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1 Introduct ion 
My purpose in this paper is to give an overview of 

natural language understanding work within artificial 
intelligence (AI). 1 will concentrate on the problem of 
parsing - going from natural language input to a seman
tic representation. Naturally, the form of semantic 
representation is a factor in such discussions, so it will 
receive some attention as well. Furthermore. 1 doubt 
that parsing can be completely isolated from text pro
cessing issues, and hence I will touch upon such seem
ingly non-parsing issues as script application. Neverthe
less, the topic is parsing 

Unfortunately, to present Al parsing work with any 
sort of historical accuracy would be to produce a bewild
ering forest of names (both of people and programs) 
Rather. I will rather t ry to extract from the historical 
record a group of ideas which 1 believe can be molded 
into a coherent framework Naturally, even within these 
limitations my remarks will be sketchy - this is an art i 
cle, not a book 

II Syntax 
Parsing takes us from natural language(in this 

paper English) to a semantic representation While we 
will discuss semantic representation later, for the 
moment we need simply note that whatever form this 
representation takes, it must at the very least clearly 
and unambiguously indicate the logical relations in the 
sentence. That is, in a sentence like "Jack pushed the 
but ton." it must clearly distinguish the pusher from the 
pushee In English this is typically indicated by word 
order, but other factors can enter in, as in the case of 
the passive sentence "The button was pushed by Jack." 1 
bring this up. of course, because it is typically our 
knowledge of the syntax of English which gives us a first 
cut at this information 

A. Rules of Syntax 
Given that we need to use syntax, the next thing we 

must decide is if we are to have explicit rules of syntax 
Actually, if interpreted in the narrowest possible fashion, 
there is a general consensus on this point After all, if we 
do not have such explicit rules, then the only alternative 
is to have the rules implicitly buried in the code of the 
program (or possibly buried in rules for other things) 
Given the general popularity of "rule based systems" 
these days, it seems reasonable to assume that we will 
make our knowledge of syntax "rule based" as well 

'Many of the opinions expressed in this paper were forged dur
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This research was supported in part by the Office of Naval 
Research under contract N000M-79-C-0592. und in part by the 
Notional Science Foundation under contract IS)-WO 13609. apo
logies to Pirandello 

Thus we will have some rule which will catch the distinc
tion between 

Jack wants to go to the store. 
Jack wants Bill to go to the store. 

and state that when the internal clause is missing it 's 
subject then the subject is interpreted as the subject of 
the higher clause. As with other rule based systems, our 
rules will consist of two parts, a test, which tells us if the 
rule is applicable, and an action to be performed if the 
test allows us to proceed. So, for example, in transfor
mational grammar this fact is captured by a rule called 
equi np deletion. Since rules in transformational gram
mar start with "deep st ructure" and derive surface 
structure, the rule would look something like: 

There are two conditions on this rule First n p l must 
equal np2 (that is. we must have equal noun phrases). 
Second, the verb v must allow for equi np deletion. (As 
opposed to, say, "believe". We cannot say "Jack believes 
to go to the store " when we want to say something like 
"Jack believes that he went to the s to re " . 

In parsing, of course, we want to infer the deep 
structure from the input string. Thus our rule (which we 
might call equi np insertion) will look much different. 
Nevertheless, it will still consist of a test (see if there is 
reason to believe that the subject of a2 has been deleted) 
and an action (assume that the subject of s2 is np l 

B. When Syntax, when Semantics 
Now up to this point my analysis has not been contr

oversial I have not claimed, for example, that these syn
tactic rules are applied before semantic rules. Nor have 
I claimed that there is a separate syntactic parser. It is 
claims such as these which get the arguments flowing In 
the classical linguistic view, of course, syntactic rules 
are applied to the sentence, producing a complete syn
tactic tree before any semantic analysis is done. Need
less to say, such a view is controversial. Indeed, very few 
within AI hold such a position At the very least it is 
assumed as in Winograd's SHRDLU program [28] that 
syntax continually calls upon semantics to judge the pro
gress of the parse to date, and hence uses it to guide the 
parsing process So. for example, in a sentence like 

Jack told the boy about the plot. 
the phrase " the boy about the p lot" could be interpreted 
as a single noun phrase, as in " the block on the table" 
That is. syntax cannot rule out this interpretation. 
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However, semantics could presumably note that "about 
the plot" docs not make much sense as a modifier of 
" the boy" (The only possible hold out here might be 
Woods In [32] he points out that the time needed to do 
semantic processing in his system is longer than that 
needed to follow alternative syntactic parses. He may 
have changed his view on this, but I have not seen it in 
print However, few people have been convinced by this 
argument, since most assume that it says more about 
our lack of knowledge about semantics than anything 
else.) 

