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Jotroduction

| This paper describes a computer progrem which eccepts and "understands”
a comfortable, but restricted aset of one natiural languege, Bnglish. Certain
difficulties are inherent in this preblem of making a machine "understand”
Englich®. Within the lim’ted framework of the subject matt:r understood by
the program, many of these probiemz zyre sclvad or circumvented. I shall des-
eribe these problems and my sclutions. and point out those solutioms which
L.Eeel have general applicability. 3 will siso indicate which must be
repiaced by more general methods to be really useful, and give my ideas about
what general solutions to these particular problems might eatail.

¥ shall not bore the reader et this point with a distribe on why one

would want to communicate to the computer in Engligh. Suffice it to say
that 200 million English gspeaking pzople cea’t be all wrong--and if they
could spesk to a computer they might ever be right more often. Man's
ability to use symbols and langusge is 2 prime factor in his intelligence,
and when we learn how to make & computer understand amy natural language,
ve will>have taken a large step toward cteatiﬁg an "srtificially intelligent"

machine- This is not to &ay that using "natural language" 18 necessary; one

‘might do even better to make people change to som2 more “intelligent” language.

#To avoid excesuive circumlocutions, ¥ shall henceforth use just “Eaglish"
instead of the hedging phrace "restricted subset of English”. and use "undare
siand" only in the sanse defined below.
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“he questioan neturally arises, "What dc you mean by having a computer
understand natuvral languagzei"™ 3 have adopted the following operational
definition of understanding. A conputer underctends a subset of English

if {t will eccept input sentercaes which are mewbirs of thiz subset, and

correctly answer questionas based on information countained in these semiences.

This ability must extend to deductions bared on iwplicit information cons
tained in several senteacas. It ic desircbie that the anwars also be
in English to facilitate communication between the computer and a person.
Ve thus define "understanding” in terme of statements in English. The

computer mdat sccept them &5 input, and apswer certain queries about thesm.
should the computer store the information contelned in there statements?
1f each sentence could be stored unchanged, nc informaticn would be lost,
but this would put a tremendous buxden on the question-enswering portion

£ the program. The quesiion ensverer would heve to find gll relevant sen-
tencas, extract the "mean.n:' pertimeni to the question asked, and perform
those deducticns and manipulations necesszxy to find the ancwer to the
question asked. For & large corpus, sorting out the relevant material
would be a very costly task.

One way of easing the burden of sorting is to creste sn index for the

Bow

input corpus. BHowever, uniess "meaning” is first extracted from the senteices,

the index must be based upon the words in a sentence: The value of the iridex

is then somewhat denigrated by the pvobleme of synonomy anc homography.
In & general questioa-answering system, each type of question may

require that meaning be extracted in a different way for comvenient mani-

pulation and deduction. Deductive techmigues may differ depending on the

type of question and the information available in the corpus. To simplify

.
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such problems of sorting for relevent material, extracting maaning, and
meking Infévancas, one {s Jdviven ko 3elest & "paimt of view", and delimit

the type of questions angyerable by & systen.

Ohié akamle of 8 questien angwering ryetam vich & polot of view wag the

SAD SAM program written by Robert Lindsay at Carregie Tech im 1960. It
accepteéd as input most seatencez which could be written in Basic English
¢ta subset of English, deslgred by C. K. Ogden, which contains a vocabulary

of about 1500 wordsj. The questions whichk it answers are concerned with
anily velationshiipa betuassn individualz, &.z., "is Tom the brother of

Hary?" or "Who are Jack'c grandchildreni” SAD SAM extract: the meaning

of a sentence, relevant to femily relationship, &nd stores omly that informa-
tion. Thus from the sentance, “Mary, Tcm's sister, went tec the meéting,"

the informetion about where Mary went would be discarded. The progrem stcres
in a family tre: type of representstion, the information about Mary and
Tom's relstionchip, {i.e., it wmekes ther both children of~the same (as yet
unspecifiedj pair of parents. The family tiree grows as more information

_1is addéd to the system. To auswer a questicn concerning the relationship
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course. Aﬂ example ig:
"he sum of two numbers is 96, and one of tha numbers is 16
larger than the other numker. Find the twe nvmbers."
Bxactly this statement of this problem has teen sccepted by éhe STUDENT
program and the following selution printed cut:

"one of the nuubers is 56"

"Tha ether numbar ig £0"
The details of how this is zccowplished will be discuesed below.

I chose this problem contest for & numter of reasors. Pirgt there is
a good ferm in which to store this type of ipformation for later meuipula-
ticn, namely as algebraic equations. Secondly. I felt that there was a
mencgeable subeet of English iz whien many of thess prokleas would be
expressible, erd that this subset could be expanded Incremcntally. Fin-
ally, there sxe 2 lsrge nuaber of Yaigebra story problems" available in
first year high school teut bociks.

since the entire process fron input processing to question answering wasz
progzammad, a measure of comparison with ruman performance is svailable. in

e rr  eha CETTENT mracram RTEWeRE most questions thet it cen handlie as fes:
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the typ> of informatiom expected. The information storage structure used in
STUDENT falls into the category of what 1 cell relationsl models.

A relatiopal medel is defined by three things: a set of objects, the
relatioaships between these objects expressible in the model, and a language
media for exhibiting the velationships that exist between particular objects.
A relational medel is useful for a question answering system if there exist
techniques which can take advantage of the relational language to find
implied, bul not neceeaarlly'explicitly stated, relatiomships betwecen objects
of the mecdel.

Lindsay'e progrem for answering questicns about family relationships
uses susk & relationsl model. The objects in the model are people, and
the basic relationship ugad in the model & the parent-child relationship.
The media used for expressing the relationship between individuals 18 a
tres of nodes, with rodas representiang individuals, and directed branches
reprasenting the perert-child relatiomshin. This model is useful because
all other family relaticnshipe can be defimed irn terms of this one basic
relationship, &ad questicas about the relationghip between two individuals
can be smewered on the basis of a computaticn on the path coanecting these
two iandividuale in the family tree.

The STHDEMI question znswering 3ystem also uses a relutional model.

The objects in the medel ave words and phisses 'maming” numbers, or aumbers
with upits attached. 5 call these objects “variables". The basic relation=
ships are the erithmetic reiatioms of sum, ¢ifference, product, quotient,
exponentiation and equality. The media for expressing the velatiomships
between objecis ie a set of equations. The model {8 usefu] because well

defined techaiques exist for finding numerical values which satisfy sets

n® simvltaneous equatioms. Thus the system can answer quectione atout the



A. I. Memo 66 =6~ Memorandun MAC~M=148

value of a number named by a given phrase, althovgh this velue is given only
fmplicitly in the relationmships stated in the probiea.
For any reiaticnal msdel ueed im ar "English language" question anewere

ing system, therz are two Lmportanl coneidorstions. The fi-st is how car

T

the Eaglish lnput be transformed into the relstional langusage mediz, end
the sacond is wha: are good dedvctive techaicues for using the model to
soive problems. For algebra sicry problems & zcod general Zormat for a
re_ational model was kmowz, based on s2ts of simvltaneous equations. The

imnlementatica within the STUDEE) program of the traasformation and solu«

tion proceduras, based en thig genevel modnl. are discussed belcw.

