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Abstract

This discusses
sesantic

Schank (1572,

paper representations of
information derived fronm these of
1973), wWilks (1973a, 1973b, 1973c),
and Schank et al. (1973). A critical reviev of their
related approaches is given that shows
representational inadequacies for language
comprehansion in their —cheories. More genzrally,
various probl2ms in representing knowledg2 are
investigated and methods suggested for handling som2
of them. These problems concern the rapresentation
of states, events, actions, and cases, as well as
the bandling of logical and natural languag:
quantifiers, adverbials, fuzzinsss, and the meanings
of comglex concepts.

I. INTRODUCTION

The prima faci2 appeal of many natural languag2
und2rstanding systems diminishes undar close
scrutiny. This is due in part to a lack of d=tailed
consideration of many class2s of problems irherant
in languag2 understanding. Oftentimes an existing
theory cannot be augmanted to account for a new
class of problems. Thus the original theory must be
restructured or replaced.

. To facilitate the formulation of a general
theory of natural languag2 urders=anding, a
representational schema is required that has

sufficient expressive power to ra2presant th2 meaning
content of ordinary languag2. This entails making
exactly those predictions and infarences from th2
representation of an utterance that can be made from

the original utterance, The following is a
develogmant of some ideas concerning the
representation cf dindividual items of "factual
knowledge” in a computer, whers this knowledge |is
thought of as being conveyed to the ccmputer in

natural language.

Tha next section enumerates what wve believe <*o
be the advantages of two related approaches to the
problem of representing natural language in t2crms of

meaning structures. These approaches are thos2 of
Schank (1972, 1973), Wilks (1973a, 1973b, 1973c¢),
and Schank et al. (1973). We believe their work
exemplifies the correct approach to the problam of
representing the conceptual content of natural
language utterances.,

Subsequent sections outline several
difficulties with Schank's and Wilks' theoiies.
These difficulties ccncern the representation of

states, events, actions, and cases, as vell as the
handling of logical and natural larnguag=
quantifiers, adverbials, referential opacity,

fuzziness, and the meanings of complex concepts.

II, TWO RELATED APPROACHES

The conceptual dependency approach of Schank
and the preference semantics approach of Wilks have
the fclloving d2»sirable features regarding knowl«dge
representation. These features have not all been
articulated by either Schank or Wilks and they would
perbhaps dispute this characterization of thair
respective approaches,

(i) Interpretive directress
the meaning s%iructuces corresponding to
natural language utterances are formed according
to simple structural rules. Powerful heuristic
criteria, based on the central role of verbs and
on preferred semantic cataegories for the
subjects and objects of verbs, guide each choic2

in . the creation of meaning structures,
Interpretation of wutterances then takes on a
"slct and filler" character, Lather than

requiring extensive trial and error search.
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Section 2: Representation of Problems
and Knowledge

(i1) pPe-eaphasis_of syntax

in ordinary discourse it would be absurd not
to accapt "ungrecmatical" constructions such as
danqling participles or fanciful locutions such
as metaphor. Neither prefersnce semantics nor
conceptual defgendency impose a syntactic
®"straightjacket" on admissible utterances,
Therefore tha abnormal is not excluded as it is
in many linguistic systems,!

(iii) Emphasis on_events

a major part of our interpretative effort in

understanding natural language is focused on
events, i.e., time-dependent relationships. By
contrast, "static" relationships in the world

are relatively easy to understand. Thara2fcre the

search for fundamental semantic structures and
primitives should concentrate on the
represantation of events.
(iv) Simplicity of primitives
both Schank and Wilks have shown that there

does exist a small, mcr2 or lass ad2quate, set
of action primitives through which a surprisirg
nusber of action concepts can b2 expressad. A
minimal set of semantic primitives should be

sought that makes it relativaly easy to use the
meaning representations ir a larguage (and
paraghrase) irdapendent way. Relatively few

inference mechanisms will then be required.

We will now consider specific difficulties with
these two related approaches and suggast possible
vays of overcominjy some cf these difficulties.
Perbaps the most important difficulties are thos2
encountered when atteampting to repr2sert complex
concepts and adverbials. Hovever, other points nea2d
to be discussa2d first. In the following discussion
we have in mind Schank's theory mor2 frequently than
Wilks'., Howavsr, Wilks®' theory is quite <clesz to
Schank's in its general agprcach.

IXIX. VAGUENESS AND UNCERTAINTY

Under this first heading we briefly confront
tvo related, vary pervasive problems, but offar no
definite sclutions.

Conceptual vagueness is a seemingly irescapable
feature of nearly every ordinary concept,
specifically vaguena2ss in the extensjon of a concept
(Is a 1000 foot hill a mountain or the Mississippi-
Missouri a rivar?) and vaguzness in the gxtent of an

of a concept (vhere does a mountain or
river end?).
Schank demands that his semantic structures

express ideas uraambiguously and precisely. Yet th2
concepts which are themselves the building tlocks of
concz2ptualizations are "vague" to a greater or
lesser axtent., Virtually any ordinary concept will
serv2 as an example, e.g. house, wmountair, river.
JTypically a house has rigid wvalls, a roof, vindows,
separate rooanms, and is suitable fer human
habitation., Yat we can think of unusual houses vhere
any one or more of thes2 featur2s is lacking. Zach
of these features contributes to "houseness" without
being pgcessary. Similarly one can show that
perceptually related wmodifiers such as "trown" or
dynamic modifiers such as "walking" ar2 vague (wher=
is the boundary batween wvalking and rurning? Is
climbing a steep hill, cr a ladder walkirng? Does a
man vith crutches valk? Do centipedes walk? Lo s=2als
wvalk? Et cetara). This conceptual vaguensss
inevitably carries over into conceptualizations. No
longar can we say that it eithar is or is not the
case that "John built a hous2" or "John was walking
home”; all wa can siy is that these are more or less
apt descriptions of what John was doing.