But relegating semantics to a subroutine of syntax 
(let us call this the "semantic subroutine" position) is 
quite controversial. Schank and his students [22.23] 
have argued for a much tighter connection - one in which 
there is but a single system with both syntactic and 
semantic rules We will call this the "combined seman
t ics" position. While there have been a variety of argu
ments for such a position, ranging from psychological 
experiments to efficiency considerations, to me the most 
cogent is that people understand ungrammatical sen
tences. The argument goes like this: if we had a syntac
tic parser in charge of everything then it would be 
responsible for calling the semantic routines. So, in a 
sentence like "The boys is hungry." the syntax would 
have failed to parse it, hence producing nothing which 
could be handed off to semantics, and hence no under
standing 

While I know of no wri t ten response to this argu
ment, several alternatives seem to come up in discus
sions. One is to use a "b lackboard" model as in HEAR
SAY [11] In this scheme the syntax and semantic com
ponents work in parallel, leaving their conclusions on a 
common "b lackboard" The idea is that even if the syn
tactic component fails, the semantic component will still 
succeed, at least if the sentence is comprehensible 

That there are troubles with this model is suggested 
by the fact that HEARSAY itself did not really use it 
While technically the two systems worked in parallel, in 
actual design the semantics would only work on the out
put of the syntactic component, making the model iso
morphic to the semantic subroutine model proposed 
earlier Nor is it hard to see why this should be the case 
As we have already noted, syntax is the most obvious way 
to get a first cut at the logical structure of the sentence 
In a real blackboard model the semantics would be 
forced to do without the logical structure established by 
the syntactic component. This would mean that it would 
have to re-establish the same information by other 
means If it could do this, then why bother with syntax 
at a l l0 In other words, a blackboard model will ul t i 
mately degenerate into either a "no syntax" model, or a 
combined semantics model. 

The other alternative to the combined semantics 
model is one.in which we have a syntactic parser, but the 
grammar it uses is not the "co r rec t " grammar for 
English, but rather a much more permissive grammar 
The idoa is to make the permissive grammar such that if 
a sentence is ungrammatical according to these permis
sive standards, then it will be incomprehensible as well. 
But there are stil l problems here We have already noted 
that people understand sentences in which subject verb 
agreement is not obeyed, eg "Jack have the b a l l " . Yet 
some sentences can only be completely understood if we 
use this rule For example 

The fish is hungry. 
The fish are hungry. 

If our permissive syntax does not check for agreement 
then we will not have extracted the full measure of 

meaning from such examples. 
Perhaps one final point here We have become so 

accustomed to the fact that we are concerned with the 
extraction of meaning from sentences, and not account
ing for grammat ica l ly judgements, that it is, at times, 
remarkably easy to forget the fact that people do have 
grammat ica l ly judgements If we are at all interested in 
psychologically plausible models of language comprehen
sion then we must account for this fact Permissive syn
tax simply will not do this for us. short of including two 
sets of rules, one permissive, one str ict - a rather ad hoc 
solution at best 

The way out of this bind is to take a slightly different 
approach Rather than assuming that the grammar of 
the language should account for our ability to under
stand ungrammatical sentences, it seems more plausible 
to me to assume that one has a standard "cor rec t " 
grammar for the language, and one tries to apply it to 
the sentence. If the sentence is ungrammatical, then 
somehow it should be the parsing mechanism itself which 
allows for the ungrammaticality. That is, it should note 
the ungrammaticality, but go on anyway, doing the best 
it cr*n 

However, the most popular of the syntactic parsers, 
the "augmented transit ion network" parser (ATN) [32] 
cannot do this The need to reject ungrammatical sen
tences is built deep into the workings of ATNs. Ult i 
mately we can trace the problem back to the method 
ATNs use for handling situations where there is more 
than one possible interpretat ion for the next sentence 
constituent. For example; 