The_Kotation lged ir STUDENI s elational Medel

The relational medel in the STUDENT sysiem us & seti: of algebraic
equations to represent the arithmetic relafionsdips expressed in the Englich
input. Thesa equations ave expressed in a parenthesized érufix notation
racher than the comventional infix notation. For example. the conveations!
infix nctaticn expressica, B + C, ic written (PLUS B C}.

fn general, in this prefix notation, che name of the arithmetic functiom
uged 15 made the first 2lemznt of a list, and succeeding list elements are
cha varlables wiich are the avguments of that fumction. The exact notatior
used is given fn Figure 1 below. Hote that "minus" is 2 unary minus, and
that the usual binary subtraction operator is & composite realation in the medel.

In addition, "plus"‘and “"times" aze not strictly binary. Indeed, in the

model they may have aa indefinite number or arguments, €.g., {TIMES ,A,BC;

is & legitimate prefix notaticn expression in the STUDENT model.
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Operation infix Notation Prefix Notation
Bquality A=38 (BQUAL A Bj
Addition A+ B (PLUS A B)
Regation <& NS A)
Suttraction A=B5 (PLUS & /MINUS B}j
Multipliicatior 4% 5 (TI4ES A B)
Division A/B (QUOTIENT A B}
Exponentiation AE (EXTT A 1}

Figure $

The use of a fully parenthesized notatioa such & this circumvents the
problem of ambizuity in the orde~ in which op2retions occur. In the expres-
gion 4 4+ B % C in unpaxenthesized infix notation, it is unclear whethar A i3
to be added to B and the sum multiplied by C, or {f the product of B ancd C
{s to be added to A. Cme solutiom to this amdiguity is to give each opers-
tion £ relative precedence, and operations of higher precedence are assumed
to be performed first. Suck a precedence schume is agssumed by STUDENS in
deteymining an iaterpretation of similar smbiguous English expressions.

Once inside the model, however, arithmetic oparatiors and arguments arve ful.y

parznthesized, and thexefore, order of operations is unambigacus.

Qutline of the Operatiom of STWDENT

The first atep in the operation of the STUDENI question answering systom
is to provide the STUDENY "progrom" with some generai information which it
will "remember" and use, if relevant. in all problems it is asked to do.
Through z program called REMEMBER, this information becomes part of the per

manent store of kmowledge ip th2 system and is what I cell global {information.

~, -

exzmples of global facts which have been given to the SIVDENT

Liceio o £
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112 inches equais 1 foot"
or

wiwice alwvays means 2 times"
tow these facts &re used will be degeribed later.

Then STUDENT is asked to solve a pecticular problem. 70 do this,
it transforms the English gcatement of the prcblem into the nedia of the
relational model. and then manipulates objects in the model to find the
answer. More specifically, STUDENT transfomms the English input into a
get of simultaneous equaticns, keeping a list of what ansvers are required,
a list of the units jnvolved {e.go: dollers, pound:} and a 1ist of all the
varisblec in the equetions. Thep STUDENI javokes the SOLVE routine to solve
this set of ecuaticns for the dezired unkncwn3. {£ a solution is founé,
STUCENT prints the values of the unkaowns requested in the formaa1111U"
trated earlier, i.e.. substituting im “{yariabdle is v{lue)" the apr opTiate
phrases for yariable ard yaluye. Xf a sciut fon camnnct de feund, /4T:OUS
heuriscics are used to identify two variables {i.e., find Lv- siightly dif-
ferent phrases thet refer to the same aumbari. If t 10 v.riadles. A end B,
ere identified the equation A =B is sdded tc the ¥ of equationS. Refer-
ence is made to the stoze of glechal {nformition f§.cd any relevant equér
tions.

Assumptions made about tha jdentity of varil ) 28; and the possibly

relevant stored equations retrieved by STUDEN: aye printed out. 1f vse

. Y -1:ka g solution, then the
of these identification or éiﬁbﬁl Eﬁﬂﬂﬁiﬂﬂﬁ L!géé g2 ¢ ’
result is printed out in the format described sbove.

1f a solution wag not found, and certair idioms are present in the

English statexent of the protlem, then a subicitution is made for each cf

+hege icioms in turm, end the tranzformation and solution processes arc
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repeated. If it is unsuccessful with all single substitutioms STUDERI
reports the failure and terminates. if the probiem is ever solved, the

golution is printed end the program termipates.

Transformation of the Engiish 1aput to the Relational Model

the words and phrases (strings of worda) im the English inmput can be
classified intc three distimpet categories on the basis of how they are hon-
dled in the transformstion. The first category cousists of strings of words
which denote objects in the model; ¥ call such strings, yvariables. Varl-
ables ave identified only by the string of words in them, &ad if two strings
differ at all, they define distinct variatles. One importsnt problem con-
sidered telow is how to determine when twe digtipct variables refer to the
szme object.

The seconc class of words and phrases are what ¥ call "substitutors".
Esch substitutor wmay be replaced by another striag. Some substitutions ar:
mandatory; others are optional and are only pade if the problem cannot be
golved without such substitutions. An exemple of a mandatcry substitution
ig "2 times" for the word "twice". "uice" always means "2 times" in the
context of the model, and therefore this substitution is always made. One
optional "idiomatic” gubstitution is "twice the eum of the length and widta
of the rectangle" for "the perimeter of the rectangle”. The use of these

substitutions in the transformation process is discussed below.

Meabers of the third class of words and phrases {ndicste the relation-®
ships between the objects ip the model, i.e., the variables im the problem.
I call members of this thixd class "operators". Operators may indicate
operations which are complex combinations of the basic relstiomships. Ome

. " ;
simpie operator is the word plust which indicatas the operatiom of addition
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A complex operator is the phrase "percent leas thar", as ian "10 percent
less than the marked price", uhich locates the nuzbesd {smediately preceding
"percent", subtracts i from 150, divides this zesult by 107, and then
multiplies this quotieat by the verizble €3llowing the “thea.

