,on .b .. been a,,ratiher laqwincl!_ci:latCamft to-' i.:.'' ' 

explain ~-CIIHtt9ne::J«ae ,af LliS! .p:eogiramr..at ·rtbej..W«of:;;tlU.a '.:iolaaptet. ,·(,, .1' 

To make i~ .ore-.-peeii:lc;,ilettriWt·JdoQ.l!ideit llhaU'>llfppelis.iwbri,.«>DVER! '] ,, 

tries to ~olve. die :eet of,eqaatidtUl,:tJelNJ6t;1Ntjsaae (O'llej sliOlfn, L ;r, ib! .. ,\ 

earlier); \ 

{1) : x:+ w • ,9; •...;, r ', a: c,{!JIJ', :JC: f+•)Zy ·•• ,,4.f .'-• '!, 

2 
(2) x - C • D ( 6) i_ cj. r~ ; 3y >ii- ,2 , -. )a ;_~ t .r,. · • 1 ' 

(3) C + JD • 5 

(4),. 2C.~. D ~-.i 

(7) 4x - y • 7 

SOL1lla · is aakeci ,to, sol-- for. -x .:aucl, &>i. • ::'lt.taau:;SOINSl, to 
,_, - -

solve £.or.!' in 11:.flmli,ofi .!• ,,SOLV&l ,pb=b ~ae1-oo f))iJ..:;fiindJs tli'at ·: ·1"' · 

a new variabl&:v,!!,;-,•haa:- ~and,...., SOUJB&r1l:o -•bre-,ifor ~- "''' ,, 

in terms -of,~ ,.,smi1 :l, iS:lnce• tmta,:is .. • otli8 ~ :«f ~ :litt: : 

this set i' ,SOLVD ¼tLtanauaceeaiful ·'and- ,SOJ#Bb 'al111indOlia -~ti.on' ( l) , 

and goes to equation ~~2)-. Here: i1t· ca,J!la., SOIWD.Jt'o J.sdl\Jal. i!ffir: th1. , .,• • • 

two new variables.£ and~ in terms of.! and.!• In this case 

SOLVER ia, successful •. -using: iaquUim:Vl!C~)l<am:l,l(4)1.,,:1Mze ~ th-eae'• 

values are. subat:itutlltd <in 'JtC:luaJl.i,ml (-2").1, fSOLVJIQ,a,nqnt •o;lva for..;!;~ 

beca~e. the ~ation.'.ia:, not: ,Linear: :f.n:$.:l b IF:, :,,,: );1 :(j'li' \ ., H tr: 

., 

SOLVEl ·now abandoner.equation· (2) ·and thtifTeeUlts'ii.t obtaned ,- 1-. 

as aubgo.a!a. fox:, aobm&, (.a) .t:;d-It, findB an.accu"8iaee :b:f .!' ,-again··•. . 'n; 

in (3). Ag-ain it 0a:ll.a., C¥1'1,SOLY.BR, .tw aat-. ~1.tme ·tWW; ~•r~ble ·; .. ,;,, a•;P 

i in ter11U1r•-i>f .! ancl ~•-· ·-80Lftll,triea ;tc, use·1(~,i ~~~tl:rannbt ·, > 

solve tb:i..&:11?q11ati.C>n,-for,z., ,-~.at.i.-ng.{7,),!SOLVEli atunaiVi:th :abf ALlS· 

of ((y.,(4x - 7))). Using this ALIS, substituting this value for y 
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into (5), SOLVELcal:11 ,,en :SOLva,. te aom•t,th:ta::reqaa1:ion1 -fotf .! ,, 

which it dods, ;al.id fin.aHp!,SGLVBL,,ret.uru tBVSIOfWla-..ttM ALl!S H 

((y, (4x - 7));'•'2cJt))',whith ,does give ithe,¥altte of ,'llliftcterms 

of z. Having found .!. in terms of.!, SOLVER will now call SOLVEl 

to find the ,i~J.ue ,of:!·· 801,VEl Urtd• 1a11 occurr•nce,,of,·;! in 

equation. (6) 91 and, afitet",,s11hatit:utien,of;;ti«J;ma<"41i Clle"'>.&l,JlS ,,,.,so»t!BQ · 
is ablt..:tlor«ohe ,tlaiia ettuatioa fot-:_!i;; :·beeau•e .:11, .,t,IUn:a~r in.!· 

Adding the pe.it (a.G) to. the:·:ALI>S, SOli\flU-~ru tc,,-to:!SOWKR, 

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 expression and si.mplifi:es, vifinwlly 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.gl.ttforwa.-d :matrrlb: 

method? 'Ibe .4>r.incipal re-asoa .. is that, aa . .fkownt'.. mnldineair equat1.ons 

may appear in Che set. In 'thia case-., ti a"1m,p!l'Jiaw·vabiEuJ• can be 

found fr011t ~~her eqqatd.ona whdclt: when :subati:tut:ad ran~ ttlms :non
linear equation .Dlilike it ,li.ae-ar in,],he! ,variab-le, .m~:rwh:to'h 'We: -~ht to 

solve, then SOLVE. wil,l find;·.4;:he: vaJ:ue., of tbbl: varA,ble..I · 

The m.et:hod .of oper.ation, 0£ SOLVER 11equli.l;'e& that 'if n vs.i-i-

ables appear in ,.any ,equation, and .tlha.t r~ w ,.us.ad,, 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'l.'.ted. · Thts .eliminates much work: i1kt1Mlre rare elllrraneou* 

equations in the set wlncli: contain one ort:two. ~! ttlei wanted variables. 

However, i.t precludes aoivi.ng a, .set of ectua.ti:ons: ~ is homo,;. 

geneous in one unttanted vatlab-le, and wonlcf:tb.a!iefore cancel out 

in the solution processi. .,Thilfl:. is,the princif)al reaaon why. ,prcblems 

such as: 
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"Spigot A fills a tub in 1 hour, and spigot Bin 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~• :!~f ~~.,\~p ; _,.,, : .. _: , 

techniques which facilitate natural language CODIIUlnication with 

a computer.· --41ilil~•ttc ~tY0;qf ,,,~1unti!.;diMft~@e1•@!JV~~~e~, 

as a basi,• fo:r the ,4-~~Wffl ~l}d :~~st,~M-:IM&,;ff",•~ JHq~~;\ne ... '.. y 

systems. •~s 1t.heQ~.Y :w,e.-~l.y.~tU.~-.;4111\4 ~tn~cl~~tqul: W41t:k .. ,, · . ..c.· · 

remaiD.J- _to ~ .. 4~ae., , ~ev.e1;, .,i;Q .JM<:•Plie•e•t:,~Q-- -~~~; tb~><... . ., . 

theory, s~E¥f ~• a -.guu.k for ~QS,t\;\\'}~lJ@a ,qf 1tille-,i~c:sys,t-enh ,n;: 

which can :.(}OIIQUlil:t.c.at-e .in a l~i,-t.~ .s~]pMt Q~:.~&l~~: -,," ,;,: 1 

The laingu•g~ :MWJ,y•b- il'\ •,-STl1DliJ'trr~&c;al),.il!Jp,~llffl~al'iiBl) ot t\le .. -. · 

analytic portion of this theory. The STU])IQll:;1.J,~•~'~,y~:r;y,, 

narrow semantic base. From the theory it is clear that by utilizing 

this knowle,d.ge pf t:tbe,il:iJliteA .J::-.nft'l(!t}lle~ 1of ,,,tM; ~p\it ,Ai;SCOlQrSe, 

the par.s:!~g prol>l-ep. ~c~, ,F\tl8'~ly e,:i.Mp~le4t'iHs~ f~; . .I)~~, ~f ·· 

linguistic. for~ t;-b,at,-JD'!M-t-;~.~~~4,;i;t-_N@:t'OCtl!IJll',l;\. :;J.fua . 

parsing sya,t-eJB, .,..i;:e ieai9itt(i pq any -~U -•~•iiq :bctMbi~Uli -s~ •~, , 

plificat:l<N:) wc:,µ14 pccur. -lb,$s IJ.Ql(M,8;-t~- ;th,ttt .~:A·J8'1Qe~l,,~u~g~-- · 

processor,: S~ :t Ullli' 11.i&bt: ,o(t tJ~~ ~1:!\;Q& •~~e ::;W)Ut ,,~ ",a ,S~i,;~ 

contex,t ~f~:re. go-in;& al\e1ilA!-WitR, -the s-~i~ ~ltY.1":8:,~-- ,, , 

'Ih:~ _,.emaJJctic.,oase, .pf the. S~, lan1ua1EJ r,ana,J,-y,s;\:il,;,:f.s 4~limt~ 

by the characteristics of the problem .~Ql~g #Ylt'M ~~<iu,in 4,t,'1. G,:·•,, 

STUDENT is a question-answering system which answers questions posed 

in the con~~ ,pf •~,a-lg·~ .-story ,cpz;q~c• .,.rIQi"~~2i~~-UDQ.,. 

we used f_()Ur ci::~e-1'iJt fp,: -~~b.\a#,i~n& _,i~l, qu~Xti~i.n,.g ,lt~~r 

tems. , ~t 1.1:s- comp,ar~ th~ S1'JJJ)ENl',,~l}'2'1;:•·;t.Q, th-~~•- U\i,tM. \i:gb,t: 

of these c;riteria., 
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1) Extent of Understatmijg,,;:':~~ll)lfk!~~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!nteftc@S··~· ' •"'. · · , <:· q · 

Iil ··thE!'· SWDBNT ·sys@'eiili ,;an ·aeeept1alU•e '1 iftptft i'& j~F~~ence ·Of 

sentences; · •&tteh that tliese 0 ~enteiices '.eitifflot DDe tmd'ent~ by just · 

finding ·t!he meanirl8&' 'Of 1t~ i-Mivl-dua 1 Ja:@nt:,if.ee§p.:igik>1tMg ;,1'nieir 

local contexe~• · Intri-~t-ence·,e;tep~mhiriclies ,tikn't,,.,_ deHtWitttidr and 

inter-sentence· s~i~tk :t!t!lat'i(Jfifjlf~s .imtift fl~1uff'edHilll :tlU,s k;c,a-se· fo.r 

solution of the proetell18i~n'.' .ifff!e· "'eirt:'ili&lien 1-0f itIN •~ftti!c ·· 

dimension of understanding is important because such inter-sentence 

dependencies (~.g.-,tb~ "\tse1,lof·p~no'Ml},Tir§ ·v~y·'d«Mtioi1Ef1tisced in. 

natural lS118tJage~~tc.&tibli.;:'·1;·; 1 ' ·,,U ,,,; :· 

The ·sernant.ie medel ;iIPt'We-1Vi'YDEltl''S1st- ·£• jb~ ton .,,cme 

relat:iensh~'J(,e~l~ aantt""f:We 'Ma:ia: t~;~e~., ~: · 
posit ion of ·•·these flinctJicYns, '·yilE!lcf!:~~;~,ftJruitli~».MfclY aite 'fil&d ' 

express.eel ,as indiVidua,J:(;li?!tg@ifffc IIO'f.!tis :in ttie t~ •~~~ i 

The in:pQt• l'&ngu.i~ iJg,>rk~r :i'ft ieli!pr.,.ii'rg :,:.ftffict i,oiWi ~art •t.;.i!hclny' s 

or R.iipha-eit,s sy&t~J,:'."Die '1.ogile~l' :.,is~ o:Hbia~• •Y· -b~wPtnore 

relationships (prectieaties')· a-11~\iite: i.rtl tM~ !-tniru't t'"fflit1-id6' not!' ff-.1.low 

any composition of these predicates. The logical combinations 

of p'l?edicat'e-s used ·oa.ite ~lj -·~~- ex:~d'ect•iiin ltber~tit: ~~,:10'gief:fl 

The deduct:ift ,syat..iem !in SflJlJliW.l;, ·-as 'Ji.ri1 "Lf~'s' and lta,>h•cH' s · 

pro grattuf, is 'd1!!tf::i.gned •f'M", t!he 11:~ :o fi 1~-tiiotlB ~d lie-~. 'R 

can bn,1y deducE! ~"6 ·::of:ta, C4!'t"tM.n~".':~..ii-m th~ ~ ihf-tltmla~ion, 

that is, arithmetic values satisfying a set of equations;i ~,n per

forming its deductions it is reasonably sophisticated in avoiding 
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irrelevant information, as. are,.the other ,two blm~ed .• • It :lacks 

the genei;a;l, power of- ra,.-logd.ea.l ,s~stem/,. hilt JiB;much .DIO'r~•·-effic.ient 

in obtain~• its pan:;icular clas&.of ·deducs!lDnllrla.Cnatj:.1'IOUld be.,a 

general deductive system utilil.zing the sxtonis-".:Ctf am~tic.·. 