Jack gave the ball to the boy 
Jack gave the boy the ball 

After parsing the "gave", the next noun phrase may be 
either the direct object " the bal l " (in the first sentence), 
or the indirect object " the boy" (in the second sen
tence) Suppose for the first of the above cases it 
guesses that the noun phrase is the indirect object 
After parsing the noun phrase it will then be immediately 
expecting a second noun phrase, the direct object, as in 
the second sentence Of course, it will not be there, a 
prepositional phrase is there instead The point is that 
upon finding that there is no way to proceed, an ATN can
not assume the sentence is ungrammatical at that point 
and try to fix things up. In the case at hand the sen
tence is not ungrammatical. Rather, the inability to 
proceed stems from an incorrect guess made at an ear
lier point Hence the ATN will backtrack to the last deci
sion point and try an alternate guess. 

C. Parsifal and Paragram 
The solution to this problem is deterministic pars

ing If we have a parser which need not backtrack then 
failure at a given point in the sentence urill indicate 
ungrammaticality. and hence wc have the possibility of 
dealing with the ungrammatical sentence Marcus' Par
sifal [10] is such a parser, although it does not handle 
ungrammatical sentences. 

The basic idea behind Parsifal is that we have a 
buffer which allows us to have a l imited look-ahead in the 
sentence. In Parsifal the buffer is of size three, so at any 
point we may have three constituents (such as individual 
words, but they may be larger units as well) which have 
yet to be attached to the overall syntactic tree Once wc 
have decided how a constituent is to be attached, how
ever, wc cannot change it So, for example, the Parsifal 
rule for equi np insertion would look something like this: 
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In a sentence like "Jack wants to go home " equi-np-
inscrt ion applies after we have parsed the "wants". The 
test portion of the rule checks that the next thing to 
come is the word " t o " , and that it is followed by a 
"tenseless" verb. That is, by a verb which has the 
infinitive form, as, in this case, " to go". Finally it checks 
that the higher verb, in this case "wants" allows equi np 
insertion to take place 

Now, as we already noted, Parsifal will not parse an 
ungrammatical sentence For example, if we gave it 

Jack wants go to the store 
the above rule of equi-np-insertion would not apply 
because the " t o " is missing However. I have written a 
parser. Paragram. which will handle at least some 
ungrammatical sentences [6] While Paragram differs 
from Parsifal in several ways, the point which is impor
tant here is that rather than have all or nothing tests as 
in Parsifal, (that is. the test is either true or false) 
Paragram's tests produce a "goodness of fit" rating 
Thus, in the case of an ungrammatical sentence, when we 
reach the point of ungrammatical ly, all of the tests will 
have bad fits, yet, baring ties, there will still be one rule 
which looks marginally better than the others In the 
case of the above sentence with the missing " t o " , equi-
np-inscrtion is the best of a bad lot for Paragram, and 
hence Paragram will "hal lucinate" a " t o " in the right 
spot, and proceed to apply equi-np-insertion anyway, 
thus successfully parsing the sentence. 

I l l Semantics 
Given a possible solution to the problem of ungram

matical sentences, we have cleared the way for a 
resumption of the semantic subroutine model of parsing 
Thus we are adopting a model in which the syntactic 
parser produces some portion of a syntactic tree. and. at 
predetermined times hands this off to semantics 
Semantics then helps guide the parse, resolve ambiguity. 
and builds the final semantic representation 

A. Woods Procedural Semantics 
A while ago, when I was trying to figure out what to 

teach my students in my undergraduate Al course, 1 
became rather dissatisfied with the state of semantics in 
Al Idealy what I wanted was some rule based system for 
turning the output of syntax into a semantic representa
tion. The trouble is. that none of the recent work in 
semantics is sufficiently formalized to allow for this 1 
found mvself forced to turn back the clock about ten 
years and return to Woods procedural semantics [31J 

Wood's system was a classic rule based system, as 
we can see by examining one of his rules First, we have 
several general patterns for syntactic trees 

B. Montague Grammar 
One possible source for formalizing ideas would be 

linguistics. Upon turing in that direction however, we 
find that the major trend in linguistic semantics over the 
last few years has been Montague grammar, which, as we 
shall sec, is a rather odd companion for Al language 
work 

