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Abstract
This paper discusses
seaantic inforRation derived
Schank (1S72, 1971), Milks (1973a,
and Schank et al. (1973). A critical
related approaches is given
representational inadequacies for
cosprehension in their theories.
various piobl*as in representing knowledge ar»
investigated and aethods suggested for handling soae
of thee. These problcss concern the representation
of states, events, actions, and cases, as veil as
the handling of logical and natural language
quantifiers, adverbials, fuzziness, and the aeanings
of co»fl«x concepts,

representations of
froi these of
1973b, 197 3c),
review ot th-Air
that shoes
language

r.ore ger.srally,

I.  INTRODUCTION

The priea, facie appeal of many natural language
understanding systems diainishes under close
scrutiny. Tnis is duo in part to a lack of detailed
consideration ot aany classas of probleas inherent
in language understanding. Oftentimes an existing

theory cannot be augaented to
class of probleas. Thus
restructured or replaced.

account for a new
the original tbeoty aust be

foraulation of a
language

To facilitate the
theory of natural
representational
sufficient
content of

general
ur.dtrs- anding, a
&cbeaa is required that has
expressive pov*r to reprosent the aeaning

ordinary language. This entails aaking

exactly those predictions and inferencss from the
representation of an utterance that can be made from
the original utterance. The following is a
development of soae ideas concerr.ing the
representation cf individual items of "factual
knovliedge" in a coaputer, where this knowledge is

thought of as being conveyed to the ccmputer in
natural language.

The next section enumerates what we btlieve to
be the advantages of two related approaches to the
problem ot representing natural language in terns of
meaning structures. Those approaches are those of
Schank (1972, 1973), Milks (1973a, 1973b, 1973c),
and Schank et al. (1973). we  believe their work
exemplifies the correct approach to the problem of
rapretenting the conceptual content of natural
language utterances.

Subsequent sections outline several
difficulties with Schank's and wilks» thooiies.
These difficulties concern the representation ot
states, «vents, action.'., and cases, as »t?l1 AS th *
handling of logical and natural language
quantifiers, adverbials, referential opacity,

fuzziness, and the aeanings of coaplex concepts.

1. TWO RELATED APPROACHES

The conceptual dependency approach of Schank
and the preference semantics approach oi Milks have
the fcllowmg desirable features regarding knowledge
representation. These features have not all been
articulated by either Schank or wilks and they would
perhaps dispute this characterization of thair

respective approaches.

the neanir.g structures correspond ing to
natural language utterances aro ford According
to siaple structural rules. Powerful heuristic
criteria, based on the central role ot verbs and
on preferred seaantic catsgorios for the
subjects and objects of verbs, guide each choice
in the crwition of mening structures.

Interpretation of utterances then takes on a
"slct and fillsr" character, th«-r than
requiring ejrtentiive trial and error search.
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Section 2: Representation of Problems
and Knowledge

(11) ps-asphasls_of_syn?ox

in ocrdinary discout:i« it would be absurd not
to 4ccopt “ungre-owmatical™ consntructions such ax
danqling participles or tanciful locutions such
as petaphor, Neithar pirefer:nce samantics not
conceptual de pandency impose a syntactic
*straight jackee® an adajissible UttefaRCes.
Therefore tha abnormsal is not excluded as it is
in sany linguistic systess,!

effort in
focusod on
relationshipr.. By
relationships in the world

understand. Therefcre the

a major part
understanding

of out interpretative
natural language is
events, i.e., time-dependont
contrast, "static"

are relatively easy to

search for fundamental senantic structures and
priaitives should concentrate on the
representation of events.

(iv) Simplicity of primitives

both Scbank and wilks have shown that there
does exist t small, mcre or less adequate, set
of action primitives through which a surprising

nueber of action <concepts car. be expressed. K

minimal set of a»iantic primitives shouldbe
sought that makes it relatively easy to use the
mearing representations in a lar.guagt (and
paraphrase) indapendent way. Relatively few
inference sechanisss will then be required.

Me will now consider specific difficulties with
these two related approaches and suggest possi bl
ways of overcoainj SOB' ct those difficulties.
Perhaps the most important difficulties are thos
encountered when attempting to represent complex
concepts and adverbials. However, other points ne*d

to be discussed first. In the following discussion
ve have in mind Schank's theory more frequently than
silks*. How3VE£r, Milks* theory is quite closs to
Schank's in its general approach.

I'1'1. VAGOENESS AND UNCERTAINTY

Under
two related,
definite

this first heading we bristly confront
very pervasive probleas, but offer no
solutions.

Conceptual vagueness
feature of nearly
specifically vaguen®*ss in
(Is a 1000 foot hill
Hissouri a rivsr?)

is a seemingly
every ordinary
the extension of
a mountain or the
and vagueness in the

inescapable

concept,
a concept
nississippi-
extent of an

instance of a concept (where does a mountain or
river end ?) .
Schank deaands that his seaantic structures

express ideas ur.aebiguously and precisely. Yet th?
concepts which are theaselvas the building blocks of
conceptualizations are "vague" to a greater or
lesser ixtent. Virtually any ordinary concept will
eerv» as ar. exanple, e.g. house, aountair, river.
Typically a house has rigid walls, a roof, windows,
separate rooos, and is suitable for huear.
habitation. Yet we can think of unusual houses wh«re
any one or aore ot these features is lacking. Fach
of these features contributes to "houseners" without
being necessary. Siailarly one can show that
perceptually related aodifiers such as "trown" or
dynamic eodifiers such as "walking" are vague (whers
is the boundary between walking and running? is
cliabing a str-pp hill, cr a ladder walking? Does a
ean with crutches walk? Do centipedes walk? Co seals

valk Et cetera). This conceptual vagueness
inevitably carries over into conceptualizations. No
longer can ve say that it eithsr is or is not the
case that "John built a nous-?" or "John was walking
hose"; all we can sey is that thesse are tore or lorr,
apt descriptions or what John was doing.