2) F.aciH-1..ty · for ~ending• Abi1ittes, .. , .· ,Ext1mcidDg ;tlhe: .syntaetiG 

abilities· 1of any of ~ othea!', qust,:f:~amwer.i.113''8.JlKems cLiscusse.d 

would require reprogranming. In the STUDENT system new definitional 

transformations can be introduced at run time without any reprogram

ming. 1'he: lLnfurmation co~1:lting. 1.the~ 4t'a&S!fot.UH:ions:_ .can be in_•. 

put in EngUsh, or in a ·eond.,,ina:.eion "li>f •£dlfl:iiril,,:lhld ME'!F.Oil, ,i,f ~1::hat is 

more appropriate.. N:ew S'Y(lOIC:tic ;tnn:isf.cN.,na,_ti.u.m!J,iftl,ISt! .be:raddad_-'by 

extending the ~gram. 

The .,seman-t:ic base of ·the STUDENT 'sysbimi iGatJ :be ex-tended only 

by adding new p.ragr:ain; as is true: ·•Gt 1!jle cidter ~--a:ns.wer.ing. 

systems discussed,." .HGWev& &'l'llDIDJ.r is o~edptbfifa.c"ilit~te- .. • . 

such extensions, byl.mini.llrl%,ing the i.ntenaetd'CID!Snof-•.di:fferiellt parts 

of the program. 'l'b.e nec.ess,a:ry iai.fut!IIUl!tion nEled1eill1~ ae, -:ad.de,Lto tlre 

program equivalent of the table of operators in Figure 4, in Chap-

ter IV.· .. ,., ... 

Similarly, the deduct: ive port icm. of , &IUDBlftf ~ 1".ltich , •olves the 

derived s-et: of equations~-- is. an indetifendenti [piadtaip;,:, 'l!'ke:t.efur:e, ·a;:. 

new extended S'O-l~r can. be added to the' .sy,s:t..- f>y;,,j:us.t: re.plaa.i~ 

the package.,. a'nd maintaining .t:he input ... output <i:ba~r.is:t:ics ;of, 

this subroutine. 

3) '.K.nowled&e of Im:ema]; ..St:ruotu:re ,Natied byi;l!fs~t •. Ve-by 

little if any intz--ernal -knowledge of tt. ,wode:bigti :bf :fflie-r&TIJDEKT 

system need be known by the t111er. He must have: .,a tfiJ.'111 grasp o.f the · 
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type of pr:ob1etn tb.atrffli1tJDBl.ff rcan aoibr_e.,,and,.a, kno1-1hdge_m,lrhe .input 

granmar ., n ,Por. '62Cempl.-., .he:;mus.t: ..ha' ~ ~ha~ .:Sane 1>hmaar ~,1 
always be ,used .to<»eplNBleffti:tiha,aaie :tvari:atile "Jirl,a; iplru9!lam,i ~ · 

the limits of ai.tai~:bty uelinedcearili~i.' ,: Be 1mni~t&e: :tiult- •. 

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 ·c:an sti!lil •,JIBf!, the: ·ays.teai, ;fior: tt:jl.!lll z~ttian_c:lis.cuaed, .· 

in the .next:, .sect iGmi ~lows· him , m· -make·~-·: fDr <a1hnaa:t · any m.i.s-t.ake. 

4) · I.alter.action JU-th.• •the- Use£._. :i ~ ~ •~twanis ,embedded "' 

in a, t~liarinlgYiftlll'ltuamet-1 [~ lfiI~<ib:xr.jact,,)MC tdime,,,:sl\ar,i'lig , 

system {-ltJ)},f,,andi<thhi:•gnmi:lly.;:rfiai:d,litat:ee ~t1ioh widt. ~~-~, 

user. STUDENT differentiates between its failure to,,-l1~blte; a,,'' · 

problem because of its mathematical limitations and failure from 

lack of sufUeiedt }iaformat:irou.;·:,.oln ~:tl:lla~';-t,f failure: c:.ilt ~asks: ,the •user 

for addiciiona1l ,d.n-faimM-1.on;r,:cm augeat:a;1.the ·JiaturEti;o.£:.~ wdei¢ • 

information :,(r-e:lat>mnsbipa, ~ '..VBi41rllal'llif ·it.helttlft)blea).-'; .; :-Ul l 

can go :baek; to. .bbe !US:elt<Tepes:tei;~- ~-lfor sibfQl'!Mtiioa !llllMil .i't, has 

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-.maeM1.11a tjp£(dtuacioa,,: .'aJld. cali :qudably.FlleaJ;11 ·:t:o repe'Bk 

STUDEN'l\1 s -::brand ~- in~ :lmgl:f.sh.;.il -Jlr,lmnieor,mg .die :la'84UD1Pbiona ; ' ' . 

that STODJ!',NT,DiaJces iaaout· .ftbe-.i-h,1,ut,ihanct the,l:wJ.otial1:in£umi.n.ioa'd..c , 

uses, the use-r an·eteprdie •~St IU¥l1rad:lrcl "1irpn:ialaa to.'.avc,.!4.,i.· 

an unwanted ambiguity, or add new general information to .tee 11. 

global information store. 

The crucia!,_~pi!i:~--~ I:~ ua_~,; -i~~~~ L!.a__::~~~~~ _ _;,!s 
embedded ira a Lan-liine · t: ime-1:shuiag, :syu-f 0..aail·can ,,tbqa.-prav:ide ~e 

interaction than -iSlll}' of ,the :ot:ber• ,syttl:ema:cment.ion~. ·· 
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B. Extensions. 

The present STUDENT system has reached the maximum size allow

able in J,he LISP sy~teu. on a.· thb't;Y,-tWO ,tl~O~$,Snd w,qi;d ~ 7094. There

fore, very ii~~le can be addeg,. dJre~t,ly ~,o ~4e ~;e~~et ,ystem. Jill 
the progratlJll:lng :~tensions _m~ti~n.ec;l :~eJAn~,.e ,i:,di~,te~ on the 

existence of _a much larger m~ry machine,, 

WJthout,. i,nv~ting .. ~~ new t~ehn,iq'1es • ,I, tl:ti~ tllat the STUDENt . 

system could be made .to unders'ta~d mo.st of the "~l~~ra story pr.ob

lems that appear in first year high school text books. If new 

opera.~ors, ~el!.l ,combJ.1nat ions. o,f ¥,i~~-~~ o~r~~.io,~~ ,occur ... they 

can easily be l:ldd~ .to O~J~, ti\~ ~brc;iut,:i,Q.~ lf);>.~~ ~ps the kernel 

Engli.&h sent.ences i,nto ecwat.i;ons;. l');ie ,~1.PllW .pf fo,~J;s recog

nizable in the s~t• ~-m, \>,e i~<;r~~e<J: ~µ~~ •~o.grit1J111i.ng 

through the ma.chio..ery. a'\Nililabb fp~ s.t.~,~1\$ ..,glotw;; ~f,ormatiQll 

(this. was 4iscussed i,J;i,,more detail Jll- Ch,~t~r Vl• ,~,pro.bllillU.scit 

would n<:lt, pa,nclle ,t~e _ thc,~e 1Ji8v.,iu,gc ie~,~s~!,Veri71e.rbi.a~ .. ~r iu\Bli,ed 

" infor[Jl8tion about th,~ ~ld .not. ~pr .. i~.le ._:µi a s4:Jigl,e ,aen~ience. 

As men,tionecj, earlier, the ,,sys0~~~·~n ~ m~,,<'18~ ,o,f, an.y give?\ 

schema only-.once i.,n s.o~¥~ a ef,obl_Etm •. _ ~b i• ,la,e~ .the schema,, 

equation is added to, ,the .,$et of ,e41,1atii>,ns. tp pe :•plv,~, ax,.d ~8i var.i- . 

ables ,in 9le, sche_,ncil Qnly identi.fU¥1 ,wit:h, . .one ~~' :"let; o.f vari ... 

ables appea~ing in. the p,robl~. , ,o.,f.. ~anq>le,,, U ,"~i~q,nee equal.s . 

speed t iJDes tiID.e" were the sche'Qlcl ,,.th~ ,"4.iB;t!J:n<;..e,'.'., a.s a var~able . 

in the ,sch.etM. migpt be set equal ,tQ, ,"d:is.tance ,t;ray,~le,q, 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 S11JI)~t, coul,.d add a~ ,i~tan,ce ,of,. the •-~ ~.tipA$, with the 

appropriate su,bstitutiowh £01; each f.~,i;•J;e~, -,iet .Q,f,_var,iables 

101 



found which are "similat" to the schema variables. 

At the moment the solving subrout'ine of S'rt.JJ>ENTcan onlyper

form linear operations on literal ecfttatfons ,, a'nd iJubstitut:i~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'fflerent'i:s'tion needed 

to do related rate pro'blems in the differential calculus. 

The semantic base of the STCJDElfr system ·cc:ruld 'be expanded~ In , 

order to add the relations recognized by the ·,srtfiJy'ritetn o-f Raphael~ 

for example, one would have to add ori the low~s't 'leve'l of the STUDENT 

program the set of kernel sentences understood in SIit, d1ei'r mapping 

to the SIR mode 1, and the que&tion..,ans,,rerirtg rcnrt'ine to ,retrieve 

facts. Then 'the app-aratus of the "'STUD&f'? sys fem '"Otild proc~S'S' much 

more comp Heated input statements 'for the·;S'It mo~1?. ' One s"etious' 

problem which ·ttises 'When the semantic vase' ts· eit'eird'ed is bas'etl on 

the fact that one kernel may have an interpretation in terms of two 

different semantic bases. ?or examp·le, "'1.'otn has j 'fish •0 can 

be interpreted in both SIR and the present' stiJl>itNT .:syttem. To 

resolve this semantic ambiguity, the prb'gram can ctieck the context 

of the ambiguous statement to see if there· has been one cbns'istent 

model into which all the other statements have· been pro'Cess'ed. · If 

the latter condition does not determine ·a sfngte 'pr'e'fer~ed inter-' 

pretation for the statement, then both· interpretations can be stored. 

In addition to these inmediate extensions of the ~·1'\Jl:)ENT' 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'llJl>i!ft system. 
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. Another mor~.ec.it!l_lff ~bit,aty._ie-, tO':M{ti.H',.tiik~:t~ of speak

er's model of the world to attack Yngve's "baseball announcer" prob

lem. The baseball announcer has certain proposi~f~~f~2\added to his 

world model from the events he perceive&, i.e. tli•.~eball game he 

is watching. Mandatory application of certf.Yl-:•~t.1~. ~ul~s add 
i ,, r.,,) i}~(1 '= .. i.tf\ -'1\..: i>' 

other propositions, and delete some that ar•-"~;:l.'Wbi4•i.these 
' 

changes ar; ~ g~1~g on, the announcer is to 8t!JJ._!r..!te _} .X:1:!!llli_y CODI-
- i. '< Fr...;T~-\{J'n.-',r-\ ,)· ,'"\C~"-1 ; 

mentary (coherent discourse) describing thia Ju,,.,lt~~4$ watch-

ing. By making the proper ~ssumptions abo~i,~~;~-~~~~ntion 

of the announcer is focused, that is, whicht,:i1,Jlli•'~-~ · is 
l 

going to luse as a base of his di~ae at any t~\ I feel that a 
.. :··) ~ ~4 ,: ;i:...'..'., ,.,-4V, .: :,t:,._, 

reasonable facsimile of an an$t,~f '\'Nlf'l·be -~.~~- This is, 

of cours~, an empirically tesfttt,1~'11:'P._<:!t~esis. 

f j,.~ 

• ,; ~ '._, .• : ,.'', , : .,, , 't 1. . ,, ! 

Another use for this model for generafion. atulTarialysis of 
' J 

discours~ is as a hypothesis about the lin~~~-~~~ of 

people. :Psycho log is ts have built reasonable com.ptit,ar-modet-s for 

i, human behaviour in decision making (17), ·v-,.~_)!.-t~~~--,cif., nonsense 

syllables ( 15),_, -~--~ ,JC'Obh11rtt0l:viflg aitueiiee~1 {~y~· .STUDENT 
,. . l , ~ - ". • 

may be a good predtc.tive model for~ the behaviour of; people when con-

fronted llrith an ·t1'1,ge,)?i'.@'-~r-0~.J~-,t~ •~1"'$!• ~j.s, o(~~i,,, tested, and 
-' •. • - •. ., •~' • ! ••:: • ~'.;'.,.f'=t""'~ '""•'""'" ,.-., ..... ~.-• .i _-,, ;,-;:'t;l•» 

such a study may lead to a better 'uridt!irstanding o'f,:~n behaviour, 

and/or a 'better re'fi>rmu.lation of :ihts theory of f'a~~~~e processing. 