It is not clear to us at present how to allow
for vagueness in conceptual representations. We
expect to adopt Zad2h's (1905) approach, but havz

not fcllowcd this through. Zadeh associates a dagree

of truth with cvery proposition and calculates th=
truth value of compound propositions from
+(~p) = 1= (p)
+(p€q) = min (v (p),v(q))

v+ (PVY9) = max (+(p),v(9))



This is the standard truth value algebra cf
valued 1logic (¢.9., Rosser and Turquette, 1952),
However, we @must b2 very circumspect irn our
application of this algebra to compound predicates.
For example, the term "small" is hardly apgpropriate
for a baby elephant, yet "small elephant" is
entirely appropriate, Thus wminimization ot truth
valuas for tha conjoined terms fails., The reason in
this casa appears to be that most adjectives are
operators on predicates (usually nouns) rathar than
being pra2dicates themselves, Nevertheless adjective-
noun combirations can often be analyzed as conjoinad
rFairs of pradications, as Bartsch and Venrenmarn
(1972) have shown. Essentially th2y substitut:2
comparative predicators for monadic - adj:ctival
operators. For exampl2, a "small elephant" is
something that is an elephant and is appreciably
smaller than the average elephant. It seems that we
could reasonably apply minimization of truth valuas
to this conjuncticn,

many-

Some further remarks on vagueness will be made
in the sections on complex concepts and adverbials.
Statements can not only be more or

less vagquz

but also wmore cr less cra2dibl2, depending on th2
reliability of the sources and principles of
inference on which they are bas2d. Again we make no
definite progosals for dealing with such
credibilities. An obvious first step would be to

allov cradibility values to bs attached to any
propositicn. But the real problaem lies in combining
credibilities cf Frcpositions, particularly
"interdependant" propositions. Also thzre seems *o
be a close reclationship between "fuzziress" and
credibility (as we shall point out again in tha
section on complex concepts). For example the
statement "Jchn is younyg" is based on th2 fuzzy
concept "young" but also appears to induce a
credibility distribution on possible ages of John.

IV, LOGICAL ANC NATUREAL LANGUAGE QUANTIFIERS

Quantification
representation for natural language
for several r=asons. First of all, lcgical and
natural lanquag2 quantifi:rs appear 3in discourss2,
for cxample "John sent the cards to all of his
friends" and "Several of my friends were a* the game
today". Secondly, the usc ot quantifiers is requircd

nezds to be included in any

understanding

in general knowledge as ia "It is always windy nzar
tall buildirgs". Dzfinite d2scriptions implicitly
make use of gquantification as the 2xample "the

feople of Chira" shows. Lastly, the definitions of
complex ccncepts require quantificatiorn. Arny complex
action concapt like walking has associated with it
as part of its definition assartions such as "at all
times, some of the limbs of the individual =ngaged
in wvalking support the individual",?

There seem to be three methods in ccnceptual
dependency theory for expressing universal
quantitication. The first method involves the use of
variables assum2d to be universally quantified, as
in ®if one smokes this may cause on2 to get cancer."
Here "ona" stands for any person. It is not clear
vhether a similar agproach is envisaged for
universal quantification ovar othar (nonhuman) sets.
In any case this device is inadeguate, as it does
not allow for wmultiple gquantification, e.qg. "Any
politician can fool some of the people all of the
time",

A second smethod for expressing universal
quantification is the inference rule. We might have
an inference rule in our system that determines "If
X is thirsty, infer that X will drirk scmething®
vhere X is a universally quantified object that
stands for any gerscn. Thus a machine might easily
ansver a question like "John is thirsty., Will John
drink something?"; however, the existence of this
inference rule will nct allow a wmachina2 tc answer
gquestions 1like "¥ill John drink something if h=2 is
thirsty?" and "Do thirsty people drink liquids?®,
since no assertion to the 2ffect that somecnz is in
fact thirsty has been made. The problem is that we
lack accessibility to a procedurally encoded piece
of knovwledge gs_a_fact. In other words, knowing how
to use a tact do:s not guarant:e knowlcdge of the
fact.
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The use of the conceptual tenses
continuing is yet another method
quantitication. Schank dfjears to wuse timele s to
designate Labitual actions, for example, "John sells
cars". The tansc continuing is closely related, It
is used in the s2nse of activity as defined in
Evans (1967). However, these special drvices do not
address the gencral probles of quantificaticn.

timeless and
for expra2ssing

Basically tha prcblenm in semantic net
representaticrs of quantification is that of
indicating th2 sccpes of universal and existantial
quantifiars, which presents 1littl> ditticulty ir
predicate calculus representations. This probl-=m,
and others that invclve quantified objects of
discourse, has been dealt with for semantic network
representions by Schubert (1974) in a companion
paper. The notation for the graphical
representations is fully explained in that papor.
Basically, the coaventions that ar2 wused include:
solid 1loops for proposition nodes and existentially
quantified concept nodes; broken lccps for
universally quantifi=d concept nodes; solid lines to
link the parts of a proposition to a prcposition
node; dotted lines for dependency links joining each
existentially quartified nrode to all wunivarsally
quantifi2d nod:s on which it depends; and broken
lines for logical links. *