It is not clear to us at present how to allow
for vagueness in conceptual representations. we
expect to adopt Zadehes (1905) approach, but have
not followed this through. zadeh associates a degree
of truth with every proposition and calculates th:
truth value of compound propositions from

(=) = V=4 (p)
v(ptq) = win (v (p).,v(q))
+(pPVq) = max (+(p),v(y4))



This is the standagd truth value
valued loyle (v,.4g., Rosser and Turguette, 13%2),
Howewecr, Wi must ba wvery cCirCuRsp-Ct ir out
application of thi.: algebra to compaund predicate:s,
Tor exasple, the tore "seall®™ 15 hatdly ajpropriate
for a baby olophant, yet “rmall elephapr™ ix
entirely ajpropriate, Thus wminimization or truth
valuas for tha contoincd terez fails. The reaton in
this casxa appears to he that wost adjoctives are
cperators oOn predicates (usually nouns) rath'r than
boing pre=dicates thrwselves, Navortheless adjectives
nouh coabirations can often be analyzed as canijoinzi
fairs of gpradicarions, a5 Bartsch and  VYerrenann
{1972) have shovn. Essentially th2y substitace:
copparatiyve predicators for nonadic adj:ctival
OpELutors. For exaspl2, a %“ssall elephant™ 1s
something that is an e@lephant and is appreciably
gE#aller than the average elephant, It geess that wa
could reasonably apply minimization of truth valuas
to this conjunctien,

dlgebra ct Many-

Some further remarks on vagueness wil) he wmade
in the Bections on complex concepts and adverbials,

Stateoments can not Only be more or
but also wsore cr
reliability of the

less wvagup»
less cradipls, depending on th=:
soulces and princaples of
Infarence on which th=y are basid. Agailn we make no
definite proposals for dealing with surh
credibilities., An obviouys first step would be to
allov cr2dibility ~values to be atrtachad to any
Fropositicn. But the real problam lies in combining
credibilities cf frepositions, particulatly
*interdepindrnt™ propesivinons. Also thirs sacme *o
be & close relationship hetwenn "fuyrzirese"™  and
credibility (as we =shall poant out again in “h=
section on cosplax conceprs). For example the
statement "Jchn s youny" is bascd on ths fuvzy
copcept "younyg"™ but also appears to  induce a
Credibility disyzibvtion on possible ages of John.
I¥., LOGICAL ANE NATURAL LANGUAGE QUANTIFIL®S

guantification ne:ids to be dncluded in any
representation for natural languag= understanding
tor several rfasons. Firsi of all, lcgical ani
natural lanquaqg™ yuantifi.rs appear in discour.ns,
for czample "Jdohn sent the catds to all of han
friends” and “Sevrral of my friconds wére a* the gape
today™., Secondly, the usc 01 quaptifiers is greguitsd
10 general xnowledge a5 15 "1t 15 always wihdy fi-ag
tall buiidirgs™., Dotinite descriptions igplicitly
wake use of guantification as the a2xample "the
jeople of Chira™ shows, lLastly, the definitions of
complex ccncepts require guantificatior. Ary complex
action concapt like walkifg has associated with it
a8 part of its defirnition ass:rtions such ar "at all
times, some of the limbs of the individual engaged
in wealking support the individual”.?®

There seem to be three wsathods in cenceptual
dependency theory far BApPIeSSing universal
guantitication., The first method involves ths use of
varlables assum:d to be universally gquantified, as
in "if opng swokes this eay cause QI2 to get cancer.”
Hers "ona™ stands for any person. It is no¢ clmar
vhather a <gimilar afpproach is enhvisaged for
universal quantitfication ovsr othar (nonhuman} sets.

In any case this device s inadequare, as it doax
not allov for weultiple guantification, e&.g. "Any
pelitician can fool =some of the people all of the
tinen,

4 mecond asethod for expressing upjiversa)
guantiflcation is the inference rule, e might have

an iafersnce rule in our systes that determines "If

X is thirsty, infer that X will drink sceething™
where X is a universally quantified object that
stands for any ferscn. Thus A machine wmiyht easily

ansver A& question like "John is thirssy.
drink something?"; however,
inference rule will nct allov a wachins tc ansver
questions like ™¥ill John drink something jf h» is
thirzty?" and "0c thirsty people drink liguidsr»,
since no assertion to the affect that somecn= is in
fact thicrsty has been made, Th: piohlem i5  that we
lack accossibility to a procedurally encoded pieca
of knowledys g2 3 fgct. In other words, knowiny how
to wyue a tact do:s not guatantra knowl.dge 6f ihe
fact.

¥ill John
the existence of this
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The use of the concrptual tenses
gobptlpuipz is yet anocthar asthod
guantitication, Schatk arj.Ars to  use

dosignate Luabitegl actiors,

ramrjeus  and
for rypragaing

timeles 3 o
for exampls, "John sells

cars". The tonse continuing is closecly telared, It
1s used in the sonse of activity a5 defined in
Pvans (19¢7). Howevwer, thes: spocial drvices do not

addrers the gencrral problos of guantiticatien.

Rasically the prchlea in nesantic net
representaticrs of quartification is that of
indicating th> scepeg of universal and existential

quantifiars, which presents littls dirriculey ir
predicate calculus teopres-atations. This  probl-s,
and others that invclvs quaptified obijects ol
discourse, has been dealt wvith for semantic network
repra2sentions by Schuba2rt (1974} in a cospanion
paper. The notation for th= qraphical
Eepresentations  is  tully explained an that pap:er.
Pacically, the coaventions that ar» uscd include;
solid loops for propusition nodes and existentially
quantitiod concvpt nodes; hroken lccps for
universally quantitizd conc=pt n2des; solid lines to
1ink thae parts of a proposition %o a prcposition
noda: dotted lincs tor dependency links joining each
existentially yguartified fode to all wuniversally
quantifi>d nod:s on which it depends; and brokun
lines for logyical links, :

