Artifilelal Intelligence ProjJeet--RLE gnd MIT Computatlon Cenker
Memo 38 == Machina Understanding of Linguiesiec Information--
£ Survey and Froposal
by Bert Raphasl

I. Inktroductlon

For the paat few months I have been studying the problem
of how to make a computer underatand linguistiec information {in
gome generally accpted sense of “urderstand®}. I kave llatense
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Translation (Dr. Yngve), and read Ghs works of various linguists,
loglelana, pawvchologlets, and compuber programers on subjects
ranglng through aepantles, informablon retrisval, arnd mechanicsl
translatlon.

The remalrder of thls psper is dividsd indo bwo parts:
a survey ol various idsas and results zppearing in the current
literature (with scme editorial comment); and a propocal for fubure
work to include a compuber system for storing snd extracting samantie
information.

II. Background Titesrature
A. Qeneral Ssmantles

"Sewantics” 18 generally studied from one of two viewnoinke:
pure op ﬂuﬂﬂfipbiva. Fure semantics, the kind atodied by Earnan,;ﬂ
ﬁ;a]s wlth the propsrtlies of srtificlally-conatrmiched formal svaseps
{which may or ﬁay not have analoguss in the real world), with raspect
ko rules for ssnbonce formation and dealgnation of formal modale and
truth values. We sghall rather be concerned with descriptive semantice,
an empirleal gearch for rulee governing truth and meaningfolnese of
sentences in natural language. '

We gulelly encounter the paradox of having bo use worda
with whlch to discuss bhe meanlng of words, ln fast even of bhe
word "meaning®. Any attempt to dlstinguish betwesn object lansusge
and meta-lsnguags ssems stralnad and artificilal. A coamon device
is to define "meaning” with a very speclalized sense, or rofuse thab
it ean be defined altogather. Quinﬂ,.tﬂngua in cheek, recognizas
this Aifficulty in the following paragraph -

“One must remembsr that an expreosion's meaning [if we are
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to admit ruch things as meanings ) 1a not to be confused with the
ebJact, 1) any, that bhe expression designates. Bentasnces do nob
daslgnatie at all..., though words 1ln them may; ssntences are simply
pot singuipye harmaﬁ But; pentences s5ill Fave mesnings {if we admis
guch things n8 m2anings); and Sthe meaning of an oternal sentense

ia the objoch dealgnated by the slngular term found by bracketing the
ggnbence. That aingular term will have & mzaning in twn (1f we

are prodigal evough with meanings ), but it will presumebly be
somathing furth:r. 0Onder this apprcach the msaning {1f such Ehera
b2) of the non-chernal sertonce "The door 13 open®™ 1a rok s
p'{'apaﬂitinn“.,“ -=-=implying that Sthe illivadre mesndng of "The door

in open, " ia somc complete intulbive aet of clroumstances surrounding
a particular occazion on which th2 statement "The door is open,” was
phtered. Clearly this kind of concept doeg not lend 1tzolf o
computar usage.

Zif?? is mor: pracise in malklng the followlng dletineton:
words may have mesting (but not significanca); ubtberances (phrasas,
guntences ) may have significance (but not msaning). However he
ghates that an anglrsla af the slgnificance of a whole uttsrance
cantot be complated without an analysls of the meanings of The words
i1 the utbterance.

Ancther slmllar approsch is that of 'i'J.‘L:La'esamcrn'1 who considera a
word a8 the smalleis significant onié with f=olated “concent”
wiwereas phrases, scntencesa, ete., =2xpress ralations between the
things which ar: sywbolized by individual words. Heve “meanin:g” is
dafined as "a rooiproeal relationship betwsan the name and ths sense,
wiiinh enables the ohe to call up the other.™ By "sense® 18 wmosnt
the thonght or reference to an object or associaticn {referent) which
is reprosented 1y the word (symbol). Note that meaning hers relatos
word with thouglt about objJeat, not neceesarlly with object iteel?.