We can classify natural language gquantifiers
along a spectrum with abhsolute indicators of se-
size at one end, and ccmpara 2 indicators of set

size at the oth2r, i.e. thos- comparinjy the siz=2 of
one set to that of anoth2r set, The logical
quantifiar E (ther: exists) b2longs to the first of

these categories, since (£x)P(x) tells us that th=
set of P's ccntains a%_lzas*t ons member., Tha2
quantifier A (for all), by virtue of i:s equivalence

to ~E-~, can also b2 placad in the first category. In
the context (Ax) (P (x)=>Q(x)) however, where tha2
numb2r of P's is finite, it can alternatively be
placed in the ccmparative cat2gory. It t2lls us that
the subsets of P's that are Q's is as_large as the
set cf P's itself, Common absolute quantifiers ar=
"none", ‘"cne", "two", ‘"three", ess , "several";
common comparative quantifizrs are "all of", "mos:
of", "a sgall fraction of", "a slight majority of",
"one-half of", "two-thirds of", "as many as", "twic-»
as many as", e*c. Some quantifiers <chow both
absclute and comparative attributzs, cespzcially
"som2" and "many". For exampl2, in "Many artificial
satellites are orktiting the globe" “many" is usei
absolutely - it appears to imply a cardinality of a*
least about a dozen. In "Many students attend John's
class" "pany" is wused in th2 sense "considerably
more than attend th2 average class". This par-icular
use of "many" is discussed quite satisfactorily in
Bartsch and Venn2marn (1€72). They do no*t appear to
be aware of the absclute indicativaness of "many",
however, nor of its comparative use in selectirg a
subs2t of anoth:r sot, as in "Many of the world's
people are undarnourished". Contrast the num2rical
indication her> with that in "many of the agples in
the basket wer2 rotten".

In any case, recogrizirg the
absolute/ccmparative behaviour of quantifiers, wo
can characterize them syst2ma%tically Ly m2ans of
predicates on set cardinality and on pairs of set
cardinalities as in the following examples. Let "am
denote set size (cardinality).

e (Oe-m-e--< m—child

\at —.(P.‘ door

"several children were at the dcor"

several|

Fig. 1.

We are regarding "#" as a function from sets onto
integers and ‘"several™ as a (fuzzy) prcperty ol
nusbers. If instead we regarded “"sevoral" itself as
a possible value of set size, then it would not b~
possible to talk about th: siz2 of the set, as "s"
vould be many valu2d (eg., a 6-eleacnt set might
bave btoth size "6" and size "several"). In the noxt
example "many" is expressed in two parts, the first
being an gbpsclute indicator of size (ahout a dozen



or more?), and the second ccmparing set size to an
average set siza, as in Dartsch and Vennesann
(1972). Tn the construction "avg #" is regarded as a
function on classes ot sets whose value is the
average cardinality of the sets in a given class of

sets.
student~{rattends @
Y€,
“ €=z - o »——L $
9,‘\4 clagg...Q._
(g student ¥ i
T near 'l) as #A’P'ec ta"q—'o-— ag= —é

!

arge a5 man rzer than
Pig. 2. "HMany students attend John's class. Most of

them are graduate students.”

To conclude this section we bri2fly indicata
the special notation for tima2. Moments of time,
unlike other concepts, are represented as pairs of
parentheses and intervals of time as pairs cf squar=
brackets. Propositional links to such tims rodas are
lab2lled T and TI respectively. The 1lirks may be
suppressad altogther by ©placing times directly
alongside the predicate tokens to which th=y apply.
With this notation, complex time relaticns can b=
reprasented quite conveniently. The sentence "while
he was in PRome, before he met his murderer, he first
sany in La Traviata" is diaygrammed in Figure 3. For
universally quantifiad time ve use broken
parentheses or brackets, in k2eping with the general
quantification conventions.

P
after h

| )
meets( I}——@——k\ms? ]

Pig. 3. "while Le was in Rome, before he met his
murderer, he first sang in La Traviata."

V. STATES, EVENTS, ACTIONS, CASES, CAUSES, AND

INTENTIONS

Conceptual dependency diagrams and preference
semantics tesplatas are capable of expressing four
sorts of assertions:

(1) states =~ ascribing a modifier to an object
or set of objects at scme time;

(2) overts - ascribing a change of state
object or set of objects at some time;

(3) actions: and (4) causes.

to an

Nonetheless, a sentence such as

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

raises many questions. 1In <5.1> the motion of the
sun pust be done Lty scmebody or something wheraas
its change of cclour canpot be done by somehody or
something. Thus, wusing the <actor-acticn-obj2ct>
formalism espous2d by both Schank and Wilks, mcdas
of behaviour which are expressed by acticns pmust
have actors wher2as all other modes of behaviour
cannot have actors. In the case of the (apparently)
moving sun in sentence <5.1>, one is hard pressed to

identify the actor; similarly in the sentence "The
breaker was moving toward shore." Consequently w2
are compelled to regard certain ongoing activities
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wvhich intuitivaly just
someone or something,?