. ' ' 

I think we' •are f•i- . from -writingi_,,a. _program. which e;an understand 
•. ' ; .• A 

all, or even a very_ large segm•t of English. 11ow.-,ex. within its 
. 1 ..,,.. \,~: ~ . ~ 

narrow field of competence 1 STUBl!Jfl has demons~~-fa.\at "under-
.. ·- . • . . I 

standing" machiMfl. CJin be built. -Indeed, I bertev~·"tlra't using the 

techniques deve;to~'itt(ttiia, ~rd;l,-,-one could c~struct a system 
' 'id : i/,,i; ·· 

of practical value ·lfJitep would ~unicate well witjh people in En-

glish over the range of mat:e+:llr_l·'~~.too.cLby .t~--,¾!>~o~ram. 
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APPDlDIX B: LISTDIG. Of pB SmppJ PIOGJWI 
1) Definition of STl'.JDDT 



""" i, 

cc,t u, u1::~,'!''AU ,~w L~AJ(l' sot.n tHf1 '~:2, 
(GETEXP (fl> • </ (•Q IIIOllQS .(FN .GETl>CT 1. DICT.Ul 
' :;•'l>GftEttP')·'· ' ·' ·,,.,, · •: , ·,· ·., 

<,,r,· 0):\P((Jll:•TEAHif ~AildRDS1> · ,, 
C• · ' U · 1$ $) ((•K EQUAL (FN OPFORM (•K 1)) (FN 

·.,:►~t:: ~~K,~))l~ '(~J•,D S\M,V.Al,l,$l~A~,Q. ,,::: 

O 'LU•' U•P!,lDONfiNo..nA~ "fHIU) .. Mil' 

i::~:~~E~-t~~f:..;E/~;t>~l·:~;~;~N~LE) (TWICE .~~?: 
' , '.''~F THI. LENGTH AND WIDTH OF THE RECTANGl,Jj_,~.,~ . . · 
, " Uf'.fff J . ·. , , ., ,,:(01: 

~;oasiz Ul. -~~>·~.,(~NE oF THE NUMBERS AND THE o!!!P: 
( ' ' ,, NUIIHI> .;,• 'l ' -~iii'>· 
<• U> '<lui)t:n .. . . . PNtw> 
CIOHIO (flfO NUIIIHRO (01ft' "UMHR MtO 'hf£ i>Tfftt •tR) 
'" I ~ ; Wirf> i'., .. ' . . ,, 

<• c•t:• ,in~: ':Cr· , , -~ 
(~NEW ~,~p :~~~l,M WITH MC' t~l'~ATIC SUBSTUTl~;~f}i'. 

~~ ~ .. ~~'.,\~~ ,(•A,~)i) 1 (FN NLSHLF) (FN T~( 

(• U,1:~l:fvJ.fil) <~.' C•&.:O·R· G. PRB. C•E 1).)) .... ·.• tAGEPR08 F,·,~ GIW*> , 0 :' A } 
(UARSOt.l c~ 1'B.IIJ! 0 t , :· ,,;, H '! ; ,. ' ., ' YE ) 
twHENFUT ( i ~ M'llftlfi a.HEN) t nol• 't:ff ,( FN GENSYM) YE · i 
(, : rn\l'IA!NSltli'IJLM)) WMMIM-1' 
h • CIMMMIEN) l :; UrlttC(:fN GENSYM) YEARS AGO ((,. 

~, 

; ' (¢11£ IIINUl ( . ~'.:,:1(l) .. 

(WHENBOT (--.it:!:(Nll10D'll .outt.) ,. ''·<•· 1 2) llf 
WMENCO «Cl:Miit: ~lflLLi K 111t:fll l"CMIS')': '!ft·-~ 

atHffi 1-nNl'f:''., lillfi •s flMMU .fG)lr,1,~r,~2 ! : _:,,,', : , c.::: :. ,•ry ,L'i !!'ltt'> 
Cl'MLLIE fltQIE 18t0i (l•r;,,, wttN> 
~14NOW ({(1,1:af'ftERlaHns NOW) (1 S AGE NOW) , .... , 
((MOMNOW t' ,t,Ollt.:JMIS ,._'JIJllt,t,' (IN 1 2) F--
(."fOP -,,tn;;~ ~;, (MM) ··.·t1•'.t•Q PROBLEM 1 llH"li 
i" r:,,,f-.,.? tJfUL1: ~-- t:.;' ·,' I '.1?~; •. :: 
(-. CM.a ,'1Jt;slf!J'(/i/ .11.fQ:PROIIUMU) 'JMJ 
(--. CM r:dttr kt< (•Q: MOIILEM S AGE)) '·•tOM: 
t • tSl', •' (~~ PIIO&tGt> 1 > · · , >W·) : 
l• · "_ (:(1'1 / PERSON) S S AGE) (/ ( •Q SUBJECT 1 2) (•Q• .· 

.SUlaC'U 1 a J.)) •t ' 
.'' ' 

, CSUIIPRO,,• ($ ($1 ·/<IIRO),ll'f),t>((:.;A :auaJ~-· H fi,;,'Q', ' ' 
PRIIREll:;JJi'f♦(i REST 3)) PPAC>) 

(• 'ft) ,:(,( ◄A'RH,T.lJ, (./ (.w(l PROBLEM 1 S AGE) ('. .... · 
.HNICf, Ill,, > 0 

' • :. • ,: • ' S~) 
·CPPRO Hl. ,:t(, .. lf'llltfi.90 lJ " ' •' , " (, •> 
(POSSPRO • ,'C1. '.tU I POSSPRO) $) C<•A SUBJECTS)) 'fI l 

lf,Q ~PIIDlklK JI}' ·:c itQ ,Rn;r 3)) " - : ', 1 · _. l!NClfllO) 
,t• ,U>, cMG;IISf)') '(/ '(ltQ :f'AOaLEM U (•S(.i,lllflO'l!s 
, t:. lU«E· ni rJUu,-, 
C;UOPRO C1i> (tWA ~> 1 > 11} 
(GETACIE ($ ($:1, )/ PERSON) $ AGE) 0 (/ (•Q PROBLEM 1 2 3 
• ,· _ _ I{>. ftllllll ..,.~ .. ,.,a .1 uJ>•. , ,,.,, .• r~,;' .. m> 
<• ($) i,1,:, Ufltt)PIIOBLEl4) 1) •) 
(TAGE ($ THEWl AGts $) ((FN REMDUP (•K C•A AGtS)))) 
, ·:-1 <k<•ll\&.11.fiolt'Jl:E,t!IQ.,IIGHT'U)'~': ,·"'ifNMCl> 
C• ($) ,;i,~~ RETURN AGESEN)) IRACUT) 
. 'AGESEN ·(;I),; ~ .! (1 'flt<M)IIL84)) . :, ., 1 1 •) 

.l~ ·• , U,U,i r (M• <•E 1)) AGtDIRU 
,te ;~ I~ .D ~>- 0. , (/ :(,•S AGEOP 2 3 It)) seJOP 
, . ,; ( {i.,:, - t .• ; ' r n .. ,,· ,, ' ,, '"· , -. 

,,. • ·~ U {WAI.,~> - · 0 , (i (•S AHOP 2 3 It)) 
AitWJ~! :,·, :-!!lo/i, 

(SETOP • ~-. ~. ,; ai""'t (l, (!Q:: TEMP 1.: Z'U1,;, i .. 1118) v ,~Ml!11HJi ,j!I;: \JURS) • t · t. /' f,._,_ TOP 2 J It)) SETOP 
~rff'.Hl.#(f'•"" ,·•~\~;~•- /,.Jfb•:,.r "f -~;.Ui•;-;:\ 

'M,• ;,,d ~,,M,;,f#fl$0 AGO)(; :Or;:v·iCidtG f,PP,,:2,.1' UW i 
, t. . , ~ StTOP > ·· " 
'<•1 

(PP•(~,' .. 1, ~~-'' " SHOt) 
U Ofe ff,' .; (J.~1~GiOfH· (1:'(tll,l;IIUT 2H, ;•,:c"' 'U 

l• t!~ • int.~1~!!~,•,:·'.'.~ <•~,T~~-!~ <•~ ~~~= ~~!'~ 
XAETNEXT ! 7 , # V , "~ 1 , : , · FUTvt f 
'fl>PENO h> ,\gJ tl1J~i &tl:~ j/)(•S GARIAGE <•A AGE.OP)HJ 

H:UToP ~if, ~ 1·•1~'~4c_"•~1l "" '?'b~j) iP ' '•iUTo•> 
itASTOP lfl :1 ,, ,..,<'ft ~t~. L,fPl)l) 1 i•tASTOP) 
l• ts <Sf,7 D j) t2) •> EH ; , . <lv~•Q ~IND •K Ult. . J; , , !:lltHIJ> 
j~Eri U ;. :0 ,,.(, 1 <tS,P~O•L~•f.A f.lND>J> SENTENCE 

.. ~idht('rn,>tn: -~~b::~fQ 1
Mli."LE AND <•E 1)) (•Q MU 1)),, ('J" -. ' . ""GE>. - , '!"!' 

<• ($) . • . Ml E ) , , . .. . .. . ... , . •> 
t• , (Ji" 1.l ii' t,1fe}, -i.~- tU PDtl!) t•A IIIIHTH · " 1"TMIC> 
){· ' ' . '' ' . . ' ,, . 

:':•~: 

~~ :-:'.'..; 
!\, 

~ 

f 

I: 
,~f 
;~ 
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(OPFORM ($) <C•A FIND)) •) (• ((•P USING THE FOLLOWING KNOWN RELATIONSHIPS)) •) 
(• • ($1) RETURN) (• ($) ((FN TERPRI)) •) 
C• (WHAT ARE $ AND $ QMARK) ((FN GENSYM) :S) (/ ( (SP ($) <C•N VBL)) (/ (•D SIMVAR SIM)) •) 

<• 
<• 
<• 
<• 
<• 
(• 

<• 
C• 
<• 

<• 

•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> 

mow: $~ If $) ((Fri GENSYM) 4) (/ (•S AUil ,i <• .. ~.u~; )~:~•-~L:~~) 1 (• DOLLAR)) (/ <•S ~~. <•K.~ 

~rff.•Jrr ~~~K1 •. ((FN GEN~!Ml},~ i; (VTST cf•r~ '.~rt\i.· <•.~. l) .H~\!PH,:O.t~N.D) }QucW! u:) 
'~'}'P.''•l11>et~ $ HAV~ QMM~K~ . ((Fff.. M) (VT01, &~,;\.~ ~n '(J ;(~$ ~Tf$'{if 1u, · J\' :fl·'. •> 

'' 'ifHl!'I! @lt fw·•t \' ftWE)"•' ' ' ' 1 •i' 11 (• • 1/'f\~) <'' ,•~~fXZ ("11 'PtSff· fJ ' {/ l*S RT 1) 

(111#11-•t'A 9 SI ~(ff' GENSYM) ~) (/ C•S '1~ 1J 1 
'/;' • 

1
"'· 1

·· . . TEND) (flil~~lt'•,:.~r~~-u ((~~· GENSYM,) 2;· ~:;~~: }/ 'l: . rn ,, , f~~~ruu., t•N vh.. 11}' . I. I"{; ,vTo~i 
fffli.i ( ·R,MART (•K 1))) -,t w •f '~ ff l ''• '¥rt,~ ~ll,4,J. .. tO :S) (/ (•S ~RT :S) 
ofsE 'tiJt.iEOBY$) 0 (/(•SREF(•KtJ •• ' .',·,.· ,tlfx,~~'n;,:t: .''.·· •>. , 'f 'Qpfn~ (•K 1)) (FN OPFORM (•K S)H.P'' , 1 <• xiJ)I' ·~ J : , · , , " •> .,· ... 