In thie coniection let us menticn Walpoisia "25 definition
hmuteafﬁ Ha obyerves that a word may be delined by dlrect
aymbolization, 1.e. asscolating 1t with an obaervable cbject bub aleo
any other kind of apsociation, connsction, or charackerdetic, such
as loeatlon or ntate or legal relation, can be usedy and the precise
conneckion 18 generally described verbally. Walpole slso notes {and
wa shall wse this faet laker) that soms word relationehipe, such
arn whole Go pars, or genasralleation to spaclal caswjdntaru'rlin.a partisl
crderings of large classss of words (espeolally common nouvns) into
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tros structures. However the class of abstiract nowns or "fictions,”
which do not neme any oblect in any specific serse-sparience, do
not lend themsalves o such ordering.

Be Geammar and Meandng

"hus far we have discwozsed meaning while ignorlog the
gramrar {zyntax} of langusge -- bBub clearly srammar must b
congdidered since an ungrameatical ssntence iz not likely to be
very megningful.

A "gremmar” 1s wsually defined as a set of rules for
penerating the gremmatical sentencoes of a Janguesza, and nons of
the ungreammatical oner. Derdving a gramrvar i an emplsdleal buesinesn,
sloea the ultimate teet of whether a statomsnt is gramsmatical ov
rot is bo ask & native speaker. Consldering only the Tuncblonal
roler of words in sentoncee {thelr "parta-cf-spoech®), but not
their meenings in any sense, Chomaly” develops various wadele fov
Inzlish grommar: phrase abructurs 13 a slople concept und works foz
a gmall part of the languvage, but iz gencrally Inadequate; Hrens-
formetlornal schemas are probably adequate, but are complicated ard
difficult to complate or Gest.

Although syntactics purporis bo lagncre meanings,. the
bourdary line batwsen grammar and semantice is guits hazy. Hop
exanple, some linguists claseify the sBo-called “wass nowns"(e.z. "waber®)
23 a separate gramratical pgroup since they don’t teke Ghe swtlele;
however the dlstinction baetween "I want mest” ard "I wunt a steoak®
is generally consldered to be a semantic one.

Ziry defines meaningfullnese in toras of rigldity of grammatical
gtrecture, Words which are necessary in s particular grammaticsl
configuration, such as frequsnt occurrences of “to,* "do," "the,® ste.,
sre sald to have no meattityg. On the other hend words vhich could
ba replaced by a large number of alternatives wilthin a given
grammatical context are consldered very meandngful. Simmons ! malkss
this distinetion between function words and content worda even more
aharp, a8 we shall sse later. We shall accept theas notiona ouly to
the extent that they do indleate n close conncoblon betwasen grommatlioal
and semantlce clasaiiicakblions.

C. Exiating Computer Programs

Saveral computer programa lLave besn written in the pask faw
yoara which are relevant to the present discussion. Sowe of the
Taaturesz of thesse are sunmardized below.



1] Feldman'e analysis for simple English. (8) This program,
dealgned to translate eimple English commandés Into tooling
machine inatrustlona, performs the nacesssry nyntactle analyals
on a certein class of simple sentencee which are limited to a smmll,
prescribed vocabulary. Vocsbulary iteme sre ldentified with part-
of-spucch, and certaln are maried as "key" words.

2] Fhillipa' “"Question-Anawering k‘u::nu’ri.w»z-""”4 Again a dletlonary
of all needed words and their parta of speech 1s providad.

Sentences are analyzad on the basias of s phrase-structure gramtar,
ard placed 1n a canonicsl tabular form. Ths gusstlon iz apguned

to involve only ortair Tactore, and ls transformsd to be matched
apgainat the sentences in the text, untll the approprlate inlorwabtion
in found.

3) Simmons! grammatical zudingalﬂ By waking propsr note of
runetion” worde (prepositions, auxililiary verbs, conjunctions,ete, )
which ars keys to gramatical ebructure, suliixes, and smpiriczl
riles of zrammatical sontext {allowsble palrs and tripleta of
eyntaetic forme), this progeam can ecan arbltrary text at s hizh
rate of spead and fag each word with ite aporoprizte pert of spesch,
wilith s hizh degree of ascuracy.

k) E?HTHEK.? Thie system, designad 4o “synthesize human
languags behavior,” starts by scanning arbiltrary text, performing
the grammatical coding deseribed in 3) above and Indexing =11
oscurrences of content (non-functlion) words. When & questlon is
read, 1ts content worda are ldentified and relevant sectlons ol text
extrected by use of the index. An answsr 1s then composed based on
a matching process silmilar to Phiilipa', elthough probably
somewhat more elaborate.