The class of operators may be furthex subdivided sccording to where
the esrguments of the operustors ore found. A prefix operstor, such as
“rhe sguare of..." precedss 1ts argument. 4w operstor lik ”guclpercent“
is a suffix operator, and follows its axguzent. Infix operatcors such &8
", plus o.." or "... legs than ...' appacT betwean their two arguments.
in a split prefix operator such as "differanse between ... and acg",.part of
the cperstor pracedes, and pari appears between the two arguments. 'The sum
of ... @nd ... 8nd ..ot 1g a split prefix operator with an indefinite num=
ber ¢f arguments.

tome words may conditionally aci as operators, dependiag on their con-
text. For example, "of' is only equivalent Ge *rimeg" {f there i3 & number
impediately preceding it; e.g.. ".5 of the profis” 18 eguivilent to ".5 times
the profit®; however, "Queen of Baglandé® does not imply a maltiplicastive
relationship between the Queen and her couatry.

Let us now consider ir detail the trameiormation proceldure used by
STUDEMT and sea how these different types of phrases interazt. To make the

process more concrete, let us conzider the following exemple which has been

solved by STUDENT.

(TEE PROBLEM TO BE SCLVED IS}

(IF THE NUMBER OF CUSTOMIZRS TOM GEIS IS THICE THE SQUARE OF 20 PER
CENT OF THE NUMBER OF ADVERTISEMEW(S HE RLNS, AND THE NUMBER OF
ADVERTISEMENTS HE BIWS IS 45, WHAT ¥S THE NUMEER OF CUSTOMERS TOM

GETS Q.)
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This text is a copy of actual printout fron the program, showing stages
in the transformation and the solution of the problem. The parentheses are
an artifact of the LISP progremming languagze. and "Q.", is a replacement for
the questicn mark not available on the key punch. |

The first stage in the transformation is to perform all mandatory sub-
stitutions. In this problem, only the thrze phrases underlined (single
words are one word phrases} are substitutors: "twice" Eecomes "2 times",
"per cent" becomes the single word “percent", and "square of" is trumcated

to "square". Having made these substitutions, STUDERT prints:

(WITH MANDATORY SUBSTITUTIONS THE PROBLH 1S)

(iF THE NIMBER OF CUSTOMERS TOM GETS KS 2. TIMES THE SQUARE 20 PERCENT
OF THE NWMSER OF ADVERTISEMENTS HE RUNS. AND THE NUMBER OF ADVERTISE-
MENFS HE RUNS IS 45, WEAT 35 THE NUMBER OF CUSTOMERS TOM GETS Q.}

Figure 3

Using dictionary entries for each word, the words in the problem are

now tagged by their fumction in terms of the transformation process, and

STUDENT prints;

(WFTH WORDS TAGGED BY FUNCTION THE PROBLEM IS)
(IF THE NMBER (OF / OP) CUSTOMERS TOM (GEIS / VERB} IS 2 (TIMES / OP 1)

THE (SQUARE / OP 1) 20 (PERCENT / OP 2) (OF / OP) THE NUMBER (OF / OP)
ADVERTISEMENTS (HE / PRO} RUNS, AND THE NUMBER (OF / OP) ADVERTXSEMENTIS
(BE / PRO) RUNS IS 45, (WHAT / QWORD) IS THE “TMBER (OF / OP) CUSTOMERS
TOM (GETS / VERB) (QMARK / DLM))

Pigure &4

1f & word has a tag. or tags, the word followed by "/", followed by the tags,
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becomes a single unit, and is enclosed in psrencheces. Typical taggings
are indicated in Figure &6  "(OF / OP)" ipdiczates that "of" is an operator
and other taggings show thet "gets” is a vez>, ‘times’ is en cperator of
level 1 (operators levels will be explained >eiow}, "squave” is an cpera-
tor of level 1, “percent” is an oparator cf leval 2, "he" is 2 pronoun,
Wyhat’ 13 2 quection word, &nd “Q¥ARKY {replicisg Q.) is & delimifer of =
gentence. These tagged words will play the ariacipzl role in the rexain-
ing transformaticn to the set of equetions implicit in thie jroblem state=
ment.

The next stege in the transformstion is to break the input sentences
jato "simple sentences™. As in the example, a problen msy be stated usirg
gentences of grest grammatical complexity; bat the fimal stapge of the trana-
formation is only defined on a set of simple sentences. The method adopted
here tc perforr this analysis is adé hoc ard srimitive, but works reasorably
well because of tha limited number of ways ia which algegfa stcry problems
are expressed. This probliem of extractior of simple understardable centenzes
occurs in any gemesral langusge proceseor.

The simplification method employed ir STUDEXLT depends on the recursiv:
use of format matching. If an irpul senterce ig of the form "i{f" followed
by a substring; followed by a comma, a question word and a second substrinag
{i.e., matches the COXIT left half IF + § + , + $1/QWORD + § =} then the
first substring ¢(between the IF and the comra} is made an independent sea-
tence, and everything following the comma is made 2 second sentence. In
the exauple, this means that the input is resslved into the two sentences.
{where tags are omitted for the sake of brevityj:

"Ihe number of customers Tom gets is 2 times the square 20 percent of
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the number of advertisements he rune, aand the number of advertisements

he runs is 45." and "What is the numbex of customers Tom gets?"

This lest procedure effectively resolves a problem into declarative
assumptions and a questicr sentence. A gecond complexity resolved by
STUDENT is illustrated in the first sentence of this pair. A coordinate
sentence consisting of two sentencea joined by a comms immnediately fol-
lowed by an "and" (i.e., any sentence matching the COMIT left half
$ 4+ , + AND + $) will be resolved into the two independent sentences. The
f1rst sentence sbove is therefore resolved into two simpler sentences.

Using these two ad hoc format simplificatiouns, the problem statement

is put into canonically "simple" sentences. For the example, SIUDENT prints

{TBE SIMPLE SERTENCES ARE}

¢THE NUMBER (OF / OF} CUSTOMERS TOM (G¥TS / VERB} 1S 2 {IIMES /i OP 1
THE {SQUARE / OP 1) 20 (PERCENT / OP 2: (OF / OF; THE NUMBER (OF / OP}
ADVERTISZMENTS (HE / PRO; RUNS (PERIOD / DiM}}

(THE NWBER (OF / OP) ADVERTISEMENTS {IIE / PRO) RUNS iS 45
(BERZOD / DIM})

(¢(WHAT / QWORD) IS THE NUMBER ¢CF / OP; CUSTOMERS TOM (GETS / VERB,
{QMARK / DIM;}

Pigure 5

Each simple sentence is & separate list, i.e., is enclosed in parentheses .

and each ends with a delimiter (a period or question merk). Each of thesc

sentences can now be transformed directly to its interpretation in the moclel .
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nized by the STUDENT program. New operstcrs cen easily be adced to the
program equivalent of this table. |

In performing the treznsformatisn of & parese P, a left to right search
is made for an operator of level 2 (irdiceted by subscripts of "OP" and 2).
If none 18 found, a lef: to right search is made for a level 1 operator
(indical ed by subscripts “GP" and 1}, aad fijally another left to right
gearch “or an operator of level 0 (indicated by a subscript "OF" and no
pumerical subseript). If an operator iz fouad, this operator amd its con-
text are transformed &3 indicated in coluwn 4 in the tuble. If no opera-
tor is present, delimiters and articles (&, an and the) ave deleted and
the phrase is treated ae an indivisible eontity, a variabie.