Montague grammar is exceedingly complex, and 
there is no hope that 1 could explain it here. For the 
reader who wants to learn more about Montague gram
mar, the most accessible introduction is the textbook by 
Dowty et al. [ 10]. As in transformational grammar, a set 
of grammatical rules analyze the structure of a sen
tence As opposed to transformational grammar, how
ever, each syntactic rule is associated with a semantic 
rule which turns the sentonce into a formula of a rather 
complicated formal logic (The combination of syntactic 
rule plus translation into logic is essentially just another 
test/act ion rule.) The logical formula, in turn, is 
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Assigned a mean ing accord ing to c e r t a i n ru les wh ich 
define the semant ics of the logic. Again, the detai ls here 
need not concern us. All we rea l ly need note is tha t the 
logic deals w i t h so ca l led "poss ib le w o r l d s " , and many of 
the expressions in the logic have, as t he i r meanings, 
quant i f i ca t ions over al l possible wor lds So a ce r ta in 
expression would be t r ue i f in a l l possible wor lds in wh ich 
X is t rue , Y is t r u e as wel l , or some such 

Now f r o m an AI po in t of view there are a lo t of p rob
lems w i t h Montague g r a m m a r The ac tua l syntax Mon
tague used was r a t h e r t r i v ia l , but th is is being a t t acked 
by the l inguis ts a t t r a c t e d to the f r amework More t r o u 
blesome are the issues we r u n in to i f we t r y to take ser i 
ously the idea of using the semant ics of the f o rma l logic 
as a way of i n fe r r i ng facts about the wor ld Quant i fy ing 
over al l possible wor lds is, to quote Wilks [27 ] " n o j o k e " 
For th is and o the r reasons Wilks re jec ts Montague g r a m 
m a r as re levant to AI . 

By and la rge, Wilks' view has been the m a j o r i t y one 
Thus, whi le F r i e d m a n [14] has i m p l e m e n t e d a Montague 
g r a m m a r parser , i t was c lear ly i n tended as a toy sys tem. 
su i tab le only for learn ing about Montague g r a m m a r I t 
does not seem in tended as a usefu l Al sys tem Hobbs 
[17] has also cons idered the use of Montague g r a m m a r . 
bu t never i m p l e m e n t e d a p r o g r a m . I t would seem tha t 
he too had t roub le m a k i n g quan t i f i ca t ion over possible 
wor lds compa t i b le w i t h Al 

While I basical ly agree w i th the above c r i t i c i s m . 1 
have recen t l y become more sympa the t i c to Montague 
g r a m m a r , due to two r a t h e r n ice fea tures The f i rs t is 
the way in wh ich Montague g r a m m a r handles 
quan t i f i ca t ion At f i rs t g lance, quan t i f i ca t ion in Montague 
g r a m m a r looks a mess So r a t h e r t han tack le i t d i rec t l y . 
le t us s ta r t w i t h a s imp le r example 

Now the po in t of th is exerc ise is t ha t th is last f o rmu la is 
exact ly what Woods would have come up w i th for th is sen
tence. Once we see th is , we can t hen see tha t the r a t h e r 
comp l i ca ted express ion Montague uses for " e v e r y " is 
rea l ly jus t the same as what Wood's had The only 
d i f ference is t ha t while Woods had to depar t f r o m his ru le 
based system in o rder to s tate in Engl ish what his sys 
tern d id w i th all of th is . Montague, t h rough the use of the 
l ambda ca lcu lus, is able to express every th ing w i th in his 
ru le f o rma l i sm . In o ther words, for th is example , any
way, the Montague fo rma l i sm is the be t t e r one if one 
wants a t r u l y ru le based sys tem. 

There are o ther nice fea tures of Montague as well 
One is his handl ing of the verb " t o b e " Typica l ly Al sys
tems handle " t o b e " as ambiguous between " is of i d rn -
t i t y " and the " i s of p r e d i c a t i o n " We have iden t i t y m 

Mark Twain is Sam Clemens 

This is n o r m a l l y rep resen ted by someth ing l ike 

(= m a r k - t w a i n sam-e lemens) 

The " i s of p r e d i c a t i o n s " is seen in 

Mark Tra in is a m a n 

This gets a rep resen ta t i on l ike 

( m a n ' m a r k - t w a i n ) 

Montague is able to have a single sense for the verb " t o 
b e " ye t end up wi th the two d i s t i nc t rep resen ta t ions 
shown above. The d i f ferences s tem f r o m the difTerences 
between his rep resen ta t ions for "a m a n " and " S a m Cle
m e n s " . This is not, in i tself , an e a r t h shaking develop
men t , but i t is a nice touch 