We can clarsify natutal lanquaqge quantifiers
along & rspectrum with apsolute indicarors of se-
sire at one ¢nd, and ccmparat:v: 1ndicaters of ser
size at the oth2r, i,c, thot c¢omparin) the size of
one set to that ol anothsr sat, Thvy loyical
guantifiar E {ther> oxists) balongs to the first of
these categorlies, s5ince (Tx)P(x) tells un  thast <h-
set of P's ccntains a* l-gast oap- mesbher, Th2
quantitiar A {(for all), by virtus of 125 fquivalence
to ~E-, can alse ks+ placa2ad in the firs: categery, In
the contex (Ax) (P{x)=20{x)) howewe D, where  +ho
nueb2r of P's 15 finite, it can alteinatively be
placed in *he cceparative catigory. 1t talls us tha*
the subsets of P's that ate 9's is as _large as  tee
set cf P*'s itself, Comman absolute yuantifiers ar-e
“anone", "cone%, “two®, VYthrase", ess o "seoveral®;
cormon campaTative guantifi-rs are "all of"™, "mon:
of*, %a spa)] ftractron of", "a slight majority of*,
“ope=half of", "“twu-thirds of", "as many az", "twjic:
as many as", «%*tc,., Some guantlitiers rhow  both
absclute and coopatatiee Attributas, crpicially
"som:" and "many". FOI oxampl~e, in "Many attificial
satellites are ortiting the globa" panpy® is uysol
absolutely ~ it appedrs to imply & cardinalivy of a*
least about a dezen., In "Meny students attend John's
class"™ Ymany”" i:c used in th= s5an3? "considerably
aor<e than attend th2 average class", This par-zicular
use of “many" is J1ucuss=2d quites satisfacteorily in
Bartsch and Yennaparn (1¢72). Thay do nov appear to
be avare of the absclute irdicataivaness of "many®,
bowever, not of its comparative u®e 1n %¢lecting a
Eubsar of anoth:r &ot, as in "mMmany of the worldts
people are wundagnourished". Contrast the numarical
indicatioc her» with that §in “many of the ajples in
the basket wer2 rottoen®,

In any case, recoqgrizirgqg
absolute/ccaparative behavionr of

thy
quantitlers, wao

can characterize <hee Systoma*ically 'y gaans of
predicates on s2t cardinality and en pairs of set
cardinalities as in the following exasples. Let e
denote set size (cacdinality).
B (D€ m—child
several k\‘ai——(;)-—&DOr
Fig. 1. "Several children were at the dcor™

¥e are reqarding "s" as a function from sets onto
integers and T"several® as a  (fuzzy) preperty o
numbers, If insicad we regarded Ysevoral® itsslf as

a pocssible valuw of set size,
possible to talk about th: sizs of the set, as "an
vould be wmany vwalu2d (oy., 4 6-clesont get wight
bave toth sizce "6" and slze "several“ ). In the noxt
cxasple Mmany" is expressed in two parta, the first
being an gpsglute indicator of size (atiout a Jdozen

then it would not b~



or mores), and the second ccaparing set size to an
average set size, as in Dartdch and Vnnnr-aann
(1972). In the construction "avg " is rrqgarded as a
function on classes of sets whose value is the
average cardinality of the sets in a given class of

sets.
Student ~ ;g{ttenas
?é‘_i -
o

- student W ]
J} &
—nearly a9 —&aw'ec 187iy = - avg = —(j
mman
(bs§

large 2 larger than

Pig. 2. "Many studants attend John's class. Mast of
them are graduatse students.®

To conclude this section we briafly indicatz
the special notation for tims:. Mopents of tiwe,
unlike othar concapts, are roeptesented at pairs of
parentheses and jpteorvals of time as fpajrs cf squars
brackzts, Propositional links to such ties rod2s are
laballed T and 71 respcctively. The lirks may be
SuppIfs8s3d altogther by Flacing times directily
alonyside the preldicate tokens to which they avpply.
Nith ¢this notation, cosplux tiee relaticns can b=
reprasented quite convoniently. The sentonce "While
he wvas in Foms, before he met his murderer, he first
sany in lLa Traviate™ in diagrameped in Fiqure 3. For
univcisally yuantifi:d time we use brokan
parenthesss o7 brackets, in Kkeeping with the general
quantification conventions,

(norm ——— .
af"&cr Tatter. )
meeks( l}—@- *J:F;?]
¢ al'-{‘er B
“3t [ F-w{lom
e omd)
Jur;nq i

rig. 3, “"While he was in Rome, before he met his
surderer, he first sang in La Traviata.”

¥. SIATES, EVENIS, ACTIONS, CASES, CAUSES, AND
IRTENTIONS

Conceptual dependency diagrams and jpreference
semantics t=eplates aiv capable of expressing four
Borts of arsertions:

{1) stgtes = ascribing a sodifier to an object
or set of cbijccts at scue tise;

(2) overis - ascrihing a change of state to an
oebject or set of objects at some time;

{3) agiieng: and (4) gcauses.

Nonetheless, a sentence such as

The sun vas turning red and approaching the
¥estarn horizon. <5.1>

ralsas wmany questionsz. In <5.1> the potion of the
sun pusy be done Ly scusbody or sosething wheraas
its chasge of cclour gcagpgt be done by soschody or
somathing, Thus, using the <cactor«acticn-objact?
forsalism espous:d by both Schank and wilks, ecdas
of behaviour which are cxpressed by acticns purt
bave actors wvhetz:as all othar modes of behaviour
¢apnot have actors. In the case of the (a]rarently)
soving sun {in soentence <5,1>, one i3 hard pressad to
ident ify the actor; similacly in the seatence “The
breaker was moving toward shora." Consequrntly w2
are coapflled to regard cettain ohgojing actrivities

which intuitively just "happen" as instigated by
soaeone or soaething."”