In the example, the first simple sentence s

{THE NUMBER (OF/OF) CUSTOMERS TOM (GETS/VERB) IS 2 (TIMES,OP 1) THE
{SQUARE/OF 1) 20 {PERCEWL/OP 2; (07/0P) THE MMBER (OF/OP)
ADVERTYSEMEWIS (HE/PR(S RUNMS (PERIOQD/DIM)»

This is of the form "P1l iz P2", and is tresasformed to {LQUVAL Pl% P2%;.
Pl ie "({THE NUMBER {0F/0C?% CUSTOMERS 10H (GETS/VERB}I)". The occurrence
of the verb "gets" 1is ignored because of the presence of the "ig" in the
sentence, meening "equals”. The only operator found is "'{OF/OP;". From
the table we s=e that if '"of" i{s immediately prec2ded by a number {not the
?ord "gumber"} it is treatec as if it were the infix "times". In this case.
however, "of" is not preceded by a number, the subscript OP indicating that
wof" ig an operator is stripped away, and the transformution process is
repeated on the phragse with "of" no longer acting as an operator: Iam this
repetition, no operators are found, and P1l%¥ is the variable

QNUMBER OF CUSTOMERS TOM (GETS/VERB}j .

To the right of "is" in the sentence is P2:

£2 {TIMES/OP 13 THE (SQUARE/CP 1} 20 ¢PERCENT/OP 2% ¢(CF'0OP) THT NIRGER
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(OF/0P) ADVERTISEMEWIS ‘HB/PROY RUES (PERIOD/DLMY)

Operators in STIDENT

Operator Precedence (ontext Traasformation to
Leval interpretation in
the Yodel (a)
PLE 2 PL PLUS P2 (PLUS ,P1%,P2%;
PLUSS Pl PLVSS P2 ¢PLUS ,P13 ,P2¥%)
MNUS 2 Pl M:NUS P2 ¢PLYS ,P1, (MINUS P2%)) (b)
MINUS P2 (MINUS P2%)
HINUSS 0 Pl MINUSS P2 (PLY'S PL¥,(MINUS P2%})
TMES 1 Pl TiMEs P2 - ¢TYMES FPl% P2%)
DiVBY 1 Fl DIVBY P2 (QUOTIENY Pl% P2%)
SGUARR 1 SQUARE Pl (BXFT Pl 2) {ed
SCUAREL 0 Fl SGQTARED {EXPT P1% 2}
& 0 Tl @2 P2 {EXPT Pl¥ P2%)
LESSTHAN 2 Pl LESSTHAN PZ (PLUS P27 (WMINUS Pl¥))
PER 0 ?i PER K P2 (QUOTLENT Pl% (K P2y%) (d)
PL PER 22 (QERIERR Piv (1 P2)*)
PERCENL 2 21 K PERCENT P2 (PL{K 100 P2)% (f)
PERLESS 2 Pl K PERLRSGS P2 (PLE€(200=K} /L1005 22} (£
suM 0 Si Pl AND PZ AN[: PI ¢PLUS Pl (St P2 ANL ?3)%» {cj}
SiM Pl AND P2 {PLUS Blv P2Z¥)
DIFFEREXE O DiFFEREHCE BETHEEH F1 AND P2 (PLUS Pl% (MINUS P2:))
or {TIMES K P2%)

Led
£

E OF P2
T
<

Pl Q¥

(Pl OF P2}¥%

(a} If Pl ig a phrase, Pl% indicates its interpreration iu the model.

(b) vhen two possible centaxic are {ndiceted, they are checked in the
order shown.

¢c) SGUARE Pl and Si¥ Fl &re jdiomatic shortenings of SQUARE OF Pl and
SUM OF Pl...

(@) * outsidc a parenthesized expression indicates that the entire phrase
erclosed is to be transformed.

ie) K is a number.

.
iy
.

s agnd ~

joply zhat the indicated erithmetic operations ave actualiy
peréorwed.
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Tie first operator found in P2 is PIRCENT. an operator at level 2.
From the table in Figure 6, we see that this operator has the effect of
dividiig the number immediately preceding it by 100. The WPERCENT" is
removel and the transformaticn is repeated on the remaining phrase. In
the exmmle, the "...20 {PERCENT/OP 2} (OF;OP} ..." bLecomes
" .. .20600 (OF/CP) ...".

Continuing the tramsformation, the uperatore found are, in order,
TIMES, SQUARE, OF and OF. Each ic handled as indicated in the table. The
"of" {4 the comtext "... .2000 ¢OF/OP) THE ..." is treatec an infix TIMES,
while it the other occurrence of "OP", the operator marking is removed.
The resulting transformed expression for P2 is:

(TS 2 {EXPT (TIMBS .2 (NUMBSR OF ADVELTISEMENIS ¢HE/PRO) RUNS}) 2))

Tie transformation of the second sentence of the exawple is deme in
& simiiar marcner, and yieids th2 equation:

{IQUAL {NUMBER OF ADVERFISEMENTS (EE/PRO) RUNS} 45)

Tie third sentence is of the form "Whet is P1?". It starts with a
questim word and is therefore treated specially. A unique variable, &
single word consisting of an X followed by five integers, is created, and
the eqiation (BQUAL Xmnnnn Pl®] is stored. For this examrle, the varisble
X00J01 was created, end this last simple sentence ig transformed to the
equation:

(IQUAL X00001 (NUMBER OF CUSTOMERS TOM (GEIS. VERB))

In additfon, the created variable is placed om the list of variables for

which STUDENT is to find a value. Also, this variable is stored, paired
with PL, the untransformed right side, for use inm printing out the answer.

If a2 value is found for this variable, SIUDENT prints the sentence (PL is
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ynlue) with the appropriste svbstitution for velue. Figuve 7 shows the
full set of equations, and the printed eolution givem by STUDERT for the
example being considered. For ease im solutiom, the last equations crzated
ere the first irn thias list cf equations.

{THE BQUATIONS TO BE SOLVED ARE}

(EJUAL X00001 QNUMBER OF CUSTOMERS TOM (GETS / VERB)})

(EQUAL {NUMBER OF ADVERTISEMENTS (HE / PRO) RUNS) 45)

(EQUAL (HUMBER OF CUSTOMERS TOM (GETS , VERB)) (TIMES 2 (EXPT
(TIMES .2000 (NUMBER OF ADVERTISEMENTS (HE / PRO}Y RUUS)} 2))7

{(I4E NMBER OF CUSTGMNRS ICM GETS IS 162
Figuce 7

In the axemple just shcwn, the equaiity reletion was iniicated by the
copula ".8". In the problem solved by STUDEXNT ghown in Figure 8 below,
equality is irndicated by the occurrvense ol & transitive verb in the prope:
context. ‘

(1HE PROBLEM TO BE SOLVED IS

(TR HAS TWICE AS MANWY PISK AS MARY HAS GUPPIES . KF HARY HAS

3 3UFPIBS , WHAT ¥S THE NUMBER OF FiSH TOM HAS Q.)