Because of these nice touchs, 1 have become 
in te res ted in Montague g r a m m a r as a useful tool for Al 
Nevertheless. 1 should i l make i t c lear that in most 
respects my ear l ie r opin ions have not changed l l is s t i l l 
the case tha t quant i f i ca t ion over possible worlds is out of 
the quest ion l o r th is an o ther reasons, the ac tua l 
semant ics of Montague g r a m m a r does not i n te res t nw 
Nevertheless, Montague's me thod of developing the 
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semantic representation using only the lambda calculus 
and functional application looks very cute to rne. and I 
would like to see if it can be adopted to more reasonable 
Al systems The example from Woods suggests that this 
is not an idle possibility 

C. Word Sense Ambiguity 

But for all of my recent infatuation with Montague 
grammar, it should be clear that the Linguists are not 
really going to help us very much The major problem in 
semantics is not. as discussed above, how to combine 
predicates into the semantics representation, but rather 
the disambiguation of predicates ("river bank" vs. 
"commercial bank") and the determination of noun 
phrase referents ("Jack put the money in the jar and 
then put it on the self") Since virtually all linguists 
ignore these problems we are on our own 

Needless to say. Al has not been standing still since 
Wood's paper ten years ago However, the work has not 
been easily systematrzable To give you some feel for the 
sorts of things which have been done, and the problems 
which remain if we are to incorporate them into some 
easily comprehensible rule based system, let us just look 
at some of the work which has been done on word sense 
ambiguity 

Probably the most direct attack on word sense 
disambiguation is that of Rieger and Small [21] Rieger 
and Small are particularly interested in cases where a 
single word has a rather large number of uses So, to 
take a reasonably typical case, the word "ca l l " can. to 
give just a few, be used in the following ways 

Nor is this complete by any means 
Confronted with such examples we have two basic 

problems, the more difficult is deciding upon the factors 
which are relevant to distinguishing between the senses 
So, we might note that some of the uses in the above 
examples take a direct object (call Frv.d on the phone), 
where others use a prepositional phrase (called to Fred 
to come upstairs). We can and should use such informa
tion, but we must be very careful So, we can also say 

Jack called Fred to come upstairs 
Furthermore, in some cases the local information within 
the sentence is not sufficient So, "Jack called Fred" 
could be phoning, shouting, or poker, to name just a few 

But even having decided upon the factors which 
enter into the decision, we have yet another problem 
How and when do we apply these facts For example, if, 
for any given word we have a small number of sense, say. 
5 or 10, then it would seems reasonable to just go 
through each possibility in turn, and perform the various 
tests which would rule the possibility in or out However, 
for words such as "ca l l " the number is certainly larger 
than 10 

From the viewpoint of rule based systems, there are 
several problems with this Firstly, given we have not 
specified what sorts of tests appear at the nodes, there 
are no real constraints on such networks Secondly, in 
such a system we cannot extend our knowledge by sim
ply adding another rule A child (or a programmer) who 
wanted to add a few new senses for a word would have to 
modify a rather complicated discrimination net On the 
other hand, it may well be feasible to automate the con
struction of such nets, given basic knowledge of how indi
vidual senses arc used, in which case the force of such 
objections would be substantially diminished. 

This is. by no means, the only suggestion which has 
been made concerning word sense disambiguation in the 
last several years The other idea which I want to dis
cuss, however, is based upon the script idea of story 
comprehension, so we must break for a discussion of 
knowledge representation and text comprehension. 

IV Knowledge Representation Issues 
The last several years have seen a fair amount of 

work on various knowledge representations. Roughly 
speaking we can distinguish two trends On one hand 
there have been various predicate calculus based 
representations, while on the other we have the 
script /frame based systems. 

In fact. 1 believe that these two traditions can (and 
should) be merged, and my current knowledge represen
tation language. FRAIL [7], uses both the predicate cal
culus and frames However, since most of the Al work 
related to parsing has assume one or another of the 
frame/script approaches. ] shall concentrate on this for
malism here 

A. Comprehension Based Representations 
Even within the frame /script approaches one can 

distinguish two trends. On one hand we have those sys
tems which take as their starting point the need to pro
vide a knowledge representation to underlie the 
comprehension of text Certainly the Yale script 
representations [24,9] fall in this category, as docs my 
penultimate frame representation [5] A typical exam
ple of such a representation might go as follows: 
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) 
I assume that with the English glosses, the above should 
be reasonably self explanatory. Basically, a frame such 
as this is said to be "act ive" if the activity it describes 
comes up in a text At that point the program will try 
matching further actions against those predicted by the 
script section of the frame If it succeeds, it has under
stood the action in terms of a higher level goal 