~ TtlltU Tl .,., di:• • • < 'tt.1 · IWRIJ · ·, ·. •)' 
ft.'tt Df!il~*y U q (/. (•$ 1m l!'~ QUOTIEf"'. •. tWTEl«> t)t 'f \ ;tttY, ' , '., •>: . :<~- ·(•It 1H C,N-•0»ORM'l•l;U»H, j ..(• n,t)'Cl ·11' •. ,1!6,.l'll_~VAJ. 1)) , ,;;.,;~'TEND) .. _,; ' -Ruv ' Y'\' '' ·-u (f·)· .. ((itX ,d'rtr'",r, . ~ . . . •> 

<• · ct )! ' 1seo at i> o' ,,q.s·let,.,'t•ir:"PL\ISl (t' ·c• cu., .. «•N vn» )s1MP> 

·. \' .. ,~ t'! !n in, (~~-'.O~f~~ f•f)1P»),,;l I ·: 'u,~,N i(1:··· ~ ,. T~>t.s 'sH£LP i f r.li. ta'H, ·,.,' IT;>-·(• ' (•.ls' J ,.J {/ t•s·t~ECl-t•l'~AuU•)fN ~J· ~· ~ ,t...r:. 411fll,.l'~1111A-.'UNIT)) , •• ~-:Jr.ED('· . LT"•• p (t,itj e1,;0RM t•t"1))l,) ff.'71f' ' ,, . IN ' . ¼<' ,1'1?'1'.'" '1:'"' ,,!,L '. "~PRN) ,: 

·:.:/" t uolti,tue ,i»4ali,J~Ct1fh, <FN ol(;', ,Jtn._ 1 ffl r ~/~.5 oaoPRa u <•D Sl'f:!Wt >'!!..AR>., 
<• r ,· ($ 1

,: ~ VERB~$ AS MANY SAS$ ($1 / YERBl ,( t (SIM,., .. ~:-n· I) .(AA.QU,f\Bl), , r~~r··~~ •>;: 
'i, l r, n ( h ( EQUAL (' ' 1 "t' '' • ,,, '" ,I ; "'MSfltt,:tthOMS $'c.vt1•> N 

•• 1 r,< iuiiEa oF 10 a 11 11»>» j ilr ~ .. . ~,o;~>; ,0 ,:i, M,i't lffiEMP>: . t• , l;t ,c I ll>itt{r, .II.IT Pf>. U $ (U / DUO .. , , , " <IDT,W., '~-:; . ., i.p 1 , 1:., , ··':i; . ru• •> 
, · ,.;}~. IRELP C•f''E® L'(FN OPFORM (•K ltl' \ (b ~f,?< , ,,,- G MECTANCU:J \/ (•D IDt.lMP ;.. 

n,_,~,...,ltGf ... l,,1:H fff ~"9RM (•K J 5 1 ]aj>, :~ l z»~c\1c ' f '·• ' NEQ. \ e,M!Sl:~c 
': <• :· ~:,wr ,, Eij ... ~~•m~tf!61:·~0Sl"1!1

,; ,,, ''f ~' (/ (•O IDTEMP GOZ51_1» OH}~Sl~) -:.·, 

·:;Jwt:' ·cu;•i~~•i~ :i,,,h, $HELF (d EQUAL 1 ,Hedi i. o~h t( ·~~· :; i1:i·~"~i-~'ifdzlsot1
)) '~noL· 

·1· ei M itMnfvr,t 2)))))) (•Q WANTID •• ~T!f ~ (G02H, ~~,, h"~' ·, · 1 • , ,, .,. "1,1/M' •> 
' , , QP& M (•K 2J)))) ~ ,,< DF#fli , .. (' '" J\)l>f .,. . • •F 

'' UIMJ .. , 'l): .. ~it·;·'llI!ls· t:.f (•A VAR)))) el l. ~ :.;ct '), «f-..-· .~i ((DO YOU KNOW ANY MORE REl.41,-IPS ,. 
<• ·c 1- ,~. ,· li r*f•l'''-)1'E u> <•s EQn 2H . 1

• ,, ••• ,,~--YAN~..>~':>: •\lit•) •> 
. <• ... c. ,, Qtd= i.Rt: , i 111JH<.• Egnn » . . .. · ,,, "'• .. ·" .·. ot~ o . 11t>.. ci~i,s, ll.AA,·.· w~.: 1 • •> 

< • • . ~:It$ ( i • I < •$,- 'Jn, !,lH ·" _ IP1
0 

• ,< ~ . . l\'~-. ' __ , ; !, 'J._L ME .$~~~$) (~N,. 
0
~E'R'l''A '/ } ~G~~~:~ 

• • + - ' " •• •• , • ' ' ~ _,, '· ' • - • •• • - ••• , - •. , - - ' ., 

~-- l. 
\ lL • 

'·~ t:, _ ,~:nt>' : .. ,'.-." 

;~~ 
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Al!llm'.IX C :··· ·GtOBA,L ·pm,111.,mf iii 'sHr 
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 PLIHlAL OF INCH) . 
( SPANS .. IS THE PL]L OF SPAN) , . -
( ONE ~tF AL~YS ANS O. 5 ) ,.' . :.. · ·· · . 
( THREs:'. NUM8ERI A · YS MEANS THE ,1 RST NUMIER AJD :JHE. SECGID 
NUMBER, ANO THI TH 11l0 NUMBER) . , · ~ .· 
(FI RS 'f; lWO NUIIER~~LWAYS MUNS r ,. _; : .~ . . •· _ . 
lffE Fl'RST NUMER MIU 11t£ SECOND IUMIER~ , ' ~-
(MORE '.ffiAN ALWAYS •EANS PLUS) . · ·'" 
(THESE ALNAYS..:MEANf 'D4E) ·. . :.' · 
< TWO •.. •. r: IOMET1. MU MEANS ONE ftUMBEJt. :. AND THf dfHE NU8811)"' · . ·, 
<TWO NtfMI S IOMETIMES MEANS:: ONE OF 11ft 

NUUERS ANO TIil OTMElt. NUMltRJ . 
(HAS IS A .,VERI) •· ::. 
(GUS JS ~ VEfB> 
(HIVE ts A. VE&) · ., 
~ LUS THAI{ AL~YS-,J4E~S: L~SfHAN)e, . 
( LJSSTtJAN ;J.$ 4fi QtiR.('rOI Qf tEVEL- U 
1Pf1\CENJ l$,:AM. OPIR'AfOR..,05.- LIVEL J)": · · 

.( Ptft. CE■'l a.as ~H-~AQIAJ .. s :J4;Ns ... RlrEfti .. 
lPERLEll l):'i~~Pl~'l)R~t VEL l>-: :,:: : 
::~5.l\:t~~~~ J>F~:L~ ·- 2)~ :: '. ~ 
<TIMES' ts M ~EUiDlf OJ ~V§L U: ·: .. 