Just as we are coapelled to regard certain
ongoing activities as instigated by sosebody or
soaething, we are denied the option of regarding
certain actions as having an agent as shown in

John was hurting nary by pulling hor hair <5.2>

In <5.2> the "hurting" not being an action, has no
actor whereas in

John was dragging Nary by pulling her hair. <5. 3>

the "dragging", insofar as it involves FTSANS'irg
does have John as an actot.

He aay wonder by what <criterion we draw tie
line between what an actor does and what be causes.
In <5,2>, according to Schank, we are to regard thf
"hurting" as caused by the "pulling" action. 3ut th?
sane is true ot P?fcNS'ir.g in <5, 3>. Furthermore,
even direct bodily acticn such as Bowing ar an can
be viewed as —caustd by BUSCIO contraction or,
subjectively, as caused by an act of will, either of
which again Bay hava antecedent causes.

Hith respect to the <actor-action-object >

foraalisa, it E«°IE to us that no structural
priaitivds should be atsocistedJ with actors a* all.
Instead we will propose a neutral teprescr.ta'.ion ir.

which evjnts arc expressed as seguer.cts of states of
the participants. The Euccesr.iv> states sinply
express "what hapientd", without explicit cc»»i'mpr*
as to "who did it". However, tho ag«nt (s) in -w.
event can be identified by supplem”®n* iry
propositions. Thus the notion of an ig?n* can
continue to bo us*d to aid interpretation ind
inftrtnea. However, it would b?® regarded as a rath-t
"fuzzy" higher level <concept, wunderstood by tU*
syst®n in tens of the role of a supposed ag-»r*
within a sequ”nc-? of causally and tel»ologics 11y
related states. Fcr exasple, in th* sentence "John
uprooted the sapling" th; t-»r» agent would b?*
consider ?d highly applicable zo Johnes role in ‘'he
event while in the sPntrnc’ "The avalancn* uprooted
the tree" its applicability to th-s rolt of th"
avalanche would Db? consid?r*d relatively low. Two
factois deterBining the degr»" of applicability of
the tera “"agent" to an objict in a sequ®nc* ot
states (event) would be the degree tc whtcn
autoncBous ccntrcl of its behaviour can be ascribed
to the object and the extent to which a state of th?
object can b* held exclusively responsible for
initiating the sequence of states.

Similarly we propose to separate villy something

happened (causes, enabling conditions, reasons,
explanations, justifications, and tha Ilik=») froa
what happened. Ks with "ig?nts", this does not

prevent us froa including caunal propositions in tho
representation and relying heavily on th*» fo:
interpretation and infArtince. However, tin-*
relations and changes of .state, not cau&es, will
give coherence to a set of propositions as an

He feel that Schank's Ingt.ruat?ntal relation
b-jtween actions can and should be represented in
teras of causation aitd ir.tontion. For example, if a
systea has a conceptualization to th» effect that
John was TTiUNSMng the ball bf PBOPn'ir.g it, ther
this conceptualiia*ion should also exprers that t:h°
fROPEL'ing was CJUS?EJ the PTRANSMnNq. In fact,
phrases ostensibly expressing instrumental actions
often express no aore than causation. An cxaaple is
the "ty" clause In

The effluents were killing the fish by

raising the t*aperature of the water. <5. <&
When there Is a difference, it lies in the
Intimation of pur/ppsivg causation. In

Jchn woke nary by blowing his
tivapet. <5.5>

purposive causation la expressed, while 1In



Rarcy woke up bocauss Jobhh was blowing his
truspet. <5. 86>

it 1s not, Sentences €5.5> and <5.6> clearly chow

that the instruments) 1e)lation amounts to a causal

relation supplemcnted by intantjiona)l states,
According to Foder

{1972), actions are to be

thought of as a proper subclass of events, let wus
deterwmin~ whether ehis  in the cas* for Schank's
notion of an action, and what @might Jjustify the

special status of actions as ofpposid tc events,
According to Schank, an  Action 1is <sowmething a
nosinal can be said to be_dying_ 4%t some _womept (this
is not & guote, but an interpretation of Schank's
definitior). A study of his propos¢cd interences
shows that in {itsel)lf an actiop does not express a
definite chang= in a sitvation; rather it expresses
existence of A situation vwhich tepds t¢ produce
change, and all actual changes aust e jpf-[id.
Poraulas for actions in wi1lks’' thaory are analogous
although they are not described as explicitly as
Schank*s prasitive acticn concepts. Actioms, thon,
expreze podes Of fshavioyr which promsota but do not
guarantes th> occurrence of events. Por rrazpls, the
actions [ETHAN3, INGZST, MOVE do not exprers changes
in lecation; 1instvad those changes arfe primary
lnferencas given that an actor 1is PTRANS*'ing,
INGESI*ing, or HCV¥'ing sos2thing. sSyntactically,
the relationship betwern an eveny, say & chanqe in
locaticn, and the aActiop, say PTRANS, whose prisary
inference 1s that event, corresponds quite closely
to the relationship between  perbe and their
Participles raspectively., For examples to say that
John was PTRAMS'ing himmnelt with the regsult thatr his
Jocation changed is quite anulogous to saying that
be was going sosewhers with the result that he wont
there.* In any casa the torm "action” is now s2en to

be quito misleading, since it norsally connotes the
QCCNLIsnc: ot d>finite .¥ints5, rTather than the
exlstencs of a "dynamic® situation which t2pds to
denAraty events.

Thus Schank's actions {contrary to th2
connotation of the ters) correspond mor: clcsely to

states than to events! To say that A is PTEANS'ing B
iz wmeraly to aeiprerss a smcmantary truth about “he
syst*a in which A and U participate, not a chapg: in
that syster (vhich resains to be infarredy, This
viev is compatibla wvith the observation that many
cosmsob modiflers expresr subtle blands of "pasgive®
and  *"dynasic® attributaes, The sxamples below briny
to mind conceprual imagrs that illustrate a
gradually jncrrasiny emphasis on dynamics,

blue sky
bright sun
gloving (cr luminous) candle

burning candle
blazing fir=
billoving smoke

Schank's actions, and, as far as we can
detexwine, Wilks*, ate "dynamic States," or
"activities,” or "sodes of bahaviour™ which asdjiste
cbanges in certain atrributes, Thus PTFANS and NOVI
padiate changes in location, INGEST ard EXPEL
p2dlats changes in ccentainment relatienships, and
BIRANS gedjiates changes in avaraness.