"happen"™ as instigated by

Just as we are compelled to regard certain
cngoing activities as instigated by somebody or
something, w= are denied th2 optior of regardiny

certain actions as having an agent as shown in

John was hurting Mary by pulling her hair. <5.2>
In <5.2> the "hurting” not b2ing an action, has no
actor whereas in

John was dragging Mary by pulling her hair. <5.3>
the "dragging", insofar as it involves PFTRANS'irng
does have John as an actor.

Ve may vonder by what <criterion we drav “he
line betveen what an actor joes and vhat he causes.
In <5,2>, according to Schank, we are to regard the
®hurting" as caused by the "pulling" action. 3ut the
same is true of PILFANS'ing in <5.3>., Furthermore,

even diract bodily acticn such as moving ar arm can
be viev2d as caused by wuscle contraction or,
subjectively, as caused by an act of will, either of

vhich again may have anteced2nt causes.

With respect to the <actor-action-objact>
formalisa, it seems to us that no structural
primitives should be associated with actors at all.
Instead we vill propose a neutral represertation in
vhich evants are expressed as sequerces of states of
the vparticipants. The <cuccessive states simply
express "what happened", without explicit ccamitmen:
as to "who did it"., Howvever, tha agent (s) in an
event can be identified by supplementary
propositions. Thus the notion of an agent can
continue to be wused to aid interpretation and
inferenc2., However, it would b> regarded as a rathzr
"fuzzy" higher 1level concent, understood by th:
syst2m in terms of the role of a supposed ag=n*
vithin a sequanc2 of causally and teleclogically
relatsd states, Fcr example, in th2 sentence "John
uprooted the sapling™ th2 t=2rm agent would b=
consider2d highly applicabl: to John's role in <zhe

event wvhile in th2 sentence "The avalanche uprooted
the tree" its applicability to the role of the
avalanche would be considsred relatively low. Two

factors determining the degree of applicability of
the term "agent" to an obj2ct in a sequenc2 of
states (event) would be the degre= tc vhicn
autoncmous contrcl of its behkaviour can be ascribed
to the object and the extent to which a state of the
obj2ct can b2 held exclusiv:ly responsible for
initiating the sequence of states.

Similarly 'wve propose to separate why something
happened (causes, enabling conditions, r=asons,
eyplanations, Jjustifications, and th2 1lik2) fronm
vhat happened. &s with '"agents"™, +this does not
prevent us from including causal propositions in the
representation and relying heavily on them for
interpretation and inference. Howaver, tim=
relations and changes of state, not causes, will

give coherence to a set of propositions as an
"event".
We feel that Schank's jins:irumeptal relation

batveen actions can and should be
terms of causation and intention. For examgle, if a
system has a conceptualization to the =2ffect that
John was ITRANS'ing the ball by PROPTL'irg it, ther
this conceptualization should also expsess that the
EROPEL'ing was causing the PTRANS'ing. 1In fact,
phrases ostensibly exfpressing instrumental actions

represented in

often exprass no more than causation. An example is
the "Lty" clause in

The effluents were killing the fish by

raising the temperature of the water. <5.4>

When there is a difference, it 1lies in the

intimation of purposjve causation. In

Jchn woke Mary by blowing his

truapet. <5.5>

purposive causation is expressed, vhile in



nary voke up because John was blowing his
trumpet, <5.6>

it 1s not. Sentences <5.5> and <5.6> clearly show
that the instrumental relation amounts to a causal
relation supplemented by intentional states.

Fodor

According to (1972), actions are to be

thought of as a proper subclass of events. Let us
determin> whether ¢this is ¢the cas»? for Schank's
notion of an action, and wvhat wmight Justify the

special status of actions as oOfpos2d tc events.
According to Schank, an action is something a
nominal can be said to be_doing_at_som=_momept (this
is not a gquote, but an interpretation of Schank's
definitiorn). A study of his proposed inferences
shows that 1in itself an action does not express a
definite chang= in a situation; rather it expresses
existence of a situvation wvhich gtends tc produce
change, and all actual changes wmust bpe jpferr-zd.
Pormulas for actions in wWilks®' theory are analogous
although they are not described as explicitly as
Schank's primitive acticn concepts. Actions, then,
express modes_of Lrhaviour which promote but do not
guararntee th2 occurrence of events. For exasple, the
actions [FTRAN3, INGZST, MOVE do not exprers changes
in 1lccation; instead those changes are primary
inferences given that an actor is PTRANS'irng,
INGES1'ing, or HMCV®'ing som=thing. Syntactically,
the relationship between an event, say a change ir
locaticn, and the action, say PTRANS, whose primary
inference is that event, corresponds quite closely
to the relationship between  yverbs and their
participles raspectively. For example to say that
John wvas PTRANS'ing himself with the result that his
location changed is quite analogous to saying that
he was _going somewher= with the result that he want
there.* In any case the term "™action" is nowv seen to
be guite misleading, since it normally connotes the
gccurrence of d2finite gvapts, rather than the
existence of a "dynamic" situation which t2nds to
genegate events.

Thus Schank's actions (contrary to th2
connotation of the term) correspond mor2 closely to
states than to events! To say that A is PTRANS'ing B
is merely to express a mcmentary truth about the
systam in wvhich A and B participate, not a change in
that system (vhich resains to be inferred). This
viewv is compatibla with the observation that many
common modifiers express subtle blends of “"passive"
and "“dynamic" attributes, The examples below bring
to .mind conceptual images that illustrate a
gradually incr2asing emphasis on dynanmics.

blue sky
bright sun
glowing (or luminous) candle

burning candle
blazing fire
billoving smoke

Schank's actions, and, as far as wve can
determine, Wilks', are "dynamic states," or
"activities," or "modes of behaviour" wvhich mediate

changes in certain attributes. Thus PTZANS and MOVZ
padiate changes in location, INGEST ard EXPEL
padjate changes in ccntairment relationships, and

BTRANS pedjates changes in awvareness.