5) “Basaball“li This program, writtea in the I1PL-V programmirg
language, 1s designed to answer any reasonsble verbal English jusstion
ghout the results of a set of baseball gamea. The data 1s & certain
tres atructure containing all the informatlion about all games.
Questions are analyzed ayntactically with the ald of a dictlonary,
and the resulting forms complated by referinees t> the data structure.
Tabulated answer information 18 then printed cut. The dletlonary
hae a set of values of certaln attributes for each word, auch as
part of sp=ach, whether part of an idiom, and “meaning”. "Meaning,*
which cnly appears for certaln wordz, 18 canondeal translation
within the context of the program: e.g. the meaning of “who® is

UPeam=f " This procedire 18 adsquate for the problem, hub would be



difficult %o generalilze faor hpplinatiup to wider contexts.

B) iimble's semantie ahrunturnabig Sable wsonatrocts & set-
inclusion tres for etoring lGems in a llmised technilcal veesbulury,
The Llnformation refrleval problem fe elrplifled by using a eimple
pefienn2 for coding the location of itsme on the tros by level end
noda count, and informabtion aboub relebed iteme can be cbbalned
from thelir btree locsflons. Our proposal below wiil involve a
general applleatlon of simllar ssmantio trec-shruchurse principles.

It Is lntereetinz to noke that all the above programs sve
baned on algorithmlc ayntactic schemes. While 1t 18 presently
generally recognlzac thabt wee of semsntliec notions will te ensentiasl
Porr difficult languepge-proceasing problome, usefal apee:fic
programiable achemes basod on semantic 1deas kave thus far hean too
alupive. The current atate of this phassz of the problem ia discusnag
in the following section.

Do Applicztlons of Semanties.

The nzoeasity for having semantic informmation availabls has
pacome mosl smpparent In yecent work cn mechanieal tranelation of
natural language. Dletionary look-up and syatactic context schomes
have falled miserably, and the only help & bllingual huran ezn glve
whan aslked bds translation method 1s to asgert that he resds 1n one
langusge, "underatands"” what was read, and then re-expresses the sare
“idea” in the now lenguage. Tt is apparent that %he sans processses
ara lnvolved In humen readlng comprehunsion and question-answsring
progetiures and are therefore probably the Wey to gfficlant
Langusge processing by wmachine.

In ordar to understand "underztanding,” we should look ab what
e lmwvolved In lsarpning new words. Quinee deecribas throas basis
approsches: 1lpeinting in 1solation {"atimulus meaning”}; 2% from
context (performdng the necessary inductive irference)s 3} by
dezerlption {definition -- in terms of other words). I fesl shat
while the first is the most fundamental, the third sppreach 1o by
far the most important in bullding a veeabulary and recelling
"meanings. © 2iff> defines aemantlic relations as "...correlationa
batwa=n types of events, or a btype of svent and a state of affatva, or
a typa of word and a Gype of thing, cr a word and a thirg, ard so
forth.” Howsver since types and otates are generally asscelsted with
gpacific worda, all of the abovse excgpt the last may be considersd as




1n a languages saystem. They enter into all kinds of grouplngs held
together by a complex, unstable and kighly subjeztive network of
a3sociationa: assoclatlons betwesn Che nanes and the sensen,
a3goclations based on similarity or some other relatbn. It is by
thelr effects that theose asacclative comnectlons wmake Chomselveos
faolts...Tha sum total of thees ssscslative networks ls the
vocabulsry. **