B. General Frame Representation 
The other major trend in frame representations 

have been those which arc less directly tied to language 
comprehension, and have some pretensions to general
ity. Under this heading 1 would fit KRL [ l ] , NETL [12], 
KL-ONE [3], and FRAIL [7]. By and large these languages 
are characterized by 
1) More attention to the "semantics" of the represen

tation 
2) Greater use of the isa hierarchy to eflect a reduc

tion of space by placing required knowledge at the 
greatest possible level of generality 

3) Lack of any explicit script section to the frame, as 
seen above, with most of the descriptive burden fal
ling on the slot section of the frame 
Again, the details need not concern us What is of 

concern is the degree to which the two frame groups 
have gone off in incompatible directions Fortunately 
this seems to be minor. Of the above differences, the 
only important one is the third However, this can be 
circumvented by the simple expedient of making the 
events which are part of the script secion of the frame 
into slots themselves. Thus, in such a scheme our 
cigarette-lighting frame would become 

possible to introduce some syntactic sugar to make the 
representation look more like the script format shown 
earlier. FRAIL [7, 30] does exactly this 

V Interactions between Parsing and Everything Else 
With the discussion of text comprehension out of the 

way. we can now look at approaches to parsing issues 
which are dependent on either the form of the represen
tation, the use to which it is made during comprehen
sion, or both 

A. Contextual Disambiguation 
Rieger and Small's discrimination nets attacked the 

problem of word sense disambiguation in a brute force 
way. A rather different approach to the problem 
depends heavily on the use of scripts during language 
comprehension In this approach rather than listing all 
possible senses in a large dictionary (or lexicon) we 
would have a "default" lexicon which would give only the 
most standard definitions For "ca l l " it might just be 
restricted to shouting and telephoning However, we 
would then have associated with each script/ frame a lex
icon, which gives for each notion used in the script the 
word associated with it and vice versa [16.9] Thus, in 
the poker script we would have an entry for "ca l l " point
ing directly into the part of the script which deals with 
"calling a bet" 

Thus, in looking for a word sense, we would first look to 
see if the word appeared in the lexicon of an active 
script, in which case wc would automatically use the con 
textually suggested meaning 

The advantage of such an approach is that it sug
gests a way to avoid the problem encountered earlier in 
organizing large numbers of senses for a particular word 
In the script/ frame approach we will only have a few to 
consider, and we would naturally consider the contextu-
ally relevant ones first On the other hand, this places 
some rather sever constraints on our scripts/frames If 
there is only a small number of such frames active then 
this is fine, but if, as 1 tend to believe, the number might 
be quite large (they were playing poker with porno
graphic playing cards on the train on the way to a birth
day party while one player was eating a hamburger and 
another was talking about yesterdays baseball game) 
then wc have simply replaced a long search through 
word senses by a long search through scriptal lexicons 

Because of such problems 1 have grave doubts about 
this approach On the other hand. I have some doubts 
about the discrimination net approach as well, and it is 
fair to say that 1 know of no approach to word sense 
disambiguation which 1 find encouraging, much less 
satisfactory 1 suppose that my objections to the 
discrimination net approach are less severe, but it is a 
rather dull approach The scriptal lexicon approach cer
tainly has more flair 
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B. Framcs and Case 

One area which seems particularly interesting to 
me, and which seems comparatively unexplored is the 
interaction between the processes of language 
comprehension and the form of semantic representation 
we use To some degree the scriptal lexicon idea has this 
flavor, but more interesting to me are examples where 
properties of language interact with features of the 
representation which are needed for independent rea
sons. Let me give one such example, concerning case 
theory in linguistics [ 13]. 

For those unfamiliar with case theory, the basic idea 
is that there arc certain cases associated with each verb 
These cases relate the arguments of the verb to the verb 
itself, and do so in a meaningful manner For example 

AA-b7 files to Chicago 
In this sentence the noun phrase "Chicago" is said to be 
in the goal, or destination case of the verb "f l ies". There 
are many reasons which have been put forward for want
ing such cases One such is the tendency for noun 
phrases in the same case to take the same prepositions. 
So the verbs " t ravel" , "go", "walk", " f ly" , etc , all take 
" t o " with their destinations. 