#a believe that the recognition that "actions”
in Schank's sense are #ssentially states rather than
events is jimportant, since it Jleads to a uniforwm
view of all (true) events 23 sequences of states. In

this visw the need for identifying "actors" of
events doss not arise, nol 1is it hnecessary to
delincata the Spuricus boundary batwaen "passiva®

and "dynamic™ states.

¥e now illustrate our representation of states
and aevente, Nothing nes nceds to be added to the
network nctation alrrady used in  Figuras 1-3, >
regard any condition which can hold sceentarily
{(blua, acvinyg, running, etc.) as A_State.

hccordingly, a4ny atomic proposition which in baxzd
on a timr~dcpundent prodicate is a stats preporjtion
« Pigure ¥ shovi two concurrent state projositions:
scusthing {the rtadness of the sun) was jngrcazing
throuqghout nomy timn interval and s=somwething els2
{the distances bstwien the sun and the horizon) was
f2cLraging throughout the s4amy tise jnterwval.
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redness —{ Je-ncreasing
sun | FROM j
dv.t.ance—-( ﬁ-hon)on [ }-betore—=trows)

Al T1
decreasing
rig. 4, ®"The sun was getting redder and apgproaching
the horizon,"

Actually there are tvo addlt jonal state
propositions, concerned with th» axfstence cf unigu=
valyes of rodness and distance ar all sceonts of
time within th: timz interval of interert; thes
have not been made explicit since they are clearly
trivial and would clutter the diagras gratujtously.

Ivenis involve e ghanye in state as “the last
laaf tell frca the tree®™ illustrates, The definitivae
characteriseic of state changss is the following: if
& Ssystem has property M at time ti, and property B
at time 2, then A-->p ix & changae of state 4E and
only 1f A and B are mutually exclusive propertias,?
in fact a Btart> attribute such as colour which can
assume varjous values can consistent]ly be defined as
a =2t of mutually @xclusive properties, tach meaber
of the set being reqardad as a valufr of tha
attribute. This adaits both gualitative attributes
such as cclour as vell as quantitative attributes

such asz lccation, Figure S shows a siafle event
involving & single change Of state

of a "systes” with one component (Mary). The tiee
relation "thun” implies immcdiate succecssicn of the
two time intervals, Qur Tepresentation of one of
Schank's standard septences is shown in Figure &,

Mary -Make[lJ—bef‘om cohn —utl.itt)[]
{.hﬂ[ (how /) cduse GV!r;;r_t,
sle ‘]
oY moving then o~
tmumg[] ad?m 3
TL
muatual force o)/
Pig. 5. "HMary fell asleep® Fig, 6, “"John kit 4aryn

AD explanatory paraphrase is
unknown mode of behaviour of
to move quickly toward Mary. Subquently the object
reached Nary and exerted a forc-i on her." Note that
we have a state and an event here, viz. Johr's
unknown state and tha event of the object aoving
toward nary and striking her. In accordance with our
earlier remarks abcut causation, the causal
connections between John's state and the ensuing
event does not sake John's state part of that event.
Only exclusive and successive states of a (articular
systea of objects fora events. A natural inf-ranc?
in Figure 5 would be that John int'ntior.all v hi*
Mary, i.e. that the aissing state of John is tha* h»
was trying to briny about the ev*nt in question. w!
would represent "trying** by "
has active goal y at

tha follovirg."Som-
John caused scme object

th-? state predicate "«
tiaa t*. kn additional exaaple

4x wmhnitn in y\eitre> 7.

Itir. ———<(-on- —{E’qmund

Pig. 7. "The cow jumsped ovor the moon."



The explanatory paraphrase goes an follows. The cuv
was somewhere on the ground, propelling itself
towards a location above the moon; then it was
moving toward that location; then it Was at that
location; then it WAS moving towards a plac of
destination on the tejiour.d, such that the moon is
between the (ildcv ot departure and place of
destination; then it was at the placs et
destination. Not" that "moving towards" cculd have
been represented in terns of "distance decreasing"
as in Figure 4.

An important cor.seguenct: of our very broed
conception of states is that new complex stateg
(modes of behaviour) can be defined in terms of
event s involving primitive or already defined
states. The time of occurrence of these events can
extend some distance backward and forward from the
moient at which th? new state is defined to hold.
for example "walking" is defined in terms of
successive states of motion ani displacement of the
valkar's feet and body over a "period of
Observation" encemparsing (say) two steps, since in
instantaneous "snapshct" cf a person is insuffici._-r.t
for deciding whether or net that person is walking
(although it iay of course supply enough cuas tc>
prospt tbt [£?ttE}£* that the p-?rson is walking). A
tenative definition of "walking" will te given
below.

Coaplcx dynaaic states (aodes  of behaviour)
such as walking, running, dancing, tusbling,
flickering, '"tc, can be constructed in terns of
more ela?ntary states. The constructions a:--
necessarily as complex as the states they describe.
Coapleiity can result froa the intricate
coordination of soviral simultaneous activities
(e.g. "rolling" Axprots™F rotation and translation
at coordinated rates), or froa coaplcx tin?
dependencies (e.g- flickering), or tree both
(e.g. "walking" or oven "building a snowaan").