l~Wfft.-11d'1o~llftr o'P-L~~l~d~L · ···· 
(OF IS AN::0,ERATOR) :: .. 
(DI FFERENCt IS AN OPERAlORL ' ' 
(SQUARED {S' AN OPERATORJ~ • . · ·' 
(MINUS IS~JH J)PJRATOR OF. LEYEL-' i>-
(PER IS All;ONRtTOR) ~ . · · 
(SQUARED ts AN OPERATOR 1. .: : . , 
(YEARS OLI.ER :'ti ALWAYS.:MEAN&,.ICUS) :.,. ·.· 
(YEARS YOlfil'- ,HAN ALWMS #.£11Jit"LESS T~ . · 
( IS iQUAL·,:to -;ll YS ME- 11) . ·' . . 
( PLUSS I s-'AN :1J · RATOR) ' ~· ' ··• 
(MINUSS 11::A» OtERATOR) .· 

~~~r~~:,ltlSt~~S Rf&~iL()iM£TIMES ~ • 
TW I CJ; TH£:• I:;: Of. l'JtE Llant. ,:All)- ,.,,WI. DTH ~ .fflf RECl; .... E> 
(GALl,.ONS 18 t::.PUJRAL ., QAUiOl;J .. . . . · 
(HOUIS Is. JH ' tii.UIAL OF :ttou,o ' . . . . . • ' 
( MARY I S I,· PDSOIO . . 
( ANN:. I S A IEIIS0IO 
(011.J, IS )::,P(;lSfNl 
(A Ft THEA! ls A JEl$0N) 
(AN l)NCLe'fS-A PERSON) 
< POUios I J.~.~T• .PLl(RAL ,, POUND> 
(WEl,GHS lj¾A~E,llB} .· 
)) ~ - . . 

REME'18ER .. (.( .. .. . . . . 
(DI UANC&.'JQfALI $PEED:1 '[IME.S l'IME. L 
(DISJANCl;!l*a.l ~ CO(t&Ulil_lPT{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 IS) 
(IF THE NUMBER OF CUSTOMERS TOM GETS IS TWICE THE SQUARE OF 
20 PER CENT OF THE NUMBER OF ADVERTISEMENTS HE RUNS, 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 THi PROBLEM IS) 
(IF THE IIUNIER (OF/ DP) CUSTO ... TOM (GETS/ VERI) IS 2 ( 
TIMES / DI' 1) TME (SQUARE / OP ~O (PERCENT. / OP Z) (OF I 
OP) THE NUMIER (OF / OP) ADV!R ENTS (HE f' PRO) RUNS , AND 
THE MUNIER (OF/ OP) ADVERTISEM&NTS (HE I PflO) RUNS IS ltS, 
(WHAT / QWORD) IS THE NUMIER (IJI! I OP) CUST-RS TOM (GETS 
lVERI) (QNARlt / DUI)) 

(TICE SIMl'LI SENTPICES ARE) 

(THE PROILEM TO BE SOLVED IS) 
(THE SUM OF LOIS SHARE OF SOME MONEY AND BOBS SHARE IS$ It.SQQ 

LOIS SHARE IS TWICE BOBS. 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. FINO BOBS AN~ _LOIS SHARE.) 

(WITH WORDS TAGGED BY FUNCTION THE PROBLEM IS};. 
((SUM/ OP) LOIS $HARE (OF/ OP) SOME MONEY ANO 101 S SHARE 
IS It.SH DOLLARS (PERIOD/ DLM) LOIS SHARE IS.1 <TIMES / OP 
1) 101 S (PERIOD/ DLM) (FINO/ 1!1¥'0RO) 801 S 4ftO LOIS SHARE 
Cl'ERIOO / OLM)) · . · 

(THE SIMPLE SENTENCES ARE) 

((SUM / 01"): LOIS SHARE (OF / PP) .,SOME M9NEY A- 101 S SHARE 
IS li.500 :0C,LLARS <PERIOO / ,olJI)), . 

(LOIS SHARI 1$,I (TIMES / OP 1) BOB S (ftJRIOO / OLM)) 
,.".,, ';;.: ,,, 

·<(FINQj <llllll1ll ~· S ANO L01S SHARE (PP.100 / DLM)) (ltfl•NUMIER (OF I OP) CUSTOMERS 'FOM (GETS / VEU} IS I (TIMES 
/cft::U TME (IQUARE / OP 1) b .. (l'fftCENT I OP.Jf(OF tOP) THI , 

--NIJIIQR (OF /,9P) ADYERTISEM~S-'~KE / PRO) RllftJ (1'£Al0,D / OLM)_) , , -~ t.: , . 
;:~IM:~:~':Jt I 01') AOVE~}s~attT~ (HE Ff'ibj RUNS r~ "5 :; ?!f!E ~-~~::9E SOLYEP: ARE) 
- ~! · · ; ··••. . •. , ,: . , . <liluA\, &~flt. (~ltf,S SHARE)) , 
'-<iiaiiiT I QWOU) IS THI NUMltlt. to, / ,4P) ~eJ TOM i,nt , . '" _ ~ · ;, r.; ::·, '-
f'.~RI) (QNAII / OLM)) -' ., . '.·· ' .: ,.: ; ' : . . !) ~ ~UAL.:.,a.:z~•-~ $)) . ·• (., .. ' ' ,. .. . ' .. 

•· ·· ; :'.. '· . "'·· ., . , .· .. ·, , , ;,,?~~t"'<jplS~) CTIMES,i'(101fsiJi: . . ... . 

··. ~ ,~:£®,\t,~'.~- '°""~ Iii~> ', '' :.: ,;~~(:&lrs:.~,i SHARE Of:: ~E k.,E~ J~•·;,~IWIV; <~•-· 
. ' , , s; • : • , " :;, :: ~~~~~~J) ,.·:' ' ':; :' :: .. 7:. ' , ' ' 

·.·.~L GG~f CIUIIIIJ!t;:f P: ·•-~IIS TOK '-OITS r--vUlt)),) ' ,, ";,,: ,, ' < ; . ,· . ' . ' ' .. · ' 

,' ,iil (Jap~f'.9U~~-tKt /; ~dj p) 4'>. , >, ~; ~,:iat♦~~ ... i~~~~EilT_lG ~INI -~ ~~tOil 
tJ t..· }t.~ ....,_ ~-.,. t.: ,.,t':; 4) ..,·::.J .• :.'~ ,·: •. j ~-- ~- .... " (''/;, ... - . .,-, _,....,, "I" ,, \ , •• ~ .J.1 0 .~ '1.4. ~ . - .,._ .. f.: .-·~ , •· .. · ~., .- ·'. -, ": ' 

-~L-'(Nl1f4SIR·9H:USMMEA$ ~• <-OlfS / ~);lll .... ~,JU,t! ;; ' 81-.U.~ "'-'T1 "' . •, ·', · . ,·.. :'. · . · ., · .. 
_::~ft1p· .~ ~~~pit ~V!A!I~• <~E 7: .~ :aw,IH 2>)>.;. }~JUtttt~L,TG,C~i {~1>t ·· • .. · 

. ·: ,. ,_,, ·"-' ,'l 1- " CMifUIH_.. 'RIAUt· 
'-' ~- . ,· . --~,;-<~-~'!•·~r•!- !QIML TO <LClfS ~QI.R~ OF Sot,IE an» 

(lMI' ..... - t~'NMJRI 'rOM GI-TS IS ' 112 i 
., . . ' - - . I.,, ·., ., ~ ~- • 

~, .. ;, t ,,', -, , t 

: lm.~6& 'iiioa OOL~s~ 

U.Otl tKM! ti S 110tl.AAS) 
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(THE PROBLEM 10 BE SOLVED IS) 
(MARY IS lW I CE AS OLD AS ANN WAS WHEN MARY WAS AS OLD A$ ANN 
14, "!OW; ., ,.,, "'-'llY ),!Ii ;a., YEA"5, .8~ # HO!ft: ~ U AN1t A,) 

cw'11H MAHIJA'10irt SUlS'rrWi-1oid' nil' PROa'{iU-1s,· ' ~· . 
·. (~ ... I.I I -ll~f\.M, ... • ,,,9,IJ> .AS,;Nf,i. WA$, WHE_N .. MARY WAS _AS OLD AS 
~. I&, ,-.w •', lfi.~ i, AA ,Y,~S. G~ l'·)IH~ ,., ,.., Q,) 

, •· ~-, 0.,JJ; ~)ION THE PROILEM IS) , 
· .. ,. . ); 4_fi :;t ,T,IHP--f OP ,l), Mi __ ._:0 . - •. . I PER~) 
, , '"~, . ). WM A$ . IA M (ill /. ON) IS NOif 
. 1110D I DUI) ,t1'1~ , n-.ON~ IS I\ v1m ~ (WHAT / 
,~>· .~ ~ /: ,~ ,~K I OLM)) 

; Wtit' $1'Mt'L'W stin't'Mi:R AJIE) 

. HtAAi!..:L!~> ~& ts a en~, t, o, .u <ANN , PERSON> s 
, ~jjl•~- . ~- ·• (l'Sill~ / -~ )) 

nm~,~- U4A1tY / P£00lh SAGE IS (ANN/ PERSON) s 
iiif .. ._ CPtlti'Olt 7 l>LM» 

· ·-«'lllll1IT"', flP'Hllt s· Mt 'TS tt CPU 1'01) t· DUO l 

,~ ;I MIW !;I: OHN I PERSON) S AGE (QMAR!t / DUO) 

~f':; t I;'; ~ v \ 

(THI EQUATIONS TO IE SOLVED ARE) 

. i.(~JlflfQ:M,WI-,/ ncit,SQIIJ, ,4t~G&»: 
"[,}·,f"j \ ~Jf~J,J1'• 'J >-t•-4~' •• ,,;,. '.'. l(:, •, ' 

(EQUAL ((IIIARY ·, '•nuVNi' s AGE) 2-) . • 

·,?~t -I :1>11't!,OM>· !Ii ~➔- -<~""6, ~aJW»,,c,<""' 

' flOMW.t: i("(tU,,ty' /',t~d,i). S 'Ast'> (TINES 2 (l'LUS ((ANN / PIRSOf) 
.-:,lJW), ,.._li!IUI. <~H H, ·, · .· .. e:· • · 

i:/; ?; ~~_:: 

(ANN I AGE II 11) 

(THE PROILEM TO IE SOLVED IS) 
<Ttt~O TliE PERIMr!i{R OF A R~CTANGLE AND TKE PERIMETER 

';"Otf,4( . t•l•'~.i S, tFlTJf( PERINUEA OF .THlJllCTANGLE 
·• t• "'1k ·,jltta-ffl' F THI! TllfANl1LI!'-, •lfftAt fS TIit "l'flttMETER 
-~ ~~,,,i~ \ ~L~. q, >,. 
(W ITN !WIDA TORY SU9ST I TUT I ONS THE PIIOll.eH l I) 

.,.,, ..,,,,..,._ .. r~ A I\EC'fMGtt AND 'ftl 1MINETER OF A TRIANILE 
II 2' INCHES • IF TKE PERIMETER OF THE RECTAJIILE IS 2 TIMES 

·i,·itlll)tllllfAIWtatff. M·ft.tAIIIGLE, WHAT IS THE PERIMETER OF THE 
TRIAN8LE Q,) 

WwtW WOIIII JrMre''4Y l'WCl'HON l'tt! ,...tlN •i> 
'l": >(ftUk PIW) -....iWttfMiiftlt '(Oft''/ W) A"1MofNLl!'MD'''iMt ftRIMETER 
.. 'i(Glll'fwt ~ 'flftAIIC\\1-~U'lli INCHES (PERIOD/ DUO IF THE PERIMETER 

·(Olt> t·ffl-,W •mMOL't-1'$" 2 fTtNIS ·t 1>P"-tt 1'NI" l'IRINITIR C 
,~l,~,<4.f> ~lHt~l!Altft!.,;1.~tlflttT I QWORD) II THI l'IIIIMETER (OF 
I OP) 1'HE TAIAIIGLE·(_,.K / DLM)) 

~I ,IUIJ!Ll,1~1$ AJU , 

''"SUll•.I ~).l Tltl,,.IIIIMlllJ·•<O~,;,_{.;:r>,.A-IHT-t,J,~D THE PERIMETER 
· · <OF ro,, A TflA114U rs ,., 1111;"" c .. tuoo roam 

,i
1'lTNi''H,ir11ttii•to, 1

'10,J'THE IIECTANQLE "2 m•u, op u 
·tllfl,·""MIT'' W,t .. ~,). ll!!f TRIANGLE <l'EIII0D / DUO, 

((IMAT / QWORD) IS THE PERIMETER (DF / OP) TNE TRIANGLE (QNARK 
/ DUd> 

,r· .,1.ei \'ft"~ 'I :, . 

',+.( ~~~t•-·t'. Cl~;.· ~1',''':''1 

~, ).~fdt Jj it ;IQtvlll. ~U 

~" ":cll'ilfadinfl<l'lt11METEt1 oF TRIANGLE» 

(EQUAL (l'EIIIMETEII OF RECTANGLE) (TINES Z (l'ERIMITIR OF TRIMMILE))) 

'
1 

tt'adl'tt',t!JJ'WE~,-.u,.t ;o,; RECfANGLE) ,,.., ... tER oF TRIAHl.E» ,.,,. •• ~~>> 
~r ,, ... , t;'t'.,: 

(THI l'EalMETll OF THE TRIANGLE IS I INCHES) 
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(TME PIIOILIM TO IE SOLVED IS) 
(IILL IS ONE HALF OF HIS FATH£R SAG£, YIEAAS AIO • Ill 11 YIMS 
HE WILL HZ YEAllS OLDER THAN HIS FATHER II IIOW • HOii OLD All 
II LL All> MIi FATNU Q.) 

(TME EQUATIONS TO II SOLVED ARE) 

(EQUAL ..... ·(<AIM,,_./ ~) S. (fATHEA / l'IUON) S AIU) 

(EQUAL ...... cc,:, Li') PIIISOIO s AGE)) 

(EQUo\l. ,,._ ;{{IIJdr;l ..... ► a AM¼ -UJ ,,ws 1 UI~ l NNOlt) 
S (FATNP / l'IUW).'l AU)}) ' .. . . 

(EQUAL u'ia'1i'.L / ~uoiu s: ME> <TINES .HOO (l"LUS CCIILL / 
l'IRSCIN) S-1(.,MN•· cl ..,...., I, All). <•1 NUS: •►,)~) 

(IILL I All II 1,> 

(IILL I,..._ I""'" 5U-

1~fL T&f~ ~,: ~t Cl. Al aus Al 11 LL s F'ATMl- • z 
HAI$ ,....i'W~.4!J.~ 14-~JJ..aJ J ~ AS OLD Al IILL 
• THI SUlf;9,~1'_.~ l~ ~,.,':lf:JIII> ,ljJ~~ •~ .,> 

<THE 1QU,fttk ff .• ·-~ 'ui)· .• 

(EQUAL ~.,C(N~,.f1 ~l!MfP. ~le ~l,r~~·,~~.,f:~~=f-, ."'Y 
s AGU (~-,_~,4:, . >U~ . . . .IC •• 

(EQUAL <-.. ,~'™- ·/ ;~ "' ~1'Wl. I ~,. ~), ,11 • 
<?INII '.('M5,(~'4-i,'=f.,,SQNt {~, JU:) .Vi h.bl .. ·· 

(IQUAL cciYr.'t. i 1
~)' {citnftlt ?~,. '(iMl:Ll"/ PERSON) 

I AIU CtUIQ ,J -C (itl '-'e /, ~> .-. ,.(l~1"H I n-..i>. • .¥11H·> 

(IILL I AGE II I) 

(Tttl l'ROILEM 1Q IE SOLVED IS) 
CiA IIUNHR II NULTIPLIEI> BY 6 , THIS PRODUCT IS IIICAEMED IY 
_,. • 11111 RESULT II II. FIND TH£ NUMIER .) 

: ,_;,!''· 

(TIil IQUATIO• TO IE IOLV£D AR£> 

~ • ..,, .. ,.,~u 
caQUA\.· WLUS ctuiu 'h111N&1a> 1> ,,·, 111 ·,, 

'!!!! riii.a 11 i.> , . . 
,;;';&;t'.-¥~"1 liiLiiD1 ,i, IL. ___ _ 
(THI PIICI OF A IAIUO II H.70 DOLLAlll • IF THIS .PIICI II !f l'IR~~ LIii THAii THI MARl£D PRICE , FIND THE IIMUD PIICE 

• I l";· 

<'1'1 ~,- • 11.,~1.1~ ~) .. 
<•QVAI. ~Jll l~m· fltlCI>> 
,~~~. ,11~i1,,i,..,. ~•••• ,~ ;,icim I . . . .. .. 

CJQUM,.•illlJ .. fF,MNt).,T-lfP H.70 (DOu.utl>» 
' 

(~--,,~-:.~►:,..-;_•.~, kLfr: .. =1 ""U1, n,z ti££ Y:'""'flfH..,.·(f I' .. ' .. \ ".'.] j , t[ lfk"' .. '' ,.=•--=t-.»' .,,. •· ··.' .·•:·I';,•·!,,~,, 
.._ fW Ali ~:IM 'MIIIRY t1N ..,...., . if'l'-..W·•·' ' 

• ...... ,.,:--p:1,1 ,,....IWF1"11fllifiuli iJ;!t 
l~ l i;, '."'f .~ 

'l'"';,--.. .... -- • .,. . :., ' . •-' 
<~,·~~~ .. ~,r,•·~·"·}~'.f• ~,~t•r 
(~L <.-,Jl,JtF. eu,,ip (NARY / PERSON) (HAI / VEIi)) J) 

, i:,; \.ks. ,, ' ,,. ',_ ' , 

<~~~•tt:.f~• •- ·~~ 'i -vt~t'H JTi• 1 , .. ., o, 
,.-~: <~''.1 r,ra": .~ :; , !•>U>,. 'i ;, _': .; . ~ . . 

'• ;{ ••· • ~ • _: I •,• \ 

(THI IIIINIER OF Fl IN 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 SPAl_t$ EQUALS 1 FATHOM_ Q,) 

(THE EAUATIONS TO BE SOLVED ARE) 
' ., I} f.; ,' -·, 

(EQU.1t ioun CTfMD- 1 (MNIMS) n 
(EQUIIL. f11Md 1 ;C-f!AlftdCn.J.,Ctf1NII & (HIT))) 

( EQUolt ff I MIS 1 ( I ... » (:tJ MIS ct ('I NCHU) U 

·"Tt ~ • 

'IKE EQUATIO~ WERE ,INSUFFICIENT TO FIND A SOLUTION 

CU ·,'£(11-·1 CY-)') ('ftMU ) .(QITlH .(IIIUM; CTIIID f; ,'; 
(USiG TH( FOLLOWING KNOWN RELATIONSHIPS) 

c FEIT c-tOcN 'It HWCIIUJ1J» ~ · · · r·, - · . · · , , , 
:, f _I\ · ,' .'. i..~ · '-. • ; :'.- ~ f ,: ; i_;' • _ • , • 

!:i:t: \ . - ·: ~r .-
U liAfflON'J'S t _,.,.,, 

1 t.l LA-Y l•,,"'-'~t r.rfE ~ 1·•'1"'"~''!" 

cTHi:·,.,,L.,.·;o ■E so~vio ,s, 
(THl! IUIHR OF SOLDIERS THE RUSSIANS HAVE IS ONE HALF OF THE 
IIUMUII •r•■l4Hlt~•AYI;;,., fijl.fM!IIH OF,MS"'TIIIY ~VE IS 
7000. IIIAT IS THI IIUMIIR OF· SOLDIERS fHEt HAVI 4~) 

21~orr1~.1 ~:~~~.:~ 
,· · t,.,,~~f"i.;..; \If ~:l-'i~,' . '.T 

(TNli ... fttllliitl)H IOt.VEO ARE) 
1 ·,r:i:.-J.1 

CEGllll IN11t1:,&1_,t Ndl>l,IUN CJl,tE\' I . .,.O),J~~vl VIAi»> 

CEGIAL (IUtllR OF GUNS <THEY / PRO) (HAVE / YUi)) 7000) 

~=i~~.=,li~~,t,'~~,'ffl~H,tJOa>act"'" ,.!~ 

•:r•,r,~: 0-iflW&i(t;; {lt. t.~ce;·~i~J':~ \'l11i)ii.~_t1:~, l1i 

ntEt ....,..._, .. ,., !1-IUC IOI'· q, f IM ~• .ftliluq',J ~ 

(ASlolMt1•1m.n,., ;u Sr lOf,\C "', 
<CIIUNIER OF SOLDIER$ (THIY I PRO) (HAVE / VERI)) II EQUAL TO 
(NUMIER OF SOLDIER$ RUSSIANS (HAVE I VERI))) 

r.1r:;,zl i. ~; ,'.":: ?:.r-c F 11,: ~ 1 JI'! •• 

~ t: 1(-:l-. ;,' ;~L'.U:i :~~ ~-,'\~(' ;::;•. ·, , ~r •, • 
(TMI' -II: ~Fe aUHJIM ;1"1\' tl~.E ;t,J ,5f,90 ), ,. 

i~'i 1, ... · 

l ,.;(fri~,; ,°' 1. ';·l 

:1.'J:' IC 

(.THE PROIUM TO IE SOLVED IS) 
(THE RUSSIAN ARMY HAS 6 TIMES AS MANY RESERVE$ IN A UNIT AS 
It ~~IF Ill iLOI ERS , THE PAY FOR RESERVES EACH MONTH 
IIS SO: l $ ll~ rTHPl,IIIHR OF. WUVESJII ll4E 11111}.-! .MIQ 
1'tl IPblT' ·fttt·Rt&OLAR ARMV l!ACH'-IITII U'I ~• ·ttllES 
1'!E NUMIH OF INII FOIIMEO SOLDIERS , THE SUM o, THIS LATTER AMOUNT 

N.:lrfJ "R-IE•IRIS EACII MONJM EQVAl,,!.J..••ffl • .t .. FJlllt ntl, .. , 
. ICUUrUIA HITTNt ltll$11AII- Ul'-1"1 NIIIU 

IO(OIEU IT HA$.) 
t ,', ·. ' , -~•) ~-: ' :. ~ ) • . .' 

qnir.•~t~a.,;;ifia'solvto ARE> ~~"~n~~':t ',•'R ,qF \ yt!l~~ED so~o•. ~RS p !:P!.O) (KAI 

' <J~h,_••nst< __ •_-~J o_F.J1_u,llv_~_ J"l'"q_ ,11,-1~ _., ,~ I v1~,H - ,. n(' , r ,, .. , , . ,. . . r, · . . . . , , . 

<kwti·,~_IM_' ~., inlif ~ ... "~~dtAi ,.~·tAc~ MOIi.·™> (P~Y 
'f'R 11\fS~•~ Jt9f ,~T¥>,! n, ... ~ .~s"o ~aqL~n, ,, 
(JQUAL (ANOUIIT .SPENT ON REGULAR ARMY EACH NDIITII) <TINES <TIMES 
IJI,~~)) (NUNHR. OF UNIFORMED SOLDIERS))) 

ticauit_·,t_,_"'_u; .. 1m,.w., ui:H iiibNTii> t-'riNU;tHiers(so.-:tlioiws» 
<pt~•Ji~ :• .. MP,. Ill! UNIT>» 

drcaci,it•fw.ijili,. 'RittA~Es 11i'0Ntt';R6ssi~' •_'" uiii'i'vDI>> ', · 
(i1"'5,,l,(~,Of,,UltFO .. ED SOLDIERS CIT/ PRO) CHAI/ VIM»» 
J 7"f,10~:: :::::t•:·~ t.:·•,,.,~·•',.(;: " -t<. ~'.':t€1: , '•, ,:·~'·1.•.t.i l~·,~:, 1•·:f, .l<;1'.:': 

.... ~!!;M.1~1 l"''1"1~Jl,p? ~;FINO A SOLUTION 

-

THAT>. 
.01 UIU FORMED IOLD I ERS) IS EQUAL TO ( NUNIIA OF UN I l'OIINID 
iH'f i~~l YMf./ t"~•~Hh '.,j:)t,/ ,,,,. l(,~;' , } :'(10 'J\'CI ,· c ,, 

--

,.,..,. ,',}, w ,.,,... -~r<''d,-.. ' Q"',~, ;'-lfr,._~) ""r!it l.1",f1"". ' 
!! r ., ., . 'f ~ •• . , . • .., ~- ·r , , , - . -~ .., , . . . ~ 

I'll tliaitH ',.r EQU.\L 'fil t f iWaa 1of11Uibt:s 
, f.<if~ "/t/y£H» > 