(I8 EQUATIONS TO BE SOLVED ARE)

¢EJUAL XONJ01 (BUIBER OF FLSH TOM (HAS / VERB)))

(EQUAL. (NUMBER OF GUPPIES (MARY / PERSON} (HAS / VERB.) 3)

(ESUAL {NUMBER OF PISE 10 (HAS / VERB)} (TIMES 2 (NUMBER OF
GUPPIES (MARY / PERSON; (RAS / VERB}))}

(Z8C NUMBER OF FISH TOX RAS IS 6)
Pigure 8

The verb in this case is "has". The simple sentence "Mary has 3 guppies™

ig tramsformed to the "equivalent" sentence "The number of guppies Mary
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has is " and the processing of this latter gentence is done as previously
discussed.

The general format for this type of semternce, and the format of the
{ntermeciate sentence to which it is transformed is best expressed by the
followirg COMIT transformetion rule:

$ + $1/VERE + $1/NUMBER + $ = THE + NIRMER + OF + 4 + 1 + 2 + IS + 3
This may be read as--anything {a subject) followed by a verb followed by
a number followed by amything (the urit) is transformed to a sentence
starting with "THE NUMBER OF" followed by the unit, followed by the subject
and the verb, followed by "IS" and then the number. In "Mary has 3 guppies”
the sub ect is "Mary", the verd "has", and the units "guppies". Similarly,
the sentence "The witches of Firth brew 3 megic potions” would be trams-
formed to

tple nuzber of magic potions the witches of Firth brew is 3."

in addition to a declaration of number, o gingle object transitive
verbs muy be used in a comparstive structure, such as exhibited in the
sentenc: "Tom has twice ac many fish as Mary has guppies."” The COMIT
rule whi.ch gives the effective transformatioa for this type of sertence
structue is:

$--$1/VBRB+$+AS+HANY+$-&-AS+$+$1NBKB+$-

%ER + NUMBER + OF + 6 + 1 + 2 + IS + 3 + THE + NUMBER + OF
+ 104+ 8+ 9
Por the example, the transformed sentence is:
"rie number of fish Tom has is twice the number of guppie; Mary has.”
Transformation of new sentence formats to formats previously "under-

stood" by the program can be easily added to the program, thus extending

cic subszet of English "understood" by STUDENI. In the processimg oot
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actually takes place within STUDENT the irtermediate sentence never exists.
It is ensier to go directly to the mcdel fv¥om the format, utilizing sub-
routine: previcusly defired in terms of the szemantics of the model.

The word "is" indicates equallty only if it is not used ag an suxili-
ary. Tie example in Figure 9 shows how verbsl phrases comfairing "is", sucn
as "is tultiplied by, and “is imcreased by' arz aandled in the transfcrma-

]
tion.

¢THE PROBLIZ4 10 BE SOLVED IS}

¢A NUOMEFR IS MULTIPLIED B¢ 5 . THIS PROOUCT IS INCEEASED BY 44 .
7H S RESULT IS 68 . FIND TUE NUMEER .)

(TIE EQUATIONS TO BE SOLVEL ARZ)

(ECUAL X00001 (NUMBEE )

{EUUAL (PLUS {TIMES (NUMBER} 6) 44) 65)

(T'E NUMBEZE 7S 4}

Figure ©

Th¢ sentence A numbcr is multirlied by 9" only indicates that twe
objects in the model are related multiplicatively, and coes rot indicate
explicitly any ecuslity relatiosn. The interpretation of this sentence in
the med«1 is the prefix nctation product:

(TIMIS (RUMBER) 61
This laiter phrase isg stored in a temporary locatiomn for possible later
reference. 1In this problem, it is referenced in thz mext santemce, with
the phr:se "THIS PRODUCT". The important wowrd in this last phrase is
WrRISY - STUDENT igneree 2ll words in e variable containing the key word
"PHiS". ‘The last temporarily stored phrase is substituted for the "this"
varieble. Thus, the first three seatences in the problem s:ated in Figure

9 yield oaly one equation, after two substitutioms for "this" phragses. Tnc




r
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last sentence "Find the number." is transformed as if it were "What is the
number Q.", and yields the first equstion shown.
The word "this" may occur im a context where it is not referring to

a previously stored phrase. 1In Figure 10 is an example of such & context.

(THE PROBLEM ™ BE SOLVED IS}

(1HE PRICE OF A RADIO IS 69.70 DOLLARS . IF THIS PRICZ IS

15 PERCENT LESS THAR THY MARKED PRICZ . FIND THE MARKED PRICE
)

(THE EQUATIONS TO BE SOLVED ARE)

(EQUAL X00001 {MARKED PRICE))

(EQUAL (PRICE OF RADIO) (TIMES .8499 (HARKED PRICE)))

(IQUAL (PRICE OF RALIG) (TIMES 69.70 (DOLLARS)))

(1 HE MARRED PRICE IS 82 DOLILARS}
¥igure 10

In such contexts, the phrase containing "this" is replaced by the lefi-half
of the last equation created. In the example, the phrase "this price"” is
rcplaéed by ''the price of a racdio”.

Tre problem in Figure 10 illustrates two other featuras of the STUDENT
progran. The first is the action of the corplex operator '"percent less thza".
It causes the number immediately preceding it, i.e., 15, to be subtracted
from 100, this result divided by 100, to give .85 (.8459 due to rounding
errors in conversion). Then this operator becomes the infix operator "TIMES".
This is as indicated in the table in Pigure 6.

This problem also illustrates how units such as '"dollars" are handlec
by the STUDENI program. Any word which immediataly follows a number is
labelled as a special type of variable called a unit. A number foliowed

by a unit is treated in the equation as a product of the number and the

unit, e.g., "(TIMBS 69.70 (DOLLARS))". Units are trested specielly i{n solvinn
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the set of equations, in that any unit may appear in the answer. Xf the
value for a variable found by the golver ic the product of a number and
a wnit, STUDENI concatenates the mumber azd umit. For example, the solu-
tion for "(MARKED PRICE)" in the problem in Figure 10 was "TIMES 82 {DOLLARS))
and STUDENT prints out

"{THE MARKED PRICE IS 8% POLLARS}

There is an exceptice to the fact that aay unit may appear in the

answer, as illustrated in Figuve 1l1.