We believe that the recognition that "actions"
in Schank's sense are =ssentially states rather than
events is important, since it leads to a uniforam
view of all (true) events as sequances of states. In

this view the need for identifying "actors" of
events does not arise, nor is it necessary to
delineate the spuricus boundary b2tween "passiva"

and "dynamic" states.

¥e nov illustrate our representation of states

and events, Nothing new nceds to be added to the
netvork nctation alrcady usad in Fiqures 1-3, W»
regard any condition which can hold mcmentarily
(blue, scving, running, etc.) as a_state.
Accordingly, any atomic proposition which is basad

on a tima-depundent prudicate is a state _prcpositjon
« Pigure 4 shows two concurrent state progositions:
something (the redness of the sun) was increasing
throughout som2 time interval and something else
(the distance between the sun and the horizon) was
gecroasing throuyhout the sam2 time interval,
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{ 1-before—=(now1)

redness—e{ -increas
su:n! | FROM o, = j
«:tancea(ﬁhon,on
VAL

TL
Aecreasmg
Pig. 4. "The sun wvas getting redder and appgroaching
the horizon."
Actually there are tvo additional state

propositions, concerned with th2 existence cf uniqu=2
values of redness and distance at all mcments of
time within th2 tim2 interval of interest; thes2
hava not been made explicit since they are clearly
trivial and would clutter the diagram gratuitously.

Events involve a change in state as "the last
l2af fell frcm the tree™ illustrates. The definitive
characteristic of state changss is the follcwing: if
a system has property A at time t1, and property B
at time t2, then A-->B is a change of state if and
only 4if A and B are mutually exclusive profpertias.s
in fact a stat2 attribute such as colour which can
assume various values can consistently be defined as
a sa2t of mutually exclusive properties, €ach member
of the set being regardad as a value of tha2
attribute. This admits both qualitative attributes
such as cclour as well as quantitative até¢ributes

such as lccation. Figure 5 showvs a siefple event
involving a single change of state

of a "system" with one component (Mary). The time
relation "then" implies immediate successicn of the
tvo time intervals., Our representation of one of
Schank's standard sentences is shown in Figure 6.

Mar 2wke( )-before John)—<statey( ]
D @y—atstor 1
t‘ N (nowi) cduse overiaps
asleepl )

—quickly (I]& ’V\arg
mawng !?ﬂ
tou;hwg[ 1= bekore

Lo
matual force _ 03) /

Fig. 6. "John hit Mary"

phys

oY

Pig. 5. "Mary fell asleep"
An explanatory rparaphrase¢ is the follovirg., "Som:
unknown mode of behaviour of John caused scme object
to move guickly tcward Mary., Subyuently the object

reached Mary and exerted a forc2 on her."™ Note that
ve have a state and an event here, viz. Johrn's
unknown state and the event of the object moving
tovard Mary and striking her. In accordance with our
earlier remarks abcut causation, the causal
connections betw2en John's state and the 2=nsuing

event does not make John's state part of that evant.
Only exclusive and successive states of a fparticular
system of objects form events. A natural infersnce
in Figure 5 would be that John intentiorally hi<
Mary, i.e. that the missing state of John is tha% L2
vas trying to bring about the event in question., We
vould rapresent "trying” by th2 state predicate "x
has active goal y at time t". An additional exaample
is showvn in FPigure 7.

l%c ——(on —-%round

propelling( | 1R :>bet\veer\\
cause " the
moYing (" 1212 2 sbove-oOe-moon
d!n
oc (! /

Pig. 7. "The cov jumped over the moon."




The explanatory paraphrase goes as follows. The cow

was somovhere on the yground, propelling itsalf
tovards a location above the woon; then it wvas
moving toward that location; then it wvas at that
location; then it was wmoving towards a place of
destination on the ground, such that the wmoon is
batween the place of departure and yfplace of
dcstination; then it was at tho placa of
destiration. Note that "moving towards" cculd hav=

baen repres2nted in terms of "distance

as in Fiqure 4,

decr2asinyg"

An important consequence of our very broad
conception of states is that new complex stat2s
(modas of behaviour) can be defin2d in terms of
gvents involving primitive or already defin=d

time of occurrence of these events can
extand some distanc2 backward and forward from the
soment at which th2 nev state is defined to hold.
For example “walking” is defined in terms of
successive states of motion and displacement of th2
valker's feet and body over a "period of
observation" enccmpassing (say) tvo steps, since an
instarntaneous "snapshct" cf a person is insufficiznt
for deciding whether or nct that person is walking
(although it may of course supply enough cuas to
prompt the jnference that the parson is walking). A
tenative definition of "walking"™ will Lke given
balow.

states. The

Complex dynamic states (modes of
such as walking, running, dancing, tuambling,
flickering, etc., can be constructed in terms of
more elementary states. The constructions arc=
necessarily as complex as the states they describe.
Complexity can result from the intricata
coordination of sa2veral simultaneous activities
(e.g. “rolling" <¢xpressaes rotation and translation
at ccordinated rates), or from complex tim2
dependencies (e.g. flickering), or frcm both
(e. 9. "walking" or even "building a snowman").