One way to deal with the problem of semantles migh® be to
avold 16 by translating arﬁlnarf language into a forma® system which
could b handled syvntactically. 3 nfortunately this procedure, if
poaaible at all, would obscure the rmesl problems in a mase of detailed
dacumentabion and u:tatiunﬁ and be of little gensral value. AL flrst
view Freudenthalfa Ilﬂﬂdﬂl may asan lilkke a formal ayatem for
dagerlbing human behaviori but 1t is actuslly quits far from suech,
and sasumes far greater abilitiszs for Indactive inference of rulea
and situakions on the part of the recelver than 1s expected of the
wival language atudent,

Quillianlﬁ iz attempting to reprasant the semantic content of
words as sets of "coneepts’, which could be combined to represent the

=anings of phrases and sentencee. With the basiec premisea that
learning a new word involves measurding 1ts values on & set of baale
scales, he 18 Crylng to Dulld up & repertolre of suifable coordinats
srales (which are gsnorally intuitive, unidimensional coordinates:
e.g. length, time, hue, etc.), and eccde the corrssponding representations
of' English words. He also permits defining words in terme of
predafined worde as coordlnatas. Some of this work ia helnz programmed
for the computer in the COMIT syatem. My feeling is that the
relations between words 18 more important than the conceptual meaning
of individual words In terms of somsthing more basle (sasuming cach
can be sultably found); and Sherefors a simpler approach which Lgnoree
hage meanings might be more immediabely fruitful.

Eﬂnf-meml ia more specliically concerned with permiguable word
comlimations. He flret describaa a hisrarchy of sehtence typae:

1! Ungrammaticsal: 2) Grammatical but nonsenne:; 3) Sensible but false;
4} True. E= then argues that the oruclal semantic distinckion lies
between the grammaticsl deslarstive sentences which are nonasnse,

and those which are aignificant (but may be teue or falasel. Any pair
of monadle predicates Py, P, are sald to have a sense vlluzﬁﬁiplffgé
1f there exiets any significent sentence eonjoining them. Otherwise



thay have valusmsils N[PlpPE}a The yelation iz gymmetric and is
presarved under the vsual logical optrations on its argunanse, bubk is
not Srensiftive. A stronger sense relation @+ P 1s true 17 "of {what
12)P, 1t can be significantly sald that 1t 18 Q...8.g. F » prime
mindster, @ = quick”. This permits the arrangement of these

"wanadie predicates” into a aimple tree, whare all words in the

sane meaning class f{e.g. all colore, or all words describing welgat)
gcaupy She same nodas. My maln objeectlon to thie work ie in whers

thz important distinctionz lle. Sommere would srgue that “the idea

le alwayd gresn” iz nonsenas, but ¥ the aly 18 always gresn” 1a
sgnaible (since aky may have colow, for "the sky is blue®™ and theraforc
"the sky 1z ool blue® are significant), slvhough false. Hdote bhaet
"1deaz eamct bs grsennwuuld be considered norasnse, rathor than

trus, bty Sommors. T Ffeel the dlstinction betweon "nonsensz® and
sanzible bub not true of the real werld®™ So ke too hazy to ba tho
basin for s semanbic system (such as bhat baasd on the L/ ond = relasions ).

A new book by Hiﬂa]"r tilecunsase sevaral Sypes of possible word
asscelations, Chain assosisbions, 1.e. linear ordering of terns
such as numsrala or colors of the specirum, have wvery limiied
apaliceblility. Hisrarchical orderling acoordlog Lo gensrality
{cimsz inclusion) 1= mescntially one sohems Jhich we shall adopt,
wlsh modificaktions. 1 don't bellave as Hida docs thst proncuns have
a place in the hisrarchy &3 very gensral terns. Rather, thzy should
be replaced by thelr antecsdants. Constltuent analyelis is a schomsz
glmllar to Quillians, and again reguires the 4ifflcult cholee of
conrdinates and azsigmment of wvaluss, It is diffleunlt to diasiinguish

swesn NMida's "four basic types of Bewes  as fundamental componense
in semantlc structure”™ and certaln well-knowa grammaticsl parts of
sprugch~azcept that the rulss for ssmentic parsing of sentences are
such more obecura.
1il. Propoaal

Let us now review the major points established In the preceding
DaraZraphs:

1} Schemes based on the eyntactic analysis of English language have
besn sucgebsfully programmed to solve certaln limited linguistic
problams .