(THE PROBLEM TO BE SOLVED £S)

(IF 1 SPAN EQUALS 9 INCEES , AKD 1 FATHOM EQUALS 6 FEZT , IOW
MANY SPANS EQUALS 1 FATHGE Q.)

(THE EQUATIONS TO BE SOLVED ARR)

{EQUAL X00001 {TIMES 1 {PATHOMS}))

(EQUAL (TIMES 1 ‘FATHOMS)) (TIMES 6 (FLET}))

(EQUAL (T3MES 1 (SPANS)) (TIMUS 9 (LiCLS)))

UNABLE TO SOLVE THYS SET OF EQUATIONS

(USING THE FOLLOWING KHOWN RELATIONSHIFS

((EQUAL ETIMBS 1 (YARDS)) (TiMES 3 ¢PEFT}Y) (EQUAL (TIMES 1
(FEET)) (TYMES 12 €INCEEZS))))

{1 PATHEOM XS & SPANS)
Figuzre 11

If, as in the problem in PFigure 11, the unit of the answer i3 specified--
by the phrase "how many spans”--then only that unit, in this case spans,
may appeer in the answer. Without this restriction, STUDENT would blithely
answer this problem with "(L FATHOM IS 1 FATHO )" .

In the transformation fror the English statement of the problem to
the equations, 9 inches become (TTMES 9 (iNCHRS)). However, 1 fathom

became (TIMES 1 (FATEOMS)). The plural form for fathom ha: been substi-
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tuted for the singular fcrm. STUDENI always uvaes the plural form if knounm,
to ensvre that all units appear iu oply cne foru. Since "fathom" and
"fethons" are different STUDEIY would treat them as distinst, unrelated
units. The plural form ic part of the global informaticn that can be mede
availalle to STUDENT and th2 plural form >f a word ls subsiituted for eny
ginguler form appeariag after “1" in any s>hrase. The inverse cperaticn is
carriec out to perform correct printout of the solution.

Nctice that the information given in the problem was insufficient to
allow golution to the set of equations to be sclved. Therafora, STUDENT
looked in its glossary forxr Infcrmsation coacerning each of the units in
this set of equations, it found the relaziemsghip "1 foot equals 12 inches.
Usiang this fact, and the equation it iwmmlier, STUDENY is &dble to solve the
problex. Thus, {m certaixz cases where a problem is nct "anelytic", irn the
sense that {t doas noif cortain, explicitly etated, all the information
necded for its solution, STUTENT is able to draw on a body of facts, pick
cut relavant ozez., and use thece to obtein & sclution.

There is another class of problems which I call semi-analytic. 1Ia
such problems, the transformaticn process dces not yield a set of solvable
egueticns. BHowever, iu this set of equaticre there exists a pair of vari-
ables for more than one pafs) such that the two varisbles are only "slightly"
different, and really neme the same object in the model. When a set of
equatiocns iz unsolvabie STUDERT searches Zor relevant global equatione.

In addition, it uses several heuristlc techriques for identifying two slightly
different variables in the cquations. The problem in Figure 11 illustvates
identificaticn of two variables where im cme veriable a promour has been
substituted for & noun phrase in the othez varviable. This identification

is made by checking all variables appearing before ozne con:isinimg the pr-
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noun, aid finding one wiich is identical to this preonoun phrase, with a

(T{E PROBLEM TO BE SOLVED 87

(TIE RUMBER OF SOLDIERS THZ RUSSIAHS HAVE IS ONE HALF OF THE
NUBER OF GUNS THEY HAVE . TiE WUM3EER OF CGNS THEY HAVE IS
7030 . WHAT IS THE NIR{BEX OF SOLDiER: THEY HAVE Q.)

(T:IE EQUATIONS TO BE SOLVYE™ ARE]

{ENVAL X00001 (WuUM3ER O¥ SOLDIERS (TEEY i" PRO; (FAVE / VERB}}))
{BQUAL (R ¥R OF GUHS (TS / PRO; (BAVE / VERB)) 7000}

(EQUAL (NUMPER OF SOLDIERS RUSSZANS (RAVE / VERB)) (TIMES .5000
(i MBER OF GUWS (THEY , PRO) (HAVE / VERB))IH)

UNABLE T0 SCLVE TEIS SET OF BQUATIORS

CA3SUMING THAT)

¢({UMBER CF SOLDYERS {THEY { PRO) (HAVE / VERB)) IS EQUAL TO
(W IMBER OF SOLDIZRS PUSSIAHNS (BAVE / VEERE)))

FIE NUMRER OF SOLDXWRS THZY BAVE IS 35003
Figure 12

sudbsiitution of & strinz any leungth for the pronoun. IXf two variables
match i this fachion, STUDENT assumes the two variables are equal, and
prints out & statement of this asszumption, as shown. The solution pro-
cedunce .8 thea tried again, with the additional equations from identifica-
tions. In the example, the 2dditicnal equation wes sufficient to detex-
mine the saiution.

The example in Figure 13 is again a "non-analytic" prcblem. The
first set of equations developed by STUDEYY is unsolvable. Therefores,
STUDEWT tries to find some relevant equations in its store of global
informazion. It uses the first word of each veriable string as a key to
its glossary. The one exception to this rule is that the words "number of"
are ignored if they are the first two words of a variable string. Thus,

iz this problem, STUDENT wetrieved squaticns which were stcred under the
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key words distance, gallons, z&3, and miles. Two facts about digtance

had beea stored earlier; '"distance equals spzed times time" and "dis-
tance equals gas consumptlop tinmes number of gallons of gas used". The
equations implicit in these eeniences were stored and retrieved now--as

possibly relevant to the uolution. In fact, only the second is relevant.

(THE PROBLEM TO BE SOLVED 1S)

{THE GAS CONSUMPTION OF MY CAR IS 15 MILES PER GALLON . THE
DISTANCE BETWEEN BOSTON AND NEW YORK IS 250 MILES . WHAT IS
THE NUMBER OF GALLONS OF GAS USED ON A TRIP BETWEEN NEW YORK

AND BOSTON Q.)

(THE EQUATIONS TO BE SOLVED ARE)

(EQUAL X00001 (NUMBER OF GALLONS OF GAS USED ON TRIP BETWEEN
NEW YORK AND BOSTON)) .