behaviour)

At this point the reader may vonder wvhether w2
fropose to make any use of "cases"™ in our agproach
to represcntation, The answar is yes in the sens=
that v2 intend to exploit fully tke semantic
"preferences"™ that any given predicate induces on
its arguments. For example the predicate "moving"
prefers a physical object as its first argument and
a physical 1location as its second argument; <%he
predicate "has-active-goal" pra2fers a sentient bainy
as its first arqument and a state proposition as its
second argument. Furthermore, there are broad
similarities between the argument prefersnces of
different pr2dicates. For exasple, several
predicates prefar animate objects in certain
argument positions. We certainly can (and sometimas
do) ackncwledge such similarities and give a rough
indication of the sort of preferences invclved by
using suggestive argument wmarkers such as ANIN,

THING, PLACE, DIRECTION, etc., instead of
noncosmittal wmarkers. such as A, B, C, oo , o«
Hovever, vwe do not think that these markers can be
chosen so that they cxpress not merely sigilar but
identical argument rolas and semantic preferences,
no mattar in which predicate they occur. This view
is supported by Bartsch and Vennemann (1972):

", .. 'case' is entirely a surface category and
not, as Fillmore (1968) suggests, a category of
oniversal semantics., Semantic representations
are basad on progcsitions, which consist of a
relation (n-ary predicate with n>=0) with a
finite number of arguments filled either with
constants or with bound variables, The 'meaning'
of an argument as argument is entirely
determined by its relation. Therefore, no two
arguments have grecisely the same meaning, as
arguments. Thus, if the meaning of an argument
as argueent is called a4 case, then there ars as

many cases as there: are arguments, arnd this
number, if it is finite at all, is a very large
one."

Thus semantic cases, while certainly useful

heuristically in finding cr inferring arquments of
predicates havea no universal or primitive status.
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VI. COMPLEX CONCEPTS

According to Schank's dictionary, if X walks to
Z (vhere X is human and Z is a location) than X
PTRANS's X by X MOVEing the feet of X in ¢th>
direction of Z. A mincr criticism of tnis fcrmula is
that it rules out valking on one's hands and kneos,
or walking on one's hands (admittedly a rare skill).

More impcrtantly, the formula admits running,
skigping, hopping, joqqing, shutflirg, and evon
skating., Presusably, then, th2 dictionary entry is
not intend2d to capture the full wmeaning of
"walking" as w2 seem to understand it, tut only

those arspects which ar- most essential to languag-
understanding and (immediate) inference.

Similarly Wwilks' formulas are also inccampleta,®
for example, it is correct to say that DRIMNK implies
((*ANI SUBJ) (((FLOW STUFF) OBJE) ((*ANI IN) (((THIS
(*ANI  (THKU PART))) TC) (8% CAUSE))))) but rot %h:
converse (wvhich could mean scmeone was receiving an
enema). So again a selection of 1linguistically
important features has apparently becen made.

We fecel that it is important to formulate more
complete meaning representations for two reasons.
First, we believe that somevhat more irfcrmation
vill be required fcr adequate comprehension of
“ordinarcy" discourse. Secondly, much mor e
informaticn will surely be required to zatch th=
human ability to describe concepts and reascn about
them. For example, suppose ve ask a reasonably
articulate person to describe human “walking™ jin as
much_detail_as_possible. #We might elicit a% least
the fclloving information: Zach foot of the walker
repeatedly leaves the ground, moves fr<ely in *he
valking directicn for a distance comparable to the
length of the valker's legs (vhile staying close to
the ground), thsn is set dovn again, and rerains in
fosition cn the ground, supporting the walker, whil=

the cther foot goes through a similar motion. Th-
repetition rate is abcut cne repetition per szcead.
The legs remair wmore or 1less extended. Th2 body

remains more or less erect and is carried fcrward at
a fairly ccnstant rate.

Further details cculd be added
mctions of feet, kne2s, and hips, the slight up-and-
down moticn of th2 body, typical arm mction, ard
forces exert2d on the ground. Figure 8 shows a
netvork which daescribes "walking" (regarded as a
state predicate vith three arguments besides time)
along the above lines. A few propositions have been
omitted so as not to clut*er th2 diagram. These ar=:
that each foot is also above the ground (and clos-
to it) while moving, that each foot is also
supporting x while staticnary; that the duration of
each of the wunlabeled time intervals (] is
approximately half a second; and that the spe2d of
motion of the walker's body is apprcximately
constant. There is no difficulty in adding *hes~»
state propositions, except that the last requires

abou* fl=xing

"moving" to have an additional argument, ram2ly tha
speed of wmotion., Note that [ti] is the "tim>
interval cf observation" of th2 walker, and that it
contains t, the time at which x is said to be
valking. Thus "walkirg" is defined by behaviour in

the temporal vicinity of the moment of
specifically about two
about three or four steps.

predicatior,
seconds of motion allowving

A limitation of our representation of "walking"
is that it is not applicable to wunusual wmod2s of
valking (e.g. on hands and knees) or to anisals, One
question this raises is how many "kinds" cf walking
should b2 represent2d separately. Also, is there a
representation which expresses the common features
of all kinds of walking? We have attempted such a
representation in Pigure 9. The representation is
based on the following characteristics of walking in
general:

(1) it is done using limbs that are a subset of the
limbs of the individuval invclvad in the walking;
(2) the number of liebs invclved is greater than or

equal to two;

(3) at all times some of the limbs used for walking
are in nonsliding contact with the walking surfac:
(this is not the same as saying som2 ot the limhs
are in contact with the surtace at all tinmes);



(4) ¢cach limb used tor walking is stationary on the
valking surface at soms time and subsequently is
moving for so.s time; and

(5) the individual as a whole is in motion 4in the
valking direc*ion.

person '1prlqnt )
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The interesting feature of our representation
is the use of guantification to describe the rol= of
any nusber of legs in the walking. Note that without
quantification describing the locomotion cf say, a
millipede would be very tirasoma.