Several people have noticed the similarity between 
such cases and the slots of frames in Al frame represen
tations This has lead some, for example Winston [29] to 
assert that cases of a verb are in fact the same thing as 
slots on a frame. While this comparison seems reason
able, it has not aroused much interest, presumably 
because nothing seems to follow from it So what if slots 
and cases are the same? 

Interestingly enough, there are some consequences 
To take but one (see |B| for others), if slots and cases 
are the same, then if two things can fill the same case, it 
would seem to imply that they fill the same slot How
ever, this can get us into trouble For example 

Jack painted the wall with the brush 
Jack painted the wall with the yellow paint 

Here both "the brush" and "the yellow paint" are in the 
instrument case, yet we would normally assume that 
they should fill two different slots in the painting frame, 
one for the tool used, and one for the liquid used How
ever, one of the aforementioned frame representations, 
KL-ONE, has a feature built into it which will handle this 
problem 

In KL-ONE, not only is there an isa hierarchy of 
frames, but there is also a hierarchy of slots In particu
lar, one can speak of one slot differentiating another 
slot So, if wr had a mammal which had a head-of slot, 
then it would be likely that head-of would differentiate 
the part-of slot in the phys-obj (physical object) frame 
Naturally, this is useful because wc would automatically 
know that whatever is true of parts of objects is true of 
heads of mammals Now, returning to the example at 
hand, wc might have the following representation for 
painting 

Here the painting frame has two slots, tool and liquid so 
there is no problem in distinguishing what goes on the 
wall, and what is used to put it there At the same time, 

since both are differentiations of the instrument slot, we 
still have the normal case relations 

C. Frame Specific Slot Filling 
In the examples we looked at in the last section we 

were able to fill certain slots because of syntactic clues 
in the input sentence In many cases, however, this is 
not possible. Typically in such examples the slot to be 
filled is quite specific to the frame at hand, so it would be 
unreasonable to expect the English language to make 
allowances for it in the syntax. For example, Schank and 
Birnbaum [23] discuss the problem proposed by exam
ples like: 

A plane carrying 150 people ... 
Presumably in reading this sentence we establish some 
sort of air-travel frame/script. This frame will have 
several slots which may be filled, one of which is the 
passenger slot The problem here is to realize that "150 
people" fills that slot, given that there is nothing directly 
in the sentence, at least when read literally, which sug
gests this. 

After rejecting several alternatives, Schank and 
Birnbaum decide upon the following. Within the air-
travel frame, (or perhaps within some frame higher on 
the isa hierarchy, such as machine-aided-travel, or some 
such) we will note that the purpose of this activity is to 
move passengers (and cargo) to some location That is, 
we will have something like: 

(move ?passengers ?destination) 
We then further assume that part of the meaning of " to 
carry" is that the direct object (in case theory this is 
often called the patient case) of the carry is moved. 
Hence we have: 

(move ?patient ?destination) 
In this example this becomes. 

(move 150-people ?destination) 
If we then do a match between this line and the 
corresponding line in the air-travel frame, we get as a 
side result that 150-people should be in the passenger 
slot 

What is really nice about this is that it does not 
require any additional machinery beyond what we have 
already hypothesized for text comprehension While 
Schank and Birnbaum do not comment on this fact, the 
mechanism proposed here is our good old script applica
tion mechanism That is, the fact that the passengers of 
an air-travel are moved from place to place will be part 
of the script describing the actions taken during air-
travel If we do normal script application we will find the 
match described above, and in the course of this match 
we will be required to fill the passenger slot as indicated 

A similar proposal is put forward by Hayes [15]. 
Hayes is concerned with examples like: 

Jack got in the car and touched the steering wheel 
The problem here is to recognize that the referent of 
"the steering wheel" refers to the steering wheel of the 
car just mentioned Or, to put this somewhat differently, 
assuming that we have some sort of automobile frame, 
the referent of "the steering wheel" will fill a certain slot 
in the instance of the automobile frame which wc 
created to account for the automobile mentioned earlier 
in the sentence Presumably, the automobile frame will 
look something like: 

1085 



(frame automobile 
isa: traveling-instrument 

slots; (door~of (a door)) 
(wheel-of (a steering-wheel)) 

) 
In the example of an airplane carrying people, we made 
the connection based upon the actions which take place 
during airplane-travel. In this last example there is no 
action, rather we want to make the connection on the 
basis of the match between the description of the newly 
mentioned object, namely steering-wheel, and the res
tr ict ion on the wheel-of slot in the automobile frame, 
namely that it be a steering-wheel. 