~~~,: 111 .... 1'.J. A•UIU'f 'fMl"RlilltM AaNY,,AM IS IOO) 

(tntl NUNtll 01' UNIFORMED SOLDIERS IT HAS II lll) 
·,,. r: :_-"i··;;. .,, . ,: -~ /', ,· ri -4 .. --1·)n ~-'. 1 

-h," -~ ( • ·','.Ji:•{"<;~ ,_.... i: •~:.H"'~'- !.•':'I ~ ;.,,,' \' f 
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<THE PROILEM TO BE SOLVED IS) 
(TH£ NIIMIER OF STUDENTS WHO PASSED THE ADMISSIONS TEST II 11 

.,fllllClllll:ICil:'THI 1t1AI. IIHtNR OF: lt'1Dl;lt'l'S IN THE HIGH SCHOOL 
, IF THE NllMIER OF SUCCESSFUL CANDIDATES IS 72 • WHAT IS THE 
NUMBER OF STUDENTS IN THE HIGH SCHOOL Q.) 
•r•:,;, n, ~.~)·-~~··· .~ 

• ,:•,. ~:; ,~ <) .,i. ..: • -

" :{TIii ,GUA'HQNS TO IE SOLVED ARE) 

c..-i. .. SU,(ffUlllll:•QP :IT1,1DIMT$ ,UI ltl~ ~HOOL» 

(EQUAL (NUMHR OF SUCCESSFUL CANDIDATES) 72) 
.~.:·:~~?._J:t :11. ·:·~'.-~.t f~}J.f,{ . .._ '-,r:·~ ·.·. ' .= ·.' ., \ 
.,(411UAL ,....._ ff?t~ IIIH.,J'ASJCi,AIPlllSUINI-TU,T) <TMI~ 

,1000 (TOTAL NUMIH OF STUOtNTS IN HIGH SOIOOL>H . . • . ' 
~'r ',•: }~!Iii~., 

'.1!N£ ICIIATWIIII, ... MSUl'PtCIENT TO FIND ,A SOt.UTIOH 

CAS .. tH ,!Jffll) , . 
((NUMIER OF STUDENTS IN HIGH SCHOOL) IS EQUAL TO (TOTAL NUMIEA 
OF STUOINTS IN HIQII SCHOOL)) 

RH';f J '. .: .' \ .' ·-_ t •• \ ; , . , ;- -, -~ 
TIii llllll!l'ltfll•;WIRl,•llSUFUCIElll TO ~•NP,. SOl,UJION.,,_ , -
. !'"'\·A~:· i~ -_, '.. ,•r • ,t '< ': ~ : : · ·, ., 

t.~/ i,; i,~ ;,~- :< ::o. ,,f :: ) ; 
Tl!U!!fLP.QUlll,U P}.l~M.L ... 
(tflli0 .... LEIII liN'fWM I.DIOMATIC SUBSTUTION IS) 
(TffE NUMllR OF STUDIIITS WHO PASSED THE ADNIIIIOMS TEST IS 11 Pll'f:ffr.i" 10TAI. NUMIER OF STUDENTS. IN Tffl HIIM $ct100L ' ,~,°i a• IIF,:..._S WHO PASSED THI AOMIIIIW TEST , 
,;fr'.· :;;,.,,~f~~~~l~~-JN(Nlr1tt•·tlllQOL Q.) ! 

f ,!'.. '~ : .. "'.·O i1,.:'f,L:; i F;:' (Vi l.~ 

(TH£ EQUATIONS TO IE SOLVED AR£l 

'(t!QlfM.• 't'OlRll1 ~- OF' '$1UDINl'S tfl.!l:t:Gtt SCHOOL)) 

(tQI/M.i • ftAMP: V,fl'Wl"1S! .0 PASSID ADM I SS IONS TEST> 72) 

(tfQUMd~·- S"I\IOl!Mn:NHIJ PASSED ADMISSIONS nsn (TINES 
• J.J,.C!O (T~TA\ N,_UMIER OF STU0

1
ENTS IN HIGH SCHOOL))) 

THE E~UAJIONS WER~ INSUFFICIENT TO FIND A SOLUTION 

(ASSUMING THAT) 
((NUMIER OF STUOENTS IN HIGH SCHOOL) IS EQUAL TO (TOTAL NUMBER 
OF STUDENTS IN HIGH SCHOOL)) 
~ t n ;,,r,,r · ,-...,~ ~ I "" • -..; 'J 

· ·•UM·-• lf'"lnDINTI tN THI llflllt •tNOOt. ii''' 711) 

'\<:as !ie!U.iJf~i rN~ii'lo, i.os" Ati'd.Ei.t!i"Yk!' ,_,, .• ~tits, • 
"ff~•1m:E SPEED OF A JET PLANE IS Ill MILU PtR HOUR • 

•
11:;,,r~~f!,.T~1•Af ~~JS. TO,::aAVIL FR~M ~~- YORK TO LO$, ANIELES 

.':-(\1,.\ ;:,, './\~.1 j 

, <;r~, £~IP"". 10_ ,.4, JPLVEP ~I>. 

(EQUAL 802517 (TIME (IT/ PRO) TAICES TO TRAVEL FROM NEW YORK 
~ , TI', Lps, ~!,JI ~Y. vµH · . • 
,c•ttbult' 'tAYi~IE" ikto OF JET' Pt.Ail£> CQlloh~IIT · (TfNh•·11t CMI LU>> 

f'(~~~~: 1c,f~!)~~:~; ••, · · ' V_f.· , 'f1 •'{''' "' 
hllU"L"tDflTu..~'rwulll kEW'YbllK to tOS',ANntES>'( ,NU'holl'· 
<lf:l~mn , ,,, 'h''' .. • -~- , ... ;• 

"•\'~f ( "fi.,, -!,'~1~ ti' '•/ l ( i t·,·l') 11 J. · \ , ... i '.(• l ";'~ 1 ~ , 

"•l~lffl;;ww~¼~unm1iq .. r~1:Fft1R.•·~1M~UT10N 
•1~&i1Mf'Ttit' M\liuiil(lWh6 lttiHw~t-sr ,, •Ii••: •,n 