A serious flav in our representation of
"walking", and ona for which ve have no systematic
remady, is that we have ignored the "fuzziness" of
many of the wmeaning components., For example, it
seems necessary to put some constraints on the

length of stride (lest a human wvalker be allowed to
mince forward in millimeter incraments), yet to giv=
an exact distance would be absurd.
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ccncevtual
concapt

An important consequence of
fuzziness, with regard to complex
definition, is that we can no longer dravw a sharp
boundary between extracting the mearipg of an
utterance and wmaking probable fnfrr:-nces on the
tasis of the derivad meraning structure. This is
bacause wve only find the probable m-2aning of an
utterance. For <¢xample, th2 utterance "Jchn built
the house" probablv acarns that he built .a large,

rigid-wall= :d enclosure with a roof, s.parate rooms,

etc.; but none of this is «certain. The uttvranc»
"John wvas laughing™ probably means that he wvas
producing a series of voic2d sounds by stagysred

exhalation of air, and that his facial cxpression
vas merry; but he might have laughed silen%ly, or
his facial expression might have b2en derisive or
even hostile. If we try to reduce semantic
uncertainty by excluding fros th2 "mearing" of a
term all but its abdsclut2ly wminimal content, and
ascribe everything else to infererce, we find that
this doesn't work too well,? translate under c3 '='
go in the case of "house" all that wvould remain
would be a "partial erclosure” - which acccmmodates
a fenced-off field, a shipping crate, or a jacket.

In the case of "laughing" we would perhaps be 1=ft
vith “spasmcdic Ltreathing and intent tc tTonvey
amusement,"” which could suggest that John is

asthmatic and dancing a jig.

Finally wve wish to pcint out that mary (p2rhaps

concepts can be understood in different kinds
For examfple, in "John vas listenirg to th2

chirping of the crick2ts," is "chirping"
understood simply by its correspondence to a
particular auditory sensation, or is it urndears-ood
as a rapidly fluctuating, more or less uniformly
high-pitched sound, or even as a complex variation
of air pressure with time? Minsky's (1974) recant
work on "frame systems" strcngly suygests that the
kind cf understanding of a concept we use at a given
time is extrem2ly task and context dependent., This
certainly casts dcubt on tha one-concept-ore-formula
approach to language understanding.

most)
of ways.
incessant

VII. ADVEREIALS
Oour purpose in this section is to draw
attention to the wmajor prcblem of refpresentiny
advertial meanings. In particular wve consider

Bartsch and Vennerann's (1972) approach, vhich seems
promising but will be seen to have serious defects.

Schank (1972) diagrams adverbs as action
modifiers without furthar analysis. Apparently he
has nct ccncerned himself with their mearings so
far. In the case c¢f many adverbs (as in the casa of
many adjactives) this neglect is probably justified,
since most of th2 wmeaning content derives from
perceptual processes, For example, in the sentence
"Mary walk2d graca2fully" it is difficult ‘o
paraphrase “"gracefully" ir more elesentary terass.
Essentially we kncv gracefulness wvhen vwve see it,
Thus perceptual understanding needs to be
supplemented only by a fev additional facts for
language compra2hensicn fpurgoses, such as the fact
that grac2ful motion is generally pleasing, is more
or less the opposite of awkward amotion, is smooth
and vell-ccordinated, and the like. Other adverbial
modifiers, however, clearly require systematic
analysis; "quickly" is a good example. This ternm
appears to say something about the speged of an
action or activity, comparing it to some standard.
An adequate meaning representation tor "quickly"
should spell this out precisely.

Partsch and Vennemann (1972) suggest that
advertial wmodifiers operate on verb meanings in the
same manner that adjectival modifiers operate on
noun meanings. One problem in this approach is best
illustrated by the folloving exaaple.

<7.1>
<7.2>

John ovwns a large car.
John is running quickly.



Whereas large in <7.1> has as a reference sot the
set of cars, and John's car is large in relation to
the "avcrage" for that set, "running quickly" carot
be analyz:d so easily. If the analogy were perfect
then the reference set operated on by "quickly"
would be the sot of “runnings" (whatevsr that
means); but clearly this set of runnings must be
further rastricted to the set of runrings John |is
capable of perfcrming. Thus "quickly" agpears to

operate nct on "“runainy" alone, but orn "John
running®., As further examples consider <7.3> and
T 4>,
The cheetah is running quickly. <7.3>
The ant is running quickly. <7.4>

Clearly "quickly" here operates on "running ant" and
"running cheetah" resgectively.