At this point the reader
fropose to aike any use of
to representation. The answer
that w? intend to exploit fully the semantic
"preferences" that any given predicate induces on
Its arguments. For example the predicate "loving"
prefers a physical object as Its first arguaent and
a physical location as its second argument; ‘'h-s
predicate "has-ac*:ive-qoal" pr-fers a sentient being
as its first argument and a state proposition as its
second arguaent. Furtln more, there ate broad
siailaritits bet*«»«n th* argument preferences of
different pr?Jicates. Tor exaaple, several
predicates prefer animate objects in certain
arguaent positions. Ue certainly can (and foaetia?s
do) ackncwledgd such similarities and give a rough
Indication of the sort of preferences invclved by
using suggestive arguaent writers such as ANTII,

THING, PLACE, DIRECTION, etc. , instead of
noncoaaittal Barkers such as A, B, C, e,
However, we do not think that these aarkers can be
chosen o] that they express not aerely sifilar but
i££DIi£Il argument rol”*s and seaantic preferences,
no aatt-ar in which predicate they occur. This vigw
is sufported by Bartsch and v«nneaann (1972):

nay wonder whether w?
"casos" in our approach
is yes in the sense

'case* is entirely a surface
not, as Fillaore (1S68) suggests,
universal seaantics. Seaantic

are based on propositions, which consist of a
relation (n-ary predicate with n>*0) with a
finite nuaber of argueents filled either with
constants or with bound variables. The 'aeaning”
of an arguient as argument ir. entirely
determined by its relation. Therefor*', no two
arguments hat* precisely the saae aeaning, as
arguaents. Thus, if the aeaning of an aiguaent

category and
a category of
representations

as argument is called a case, then there are as
eany cases as there arc arguaents, and this
number, if it is finite at all, is a very large
one."
Thus seaantic cases, while certainly useful
h*uristically in finding cr inferring arguaents of

predicates havo no universal or primitive status.
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V1. COHPLEX CONCEPTS

According to schank's dictionary. If X gaXKS to
V4 (where X is huann and 2 is a location) then X
PTRANS's | by X HOVUng the fent of X in th*

fcrauln i
and kn* .v,,
rate skill).

unci criticise of tnis
walking on one's handr.
(adaittvdly <»

direction of Z. A
that it rules out
or walking on one's himl -.

Wore iapcrtantly, th* tormula adaits running,
skipping, hofping, log-iing, shuffling, and Avwe)
skating. Prnsuaably, tI ;i, th-* dietion.-*ry pntry ir.
not intAnd-jd to capture the full aeaning of
"wa lking" as we sees to understand it, tut  or.1y
those arrets which at- no-st u>r,s»n’. lal to language
under standing and (immediate) inference.

*

Siailarly Milks' foraulas are also mccapleto.

for exaaple, it is correct to say that DRINK iaplic-s
( (FANI SUCJ) ( ( (FLOW  STUFF) OBJE) ( (»AM IN) (( (THIS
(=AHI (THhIl  PART))) TC) (3E CAUJE))))) but rot th-
converse (which could mean scaeone was receiving an

eneea). So again a selection of linguistically
iaportant features has apparently been aadr.

w« feel that it is iaportant to foraulate aor-
coapletc aeaning representations for two re*sons.
First, we believe that somewhat aoro irfcraation
will be required fcr adeguato coaprehension of
"ordinary" discourse. Secondly, auyh nor"
inforaaticn will suitly be required to latch th .-
huaan ability to describe concepts and r”*arcn about
thee. For exaaple, suppose we ask a reasonably
articulate person to describe huaan "welkirg" inas
much detail as possible. We Bight elicit a* leas*,
the following Inforaatior.: [Ach foot of the walker
repeatedly loaves the ground, aoves fr'tly in -n»

walking direction for a distance? comparable to th.-
length of the walker's le-gs (while staying CIOST TO
the ground), then is set down again, and ruair-s m

position en the ground, supporting the nalkrr, whil-
the ether foot goes through a siailar notun. 7h >
repetition rate is abcut cne repetition per s-cend.
The legs remain aore or less extendod. Th2 body
reaains aoie or less erect and is carriad frrward at
a fairly constant rate.

Further details cculd be added abou*- flrxir.g
actions of ftet, kne-*s, and hips, the slight up-and-
down aoticn of th? body, typical arm action, ar.d
forces exrrt*>d on the ground. Figure 8 shows *
network which describes "walking" (regarded as a
state predicate with thr*»r arguaents besides ti«*M

along th« abovu lines, k few propositions hav b->en

omitted so as not to clutrer th” diagraa. These ar :m
that each foot is also abov» the ground (and close
to it) while aoving, that «iach foot is also
supporting x while stationary; that the duration of
each of the unlabeled tin- intervals [ 1] is
approxiaately ha If a second; and that the spe*d of
aotion of the walker's body is apprcxiaately
constant. There is no difficulty in adding thes*
state propositions, except that the last requirr-s
"aoving" to have an additional arguaent, r.aaoly th-?
speed of aotion. Note that [ti] s the "tia*
interval cf observation" of tha walker, and that it
contains t, the tiae at which X is said to  b+>
walking. Thus "walking" is defined by behaviour in
the teaporal vicinity of the aoaent of predicatur,
specifically about two seconds of aotion allowing
about three or four steps.

A liaitation of our representation of "walking"
is that It is not applicable to unusual aod»s ot
walking (e.g. on hands and kn%“»s) or to eniials. Or-
question this raises is how aany "kinds" cf walking
should be represented separately. Also, is there a
representation which expresses the Conor, features
of all kinds of walking? Ue have attempted such a

representation in Figure 9. The representation i~s
bas9d on the following characteristics of walking in

general:

(1) It is done using liabs that are a subset of the
liabs of the individual invclvad in the walking;
(2) the number of lirbs Invclv>d is greater than or

equal to two;

(3) at all times soi» of the Ilimbs used for walking
are in nonsliding contact with the walking surfar
(this is not the same as saying com-? ot th°> limb'.
arc in contact with the surface at all ti*°.s);



(4) wach 1imb used tor valhkingy is stationary on
valking surface
wsoving tor

the
at Bom-~ time and subsequontly is
nove time} and

{5) the individual as & wnole ia in wmotion 4in the
wvalking direcsion.
person . _uprightti]
x
ertended (L1) arg of } " varsor leg extented 1)
- : R B

' E ‘ )

iength mo\{l;: BERAREE CO R ength
(')/ part of [‘.’1}- e --(t) ,Jartor \Q
o toot same beqtnnmg Jm* .

log- 21 j 2 mnn
Wl éhen mL

on
(#)*‘*— dw*a.n‘.e
<’> \

|
dtstance

l
mvt .

l
then
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§
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rig. 8.