,/~:R~ ~~~-~.;,u;: ~~;:;~lo~!.;a~:. (~ .. '3i~mP 
"lfff!f1 NG TKA T> 
~~~1~J~ JS,Mit~ T~e Cll(f:~ SP,,£0 JIJ, JU ~IP, , . 

,,tm~,t.~lt"Ti()ii'•ME (IT , PRO) TAXES TO TRAVEL FROM N£W 
YORK TO LOS ANGELES IT JET) ) 

. fflfff'Jf,MJ~~~t 10 Jo1~tA¥C! FROM)iw ;(~IC to ~6- •ELIS» 
., ,·,r 

(THE Tiffi_ tT tAIC_Ei' to tllAVJL FRClfl llhr'YOitg TQ' LO$ PiEr:p IT 
illT 1.$ S:ltOVU) . · . .. ' ',. ., 
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( T11£ PiioBU:M TD ilE SOLVED I$) 

~.

l, Q.f:,,,Jo '!''~.. I MIJ(.E», .. N.UTS IS THJ;:. $~ .. ,Of THE C.OST OF 
. . . '$ '\'H l .. ~ AN!) ~ CQS't OF fa,t- .~iCA!'iS. Vt l~ II~ 

: ;J, ®:S:. ,C.OST IS $ 'S. 500 /'ti1t WI! tGltf , 'i\f ?bUNDS 
, . F k IJ 'Wfl· IS THE SUM OF THE NUMIER OF POUIIOS 
OF A~ IN ra.:;11 AND THE NUMBER OF POUNDS OF l'ICMI IN 'mr ;-mn 'Wl''wtllflS"TPOU'll'DS--~ fllt""C'OST-OF' IUIDIRIS'' 
rM IMIM ttWIIII, 1.,4_, ,11 . .,,MIO, l'HE-CQaJ,.,tlf~tt:CAM l'lll POUND O"t-,u,.u TS "J ''1.'lft • ftND·m·•cosr elf' 'l'ltl ... ~fl40HDI IN THE 
,_.. Mf.;~L· ~ ~ ~S IN THE BOX .) 

o•~•~ -rp. ~,~vM ~>:-, ,•; 
, (t:tli,if'wio«fi)(COST OF PECANS IN BOX)) 

~-;~,~{ .. tci'fr· d; A1)4'tlliiit t'N fflH 

·H~r<~~~;, ,~~~s>., <TIMES 1 ( POUtlD$ OF PECANS) ) ) 
·. ~•,-., 

:ilMt,,!QUOTIENT <c:c:sT OF ALMONDS) (TIMES 1 (POUNDS OF Al.MONDS))) 

, Hffl , lS~M!~~\ t :- '. ·, v:,;;,,; ·: 1111:,·, t. N, : <:11v ,, · t 
' f-L ( Wftfitrfll,1 ,l.ftl !iftdullWiCi, 'O): M, tf, Ml~ NM•JQJV •~C >., , 

'tftllL >Mfilllf~~·~ 'O):' ••Of; Mt . .allEaunt (Hff~Cllllllltlll 
,u.m,tll;!frA ·'· -i,.r\.,'ll· ~Hti\~':, ~F POUNDS OF PICMS IN 

(~<ftllfEtlt -lOF"4«1tB IUl'S,,,f~1- ~IJUH)(IGLLARS))) 

•f-Li'!fftft .,,..¥:MIXED NUTS) <PLUS (COST OF At.MONOS IN 

Jlt 'fflfs'' <~~MC
1
~c,~X>},!,, :,.,·:.•, ,-ErN;;)) !- .-n- ... IHIINM~laWB TD FIND A SOLUTION 

(MSUMIH TIIAT> 
C~NM,.._.t fl E(tUAL TO (NUMBER OF l'OUNDS OF PICANI 

!~i:~f~f,!~f~r~i tt~!:K1.~~~i ~~;}, ~-, f: 1 !!g ~-•i:· f ).~:~r<;~i~ij\~:~:;\/ ~~,\~~f~i•f.; ~~· ,!(,._ ....... T1•11· ,,,,, ,,,., .• ,. ·,.,~- -~1-··· • ··•· · • •· 
1,:Snft U, '. •~-·:':- .::;,1.,I; ~·t,t. ~,,.;-{~J•oi., ,;' •l~I .~ ··.:·.• .. '-. :.,.·, ,,,,. 

i.itUOMtWnflc:AISl(1tl HIJAl.,'NII tfilltl;.OF,_;_ . ,J""11!'111"!J :_' - :.. 
t,.·.ht' OV!r.i. t'lit'1 ... ·1il'_ r; 1 ~H? '·";t: ':f ' 1 :t{;fr,:, ,., .~i>f ('!A(.:·L1:~t'·: 

ff5,:=&:,rtt~1raDEQUAL TO (NUMBER OF POUNDS OF ALMONDS 
IN IOI)) 

,(A$$UMIIIG ll:IAT> . «con"' AfMGtlDS) IS ·E<lU~l. TD (COST OF ALMONDS IN 101)) 

<THI COST OF THE ALMONDS IN THE BOX IS 2 DOLLARS) 

i<Tllfr,litfT 0,~.-1H~J~~f l~,,TH,E IDX IS_ 1,Ht ~LLAlll) 

1 <TliiifMfo,ltif ~ it"iol._lt HJ 
; ('UIL.W ~.ll!IPTH>N OF MY CAR IS 15 Ml LES PER GALLON • THE 
. Ol'f\Mlft 'MWtlf lilll!flNilltt01ilftif YORK IS 2S0 Ml LES • WHAT IS ~!=- ,~J~L~f•r Of, 

1 
~J USE~ ON A TR IP BETWUN NEW YORK 

(TV~~ Et,~~,I~!! T~ .• ,,•~•~fOLVED ARE) 

(fllllllW'.,cu•• ,_ •., ll/41.tll_Na ,QF ·GAS_ ,»s11> ·_0• •_Tfll_" ,HtNH_ ff,, 
NtW-Mfblltl~• ...--,.t.;,,,· · ·· •, ,., .,. ,,, · ,. 1 · 

{.t.H{ '-:,kft\tH"~N ~ll.H 11~~ ! l ,.~·ii ,:' '..i: . ..... 1 i:t·, , . 
(EQUAL (OISTMCE IETWEIN BOSTON AND NEW YORK) (TIMES 250 (MILES))) 

i i,1$.Ui<'•l i>O?'i> Hiff !n, ,~••!~ 

I (ECll4L (OAS C011$QMPTION OF MY CAR) (QUOTIENT (T1ME$ 15 (MILES)) 
(TIMI 1 (IM.LO.I)))) 

! lHE ti'{HViltn,)t? ¾i'.~r :;.;·t•~~ ( r•~;; ,·~ 1 ti~;.- ~· ~~,:rti1~'ci}1 

ntE EQUATIONS WERE INSUFFICIENT TD FIND A SOLUTION 

u~:;:r .,J;1lo""u~~\~W'1iih1r.~~1~Y: 1
• '' .• · ,,, • 

(railk ..._..,...CJ'IIBn:.C&M™ "f,lMIA,U (i(WM. (DISTANCE> 
(tfNH (W ll0il111'1'10l0' '(l1Ul4Ell l)'F IAIXIHIS o,'w USED)))) 

clllllf.l~ rnMe ,·,i ,,,,,sci,r~)) 
((t ........ M IRMkt~Ji.~Affe!ICE BETWEEN BOSTON AND NEW YORlt)) 

l auraltlt011f ,Ii/ iij.-(-'to''i11b CON$UMPTI ON OF MY CAil)) 

I (AISUIIINQ THAT) 

j ~~-~ »~~t~~~~~.T9fl~:ll 0~ GALLONS 
{1H1i «:t\t,,l :,r: Jt1.i 1 .. :; :.i:l n _.·.: ·1; •.t •,;$,~.i ·1 ;~,-;,, .. ,r1 ~ ·0, ) ,· 

,Mt\tclaia ~ "~iuiirs 'd,=·~·\JsE1foit'A·nif,; itTwEEN NEW YORlt 
ANO IIOITON IS 11,11 GALLONS) 
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'.j ;,'j. 1 

: '. ,,(•,·-,•!"\ - ' ". V" '•.1 )'1'1::2; ' :' .(1- ". ,'\t," L 

(.._,...011,ll!HlllBE SOLVED IS) ' 
{THE DAILY COST OF LIVING FOR A GROUP IS THE OVEMEAD COST 
PWS JIit£ r:&Ulllltft~flOH HA'<' JA(:l!I !'Mi59N:.• T IMU, ,t-111 i.-&~ OF PEOPLE 
IN ,,.._,,_,f.tti :'SHI S COST FOR OllE GROUP EQilAIJ S lH ", AND THI 
IWMEII OF PIOPU IN THE GROUP IS 11D • IF THE OVEIHEAD COST 
IS,!J.e;Jf .. ES THI IUIINING COST , FIND THE 0VEMIAD AND THI IUNIIIN8 
CCJlt,·;..a:,~;II- ,) fi~t,· . '.,I'. ·'' ._.,:,,, '. :' 'H'i:~.: 

iV~~(;;.n•··'!: ::.,·v ... :, 

< M ._lfOII ,e,,11 • setwo· iUID ·, , 

(~f!l:IAL ·•~u u•~••.NG, _COST FOR EACH PERSON)) 
•• 1-, .. ;,..01 ,: ::r )J',' r.: .. ,4'.! . ;r- ·t. I.. ' 

(1-Li"GitlH nvtMEMIU' · . ' , 

<itfllHtttMOII can, ('TfMIS ·lO- '(flUNNHIG COITU) 

(~(.i,<~•,,!.~~LE ,IN -~PUP) ,IID> •' ,. ' ' 
~ ... t \- . ' ..,~. ·- . . ' ..• r. , . . ' \ ✓ • ' • •'.: •• ·' -· ~ ,; -. • ""'· 

<itaiti <._iL't COST' tF' 'tl'Vllld ~ CltOW'> OI.IIEl lH CDOI.LMISU)c 

<iiitit.' (llil1Lt, COS1' ., •U'ltltG' HIil lll>U,) •'CNiN••lCOYIIMUD COST) 

~b1;~~~t'f:r, .~OR ~~~ :~~•-~OH) '.:"ER' ~F: ~~~E- :~ 7!'. 

Tff,1~A~J~~••/f~l~l,JN,X.TO FINI> A SO~UT,I~ 

~fttl'u~~>~;,, ~~it eostj> 
rn.tlrutt • .!ll!U.l.L · Cf•'< ·• • < ·" 1 ' :,·,". -(USWRIIU 'JaT)' .c~ '·· "·· '' " .• ,, 

(J...,.,~ },§ ifPu.y.. :w ~NING COST FOR EACH PIISOII)) 

<M ~,Hi * •~b , .: , ,, , , 1 

,i,;.i, •• i.~.....,a .l. • .;·JJW,~04·1tEd""::rii f: ..... ,i-.,j,,j;_,, .. , - ' -
IPIJ -,,. ~#IPI ~ .. " . 'fl'!~; .. ~ .. ~•~: . . .- t •,tr11"':.· 

tl'11Pt'.~~:~~Jl~:l·,· 1::¥1~-~~./~;'. ·: J "I·-,)~~-'. " - ,-,·h).~~- :-.. '.·.1 . · ·:.'·l'i}l' 

!!!l-~2$.-f,1U:. '•~ 0l(!
1

-ll:,,; ~ •.• ~tf't . . ,, FIIID ~t 1'IO lfl'MfiR!I • l · · · ' 

111'1'111G flOHIIL"t IOIOMS · 

~ iJ ; ;;')?.i '.):,\ < I l? '":·'•' 

hllE.,Wlii.6'in''nl'Rt1010MA'ricsuasrUT11JM ti>•€,,·'' \')c~ 
(THE SUM OF ONE OF THE NUMBERS AND THE OTKlll MUNIER IS H , :s:t.~~=~"-~~~~ ~~IC!.'- -~ER .. , Fl~~.~E 

\ \ .. ? r .,; I '~ C H-.i ,'. 

ift• ~(- ',b 111 io1.vED:AliE>
·«l...,_1 . ..-J.JI ;l~R-.IR)) 

: tt~Al 002,ii (CINE OF NUMIERS)) 

i C~ t-«.~ ~-- .i_li(O-n,il -Ell))), 
r,r~L, c~ws <~E- OF -~Elis> ·<OTHER 'icUM&ER» 
J '~ f •: 1, j ? ; r• 

H) 

ltlE E(lUATIOIIS WERE INSUFFICIENT TO FIND A SOLUTION 
'r4f ~ T ·· ,--Vf ·:--•·,t• ~:._: J • 

~ t c-· ; ..;~· C-..J.·? ."lr•h- 1 ·., ..,_ 

TIYING POSSIIU IDIOMS 
'.'.Ortl'f 0~ ~'1\r-~Cf: f•·:1-~:_,·•.· ~1 : ·, ,,,. :- , • : '·w ., !'., 

(THE PIOILEM WITH AN IDIOHATIC SUISTUTI0N ISJ 
'1ftMl,1.,_'!Gf -•lllllHI ANO THE OTHER NUMHI IS JI , ANO ONE 
I .... , !'1f -a ., ...... 1UII' TNl>OTIIIR-::IIUNIH:· ,(" f I .. iJIIII. Ollll ,IIUNIER 

( ~ .:'ffl~ D~~· j~"L.· ~ .. :, 

v~:--ii.'., 0 '19, IE"SOl,!JD A~E) ,:r(•~-~-~r~t. ,:-.,., ·.,14~ .. I:, ·Y,, 1,- .-., 

'1 ti:ifllDlil: 1liilis&IM,1(1ffliffl~EU J 
t .. ~ 1T~i'~1·-:l!')Y ':'Ir w_: ... 1. ·t 

l"lf 

: ~',.mff Mtt0.,.un 
WIUM, .. CGU-...al..LWll lLiOTIIU. .. .ll!MH~l)l. 

1: ;:;;; <:'~"'('~.,~~•> (OTn~• ~E~~~ !I) 

(THE ONE IIUMIEI IS SI) 

j.,.. ,, ... ,, ..... - liO) ' 

~ ~- (, :'. . 
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t--1 
t--1 ....., 

(THE.PROILEM TO IE SOLVED IS) 
(THE SUlli'OF 'l'WO IIUlll8ERS IS TWICE THE DIFFERENCE IETWEEN THE 
TWO NUMHRS , THE FIRST NUMBER EXCEEDS THE SECOND NWIIER IY 
5, FIND THE TWO NU•ERS ,) 

TRTINC Pdss11tE ioiOMs 
(THE ~L~ Wint'- tGIOMATIC SUBSTUTION IS) 
(THI.-Wll•r,UU.T,~~-4liO.JJiE Sl~D NUMIER IS_TWICE THE 
DIFFrtne lmtlN 1Hf: .,llST lilUM&ER AND THI SECOND NUNIER , 
THE ~lM,J,'. ..... ~IOS Ttll SECOND NUNIIR IY 5 , FINO THI 
FI RS 1 'll'IMBIR dll THI SECOND NUMBER , > 

<THE .EQUAT.IONS ,T(I ,-. IOLVU NIU 

(EQUA Qf~~4,.C$E~.NUMI~)). 

( EQIJ~ .~~7,, (Fl .. '.l 1~EI)) 

(EC¥IAI, (F 1-.l'. .~ CPLUS -~ (SECOND MUNIER))) 

<EQU4L,,(J'l,U$..(FUI.TJtuMIER) (UCONO NUMIER)) <TINES I (l'LUI 
CFIRff ..._DJ (lllfM UECON1> NUMBER»>» 

(THI:~ ~.,s. 7,500>,. 
~ ., : f I , • . ·, ! ' · 

(THI ~ ~ ,'-1, t • .SQO) 

,;-:; ~) '. ,; F, i! (: .,, ,, .,, : 
<THE PIG.UM:'N•ll!-\II0,41t ·,., 

··~ts, 

(THE SUM OF 1WO IUIHRI IS 111 • ONE OF THE NUNIIRI IS CONSECUTIVI 