(EQUAL (DISTANCE BETWEEN BOSTON AND NEW YORK) (TIMES 250 (MILES))}
(EQUAL (GAS CONSUMPTIOM OF MY CAR) (QUOTIENTY (TIMES 15 (MILES))
(TIMES 1 (GALLONS))J)

UNABLE TO SOLVE THIS SET OF EQUATIONS

(USING THE FOLLOWIHG XNOWN RELAT:GNSHIPS)

(CEQUAL (DiISTANCE) (TIMES (SPEED) (TIME))) (EQUAL (DISTANCE)
(TIMES (GAS CONSUMPTION) (NUMBER OF GALLONS OF GAS USED))))

(ASSUMING THAT)
(¢DISTANCEY §S EQUAL TO (DISTANCE BETWEEN BOSTON ANO NEW YORK))

(ASSUMING THAT)
((GAS CONSUMPTION) 1S EQUAL TO (GAS CONSUMPTION OF {AY CAR))

(ASSUMING THAT)
({NUMBER OF GALLONS OF GAS USED) IS EQUAL TO (NUIBER OF GALLONS
OF GAS USED ON TRIP BETWEEN NEW YORK AND BOSTON))

(THE NUMBER OF GALLONS OF GAS US:iL UN A TRIP BETWEEN NEW YORK
_AND BOSTON 1S 16,66 GALLONS)

Pigure 13
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Before any attempt is mede to solve this augmented set of equations,
the variables of the augmented set are msatched, to {dentify "slightly
different" variables which refer to the szme obiect in the model. In
this example ' (DISTARCE}", "(GAS CONSIBMPIIOH)" and "(NUMBER OF GALLONS OF
GAS UGSED)", are all identified with "similar" varisbles. The following
heuristically determined corditions must be satisfied for ideatification
of variables Pl and P2.

1) Pl muet'appear later in the problew than 22.

2) Pl is completely contained in P2 in the sense that Pl ig a éon-.
tigeous substring within P2.

This idenﬁification reflects a syntaztic phenomenon where a truncated
phreee, with ore or more modifying phrases dropped, ie often used im place
of the entire phrase. Fcr exawple, if the phrase '"the lenzth of a rec-
tangle" has occurred; the phrasze "the lenzth' may be uged Zo mean the game
thing. Thic {dentificeticn is distimct from that made using pronoun stb-
stitution.

in the example in Figure 13, a schema is used by identifying the vari-
ables in the schema with the variables that occur in the problem. This
protlem is solvable exactly because the k2y phrases "distance", "gas
censumption” and "number cf gailons of gas used" occur as substrings of
the variables ia the problem. Since STUDINT identifies each gemeric key
phrase of tke schema with a particular variable of the problem, any schemc
cen be used only once in a problem. Becsuse STUDENT handles schema in this
ad hoc fashion it cannct solve problems in which sz relstionship such as
"distance equals speed times time" is needed for two different values cof

distance, speed, and time. With some effort, this weaknegs in the prograc

could be overcome.
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(THE PROBLEM TO BE SOLVED IS)

(THE LENGTH OF A RECTANGLYL IS 8 INCFES MORE THAN THE WIDIH

OF THE RECTANGLE . ONE BALF OF TBE PERIMETER OF THE RECTANGLE

IS 18 INCHES . FIND THE LENGTH AND THE WIDTH OF THE RECTANGLE

)

(THE EQUATICNS TO BE SOLVED ARE}

(BQUAL X00001 (WIDTH OF RECTANGLE))

(BQUAL XC0002 (LENGTH)}

(EQUAL (TIMES .5000 (PERIMSTER OF RECIANGLE)) (TIMES 18 (INCHEES)})

(EQUAL (LENGIE OF RUCTANGLE) (PLUS (TIMES 8 (INCHES)) (WYDIB
OF RECTANGLE}))

URABLE TO SOLYE THIS SET OF EQUATIOrS

TRYING POSSIBLE IDIOME

(THE PROBLEM WYITE AN IDIJMATIC SUBSTXTUTION IS)

(THE LENGIE OF A REUTANGLE I8 8 INCEES MORE THAN THE WIDI’H
OF THE RECTARGLE . (NE TALF OF IWICF TZR SW OF THE LEWGIE
AND WiDTR OF THE RECTANGLE IS 18 IN(IBES . FIND THE LENGIE AND
THE WIDTH OF THE RECTARGLE .}

(THE EQUATIONS TO BI SOLVYED ARE}

(EQUAL X00003 (WIDTH OF RECTLANGLE:)

(RQUAL X00004 (LENGTEH))

(EQUAL (TIMBS (TIMEZ .5000 2) (PLUS (LERGTH) (WIDTH OF RECTAHGLE)))
(TIMES 18 (INCEES});

(EQUAL {LENGTE OF RECTA¥GLE) (PLUS (TIMES & {INCHES)) (WIDIH
OF RECTANGLE)))

UNABLE TO SOLVE THIS SET OF EQUATIONS

(USING THE FOLLOWING FNOWN RELATIONSEIPS)
((BQUAL (TIMES 1 {FEET)) {TIMFS 12 (INCHES})))

(ASSUMING TBAT)
((LENGTH) 1S EQUAL TC (LENGTE OF RECTANGLE))

¢THE LENGIH IS 13 IHCEES)

(THE WIDTH OF THE RECTANGLE IS 5 INCHES)

Figvre 15
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Special Heuristics

The methods thus far discussed have been applicable to the entire range
of algebra problems. BHowever, for special classes cf problams, additional
heuristics may be used which are neceded for members of the class, but not
applicable to other problems. An example is the class oi age problems, as
typified by the problem ir Figure 16.

Before the age problem heuristics are used, a problem must be identi-
fied as beionging to that class. STUDENT identifies age problems by any
occurrence of one of the following phrases, '"as old as", "years old" and
“age", This identificaticn 13 made immediately after all words are looked
up in the dictionary end tagged by function. After the special heuristics
are uvused the modified protlem is transformed to equations exactly as ;tated

previously.

(THE PROBLEM TO BE SCLVED 1S)

(BILL S PATHER S UNCLE 1S TWICE AS OLD AS BILL S FATHER . 2
YEARS FROM NOW BILi, S PATAER WILL BE 3 TIMES AS OLD AS BILL
. THE SUM OF THRIR AGES IS 92 . PIND BILL S AGE .)

(THE EQUATIONS TO BE SOLVED ARE)

(EQUAL X0001 ((BILL / PERSCN) S AGE))

(BQUAL (PLUS (¢BILL / PERSON) S (PATHER / PERSON) S (UNCLE

/ PERSCH) S AGE) (PLUS ((3ILL / PERSON) S (FATHER / PERSON)
S AGE) ((BYLL / PERSCN) S AGE))) 92)

(EQUAL (PLUS ((BiLL / PERSON) S (FATHER / PERSON) S AGE) 2)
(TIMES 3 (PLUS ((BILL / PERSON) S AGE)))

(BILL S AGE IS 8)
Figure 16

The need for special methods for age problems arises because of the
conventions used for denoting the variables, all of which are ages. The

vord ege is usually not used explicitly, but is implicit in such phrases

as "as old as"”. Pcople’s names are uced where their ages ae really the
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implicit variables. In the example, for instance, the phrase "Bill's
father's uncle" ls used to refer to "Bill's father's uncle's age".