"perscn x walking at time t
in direction d or grourd g."

—Ov towhmg (D) (‘:P
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I e
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Fig. 9. "x walking at tise t [In direction 2 an

surface g*

The interesting feature of our
is the use of quantification to describe the rol> of
any neabec of legs in the walking. Note that without
gquantification describing the locoaotion cf say, a

representation

millipede would be very tiresome.

A serious flaw in our representation of
"walking", and one for which we have no ryr.teaatic
roeedj, is that we have ignored the "fuzzlner.s" of
many of the aeaning coeponents. For example, it
seas necessary to put some constraints on the
length of stride (lest a huaan walker be allowed to
eince forward in Billiaet«r incrsaents), yet to giv*®

an exact distance would bo absurd.
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An fswportant Conscqguence of cencwptual

fuzziness with regatd to complex CONCHpt
deffnition, fs that we can no longer draw a sharp
boundary batween extracting tha peariprg of an
vtterance and making yprobable Jfnt r ager on  the
kagin oaf the devivod wmoANing structure, This ism
bacavse we only find the probable m-e:aparg of an
utteranca, For oxaaple, th ut+rgrance *Jchn bullt
the houso® probably =mcars thatr hs built a larqge,
rigid-wvalisJd «ncloiure with a root, separate roges,
etc, ; bdt none of this 15 c=rtaln., The  wuttoZanca
"John war laughinji™ probably means that hr vas
Frtoducing a s«rive ©f wvoicsd sourds hy stagysred

exhalation ot air, and that his facial <xpression
vas melry; but he might have laughzd silsn%tly, o:
his facial vxpression might have b:en derisive or
even hoitile. If we try to reduce semantic
uncertainty by e=xcluding from th2 "pearing" of a
tera all but its ad»solutely wminimal content, ard
ascribe everything else¢ to infererce, we tind that
this doesn't work too well.? translacte under ¢3  *-?
g0 4in the case of “Thousa®™ all that would remain
would be a *"partial erclosure”™ ~ which acccmmodates
& fenced-cff fleld, a shipplng crate, or s jacket.

In the case of "laughing™ ve would psrhaps be 1e=ft
with *spaspodic Lreathing apd intent tc tonvey
amumenent,” wvhich could suggast that John is
asthmatic and dancing a jig.

Finally wo wish to point out
Bost) concepts can be understood in ditftitnt kind.;
of ways, for exaBfle, in "John was listenirg to tho
incessant chirping of the crickets," i& "chirping"
understood siaply by its corr*>spond<*nc» to a

that aary (perhaps

particular auditory sensation, or is itur.d-~rrsr.ood
as a rapidly fluctuating, sore or less uniformly
high-pitched sound, or evpn as a conplci variation
of air pressure with tise? (linsky's (197U) recint
work on "fraie eysteas" strcngly suggests that th'
kind cf understanding of a concept we use at a gi von
tiae is extremely task and context depend™itt. This

certainly casts dcubt on the one-cancept-or**-foiniulrt

approach to language understanding.
VII. ADVEREIALS
Our purpose in this section is to dnw
attention to the aajor prcbles of representing
adverbial aeanings. In particular we consider

artsch and Vennerann's
proaising but will

(1972)
be seen

approach, which seems
to have serious defects.

Schank (1972) diagrams
aodifiers without further
has net concerned hiaself

adverbs as action
analysis. Apparently he
with th*lr Btatings so

far* In the case cf aany adverbs (as ia the casg of
eany adj-sctivt»s) this neglect is probably justified,
since lost of t h-j aeaning content derives tro*
perceptual processes. For exaaple, in the s?ntenc
"nary walked gracefully" it is difficult to
paraphrase "gracefully" ir. sore eleaentaiy tens.

Essentially we knew gracefulness »h*n  we see it.

Thus perceptual understanding n*eds to be
suppleaented only by a few additional facts for
language comprehnsicn Purroses, such as the fact
that graceful aotion is generally pleasing, is sor’
or less the ofposite of awkward action, is sBooth
and well-coordinated, and the like. Other adverbial
modifiers, howevRr, clearly require syjttiatic
analysis; "quickly" is a good exaaple. I his ten
appears to say soaetning about th* £j>££d of an
action or activity, coaparing it to soae standard.

AD adequate auaning representation for "quickly"
should spell this out precisely.

Bartach and Venneaann (1972) suggest that
adverbial aodlfiers operate on verb aoanir.qs in the
saae Banner that adjectival aodifiers operate on
noun aeanings. One problce in this approach is best
illustrated by the following exaaple.

John owns a large car. <7.1>
John is running quickly. <7.2>



larye in <7.1> has as a [ufrtence 5ot the
and John's car is large in relation to
tor that set, "running guickly" carn 10t
If the analogy were parfect
operatdd on by “quickly”
would be the st of "runnings™ (vhatvw-t that
msans); kut clearly thisx set of runnirgs muut be
further rastricted to the g2t of vunrings John 18
capable of puarferaing, Thus “quickly® ajpears to
operats net on  "runainy™ alone, bLut ot “auhn

ihereas
set ot cars,
the "averagye®
be analyzad B0 ecasily.
then the referance sHet

running®, A5 fufther examples consider <7,3> and
<T.u>,
The choetah 1is running quickly. <7, 3>
The ant ig running quickly. <7T,u>

Clearly "qguickly® hore operates on "running ant® ani
"running cheetah®™ respectively.