10 l'Hl'..aa:,_ll(:., 8t■O•<'flll IWO NUMIERS , ) 

1RYINth1'CIIIIIH~Hl ... <'-.1,' -,,,.,,,, '. 

(THI Nflt:IM•.!llllll~All,tiltOMAftCGIUISlUTION II) 
(Tffi SUIII OF ONE OF THE NUMIERS ANO THE OTHER MUNIER IS 111 
, ONEtOll'.T■1:·-uts COMUCUTIVl"TO THE OTHER ,._ER , FINO 
TME ONE OF THE NUNHRI ANn THE OTHER NUMBER,) 

'.--l~: 
.... i.. :i! .,f.;. 

(THE IQ.,.TIONS:.TO BE SOLVED ARE) 

(EQUAL GeJ51S (O~HER Nllf4BER)) 

(EQUAL 801515 (ONE OF IIIMBERS)) 

(EQUAL (~E Of,NUMIERS) (PLUS 1 (OTHER NUMIER))) 

(EQUAL, Cl'Li:ls'• (OIII "or: NUMliERS) (OTHER NUMBER)) 111> 
! 

(THE QNE OF .TlfE .IIUQIRS IS H) 

(TIii OTHJR 111,1110, II 55> 

(THE ~OILEM TI) BE SOLVED IS) 
<THE Qf, Tl'IIIU'• NU•ERS IS 9 , TME SECOND NUMBER IS S MORE 
THAN tlMU ,THI '-IRSt NUtlBER • THE THIRD NUMIER EQUALS THE 
SUN o, 1'14£ 'F IRSf ,wa lbllllt•s • F'I 11D 'rHE THREE NUNIERI • ) 

~. l .• 

<THE EQu.uiOlfs 10 IE SOLVED AREf 
' < •-• "• • ~· 

CEQUA' Gt2S27 (THIRD NUMBER)) 
: \A t "- ? 

tQUA\ 811521 (SECOfllO NUMBER)) 
• (-;_: I ,' ;'' 

(EQUAi 802515 (FIRST MUNIER)) 

(EQUA' CTHIRO NUMBER) (PLUS (FIRST NUMBER) (IECOIIO NWIIER))) 
; , Z:Of't'f!" ·: ~:"Tir '. 't:f'.'~ -:: '',. · , :,r, ,;. .. , t.· •:;. '!"': 

(EQUA' (IECOIIO IIUMIER) (PLUS J (TIMES 2 (FIRST .... ER)))) 
\· ,:c-:,,(,'(r' :;,,:-,,f'(,,, .J ·-tE::": <t•f•+-:~ .0:-J ,i;:.;, ~ {,.}:•· 

(IQUAf. (l'LUI (FIRST NIINIER) (PLUS (SECOND IIUNIER) (THIRD NINER))) 
, j r';.1~''·'."" t~;:~:1"t(1 t•r\' 

" .. . ) ) 

(THE IIAU,.~1$. ,H09) 

(THE SECOND MUNIER IS ,> 
• : ':.i(3 :( \~· -~ -~ ;. 

(TMI )MIRI IIUIIIIA .II ,..s~> 
i? 
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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 IQUA1UU:To IE SOLVED ARE> 

(IQUAI. 68Ulli (TNHO IIUIIIER)) 

(EQUAL IOISJB tSlCOND NUMBER)) 

(EQUAL GOIHl•(FIRl'f. MUNIER)) 

LIClUAL (Pt.Uli(PtRtT·NUUER) (MINUS (SECOND NUMBER))) (TIMES 
.1000 (THIRD NUMBER))) - " ~· ,., ' 

~ (J.llt!IA NUMBER) <-PLUS (FIRST NUMBER) (SECOIID NUMBER))) 

tmlAlL·(PLUS (IIRST IIUMIIER) (PLUS (SECOND NUMBER) (THIRD NUMIIR))) l'OiJ) . . .. , 

<TH(ftn:r .-n.11 21.so> 
, (TH£, ~",fA'~JIR .~I 22.50). 

'#[!!, i!JY Ill), PflJ!R,,,AJ, ff) 
. ,:l,Till,,~L,111 -W.- • ., ...... 0, I I) 

llJ'CltllMLl'l'TINIS ll flLIIS 1, AND 8 PLUS D EQUALS S, ANO 
...... ,,,. ll'Y~ .a. ~.- ,,. ... c • ) 

<THE EQUATIONS TO IE SOLVEO ARE) 

.<~i:.-->t:-l~l . 
t .... ·t,~~t-~ UUNU$ (D))) u 
ctijj'Ad,i:.us ,,1 <D>> ,, 
(EQUAL (C) c ►ius (TIMES (8) (D)) 1)) 

<C (I. J) 

(THE PROBLEM TO BE SOLVED IS) 
(S • X • ~ • Y ■ 11 • 
5 Jk,"lf- 2 • Y • .. i, • 
FIND X ANO Y .) 

(:1Hll IQUi\;f HINS 19 II SOLVED ARE) 

(EQUAL G02s,1 (Y)) 

(EQUAL GIIJltO (X)) 
' { ;_ ~ :., , ', 

(EQUAL (PLUS (TINU 5 (X)) (MINUS (TIMES 2 (Y)))) 1) 

(EQUAL (PLUI (TINU S (X)) (TIMES, (Y))) 11) 

(X IS 1) 

(Y II 2) 

(THE PROBLEM TO IE SOLVED IS) 
(X / 2 • (Y + J) / 2 • D • 
,~:_..!1·, ·' ,s •a .. ~'• u • s. 

"fltlD J,it,W y •l .. 

C'Rtl- tQU,\l'J4NS 'fO H toLVtD Alli) 

•. ~•.,. ,ou_, cv.» 
(IQ"+I!• ~~W, 0)) 

(EQUAL (PLUS (QUOTIENT (PLUS (X) (MINUS 1)) S) (TIMI$ Z (PLUS 
CY> U» I) 

. (iji)At c►a.iJa (QUO\'IINT (X) 2) (MINUS (QUotlENT CPI.US en J) 
2))).Q) 

(l II ,, 
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(THt PRQILEM ll) DE SOLVED IS) 
(THE SQIIAR~ OF THE DIFFERENCE BETWEEN THE NU14BER OF APPLES 
AND.'tHE NIIMBER OF ORANGES ON THE TABLE IS liQUAL TO !I. IF THE 
•UMDIR OI APPLES IS 7, FIND THE NUMBER OF IRANUS ON THE TAILE 
.> 

tTHl EQUATIONS TO IE SOLVED ARE) 

·(EQIIAL 801515 (NUMBER OF ORANGES ON TAILEl) 

(EQUAL (NUMBER OF APPLES) 7) 

(EQUAL (EXPT (PLUS (NUMDER OF APPLES) (MINUS (NUMIER OF ORANGES 
ON TAILE))) 2) I) . 

UNAtLE TO SOLVE THIS SET OF EQUATIONS 
·;,; 

'TRYING IIOSSIILE IOIONS 

(DO YOU KNOW ANY MORI· RELATIONSHIPS AMONG THESE VARIABLES) 
('.\. 

,(NUll!HR OF ~PLQ) 

. ( .... IR .OF -- Off TAIi:£) 
IIO 

. ~, 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 AMOJIIG THESE YARIAILES) 

(GROSS WEIGHT OF SHIP) 

(TONS) 

(ITS NET WEIGHT) 

'(WEIGHT OF SHIPS CARGO) .,. '; . 
,;;JELL ME . , 

·: "'.: ,.,.1, :~t 
(thei.llel,ttt of;a lblpwo:carao 11 the.difference Ntweetl 
th• ~Oll'"Wlcht .. d ... niat we1aht$ ,, ; ., t: . 

THE jpU~ I ONf'. WE"' I NluF FI CI Elf!' TO F I ND A SOLUT, I ON 

. (ASSUNl.i T~Jl ; :.~ . · 
((IIIT WifettT),. IS .IQUA\, TO.(IT$:'.NET.,J'EIGHT)) 

'.... ~,~ ., ' 

11'~N;r=~ ;. E~L '° <9:~oss~WEIGHT OF ~)) ,, 

(THf WU .. T Of TMl SKJPS CARGO IS SOOO TONS) 
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APPENDIX E: A SMALL SEMANTIC GENERATIVE GRAMMAR 

The grallll:l8r outlin~ here will generate on~ word prob fems 

solvable by S'tUDENT,_th~ugh not the set of al! Jiith problems. 

RULES 

Create a'.set of s~ultane

ous equati.(>ns:;wh{ch cali be 

solved by stricqy linear tech

niques, e~_cepl; t~t :,ulP~titu-~· 

tion of nuinerical value• in 
--t • -

higher order ~9uarions which 

reduce thfi9111 to U,near ~ua-

t ions is allow.d. The$e are 

the propositions of the spwak

er Ts modtil. 

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 COJIPlete model 

these names would be associ

ated with the obj~cts in the 
-· 

chosen propositions-. 

Write one kernel sen• 

tence for eaih equation. Use 

any appropriate linguistic form 

given in the table below to 

120 

gooµs· 
2x + 3y - 1 ,. 
y; __ l/2x · 

y .+ z = x2 •. 

z = ? 

x = firllt' number 
... '-

y = sec~:number Tom chose 

:&. • thiT-d number 

'r2 time11: :the first number 

,1u thi~ times the second 
\ - ._j ·:~ 

number Tdbl those is 7. The 

second number Tom chose 



represent tlut arit:lme&1ic 

functions in .the equa• 
tion. 

For each unknown whose 

value is to be found, use 

a kernel sentence of the 

form: 

Find ---
What is ---

or Find,_'.. · and ~ · · 

What a~e ~ BIid' ____.:. 

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 na•e are !Obtad.ne4., by . 

transfonnat:i.~ which: 

a) insert a protlOl\n .. 

for_·•·; <DGUJt, -phJ' au• 
in t~,nqie~ ... 

b); 4,e,letfi!• ~U.el,.nd/ 

-. or t•~il;l.,1, •~-

•tr i..ns,J, of, the ume:+ _ 

Only one ,J~ll,t'si.Ja,iJal'J' etd.ng · 

can be us•4· to r"p1i11,e. ap,- oc..,. .. , 

currence ef a -q.a,a~, _J;l)o~gh 

any numbe~, of Jiepi•~Q.tt· ·.1· 

can be made. 

121 

nUlllber. 
JD:.:-

The sum of tlle''seoofuiltaua.w'· . ''••l" :, 

ber Tom chose-iatld•)ai}tftlittd) ",) ~ , sups" 

number ia ~equ4J rlto 1tlt41 j o J : ; ,.., : 1 .: :. ,:, n ~ 

square of ther,fbft ~w j_ ' l , i 

ber. What1:1iant1N"-~ ;:"•.-;,,.· ·.1-·• · '" 

number?• 

Similar maiauii, 

"firet" fdl,~~1.tiulil,u:t, · · ;i;_,'.} 

"second q..._ .M' c:lloae',~-, ~ •s: 1:i Ai>-• 
"' ' ). 

chose" 

...J: ) r 



If Ni occQS · ·in ·.Sj •nd 

sj+l' and in Sj it is the_ 

entire substring to the left 

of "is", "efll.Htla!' -oi;~•"ia 

-, ·--.~, ---·-"·'~~;";_. ... ,,,~' . 

. ,."v Replace "theJUeoad :aumb6t 

1.< .tom .chos:e0 by tteht• •econd 

choice" in the third sen-

-1., tence. 

equal to" (cu:. t,he.,entire--· ,., 

substring to the 1rtaht).1 ,~en 

in S ·+l' Ni ma~,M :!t!eplaaed ·· • 
J . 

by any phrase QO..tairttna 1-tbei: ' 

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· .chis· 

equiv a lenC4, :M&Ulg ·aBMBMBIUl 

and the sen~e: '1P'2 a.l11ap 

means P 1
11 or -'!P2 sallettilles 

means P
1

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 ' . 

122 

Replace "2 tJmesJ*; -by lltwJ.ee'L 

and ".511_ by_ ''\fflie half'~•; 

Connect .ientwcuur• 1 aUd 2 , and 

sentence 3 and the' •fi.nal ques.;. · '· · 

tion to gi\te=' 

"Twice the 1'1'i'~ fflmiber · plus 

three times di~- seeend 

numbe'rwtJ.\rml ~-- tsJ•7·, 'and 

the second" aud>er h~ chbse 

is ota•-1\al:f::ef- th&: first. 

If ~ liViil oF· titf.$e secol\d 

choice'thtilf a:c• thlifd number 

is equald1t0·,tl\e sqttifre of 

the first-:n~r, :Jwf\at is 

the third number?" 



Summary of Linguistic Forms to Express Arithmetic Functions 

and the Equality Relation 

X = y 

X + y 

X - y 

X * y 

X I y 

xis y; x equals y; xis equal toy 

x plus y; the sum of x and y; x more than y 

x minus y; the difference between x and y; 

y less than x 

x times y; x multiplied by y; x of y (if x 

is a number) 

x divided by y; x per y 
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