While it is not unreasonable to assume that we have 
two slightly different mechanisms, one for making such 
associations on the basis of scnptal actions, and one on 
the basis of slot restrictions, there are reasons to 
assume that these are really the same thing In particu
lar, when 1 talked about how FRAIL negotiates the 
differences between script based and general purpose 
frame representations, I noted that in FRAIL a scnptal 
action was simply a slot on the frame That is. what typi
cally is represented as 

(frame: airplane-travel 
is a machine-aided-travel 

slots (passengers (a person)) 

script (move ?passengers ?destination) 
- ) 

would, in FRAIL be expressed exactly the same way, but 
would, internally be translated into 
(frame airplane-travel 

is a machine-aided-travel 
slots, (passengers-of (a person)) 

(move-step (move ?passengers-of ?destination) ) 
Thus, in both cases, filling a slot in a frame is the result 
of a match bet-ween the incoming statement and the res
triction on a slot in an active frame While there are a 
lot of problems with the details of all of this, I find it 
encouraging that various strands of work are slowing 
comming together 

VI Conclusion 
1 have presented a medley of topics and ideas here, 

and to conclude let me try to draw them together and 
sketch what an overall parsing mechanism which 
included them might look like 

Roughly speaking, the parser would come in three 
parts The first part would be a reasonably standard syn
tactic parser The only change discussed here from 
those parsers already on the market is that 1 would like 
to see the parser press ahead in the face of ungrammati
ca l l y Syntax would, from time to time, hand off its 
results to the second part of the parser, the semantics 
At the moment it seems reasonable to me that this would 
occur at those points in the syntactic parsing process 
when we wish to attach a new constituent to the syntac
tic tree 

One advantage to calling semantics when we are 
about to attach a constituent to the tree is that this fits 
nicely with the idea that semantics should be responsible 
for guiding the path of the syntactic parser Hence one 
possible action that semantics could take is the rejection 
of the proposed attachment However, the reader should 
note that 1 have ass dous ly avoided the issue of how this 
judgemental aspect fits in with the other processing 

semantics is doing There is an interesting system by 
Bobrow and Webber [2] which has some ideas on this 
problem, but as yet I am not happy with any of the pro
posals I have seen This is an area which requires a lot of 
work 

Besides deciding on the acceptability of the attach
ment, semantics must do two other things, translate the 
English words into semantic symbols, and arrange these 
symbols into the proper format. One part of the transla
tion process is the disambiguation of word senses 
Presumably we will use one or more of the methods men
tioned earlier If we go with the discrimination net 
approach, which seems the safest, I assume that the nets 
will be "compi led" from a more declarative format 

The other part of the translation process requires 
doing something about referent determination, another 
topic which I have left out from this paper. There has 
been a good deal of work on referent determination. 
[4.20.25, 19.26] but how (or even if) this work is to be 
naturally integrated into the framework I am proposing 
is still an open question 

Lastly, semantics will take the translated symbols, 
and. using the clues provided by the syntax, establish 
the functional structure for the constituent, and indicate 
this structure by putting the symbols together in the 
appropriate semantic format For this process, the use 
of the lambda calculus ala Montague grammar looks rea
sonable 

However, the output of semantics is not really the 
end of the parsing process. We might call the output a 
"surface semantics" in so far as it will get some of the 
slot assignments, but by no means all As wc have 
already noted, many of the assignments of slots in 
frames are best done by processes which most naturally 
fall under the heading of text comprehension Thus, the 
last part of the parsing process will be coextensive with 
the various recognition processes which go under the 
heading of text processing It is here that we will decide 
that the people in the airplane fill the passenger slot It 
may also be at this point that much of the referent 
determination takes place We should also note that 
given our decision to have semantics be a subroutine of 
syntax, it is an interesting question whether we should 
have semantics immediately call our text processing 
component That is. do we wait until the end of the sen
tence (or at least the end of an s node) before doing text 
processing, or, is this too intermixed with everything 
else My guess is the latter, but this question is yet 
another to be added to the list of problems which still 
require solutions 
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