Thus the pature of the Yrunner® is being vs2d
to nortrov the rcference sSet to vhich ve apply a
peasure function, In <7,.2> "quickly™ rodifiay
running with re:zpzct to John's Tunnipgs, cr, if we
don't know John, at least *o human TUrnangs
{assumin, that John is human). In <7.3> and <7.4>
the mcasurv function 16 applied to the rurrings of
Cheat abs and ants respectively, Dnfortunazely
factors othet thap *he identity or catogory of  the
runpnetr cdar also affccr the meaning of “quickly“, as
Shown Lty <%.5> o <7.9>,

John it runnirg yuickly on his hands

ard knees, <7.5>
Jchn 1s running quickly cn the moor. <T.R>
Jchn if 1unring quickly in Chile. <7, 7>
The cheztah 15 vunting guickly f§n

the dense forest, <7.8>
The clhevtah is tunning gquickly

¢h the plair, <7.9>

The effoect of locil> on the mzaning of "guickly™ i
even in the conctrast Letwaen (7,63 and <7,7> arnd
ket wecen <7.8> and «7.9>,

Thus it appears to uf tnar the Ccontext  which
detarwines the aeanirg of an  adverbial wmodifirr
cannot be¢ cirtcursctrhicd once and for all. ih
genetral, adverbials must b- allowsd to interact with
any specific and gzneral Knowl:dge avwailaltle about
the participants in fand setting of} ap action. Thus
the apfroach of Zad-h (Y972} *o th: tivatment of
ads=srtial "hadges" lacks genarfality since ho n-<ds
to specify the [weighted) componsntx of tach fuzzy
term on which a hadqe may oferat> onge and_for all.
In out semantic network, we would peprescnr <T.3>
wlthout the advert as follovs,

? ?
Ii‘ ! -
?li: . laud.": runnmg . ‘_&‘{_T‘h..'?
runnLng cheetah  cheetah  cheetah
(a) (Zn) {(Ay){cheerah(y} £ ?(y)

<=*> x=y] & tunninqg(x))
(b) ()} {rurning{x}Eche tah{x}&?{x)C
(Avi{chcetah(y)E2{y)->x=y ]I

rig, 10. "The cheetah is running. ™

are based on alternative (but
equivalent) Tepresentations of dafinite
descrirsions, Figur~ 11 then shows an attempt to
represent the adverpial construction in <7,8> in
keeping with Bart:ich and Vannewmann's {(1972) g-noral
approach but taking into  account thg aligy s
considrrations., In the rIcpresentation we show the
explicit relationship between the spuaid of  th:

(a) and {b)
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cheetah'srunninyascompatedtotheavor«!>»e.ofarcf'Jienc*setoflunnings(bycheetahsinder

forests).
- a.ppreua.hlg .
greater tha
ruanIng avg running
speed $eed
. q-l.-v::-.‘.—! i 2y
mtre N\ \\ o r‘\x“‘m .
densy  TUNMING  chietan running rhg—'ah I Gense
forest foroast
Fig. 11. "The cheetah {5 running quickly in the
dense forest”
Unfortunately the representation suffers frex A
fatal flav: the set of cheetahs running in dinse
foreats, required for comparicon, may wvell te empty
{(if not, replace "dense forest®™ with "derf snow”™),

The *refarence set”™ therefore, if it #xists art all,
is =nct of ¢this world but of some imagainary worl
wvhich ix cur conception of how hard cheetahs woyll
find the2 going if thuy uvare to run throuyh forests
(or srowv). It resains to be seen whether Harwsch and
Yepnegann's approach can be sodified to overcome
these difficulties,

¥I11I. SUNHAARY
We have takeno & critical look &t what wae
consider to be the best approaches toc & cosplete
language undarstanding theory to date, nam3ly
Schank's ccnceptual dependency theory and Wilks!
preference semantics., In 40ing o, we expcscd many

problens and suggested plausible wethods fcr dealiry
vith somn of them. In particulac, the rapresentation
of gquantification and of time, the basic
representation in terms of states and « vents, the

definition of complex concepts (most importantly
action concepts), the handling of adverbial
sodifiers, as well as the usa of time in
representations has been examined,

In a comspanion pFpaper by Schubert (19743,
hotaticnal Aifficultics are =liminated for such
Neces SaLy censtructions as  logical c©ornectives,

descriptions, quantifiers, [propositichal ettirud s
and other msodalities, as vaell as othar constructions
not previously inccrgorated into semantic pers, Thias
notation appears ¢ be adsquate for the "state
based" conceptual represcthtation hera plroposed.

Obvjicusly such wcrk remairs *o be done. We hop:
our exposition and partial sclution of several sajor
Froblems will holp give direction to this wcrk.
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'Cf. the selectior.al restrictions of Katz (1964).
* For a more complete description see below.

2 Thia soaething includes natural forces in a vague
unspecified sense.

* Unlike Schank we do not regard "he vas going" and

"he went" as equivalent; we claim that "he wen*.
there," wurlike '"he was going there," affirms that he
did arrive at his destination, and that it is
decidedly odd to say "he went there but dide". . get
there.**

* Por eiaaple, A*solid, B»liquid; Aground,

rectangular.

* Cf. Lakoff's (1972) leiical decospositior tn*s.
"ot would sees that the huean int*»ifretativ
process does not trocced on th-? basis of the ainiaal
conceptualization fors«d by eebadding the uranl
content of teraf£ into the concoptualization. Pather
the original i£XJ il*£11 suggests what we could
Infer in addition to the ainisal content. This sr:ms
lika a reasonable view on the basis of efficiency
consideration! as well. It should be such siapl?r to
Insert probable inferences in a sssantic structure
by direct reference to th* word definitions instead
of analyzing the ainieal representation and then
looking for applicable inference rules.

* An opaque conteit is one which does net allow
substitution of

referentlally equivalent etprensions or do-? s not
allow eii&tential quantification. This is a well
known protlea discussed at length by Quine (1960)
and in Artificial Intelligence by McCarthy and Hay«s
(1969) and noore (1973).

* See Partee (1972) for details.