2} Svch schemes are not sdegquate, in themasiven, for any larger,
more goeneral yproblems.,

3) Howaver, syntactic snelysis (grammss) must be an important
part of any more ganoral metkod,



4} Understanding seems to be basod largely on various
asgociatisng bebwern words.

5) Nonz of the semantiec snalyals schemes proposed thuas far
can be realizeble o a compubar in the near future, lavgsly because
Ehey Involve procefures which are tco vague ant general, ln cornesbior
with problems which azve too large.

My feelings with regard to point 5) above sre based on the
following heurlatic: “Large problems are easisr to sclve if the
golutlons to swmaller, aimllar ones ars avallable.” Here "simller®
ia vsed in 1ts brocdest most awbilguocus sense. I we ave lucky the
giall problem willl bturn out o be s subpioblenm of the large one, aor
a opsclal case with cbvious routes Lo gensralizabion (slthough thias
might not be apparcnt at the outs=t); however ths solution wiil
almosk nlweys sugzgent mothods which should be tried on the large problem
{or, Juet ae important, wethods which should not be Gried),

i proposz to develop a computer program whilch will have the
abllity to ubilize zemantic'backerovnd® Information while anawering
quentions based on avallable text: materiel. Texds will ba 1imited
to a certzlin small vocabulary and simpla senbence atructures, probably
selected from children's literature, Grammabical information ruch
a4 phraee structure rules and She part-of-speach labeling availabie
from Simmonts prﬂgr&mlﬂ will be avallabie to the system. The
somantle Information will be implieit in the orgenization of the
“riletlonary ™ which will contain divislons and zagoclationa of both
syntactle and svmantic natures, as deseribad below,

Words will first bo claseified by part of speach. Douns will
fhen be arranged in a hieprarehieal structiure based on g anerality
clapy inelusions {this will probably invelve re-sntrent Lpes structure ).
Other asacelations will also be indicated batween words in different
parta of the %ree, such ze part-whale relationshipa, or just
abetractly "relat2d® {1.e¢. likely to appear in the same BEhGence,

e.g. "dog” and "Bow-wow"). To some sxtent a verd trea sen alse be
st up, with "move” brarmching into ®walk,” “hop," and “apin," for
sMEmpla,

Comnectlons can then be made betwsan nodes in the noun bpes
and nodes in the verb tree, indicating, say, "it mskea sense Lo use
any noun below this polrt as the subjest (or sbject) of any verd
brlow that corrssponding point.¥ Similar atructures could be mel L
within the olmsses ol adjectives and sdverbs, and betwesn them and tha
nowa and verbs which they way modify.
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Thia semantic dictlenary will be prepared In advence nnd
evaillable to the initisl state of tha prograi. t could concelvshly
te used then to geasrate rendcm English eentences, all of which ray
te true of Ghs reai world. Howsver, the quéstlion-answoiring procudure
would be az followa:

1) As bhe baxt 1z read, a “thresd" ia inserted into the
dletionary which follows the actual events of the bext.

2 If Timposaible® word reladions or ned vocabulary appear,
tha progran will complafn.

3} When a guashlon le asked, the words In bhe gusatlon, %hs
text thread, and tha sbrusturs of the dicbionary are all availabls
to be waed whlle composing ah EnNsWer.

Anblguous worde, obllique meanings, snd sbatiract concepbs will
be avolded or ignored. The purposan of thils atudy will be

1) to deteraine whether 1% ia posaible So store g significani
amount ©of cemantlas informablon, by mesana of the type of sbrucsore
Gescrdibed, 1n a ressonable ameunt of spase.

21 To determine the hature of the search and snslyais procedares
which ars noeoded to villize most afficiently this avallable
samgnktic ilnfopm=fion.

1 shall econ atart preparing detalled flow-evharta for thia
progran.  f would appreciate hearing whatever ideap or sugzestiona
anyona wilght have.

Eert Raphzel
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