Thus the nature of the “runner" is being wused
to narrow the reference set to wvhich we apply a
measure function. In <7.2> nquickly" modifias
running with respact to John's runnings, cr, if wve
don't kaow John, at leas*t *to human rurnings
(assuminy that John is human). In <7.3> and <7.4>
the mcasure function is applied to the rurnrings of
cheetahs and ants respectively. Unfortunately
factors other than “he identity or category of the
runner car also affect the meaning of "quickly", as
shovn Lty <5.5> to <7.9.

John is running quickly on his hands

ard knees. <7.5>
Jchn is running quickly cn the moor. <7.6>
Jchn is runring quickly in Chile, <7.7>
The che2tah is running guickly in

the dense forest, <7.8>
The cheetah is running quickly

cn the plair. <7.9>

The effect of locil2 on the meaning of "quickly" is
seen in the <contrast bostwaen <7.6> and <7.7> ard
betveen <7.8> and <7.9>.

Thus it appears to us tnat thé context wkich
determin2s the wmeaning of an adverbial modifi=zr
cannot be circusscribed once and for all. in
general, adverbials must bz allowed to interact with
any specific and g=neral kncwla2dge availakle about
the participants in (and setting of) an action. Thus
the apgroach of zadzh (1972) to th2 treatment of
advertial "h2dges" lacks generality since he n=cds
to specify the (weighted) components of e¢ach fuzzy
term on which a hedge may operate once and_for all.
In our semantic network, we would represent <7.3>
without the adverk as follows.

? ?
M
?- . ---41_) runing P ) ST
running cheetah  cheetah  cheetah
o (b)
(a) (Ex) ((Ay)[cheetah(y) €& ?(y)

<=> x=y] & running(x)}
(b) (Ex) (rurning(x)&che:tah(x)&2?2(x)¢&
(Ay)[cheetah(y) €2 (y)=>x=y ]}

Pig. 10. "The cheetah is running."

(a) and (b) are based on alternative (but
equivalen®) representations of d2finite
descriptions. Figqure 11 then shows an attempt to
represent the advervial construction in <7.8> in
keeping with Bartsch and Vennemann's (1972) g=neral
approach but taking into account the above
considerations. In the representation we show the
explicit relationship between the specd of th2
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cheetah's running as compared to the average spoed
of a refurence set of runnings (by cheetahs in densa
forests).

(O—-appreciably —=
greater thAUn

ruaning avg. ruaning
speed 972ed.
we s wnn e ? 226 sra -t
mte N \ SIS
dense  renning cheetan runing chestah  1n dense
;orest forest

Fig. 11. "The cheetah is running quickly in the
dense forest"

Unfortunately the representation suffers froa a
fatal flaw: the set of cheetahs running in d2rse
forests, required for comparison, may well te empty
(if not, replace "dense forest™ with "deef snovw").
The "refarence set" therefore, if it exists at all,
is nct of this world but of some imaginary worlil
vhich is cur conception of hov hard cheetahs wouli
find th2 going if they w2re to run through forests
(or snov). It remains to be seen vhether Bartsch and

Vennerann's approach can be wmodified to overcome
these difficulties.
VIII. SUMMARY

We have taken a critical 1look at what we
consider to be the best approaches to a complete
language understanding theory to date, nam=2ly
Schank's conceptual dependency theory and Wilks®
preference semantics. In doing so, we expcsed many

problemss and suggested plausibl2 methods fcr dealing
vith some of them. In particular, the rapresentation
of quantification and of time, the basic
representation in terms of states and e¢vents, the
definition of complex coacepts (most importantly

action cencepts), the handling of adverbial
modifiers, as well as the usa of time in
representations has been examined,

In a companion Fpaper by Schubert (197u),
notaticnal difficulties are =2liminated for such
necessary ccns~ructions as 1logical cornectiv:s,
descriptions, quantifiers, propositional attitude:s

and other modalities, as well as other constructions
not previously inccrporated into semantic nets. This
notation appears to be adequate for the "state
based" conceptual representation here proposed.

Obvicusly much wcrk remairs %o be done. We hop=
our exposition and partial sclution of several major
froblems will help give direction to this wcrk.
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FCOTNOTES

' Cf. tha selectional restrictions of Katz (1964).

2 Por a more cosplet2 description see below.

3 This something includes natural forces in a vague
unspacified sense.

¢ Unlike Schank we do not regard "h2 was gcing" and
"he went"™ as equivalent; w2 claim that "h2 wen*
there," urlike "he vas going tharz," affirms that ha
did arrive at his destination, and that it is
decidedly odd to say "he went ther2 but didr't get
there."

$ Por example, A=solid, B=liquid; A=round,
B=rectangular.

¢ Cf. Lakoff's (1972) lexical decompositior treas.

7 It would seem that the human intergretative
process does not froce2d on th2 basis of the minimal
conceptualization formed by embadding the minimal
content of teres into the concoptualization. Rather
the orjgjpal term jts21f suggests what we could
infer in addition to the sinimal content. This sezms
like a reasonable viev on the basis of etficiency
considerations as w2ll. It should be much siapler to
insert probable inferences in a sa2mantic structure
by direct reference to the word definitions inst2ad
of analyzing the wminimal representation and then
looking for applicable inference rules,

® An opaque context is one vhich does nct allow
substitution of

referentially =quivalent exgressions or do2s not
allov existential quantification. This is a well
knovn proktlem discussed at length by Quine (1960)
and in Artificial Intelligence by McCarthy and Hayes
(1969) and Moore (1973).

® See Partee (1972) for details.
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