STUDENT uses a special heuristic to make all these ages explicit. To
do this, it must know which words are "persor worde" and therefore, may be
agsociated with an age. ¥For this problem STUDENT hac been told that Bill,
father, and uncle are person words. They can be seen tagged as such in the
equations. The "s" following a word is the STUDENT represecntation for
possessive, used instead of "agpostrophe - s" for programming convenience.
SIUDENT inserts a "S5 AGE" after every person word mot followed by a "8"
(because this "S" indicatcus that the perscn word is being used in s pos-
sessive sense, not ag an independent age variable). Thus, as indicated,
the phrase "BILL S PATHER S UNCIE" becomes "BILL S FATHER S UNCLE S AGE".

In addition to changing phrases raming people to ones aaming ages,
SIUDENT makes certain special idiomatic substitutions. For the phrase
"their ages", STULENT substitutes all the age variatles encountered in
the problem. 1In the example, for "THEIR AGES" STUDENT substitutes "BILL S
FATHER 8 UNCLE S AGE AKD BiLL S PATHER S AGE AFD BILL S AGE". The phrases
“"ag old as" and "years old" are then deleted as durmy phrases not having
any meaning, and "will be" and "“was" are changed to "IS". ‘There is no
need to preserve the tense of the copula, since the sense o7 the future
tense i3 preserved In such prefix phrases as "2 years from now".

The remaining special age problem heuristics are used to process the
phrases '"in 2 years", "5 years zgo' and "now'. The phrase "2 years from
now" is transformed to "in 2 years" before processing. These three time
phrases may occur immediately after the word age, (e.g., "Bill's age 3 years
ago") or at the begimning of the sentence. If a time phrase occurs at the

at the beginning of the sentence, it implicitly modifies all ages wentior:d
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sentence becomes the two sentemces: "Mary is twice as old as Ann X00007
years ago. X00007 years ago Mary was as cld as Ann is now." These two
occurrences of time phrases are handled as discussed previcusly. Similarly
the phrase "will be when" would be tramsfcrmed to '"in K years.. Ia K years".
These decoupling heuristics are usefvl not oaly for the STUDENT program
but for people trying to sclve age prcblezs. The clascic age problem in
Figure 17 tock an MIT gracuate student over 5 minutes tc solve because he
did not know this heuristic. With the heuristic he was able to set up the
appropriate equations much more rapidly. As a crude wezsure of STUDENT s
relative skill, note that STUDEN] took less than one minute to seclve the

problem in Figure 17,

Global Informaticn

This algebra problem-solving system containc two programs which pro-
cess English input. One is the program this far discussed, STUDENT, vhich
accepts the statement of an algebra story arcblem and attempts to find the
solution to the particuiar problem. STUDEYT does not store sny information,
nor "remember" anything from problem to prablem.

The other program is called REMFMBER and it preccesses amd stores facts
not specific to any one problem. These fasts make up STUDENT 's store of
nglobel information”. This information is accepted in £ sudset of English
which overlaps but is different from the subset of English accepted by STUDERT.
REMEMBER accepts statements ir certain fixad formats. The following are
the formats currently understcod, and the method of storage of the inforaa-
tion obtained in each format.

1} Rxemple: Distance equals speed times time.

Format: Pl equals P2,
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Processing: The sentence is transformed into an equation in the
same way it is done in STJDENY. This equation is storad on the property
lists of the stoms which are the first wordz in cach variable. 1Im the
example, the equation

"(EQUAL ¢DISTANCZ} (TIMES (SPEED (TIME)))"
is stored or the property list of "Di{STANCE", V“SPEED" and "TIME". This
equation will be retrieved if m2eded and cne of thase word: appears in
tke problem.

2) Example: Times is an operstor of lavel 1.

Formst: Pl iz an operator of level K.

Processing; A dlctiozmary entry for Pl is created with subzcripts
of C? and K. For TIMES, the dictiomary ertry (TIMES/OP 1) is created.
These entries are those that arec used to cetarmine the_taggiﬁg of words by
fenction.

3) Exeample: OF is an operator.

Format: Pl is an operator.

Processing: Createsc a dictionary entry for Pl vith the subseript
OP. The entry for OF is (OF/OP).

4) Exemplo: Bill is a person.

Format: PIL is a P2.

Processing: Creates a dictionary entry for P1, with P2 as a sub-
script.. The eatry for BILL is (BILL/PERSCN).

5) Exemple: Feet is the plural of foot.
Pormat: Pl is the plurcl of P2.
Processing: On the property list of Pl, after the flag SING, P2

is stored; on the property list of P2, after the flag PLURAL, the word Pl

is stored. Thus FEET is stored after PLUEAL on the property list of the
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atom FOOT.
6) Example: One half alwsys means 0.5.

Fermat: Pl always means P2.

Processing: The program STUDENY i3 actually modified so that if
Pi occurs, the mandatery sub-uicction of P2 for PL will be made. The last
sentence of thie format processed by REBIMBER will be the first mandatory
substitution made. Thus "ome always means 1" followed by "ome half always
means 0.5" will cause the desired substitutfons tc be made; if these sen-
tences were raversed nc cceuixence of “onz half" would ever be found since
it would havz been charged to "1 half'.

7) Example: Two numbers sometimee neans one number and the other
number.

Format: Pl sometimes means P2.

Proccessing: The STUDENT program is modified so that the possible
idicmatic substitution of P2 for Pl will ce made in a problem if it is
otherwise unsolvable. All such "possible idiomatic substitutions" are
tried when necessary, with the last one entered being the first one tried.

These last two formats actually inse:t new METEOR program statements
into STUDENI. If Pl and P2 are METEOR left amd right halves respectively,
using special METEOR features, these formits can be used to extend the sul-

get of English understood by STUDENT.

Conclusgion

The STUDERT program accepts as input an algebra story problem couched
in a restricted subset of English. It tries to solve this problem by map-
ping the input into a relational model and manipulating structures inm the

model. It uses general information alec entered im English, and siate: in
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English any assumptions and facts used to find the solution to the problem
givea. If the solution i3 found, it is also communicated im English.

STUDENT could be extended in many waye withia the framework developed.
For example, much more sophisticated sentence parsing routines could be
used. This would emaebie STUDENI to extract "simple sentences" from much
more complicated gremmetical structures. In addition, it might help in
the {dentification of & phrase which is & paraphrase of another. This
identification is the mos: difficult task STUDENT attempts, and the methods
uged are heuristic and ad hoc. Better methods making more use of the mean-
ing of the worde in the phrases shculd be found. Because of the current
method of identifying variables, a stored schema or equaticns can be used
orly orce. This should ba improved.

I think we are far from achieving a program which understends all of
English. However, within its limited arez of competence, STUDENT has
demonstrated that it has a gocd "undevstanding" of English, and I think
that limited programs such as this may actually prove to be useful tools

in their own zight.
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